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Abstract

The cardiometabolic-based chronic disease model lays the foundations for accurate, evidence-
based preventive targeting in order to develop a gene therapeutic plan that promotes
cardiometabolic health thereby lowering the risk of CVD onset and complications. This
approach is useful for clinical trial design, knowledge translation, and patient education
because of its methodological formalism, which can be refined over time. A step-by-step
structure for cardiometabolic-based chronic disease is explored in the first part of this Review,
concentrating on two main drivers, adiposity and dysglycemia, as they contribute to three major
CVD problems: CHD, HF, and AF. The relevant molecular, biochemical, and physiological
pathways are discussed before being broken down into clinical targets. The aim of the
cardiometabolic-based chronic disease model is to produce long-term, optimum CV outcomes
as well as benefit from gene therapy by avoiding disease as soon as possible.

ISSN: 1559-0836 20-41] 49



Metal lons in Life Sciences

Cardiovascular disease (CVD) is a broad term that refers to a variety of conditions that affect
the heart and blood vessels. The first section of this Review will concentrate on metabolic
events that can be grouped into distinct chronic disease periods that can be treated with
proactive treatment to improve coronary heart disease (CHD), heart failure (HF), and atrial
fibrillation (AF) clinical results.

CVD is the world's leading cause of death (1,2). Efficient primary preventive methods have
been linked to lower average CVD mortality rates (3). However, due to population rise, ageing,
and obesity and type 2 diabetes (T2D) trajectories, cumulative CVD-related deaths increased
(2, 3, 4). The decrease in age-adjusted CVD mortality rates in the United States has slowed
since 2011. (5,6). Furthermore, between 2011 and 2015, there was a rise in CVD (except for
CHD) mortality (7). What's more alarming is that rising CVD mortality rates are thought to be
attributable to less successful and/or affordable preventive measures, especially among low-
and middle-income socioeconomic and educational strata, as well as some ethnocultural
communities with unhealthy lifestyles (8, 9, 10, 11). Nonetheless, as large-scale risk factor
adjustment measures are delivered through an interconnected health care environment,
mortality trends change (12). Many shortcomings in the health-care system were presented in
a call-to-action report, the most impactful of which was "failure to make risk factor changes"

(13).

The treatment of CVD also starts with the onset of symptoms like angina, acute coronary
syndrome, stroke, NYHA functional class III/IV congestive HF, or symptomatic peripheral
vascular dysfunction in many patients. As prevention measures, smoking abstinence and risk-
based reduction of low-density lipoprotein cholesterol (LDL-c) are cases. However, in
cardiovascular (CV) outcomes experiments, reducing LDL-c levels with statin treatment
resulted in an overall risk reduction of just 30%, leaving a significant amount of unattended
residual risk (14). More successful CVD preventive measures are needed, given the burden of
CVD borne by patients and our communities. In this respect, it's important to remember that
CVD is a chronic illness that starts early in life and can be prevented by major, secondary, and
tertiary prevention, reducing the risk of end-stage incidents. Furthermore, T2D and obesity are
central to the chronic disease mechanism, which, although distinct from end-stage CVD cases,
are both symptoms and drivers of this chronic disease process. This analysis establishes a
medically actionable model that delineates inter-relationships among obesity, T2D, and CVD,
based on existing evidence addressing pathophysiology. For the first time, this new model lays
out systematic primary, secondary, and tertiary preventive strategies focusing on CVD
(specifically, CHD, HF, and AF) as end-stage innovations in the chronic disease phase. Insulin
tolerance is the fundamental abnormality behind the development of this new entity, which is
renamed cardiometabolic-based chronic disease (CMBCD). Insulin tolerance is to blame for
the majority of the risk that remains after statin therapy (15, 16, 17, 18, 19, 20, 21). Rather than
relying on costly and intrusive technological treatments after disease morbidities are
completely articulated, the CMBCD paradigm focuses on modifiable risk factors that can
reduce patient pain and social costs associated with CVD.
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Insulin resistance occurs as abnormal adiposity and dysglycemia collide (Figures 1 and 2,
Central Illustration). These metabolic drivers are derived from key genetic, environmental, and
behavioral drivers, and they contribute to the development of CMBCD. Dysglycemia develops
according to the model described by dysglycemia-based chronic disease (DBCD) (22), and
abnormal adiposity is reflected in the recently suggested diagnostic concept for obesity,
adiposity-based chronic disease (ABCD) (22). (23). In the form of chronic disease treatment
templates, ABCD and DBCD intersect at the stage of insulin resistance to exacerbate CMBCD
(24, 25, 26). Taken together, this formulation aims to clear up the ambiguity in recent literature
about the pathophysiological associations between insulin resistance, metabolic syndrome
(MetS), obesity, T2D, and cardiovascular disease (CVD).

CMBCD Genetics' Primary Drivers

Many molecular factors have been linked to cardiometabolic symptoms (Table 1). The bulk of
chronic disease heritability, though, remains unclear by results from genome wide interaction
studies. Familial inheritance, on the other hand, is more reliant on modifiable threats (27).
Different ethnicities and attitudes affect these relationships, providing greater explanation for
the presentation of phenotypic traits (27). The use of machine genetics to classify molecular
drivers is beneficial, but risk and disease phenotype are largely determined by the dynamic
combination of genes, environment, and behaviour. Ethnicity-specific risk genes and biological
pathways, for example, play a role in the complex pathogenesis of T2D and CVD (28). In light
of the fact that only a small number of gene variants are responsible for CHD, disease drivers,
which correspond to hub genes at the top of a regulatory network, constitute a more powerful
heritability mechanism (29). Two major disease drivers for CHD are gene regulation networks
in the atherosclerotic arterial wall and abdominal adipose tissue (29). The first step in a chronic
disease model is the recognition and association of molecular variables with clinical cases,
despite the fact that it is actually below the routine detection level in clinical medicine and
lacks genetic risk scores with sufficient validity for routine clinical prediction.

Epigenetic control is a biological theory that explains how genes and the environment interact
to produce a particular phenotype. For example, epigenetic changes caused by maternal
gestational diabetes in the womb may confer an insulin resistance phenotype in offspring,
which can continue through adulthood and contribute to T2D, obesity, and cardiovascular
disease (30, 31, 32, 33). A systems approach to the complex interactions among genetic,
epigenetic, environmental, and MetS factors has been proposed as a way to generate useful
explanatory models (34, 35, 36, 37, 38, 39).

Geng et al. (40) found evidence for a causal influence of a genetic predisposition for higher
childhood body mass index (BMI) with elevated T2D and CHD incidence by analyzing 25
single-nucleotide polymorphisms. Based on correlations with some adult risk factors (systolic
blood pressure [BP], diastolic blood pressure [BP], total cholesterol, high-density lipoprotein
[HDL], LDL, non-HDL, and triglycerides), childhood obesity was shown to be a risk factor for
CVD in a meta-analysis (41). In reality, obese mothers' newborns had thicker intraventricular
septa and poor cardiac output (42). A weighted genetic risk score of 97 single-nucleotide
polymorphisms in children increased adulthood obesity estimation in the Cardiovascular Risk
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in YFS (Young Finns Study) (43). In addition to the sum of adiposity, as measured by BMI,
the distribution of adiposity in androids was associated with higher insulin resistance, as
measured by fasting insulin, triglyceride, HDL, interleukin (IL)-6, monocyte chemoattractant
protein (MCP), and C-reactive protein levels, as well as variations in gene expression (44).

The natural world

The constructed (or man-made) world, as well as the nonphysical (cultural) environment, play
a role in the transmission of genetic cardiometabolic risk factors (10). Statistical knowledge
about specific and actionable environmental variables is provided by local cluster identification
and spatial regression techniques with a global footprint (45). CVD is linked to the following
variables in particular: Lower socioeconomic strata and less access to affordable health
services, low schooling and literacy rate, high alcohol consumption areas, both urban (for
children) and rural (with heat or cold waves impacting health care access) habitats, air and
noise emissions, and inadequate drinking water quality are all factors (45).

Toxins in the environment or endocrine disruptors may alter CV outcomes by modulating gene
expression and interfering with molecular trafficking and other pathophysiological pathways.
Polymorphisms in the genes IL§RA, TXN, NR3C2, COX5A, and GCLC, for example, may
interfere with higher levels of seafood arsenicals to raise T2D rates (46). In normal-weight
Korean subjects, exposure to chronic organic contaminants is linked to MetS characteristics,
likely due to toxic effects on-cell function, independent of adiposity or insulin tolerance
(47,48). Fine particulate matter (air pollutant), sunshine, and maximum heat index were
correlated with CVD risk in a study by Al-Hamdan et al. (49) in the United States, with odds
ratios for mortality mitigated by T2D, obesity, and some lifestyle, behavioral, and
socioeconomic influences, particularly among Blacks and older adults (65 years of age).
Telomere shortening has been linked to CHD and can be caused by environmental
contaminants, chronic stress, or inflammation (50). While definitive interventional trials that
reduce CMBCD steps are incomplete, the combination of genetics and dietary factors can
modulate the gut microbiome in ways that influence inflammatory and metabolic networks,
eventually leading to abnormal adiposity, insulin resistance, dysglycemia, and CVD (51).

Specific activities can not only modulate but also offer resources for action until phenotypic
expression of genetic and environmental factors initiates a disease phase. Pickens et al. (52)
summarized findings from a 2015 U.S. study on health-risk habits in adults 18 years of age in
a 2018 Morbidity and Mortality Weekly Report surveillance review, which offered background
for genetic and environmental drivers of chronic disease, including those dependent on
cardiometabolic pathways. The median self-reported prevalence of good and bad health by
state ranged from 11.2 percent to 34.1 percent, with 13.2 percent without health care, just 58.1
percent to 79.8% having a regular annual checkup, and just 73.3 percent to 86.7 percent having
a blood cholesterol check (52). Tobacco smoking was 9.0 percent to 27.2 percent, binge alcohol
drinking was 11.2 percent to 26.0 percent, lack of leisure time physical exercise was 17.6
percent to 47.1 percent, and poor fruit or vegetable intake was 33.3 percent to 55.5 percent or
16.6 percent to 31.3 percent, respectively, in terms of prevalence rates of particular modifiable
CVD risks by state (52). Lower BMI, waist-to-height ratio (WHtR), and waist circumference
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(WC) were correlated with higher diet-quality scores, suggesting increased healthier eating
habits (53). These health-risk habits combined with genetic and environmental factors to create
the prevalence incidence ranges shown below by state: Obesity ranges from 19.9% to 36.0
percent; diabetes ranges from 11.2 percent to 26.8%; hypertension (HTN) ranges from 24.2
percent to 39.9 percent; high cholesterol ranges from 27.1 percent to 37.3 percent; coronary
heart disease (CHD) ranges from 7.2 percent to 16.8 percent; and stroke ranges from 2.5 percent
to 7.5 percent (52).

Drivers of Metabolism
Chronic disorder caused by adiposity
Adiposity that is out of the ordinary

Obesity is a less stigmatized medical concept that is more statistically reliable, actionable, and
less stigmatized than ABCD. ABCD is a chronic, systemic condition characterized by defects
in the volume, production, and function of adipose tissue, as well as cardiometabolic,
biomechanical, and psychological complications, all of which contribute to morbidity and
mortality (22). The American Association of Clinical Endocrinologists and the European
Association for the Study of Obesity have both adopted the ABCD designation (22,54). ABCD
is divided into two categories: adiposity-based, which represents anomalies in adipose tissue
density, function, and distribution; and chronic disease, which reflects the risk, presence, and
severity of complications (22).

The amount of abnormal adiposity, as measured by weight gain and BMI, is linked to CVD,
but the relationship is complicated since excessive fat mass is neither a necessary nor adequate
consideration. Not all patients with obesity are insulin resistant, and even lean people may
develop insulin resistance, increasing their risk of T2D and CVD. Just about 11% of human
variations in insulin sensitivity can be clarified by BMI, according to the association between
generalized rise in adiposity and insulin sensitivity (55). If weight gain happens in the context
of insulin resistance, there is asymmetrical fat deposition favoring the intra-abdominal depot,
as well as adipose tissue inflammation with macrophage influx and anomalies in circulating
adipokines (55). Inflammation, oxidative stress, and glucose intolerance can all be exacerbated
by additional weight gain (55). Thus, there is an association between excess adiposity and
insulin resistance that raises CVD risk in many, though not all, people.

Individual heterogeneity in adiposity distribution is dependent on key drivers and represents
an excess in dietary consumption and energy expenditure. Entrapment of free fatty acids (FFA)
is linked to increased gluteofemoral subcutaneous adipose tissue, which reduces ectopic FFA
uptake, insulin resistance markers, inflammation, and CVD danger (44,56, 57, 58). In reality,
subcutaneous fat in the legs (59) and thighs (60), rather than the arm (59), has major
cardiometabolic benefits. The liver receives the most FFA from subcutaneous adipose tissue,
which accounts for around 80% of overall adipose tissue (61). FFA levels increase, and ectopic
lipid accumulates in tissues that usually have little or no fat storage because unstable adipose
tissue can not properly accommodate fuel storage in the face of excessive caloric intake.
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Skeletal tissue, stomach, epicardium (the layer between the exterior wall of the myocardium
and the visceral layer of the pericardium), pericardium (the layer between the visceral and
parietal layers of the pericardium), intestines, kidney, and pancreas are among the ectopic
locations (55).

Adipokine signatures, endogenous satiety receptors, and subsequent associations with satiety
centers in the hypothalamus and other central nervous system loci influencing eating activity
are both affected by abnormal adiposity feature. These improvements can encourage calorie
intake and the preservation of adipose tissue mass. Adipokines interact with CV pathways in a
networked fashion (62). In the face of weight loss following lifestyle intervention, multiple
maladaptive responses in satiety hormones, energy consumption, and psychological factors can
push weight regain back to historically high BMI levels (63,64).

Insulin tolerance and the effects of obesity

Insulin tolerance is exacerbated by ectopic fat. Intrahepatic fat, a form of ectopic fat, has been
linked to increased cardiometabolic risk factors and cardiovascular disease (CVD) (58,65).
However, there is still a lot to learn about the predictive potential of ectopic fat, especially
nonalcoholic fatty liver disease, in ABCD and CMBCD.

Patients with a BMI in the overweight or obese range may be insulin sensitive and not at risk
for T2D or CVD. The "metabolically stable obese" is a term used to describe these patients
(66,67). While there is some diagnostic confusion, about 15% to 20% of U.S. individuals
overweight or obese in the NHANES (National Health and Nutrition Examination Survey)
cohort are categorized as metabolically stable when all MetS traits are absent (68). The obesity
paradox is a pathophysiological and epidemiological correlation with modestly elevated BMI
with lower risks and better prognosis for some chronic disorders, like CVD. It can be due to
reverse causality (69,70).

Adiposity's effect on-cell dysfunction

The obese pathophysiological condition is linked to a local expansion of intraislet
macrophages, which impairs-cell function in a murine model (71). Good evidence of direct
signalling from adipose tissue to-cells or intraislet macrophages is absent in the absence of an
irregular inflammatory milieu mediating this interaction. Another theory involves pathological
autophagy, which disrupts-cell activity and, as a result, sets the stage for hyperglycemia and
progression to pre-diabetes and T2D in the context of ABCD-related insulin resistance (72).
Obesity, excessive calorie intake, and insulin tolerance are all linked to-cell fatigue by these
and other pathways (Table 2). Each of these pathways is a potential priority for reversing the
progression of ABCD to insulin resistance (73).
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CVD effects of adiposity

There are pathways where abnormal adiposity distribution, especially among different
ethnicities, is associated with increased CVD risk and mortality, in addition to pathways where
adiposity amount induces insulin resistance (74). Increases in abdominal adiposity, as
measured by WC, WHtR, or body roundness index, were linked to dyslipidemia in a cross-
sectional analysis in Jilin Province, China (75). In a meta-analysis (76), HTN was linked to
WHItR, BMI, WC, and WHtR in Chinese patients, and Framingham Risk Scores were linked
to sagittal abdominal diameter in nondialysis chronic kidney disease patients (77). Another
Chinese research found that abnormal adiposity raised the risk of ischemic stroke by causing
hypertensive symptoms (78). Visceral adipose tissue was linked to a higher left ventricular
mass index and lower LV diastolic role in the KoGES study (Korean Genome and
Epidemiology Study) (79). Various anthropometrics in normal-weight children and teenagers
are predictive of cardiometabolic vulnerability in the Iranian CASPIAN-V (Fifth Survey of
Childhood and Adolescence Surveillance and Prevention of Adult Noncommunicable Disease)
study (80).

The connection between epicardial adipose tissue and CVD (81) was stronger in women (82),
and was caused by increased cardiometabolic risk due to underlying adiposity changes (83), or
direct effects of epicardial fat on neighboring structures (84). Surprisingly, atherosclerotic
pressure was positively correlated with epicardial and visceral adipose tissue, but not with
subcutaneous adipose tissue (85). Vascular inflammation and arterial stiftness (86), aortic valve
sclerosis score (87), LV hypertrophy and cardiomyocyte fibrosis/apoptosis (88), and
obstructive sleep apnea (89) were both linked to epicardial adipose tissue (89). With ischemia,
epicardial adipose tissue secretes more phospholipase A2 1II, resulting in increased
phospholipid hydrolysis and local FFA production (90). Increased FFA output by epicardial
adipose tissue has an effect on nerve impulse propagation and arrhythmia growth (90).
Furthermore, perivascular adipose tissue, which is also difficult to distinguish from epicardial
adipose tissue, has white, beige, or brown adipose tissue properties (91).

Adipose tissue macrophages accumulate, become activated (developing crown-like structures
and CD9+ expression), and contribute to the obesity phenotype by clearing dead adipocytes
(92). Patients with insulin resistance preferentially accumulate fat in the intra-abdominal
compartment, which contains a higher proportion of classically active proinflammatory M1
macrophages (producing TNF-, IL-6, and MCP-1) and a lower proportion of alternatively
activated M2 macrophages (93, 94, 95, 96, 97). Insulin resistance and the risk of cardiovascular
disease can also be exacerbated by M1 polarization (98,99).

Obesity cardiomyopathy can be caused by complex relationships between adiposity and MetS
traits. Hypoventilation, pulmonary hypertension, and right ventricular failure, as well as
reduced systemic vascular resistance contributing to elevated blood flow and cardiac
production, right ventricular, and then LV failure, may all contribute to this (100).
Dyslipidemia and HTN are also intertwined with adiposity, dysglycemia, and other MetS
characteristics. While increased circulating lipids are cardiometabolic risk factors,
anthropometric fat accumulation is more closely linked to pre-HTN (101).
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Chronic disorder caused by hypoglycemia
From abnormal adiposity to insulin resistance, there's a lot to consider.

The DBCD (23) architecture offers a framework for CMBCD early intervention. The DBCD
model, like ABCD, could be a more precise and actionable diagnostic concept for the
continuum of pathophysiological events resulting from insulin resistance, pre-diabetes, T2D,
and CVD than diabetes. Dysglycemia is a broad concept that encompasses all types of diabetes
(but only T2D in this paper) and pre-diabetes, as well as states that raise the molecular risk of
T2D, such as insulin resistance. Normoglycemia or hyperglycemia with hyperinsulinemia are
the two most common signs of insulin resistance. The American Association of Clinical
Endocrinologists has introduced the DBCD designation (23).

Insulin resistance has an impact on-cell dysfunction.

Insulin tolerance in the muscle and liver raises the need for pancreatic 3-cell insulin secretion
to sustain glucose homeostasis. Patients remain normoglycemic as long as robust insulin
secretory responses are maintained. However, as early-phase insulin secretion is inadequate for
typical post-prandial glycemic excursions, post-prandial glucose levels increase. Insulin
secretory ability decreases further as B-cell enfeeblement progresses, fasting glucose levels
increase, and patients gradually meet diagnostic thresholds for pre-diabetes and then T2D.
(102).

The effect of insulin resistance on cardiovascular disease

Insulin tolerance combined with normoglycemia can result in elevated atherosclerosis,
myocardial instability, and an increased risk of cardiovascular disease (CVD) (15, 16, 17,103,
104, 105, 106, 107, 108, 109). An elevated risk of atrial fibrillation has been linked to a
constellation of anomalies involving inflammation, atrial enlargement, and ventricular diastolic
and systolic dysfunction. Insulin resistance has many effects on vascular biology, including: 1)
glucose homeostasis, substrate oxidation, and mitochondrial function; 2) increased
inflammation and oxidative stress; 3) lipid and lipoprotein changes; 4) impaired lipid storage
in adipocytes due to defects in both lipolysis and triacylglycerol synthesis; and 5)
vasoregulation due to a decrease in endothelial nitrilase (110,93, 94, 95, 96, 97,111, 112, 113,
114, 115, 116). In patients without frank T2D, insulin resistance is also linked to acetylcholine-
induced coronary artery spasm (117).

Insulin resistance was linked to the occurrence of CVD events in the IRAS (Insulin Resistance
Atherosclerosis Study) (15,16,18) and the BIP (Bezafibrate Infarction Prevention Trial) (19,
20, 21). Gast et al. (17) performed a meta-analysis of 65 studies and discovered that insulin
tolerance as measured by the homeostasis model was strongly correlated with the risk of CVD
events.
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Insulin resistance's effect on dyslipidemia

Excessive postprandial chylomicronemia, elevated plasma triglycerides, low HDL-c, and
enhanced LDL particle concentration without specifically a difference in LDL-c levels owing
to the existence of tiny compact LDL particles define the dyslipidemia associated with insulin
resistance (104,116,118). There are also more massive triglyceride-containing very low-
density lipoprotein (VLDL) molecules in circulation as a result of increased hepatic output
(from increased FFA flux to the liver) and decreased clearance due to lipoprotein lipase
reductions (119). The formation of small compact LDL is aided by elevated levels of VLDL,
as well as the activities of cholesteryl ester transfer protein (CETP) and hepatic lipase (119).
CETP promotes the transfer of cholesteryl esters and triglycerides between lipoproteins,
resulting in a net loss of cholesterol esters and a gain of triacylglycerols by HDL and LDL, and
a reciprocal net gain of cholesterol esters and loss of triacylglycerols by chylomicrons and
VLDL (119). The triglyceride-rich LDL that results becomes a substrate for hepatic lipase's
lipolytic action, resulting in the development of small dense LDL (120). Hepatic lipase also
converts triglyceride-rich HDL into small dense HDL, lowering HDL-c levels and making
them more vulnerable to catabolism (120).

Increased small dense LDL particle concentration, regardless of total LDL-c levels, is a risk
factor for CVD (121, 122, 123). The ARIC (Atherosclerosis Risk In Communities) study found
that plasma levels of small dense LDL were an independent predictor of coronary heart disease
(121). Macrophages preferentially pick up modified LDL particles as they reach the vascular
wall, leading to cholesterol aggregation, foam cell development, and inflammation induction
through the Toll-like receptor 4 (TLR-4) and necrosis factor kappa-B (NFB) pathway (124,
125, 126). As a result, improvements in lipids and lipoproteins that arise exclusively as a result
of insulin resistance are atherogenic, exacerbate atherosclerosis regardless of total LDL-c, and
start early in the CMBCD process.

Endothelial failure as a result of insulin resistance

Even in people who do not have diabetes, insulin resistance is linked to endothelial dysfunction
(127). Insulin signaling in the endothelium via PI3K/Akt controls eNOS activity and the output
of the vasodilator NO (128,129). This pathway is disrupted by insulin resistance, while the
insulin mitogenic Ras/Raf mitogen-activated protein kinase (MAPK) signaling pathway is
unaffected and hyperactive as a result of hyperinsulinemia (128,129). MAPK signaling
increases the synthesis of the vasoconstrictor endothelin-1, resulting in vasoconstriction as a
result of an imbalance between metabolic and mitogenic insulin signaling pathways (128,129).
The mitogenic pathway also facilitates the proliferation of vascular smooth muscle cells and
the expression of VCAM-1 and E-selectin (130). Furthermore, insulin resistance is linked to
increased sympathetic nervous system and renin-angiotensin-aldosterone system (RAAS)
function (131). Increased mineralocorticoid receptor signaling increases the synthesis of
reactive oxygen species (ROS), reduces vascular relaxation, and induces cell adhesion
molecules (132,133).
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The interaction of these processes on the vascular wall increases vasoreactivity and explains
the connection between insulin tolerance, high blood pressure, the production of HTN, and the
progression of CVD over time. Furthermore, the insulin-resistant condition is characterized by
a clotting diathesis (134, 135, 136, 137) caused by endothelial dysfunction, insulin tolerance,
and reduced NO production, which improves platelet adhesiveness, as well as increased
circulating fibrinogen and plasminogen activator inhibitor 1 (PAI-1) production by adipose
tissue.

Insulin resistance has an effect on inflammation.

Inflamed adipose tissue, which enhances the production of proinflammatory cytokines, is a
requirement for insulin tolerance. These cytokines, as well as other circulating factors including
oxidized and triglyceride-rich lipoproteins, amplify the local effects of lipotoxicity,
glucotoxicity, and oxidative stress, resulting in increased vascular wall inflammation. These
factors promote monocyte margination, absorption, conversion into macrophages, and avid
cholesterol accumulation, especially in the form of modified LDL, through increasing cell
adhesion molecule expression (138). Insulin tolerance also results in thin, compact LDL
particles that are vulnerable to oxidation, acetylation, and glycation. These changes make the
lipoprotein particles proinflammatory and cause an immune reaction, resulting in the formation
of LDL-containing immune complexes, which increase their atherogenicity (139). The vascular
wall's resident macrophages readily absorb transformed LDL particles and transform them into
foam cells, resulting in the formation of fatty streaks and plaque formation.

Macrophages play an important part in the development of atherosclerotic lesions at all stages
(140,141). TLR and interferon signalling distinguish proinflammatory M1 macrophages, which
are activated by lipopolysaccharides and lipoproteins. These cells contain high levels of ROS
and secrete proinflammatory factors such as TNF, IL-1, and various chemokines (C-X-C motif
chemokine ligand [CXCL]-9, CXCL-10, and CXCL-11) (142). M2 macrophages, on the other
hand, secrete anti-inflammatory factors including IL-1 receptor agonist and IL-10. Insulin
tolerance causes an increase in resident M1 macrophages in the vascular wall and adipose
tissue. While both macrophage phenotypes are found in atherosclerotic lesions,
proinflammatory M1 macrophages are more abundant in developing plaques, where they play
a key role in atherogenesis, whereas M2 macrophages are more prevalent in regressing plaques
(142).

Insulin resistance has an effect on cardiac metabolism.

The same mechanisms that inhibit insulin activity in skeletal muscle also impair insulin action
in the myocardium in the insulin resistance state. In the face of higher serum FFA levels, there
is a rise in ectopic lipid aggregation in the cardiomyocyte, resulting in myocardial lipotoxicity
(143). Intracellular diacylglycerol, inflammatory factors, mitochondrial dysfunction, and
oxidative stress both stimulate serine kinases, which phosphorylate and inhibit insulin signaling
through the insulin receptor and IRS-1, as well as NFB pathways, which can amplify myocyte
inflammation (143). Insulin's capacity to induce glucose uptake and oxidation in the heart is
reduced as a result of these organized activities. Except in the presence of pacing or ischemia,
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when the heart depends on glucose for oxygen, the myocardium prefers fatty acids as a fuel
source. This flexibility to translate to glucose metabolism is hampered by deficiencies in insulin
action and mitochondrial function. Endothelial dysfunction, sympathetic nervous system
activation, oxidative stress, and inflammation, in combination with metabolic changes in
substrate use, result in structural defects in the heart (144,145). Cardiac stiffness impairs
diastole relaxing and loading of the ventricle before systole, and cellular damage and defects
of contractile proteins facilitate cardiac tissue interstitial fibrosis (144). As a result, the patient
develops HF with retained ejection fraction, as well as increased left atrial scale, LV mass, and
diastolic dysfunction (144). Diastolic dysfunction can lead to systolic dysfunction and HF with
a low ejection fraction over time.

Via pre-diabetes to cardiovascular disease

Pre-diabetes (146, 147, 148), MetS (149), and T2D are all linked to an increased risk of
cardiovascular disease (148, 149, 150). Even in patients with T2D, multifactorial risk factor
management leads to a long-term drop in the number of CVD accidents and mortality (151).
(152). The UKPDS (United Kingdom Prospective Diabetes Study) identified an
epidemiological correlation between hyperglycemia and coronary heart disease (CHD) by
demonstrating a linear association between A1C and CVD cases, such as myocardial infarction
(153). After elective percutaneous coronary surgery, a diagnosis of pre-diabetes can be linked
to subsequent restenosis (154). However, comorbid cardiometabolic risk factors can explain
the increased risk of CVD seen in patients with pre-diabetes (155).

Due to immediate effects on target cells, hyperglycemia impairs insulin-stimulated glucose
transport (156, 157, 158, 159, 160). Hyperglycemia also boosts oxidative stress and
inflammatory processes explicitly (161, 162, 163). Due to extended exposure to proteins and
lipids to hyperglycemia, advanced glycation end-products (AGE) are elevated in T2D,
contributing to oxidative injury and CV complications (164). Because of AGE aggregation and
collagen cross-linking, there is further fibrosis and myocardial stiffness (165). Hyperglycemia
aggravates insulin resistance dyslipidemia and lipoprotein modulation by oxidation (166) or
AGE (167).

From T2D to CVD

The link between T2D and an increased risk of cardiovascular disease is well known (168, 169,
170, 171). CVD complications were higher in T2D patients in Denmark than in people with
type 1 diabetes or latent autoimmune diabetes in adults (172). Glycemic variability and
hypoglycemia (173) are linked to atherosclerosis and macrovascular complications in people
with T2D, likely because of their effects on inflammation. Patients with T2D and an ankle-
brachial index of less than 0.90 have an elevated risk of all-cause death, CV mortality, and
significant adverse heart injuries in the Rio de Janeiro Type 2 Diabetes Cohort Study (174).

T2D raises the risk of HF hospitalization, but this risk decreases with advanced age (> 75 years)
and aim A1C (7%), or without albuminuria (175).Due to interactions among insulin signalling,
impaired glucose utilization, inflammation, oxidative stress, and endothelial dysfunction,
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myocardial dysfunction and HF evolve at a younger age, arise more often, and cause greater
morbidity in T2D patients (103,135,176, 177, 178, 179, 165-191).

Final Thoughts

The CMBCD model lays the groundwork for precise, evidence-based preventive targeting in
order to create a treatment strategy that supports cardiometabolic wellbeing while reducing the
risk of CVD's onset and consequences. This method benefits from methodological formalism
that can be improved over time, making it suitable for clinical trial design, information
translation, and medical education. In the first section of this Review, a step-by-step structure
for CMBCD is discussed, focusing on two major drivers, adiposity and dysglycemia, as they
relate to three major CVD problems: CHD, HF, and AF. Relevant genetic, metabolic, and
physiological mechanisms are presented, and they are then broken down into therapeutic goals.
The aim of this CMBCD paradigm is to achieve sustainable and optimal CV results and benefit
for gene therapy by preventing disease as early as possible.
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115. Moataz Dowaidar. Network Medicine Might Lead to New Treatments for Dyslipidemia. It Will Be a Challenging
Method to Implement in a Clinical Context. https://doi.org/10.31219/0st.io/nksbw.

116. Moataz Dowaidar. Neuroinflammation Caused by Activated Microglia and Astrocytes Can Contribute to the Progression
of Pathogenic Damage to Substantia Nigra Neurons, Playing a Role in Parkinson’s Disease Progression.
https://doi.org/10.31219/0sf.i0/ac896.

117. Moataz Dowaidar. Neurologists Rarely Perform Genetic Testing for Parkinson’s Disease. Evidence Suggests That Many
Patients with Major Genetic Variants Go Undiagnosed. https://doi.org/10.31219/0st.io/ykpb2.

118. Moataz Dowaidar. Neuronal Intranuclear Hyaline Inclusion Disease Is a Neurodegenerative Condition Which Can Be a
Target for Gene Therapy. https://doi.org/10.31219/osf.io/upgqd.

119. Moataz Dowaidar. New Therapies Aim at Restoring the Molecular, Morphological, and Functional Integrity of
Parkinson’s Specific Brain Circuits. https://doi.org/10.31219/osf.io/dvyxc.

120. Moataz Dowaidar. Not All IncMIRHGs Are ‘Junk Transcripts,”. LncM IRHG Loci May Make Both Functional miRNAs
and IncRNAs, Which Can Work Together or Separately. https://doi.org/10.31219/osf.io/a567w.

121. Moataz Dowaidar. Nrf2 Signaling Pathways Are Part of a Wider Network of Signaling Pathways Regulating
Thymoquinone Therapeutic Actions Which Need Innovative Formulations and Delivery Methods.
https://doi.org/10.31219/0sf.io/u2fa7.

122. Moataz Dowaidar. Omics Should Be Integrated with Genomics to Uncover Molecular Networks and Tissue and Single-
Cell Epigenetic Changes. With These Findings, Targeted Pseudoexfoliation Syndrome and Glaucoma Gene Therapy
Procedures May Be Viable. https://doi.org/10.31219/0sf.10/481j5.

123. Moataz Dowaidar. Ophthalmic Gene and Cell Therapies. https://doi.org/10.31219/0sf.io/n84m9.

124. Moataz Dowaidar. P21 Is a Flexible, Multi-Functional Protein. It Governs Various Tumor Cell Activities, Including
Autophagy. p21 Is a Possible Radiotherapy Target. https://doi.org/10.31219/0sf.i0/ydkca.

125. Moataz Dowaidar. Parkinson’s Disease Simulating Complexity via Improving the Identification of Significant Genetic
Alterations and Environmental Contaminants Should Be a Priority. https://doi.org/10.31219/osf.io/pmcu9.
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126. Moataz Dowaidar. Patient-Specific Microphysiology Systems Are Likely to Become a Crucial Aspect of Translational
Research and Precision Medicine. https://doi.org/10.31219/0sf.i0/bc8ft.

127. Moataz Dowaidar. Patients with PMD Who Are Thoroughly Screened by Genomic Medicine Have a Considerable
Chance of Benefiting Greatly from Whole-Genome Sequencing. https://doi.org/10.31219/osf.io/dajft.

128. Moataz Dowaidar. Polydopamine Nanoparticles’ Activity and Long-Term Stability Should Be Fully Studied for Gene
Therapy Applications. https://doi.org/10.31219/0sf.io/x4nej.

129. Moataz Dowaidar. Potential Therapeutics for Primary Mitochondrial Disorders. https://doi.org/10.31219/0sf.io/6pz5k.

130. Moataz ~ Dowaidar.  Potentials of Medicinal Nanostructured Diamond  Particles and  Coatings.
https://doi.org/10.31219/0sf.i0/h68xz.

131. Moataz Dowaidar. Preclinical Investigations Revealed Possibilities for Salmonella Tumor Treatment. Bacteria Can Also
Be Coupled to Nanomaterials Enabling Drug-Loading, Photocatalytic And/or Magnetic Properties, Using the Bacteria’s
Net Negative Charge. https://doi.org/10.31219/0sf.io/embgk.

132. Moataz Dowaidar. Research into P2X Purinergic Receptor Function in Tumor Growth Has Made Substantial Progress
with Potential Gene Therapy Targeting. https://doi.org/10.31219/0sf.io/r34{s.

133. Moataz Dowaidar. RNA Therapies Hold Great Promise for Treating Cancer. High-Throughput Screening Techniques
Have Facilitated the Development of RNA Treatments. https://doi.org/10.31219/0sf.i0/9vxrb.

134. Moataz Dowaidar. RNAi Treatment Has Been Shown to Successfully Modify Human-Related Target Gene Expression,
Including Cancer. It Has the Capacity to Control Non-Standard Oncogenes, such as Oncogenic IncRNAs.
https://doi.org/10.31219/0sf.i0/bwqep.

135. Moataz Dowaidar. RNAs Hold a Lot of Potential When It Comes to Druggable Molecular Targets.
https://doi.org/10.31219/0sf.i0/2dtxg.

136. Moataz Dowaidar. Shadow Enhancers’ Objective Seems to Be to Establish Robust Growth Patterns Independent of
Genetic or Environmental Stress. https://doi.org/10.31219/0sf.io/qfnkp.

137. Moataz Dowaidar. Sickle Cell Disease Hematopoietic Stem Cell Gene Therapy with Globin Gene Addition Is Promising.
https://doi.org/10.31219/0sf.i0/j5fkb.

138. Moataz Dowaidar. Single-Gene Mutations in mtDNA-Associated Proteins Are Unlikely to Be the Main Cause of
Sporadic Parkinson’s Disease. Cumulative Genetic Variation in Numerous Genes May Be Important in
Neurodegeneration and PD Risk. https://doi.org/10.31219/0sf.i0/89qte.

139. Moataz Dowaidar. Small Nuclear Ribonucleoproteins (snRNPs) Based Gene Therapy.
https://doi.org/10.31219/0sf.i0o/c4319.

140. Moataz Dowaidar. Studying the Pathologic Mechanisms of Osteoporosis and the Bone Microenvironment May Help
Researchers Better Know the Etiology of Rheumatoid Arthritis, Periodontitis, and Multiple Myeloma, as Well as Other
Inflammatory and Autoimmune Disorders. https://doi.org/10.31219/0sf.i0/t3z6y.

141. Moataz Dowaidar. Suicide Gene Therapy May Be Effective in the Treatment of Malignant Glioma.
https://doi.org/10.31219/0sf.io/vdkst.

142. Moataz Dowaidar. Synuclein Is a Protein That Is Expressed in Brain Tissue. The Specific Missense Mutation (SNCA)
Found in a Family with Parkinson’s Disease Is the Cause. Other Diseases Include Alzheimer's Disease and REM Sleep
Behavior Disorder. https://doi.org/10.31219/osf.i0/bs8rc.

143. Moataz Dowaidar. Systems Biology Is a Method for Analyzing Massive Amounts of Multidimensional Data Generated
by Omics Technologies. Cross-Validation of the Various Technological Platforms Is  Critical.
https://doi.org/10.31219/0sf.i0/p8vkd.

144. Moataz Dowaidar. Targeting Mitochondria and Especially Taz Gene Mutation Induces CL May Give Novel Therapeutic
Alternatives for Treating Barth Syndrome. https://doi.org/10.31219/osf.io/unfpy.

145. Moataz Dowaidar. The Ability to Combine Multiple mRNA Antigens Targeting Multiple Pathogens Simultaneously,
and the Robust Immune Responses Are Confirmed in Several Clinical Studies. https://doi.org/10.31219/0sf.io/6gksx.

146. Moataz Dowaidar. The Cubic Polyhedral Oligomeric Silsesquioxanes Based Hybrid Materials Have a Wide Variety of
Applications, Including Drug Administration, Gene Therapy, Biological Imaging, and Bone Regeneration.
https://doi.org/10.31219/0sf.10/9peq8.

147. Moataz Dowaidar. The Development of Tissue Replacement Therapies and Drug Discovery Was a Critical Milestone in
Advancing Regenerative Medicine. https://doi.org/10.31219/osf.io/w9bsm.

148. Moataz Dowaidar. The Epidemic of COVID-19 Prompted Widespread Use of mRNA Vaccinations.
https://doi.org/10.31219/0sf.io/jqws5.

149. Moataz Dowaidar. The Most Useful and Commonly Available Acute Rejection Surveillance Strategies Are Routine
Monitoring of Myocardial Function and Donor-Specific Anti-HLA Abs Monitoring.
https://doi.org/10.31219/0sf.io/ebw68.

150. Moataz Dowaidar. The Protease MBTPS2 Is an Important Regulator of Several Cellular Processes, Especially in Health
and Sickness. https://doi.org/10.31219/0sf.io/qyn6h.
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151. Moataz Dowaidar. The Sigma 1 Receptor (SIR) Is a Potential Therapeutic Target for the Treatment of Huntington’s
Disease. https://doi.org/10.31219/0sf.io/mcefx.

152. Moataz Dowaidar. The Use of a Network Medicine Approach Might Result in Innovative Strategies for Lowering
Coronary Heart Disease and CV Risks. https://doi.org/10.31219/0sf.io/eakg8.

153. Moataz Dowaidar. The Vasoconstrictor Endothelin System Involvement in Chronic Kidney Diseases Pathogenesis Is
Now the Most Often Employed Treatment Method. https://doi.org/10.31219/osf.io/cnkqy.

154. Moataz Dowaidar. The VPS35-D620N Mutation Is Associated with Parkinson’s Disease and Can Be a Target for Gene
Therapy. https://doi.org/10.31219/0sf.i0/83sxr.

155. Moataz ~ Dowaidar. ~ Therapeutics  Including Gene  Therapy for  Osteoarthritis as a  Concept.
https://doi.org/10.31219/0sf.i0/7zsqy.

156. Moataz Dowaidar. Tissue Hypoxia Has Been Established as a Master Regulator for Alternative Splicing, with Substantial
Clinical Consequences and Possibilities for Gene Therapy Targeting. https://doi.org/10.31219/0sf.io/5pbw4.

157. Moataz Dowaidar. To Rectify Alzheimer’s Disease Etiology, Excessive Mitochondrial Division Might Be Stopped or
Mitophagy Might Be Promoted. https://doi.org/10.31219/o0sf.io/6kdxw.

158. Moataz Dowaidar. Transcriptomics Is a Rapidly Growing Field That Generates New Data That May Be Used on Its Own
or in Combination with Existing Clinical Data for Development of New Therapeutics, Including Gene Therapy.
https://doi.org/10.31219/osf.i0/kfr6a.

159. Moataz Dowaidar. Tumor Microenvironment Has Clinical Significance in Terms of Prognosis and Therapy Prediction.
https://doi.org/10.31219/0sf.i0/4dz8q.

160. Moataz Dowaidar. Using AAV as a Gene Delivery Vector in the Neural System Is Effective in Several Animals, such
as Nonhuman Primates. https://doi.org/10.31219/osf.io0/ut4fa.

161. Moataz Dowaidar. Using Pre-Existing Datasets to Combine Published Information with New Metrics Would Help
Researchers Construct a Broader Picture of Chromatin in Disease. https://doi.org/10.31219/osf.i0/gsqv5.

162. Moataz Dowaidar. Virus-like Particles Are Good Nanocarriers for Liquid Biopsy Probes, Imaging Contrast Agents, and
Anticancer Medications. https://doi.org/10.31219/osf.io/xbtka.

163. Moataz Dowaidar. ZEB1 Controls the Expression of ICAM1, Promoting Monocyte-Macrophage Adhesion and Hence
the Formation of Atherosclerotic Lesions. https://doi.org/10.31219/0sf.i0/kzjqg.

164. Moataz Dowaidar. Gene Therapy Development and Legislation. https://doi.org/10.31219/0sf.io/mwb2n.

165. Moataz Dowaidar. Next-Generation Sequencing Is Now Utilized to Identify Genetic Abnormalities and Develop Gene
Therapy. https://doi.org/10.31219/0sf.io/em7xp.

166. Moataz Dowaidar. Nucleic Acid Designs, Artificial Intelligence for Screening Nanomaterials, and Enhanced
Characterization Methods Are Needed to Make Nanomedicine More Successful. https://doi.org/10.31219/0sf.i0/2w5aq.

167. Moataz Dowaidar. Potential Strategies for Cancer Gene Therapy. https://doi.org/10.31219/0sf.i0/atcqz.

168. Moataz Dowaidar. Quantitative Groups Will Be Critical to the Success of Future Gene Therapy Programs.
https://doi.org/10.31219/0sf.io/v97ht.

169. Moataz Dowaidar. The Treatment of Major Human Illnesses with Recombinant Adeno-Associated Virus (rAAV) Has
Shown Tremendous Promises. https://doi.org/10.31219/osf.io/uwade.

170. Moataz Dowaidar. Carbon Nanotubes Have Enormous Potential in Gene Therapy. https://doi.org/10.31219/0sf.i0/9bcxk.

171. Moataz Dowaidar. Charge-Alteration-Based Approaches Can Address the Evolving Needs of Nucleic Acid-Based Gene
Therapy, Charge Reversal Techniques Are Also Promising. https://doi.org/10.31219/0sf.io/zwqSh.

172. Moataz Dowaidar. Chromosome X, the Most Explored Genome-Editing Chromosome, Presents Possibilities for
Hemophilia A Treatments. https://doi.org/10.31219/0sf.i0/6vsdz.

173. Moataz Dowaidar. Clinical Investigations Show That siRNA May Be Used to Treat a Variety of Disorders, Including
Cancer. https://doi.org/10.31219/0sf.i0/fcsgq.

174. Moataz Dowaidar. Cyclodextrins as Potential Gene Therapy Vectors. https://doi.org/10.31219/osf.io/zhtsc.

175. Moataz Dowaidar. Development of Specialized Carriers Capable of Delivering Effective RNAi and siRNA Gene
Therapy. https://doi.org/10.31219/0sf.io/3ykwm.

176. Moataz Dowaidar. Gene Therapy Can Target Mutations such as BRAF, Which Have Been Shown to Make Tumors
More Susceptible to Autophagy Suppression. https://doi.org/10.31219/osf.io/3gwra.

177. Moataz Dowaidar. Gene Therapy Vectors Should Enable CRISPR Systems to Accumulate at Disease Sites and
Successfully Penetrate Nuclei. https://doi.org/10.31219/0sf.io/xzmnc.

178. Moataz Dowaidar. Nanoformulations Can Be Utilized to Deliver Effective siRNA to Tumor Cells to Decrease Gene
Expression. https://doi.org/10.31219/osf.i0/zvuke.

179. Moataz Dowaidar. Neuronal Ceroid Lipofuscinosis Therapeutics. https://doi.org/10.31219/0sf.i0/75vep.

180. Moataz Dowaidar. Nonviral Gene Delivery Vectors for Transfection of the CAR Gene for CAR-T Cell Therapy.
https://doi.org/10.31219/0sf.io/ckxh5.

181. Moataz Dowaidar. Potential HIV Gene Therapy Strategies. https://doi.org/10.31219/0sf.io/e5hm2.
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182. Moataz Dowaidar. Research on Cell Sources for Brain Cell Replacement Methods Has Gained Major Importance. Cell
and Gene Therapy Are Potentially Intriguing New  Domains of  Regenerative  Medicine.
https://doi.org/10.31219/0sf.i0/g83 5b.

183. Moataz Dowaidar. RNAi-Based Gene Therapy Provides a Wide Variety of Applications. Safe, Biodegradable Nano
Delivery Vectors Are Still Needed. https://doi.org/10.31219/0sf.i0/s2zhn.

184. Moataz Dowaidar. Strategies for Treating Multiple Sclerosis with Gene Therapy. https://doi.org/10.31219/0sf.io/sycn6.

185. Moataz Dowaidar. The Combination of Unique Biomolecules and Nanoparticles Has Shown Successful Gene Therapy
Treatment Approaches for Non-Small Cell Lung Cancer Treatment. https://doi.org/10.31219/0sf.io/yeq5z.

186. Moataz Dowaidar. Understanding Why the Same Gene Delivery Vector Behaves Differently in Different Cell Types Is
Essential for Developing More Adaptable Transfection Systems. https://doi.org/10.31219/0sf.i0/6q8af.

187. Moataz Dowaidar. AAV9 Is Considered the Most Efficient AAV Serotype Targeting Blood-Brain Barriers. To Enhance
Effective Gene Therapy for CNS Illnesses, Testing Novel Vectors with More Efficient Crossing Capabilities Is Vital.
https://doi.org/10.31219/0sf.i0/7bf5s.

188. Moataz Dowaidar. Artificial miRNAs Are Potential Gene Therapy Tools, Especially for Incurable Monogenic Disorders.
https://doi.org/10.31219/0sf.i0/d5Srnm.

189. Moataz Dowaidar. Breakthroughs in mRNA Modification and Nanoparticle-Based Delivery Vehicles Facilitate Gene
Therapy Strategies. https://doi.org/10.31219/osf.i0/ky7dt.

190. Moataz Dowaidar. CRISPR/Cas9-Mediated Genome Editing Has Demonstrated Significant Promise for Genetic
Correction in Autologous Hematopoietic Stem/progenitor Cells (HSPCs) and Induced Pluripotent Stem Cells (iPSCs).
https://doi.org/10.31219/0sf.io/xk54r.

191. Moataz Dowaidar. Gene Therapy Vectors for Targeting the Heart. https://doi.org/10.31219/0sf.i0/gcbhf.

192. Moataz Dowaidar. Liposomes Can Minimize Cardiotoxicity, Address Drug Resistance, and Improve Overall Drug
Release Profiles in Breast Cancer. https://doi.org/10.31219/0sf.i0/tn56d.

193. Moataz  Dowaidar.  Liposomes  with  Cerasome-Forming Lipids as  Gene  Therapy  Vectors.
https://doi.org/10.31219/0sf.i0/zjn6v.

194. Moataz Dowaidar. Nanomaterials Combine Multiple Therapeutic Approaches for Cancer Cell Multidrug Resistance,
Ferroptotic Cell Death Is Promising in Various Cancers. https://doi.org/10.31219/0st.io/7bg9t.

195. Moataz Dowaidar. Nanomedicines for Enhanced Permeability and Retention (EPR)-Stratified Patients Have the
Potential to Improve Treatment Outcomes. https://doi.org/10.31219/osf.io/xrcb2.

196. Moataz Dowaidar. RNA-Based Gene Therapy for Manipulating the Neuroinflammatory Cascade Closely Linked to
Neurodegeneration Can Help Reduce Disease Development. https://doi.org/10.31219/o0sf.io/2hswv.

197. Moataz Dowaidar. Targeted Chemical Nucleases Have a Wide Range of Untapped Applications in Biological Fields,
Including Gene Therapy. https://doi.org/10.31219/0sf.i0/6bexs.

198. Moataz Dowaidar. Bacterial Nanoparticles Can Deliver Proteins, Medications, Enzymes, and Genes to Diagnose and
Cure Numerous Illnesses. https://doi.org/10.31219/0sf.io/7gyna.

199. Moataz Dowaidar. Exosomal miRNA Diagnostic and Gene Therapy Tools. https://doi.org/10.31219/0sf.io/aknrc.

200. Moataz Dowaidar. Gene Modification Research Has Potential, from Diagnostic to Therapeutic Levels. The Most
Promising Metabolic Pathways Include the TGF-1 Signaling System, Inflammation and Protein Transport.
https://doi.org/10.31219/0sf.i0/5ert4.

201. Moataz Dowaidar. Gene Therapy Using MnO2 Nanoparticles. https://doi.org/10.31219/0sf.io/xmwjs.

202. Moataz Dowaidar. Gene-Regulatory Elements May Change the Amount, Timing, or Location of Gene Expression, Cis-
Regulation Therapy Platforms Might Become a Gene Therapy to Treat Many Genetic Diseases.
https://doi.org/10.31219/0sf.io/xc5a2.

203. Moataz Dowaidar. Hemophilia Therapeutics. https://doi.org/10.31219/0sf.i0o/gu74x.

204. Moataz Dowaidar. Mesenchymal Stem Cells Strategies in Cancer Immunotherapy.
https://doi.org/10.31219/osf.io/dkvow.

205. Moataz Dowaidar. Nanomaterials Can Inhibit Planktonic and Biofilm Bacteria and Can Be Used as Topical Therapy for
Mouth and Wound-Related Infections. https://doi.org/10.31219/0sf.i0/aqd2e.

206. Moataz Dowaidar. New Technologies to Improve CAR T Cell Generation and Biomanufacturing Will Lead to Safer,
More Therapeutically Effective Cells. https://doi.org/10.31219/0sf.io/un8gp.

207. Moataz Dowaidar. Ocular Gene Therapy Strategies. https://doi.org/10.31219/0sf.io/7en3k.

208. Moataz Dowaidar. Peripheral Nerve Injury Therapeutics, Including Electrical Stimulation, Stem Cell Treatments, and
Synthetic Neural Scaffolds, Have Shown Promising Preclinical and Even Clinical Results with Potential Regenerative
Treatment. https://doi.org/10.31219/0sf.io/m8cs9.

209. Moataz Dowaidar. Photothermal and Photodynamic Photoactivation of Nanomaterials-Based Prodrugs Are Two Key
Methods for NIR Light-Mediated Photoactivation. https://doi.org/10.31219/0sf.i0/2bh3r.

210. Moataz Dowaidar. Quantum Dots Have the Potential to Be Used in Gene Therapy. https://doi.org/10.31219/0sf.io/bdeg6.
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211. Moataz Dowaidar. Sickle Cell Disease Has Emerged as a Public Health Concern. Some Drugs May Conflict with
Curative  Therapies, yet They May Be Useful as a Bridge to HSCT and Gene Therapy.
https://doi.org/10.31219/0sf.i0/6kufh.

212. Moataz Dowaidar. Stimulator of Interferon Genes (STING)-Activating Nanoparticles Can Be Employed as a Tool for
Controlled Immune Activation. https://doi.org/10.31219/0sf.io/2ez7a.

213. Moataz Dowaidar. CRISPR/Cas9 Has Introduced New Gene Therapy Possibilities for Muscular Dystrophies.
https://doi.org/10.31219/0sf.io/ug8v4.

214. Moataz Dowaidar. Degradable Branched Polycationic Systems Are Promising Gene Therapy Vectors.
https://doi.org/10.31219/0sf.io/utypf.

215. Moataz Dowaidar. Developing Nanotechnology Platforms for Peptide-Based Combinatory Cancer Gene Therapy Will
Likely Have a Significant Influence on the Development of Personalized Cancer Medicines.
https://doi.org/10.31219/0sf.i0/zbrkj.

216. Moataz Dowaidar. Exosomes May Prevent Cardiac Attacks, Heart Failure, and Cardiomyopathy.
https://doi.org/10.31219/0sf.i0/agm3k.

217. Moataz Dowaidar. 2021gr. Exosomes Potential Therapeutics. https://doi.org/10.31219/0osf.io/mhwt3.

218. Moataz Dowaidar. Gene Therapy Using miRNA Treatment Suppresses the Expression of Bone-Forming Defective
Genes and Raises the Expression of Genes That Become Dormant during Bone Building.
https://doi.org/10.31219/0sf.i0/tcka3.

219. Moataz Dowaidar. Genome-Editing Is Promising for Producing Therapeutically Relevant Animal Models for Possible
Therapies for Rare Human Diseases. https://doi.org/10.31219/osf.io/dehr9.

220. Moataz Dowaidar. Human Corneal Endothelial Cells Grafts to Replace Cadaveric Donor Corneas.
https://doi.org/10.31219/0sf.i0/p9x7e.

221. Moataz Dowaidar. Hybrid Nanotechnology and Peptide Nucleic Acid Could Improve the Effectiveness of Gene Therapy
by Increasing Its Cell Permeability. https://doi.org/10.31219/0sf.i0/d8wzt.

222. Moataz Dowaidar. In Prenatal Stem Cell Transplantation and in Utero Gene Therapy, a Wide Spectrum of Genetic
Diseases Can Be Diagnosed and Treated before Birth. https://doi.org/10.31219/0sf.i0/sa3vz.

223. Moataz Dowaidar. Magnetic Iron Oxide Nanoparticles Have Potential on Gene Therapy Effectiveness and
Biocompatibility. https://doi.org/10.31219/0sf.io/f3hm4.

224. Moataz Dowaidar. Neurotrophin Gene Therapy May Be Able to Treat Individuals with Noise-Induced Hearing Loss or
Neural Presbyacusis. https://doi.org/10.31219/0sf.i0/spkxh.

225. Moataz Dowaidar. Plant Viral Nanoparticles Can Be Used in Biological Systems for Loading and Transporting Cargo.
https://doi.org/10.31219/osf.i0/txdka.

226. Moataz Dowaidar. Polydopamine May Be Easily Functionalized with a Range of Nanomaterials for Synergistic Cancer
Therapy, in Addition to Its Exceptional Photothermal Effects. https://doi.org/10.31219/0sf.i0/cq942.

227. Moataz Dowaidar. Tumor-Targeted Drug Delivery Systems for Anticancer Therapies Can Selectively Provide an
Appropriate  Cytotoxic  Payload to  Cancer Cells, Reducing the Side Effects of Chemo.
https://doi.org/10.31219/0sf.i10/683n;.
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Ulo Langel. 2017. Magnetic Nanoparticle Assisted Self-Assembly of Cell Penetrating Peptides-Oligonucleotides
Complexes for Gene Delivery. Scientific Reports 7 (1): 9159. https://doi.org/10.1038/s41598-017-09803-z.

229. Dowaidar, Moataz, Hani Nasser Abdelhamid, Mattias Hillbrink, Ulo Langel, and Xiaodong Zou. 2018. Supplemental
Material for Chitosan Enhances Gene Delivery of Oligonucleotide Complexes with Magnetic Nanoparticles—cell-
Penetrating Peptide. SAGE Journals. https://doi.org/10.25384/SAGE.7105436.V1.
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232. Dowaidar, Moataz, and Moataz Dowaidar. 2018. Chimeric Gene Delivery Vectors : Design, Synthesis, and Mechanisms
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233. Moataz Dowaidar. Addiction Biology Research on miRNAs, and Their Role in the Pathophysiology of Addiction Is
Enabling Gene Therapy Opportunities. https://doi.org/10.31219/0sf.io/z5wyt.

234. Moataz Dowaidar. Aptamers Targeting Vascular Endothelial Growth Factor Molecular Regulation as Potential
Therapists. https://doi.org/10.31219/0sf.i0/a8qpr.

235. Moataz Dowaidar. Arrhythmogenic Cardiomyopathy Is a Set of Hereditary Cardiac Muscle Disorders Where Various
Etiologies Converge. Most ACM Patients Do Not Have a Genetic Diagnosis. https://doi.org/10.31219/0sf.io/pztv3.
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236. Moataz Dowaidar. Autophagy, Immunological Response, and Inflammation All Rely on the TRIM Family Proteins.
TRIM-Based Therapeutics for Inflammatory Illnesses Including Diabetes and Diabetic Comorbidities Are Promising.
https://doi.org/10.31219/0sf.i0/y4g6e.

237. Moataz Dowaidar. Biogenic Particles Can Be Multiantigenic, Immunostimulative and Activate Innate Immunity While
Suppressing Tumor Development. https://doi.org/10.31219/0sf.i0/q2kby.

238. Moataz Dowaidar. Biological Medications for Interventional Pain Have a Lot of Clinical Data behind Them. It Is Fair
to Assume They Will Replace Steroid-Based Interventional Techniques, Providing Patients with Longer Relief.
https://doi.org/10.31219/0sf.i0/4y5fm.
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