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University of Bucharest, Type 2 Diabetes Mellitus (T2DM) has been defined as one of the commonly occurring metabolic

disorders arising due to the combination of 2 primary factors, namely, inadequate insulin response in

Romania the insulin-sensitive tissues and insufficient insulin secretion through pancreatic beta-cells. The precise
Dan Florin Mihailescu regulation of insulin release, detection, and synthesisis imperative for glucose homeostasis
Faculty of Biology, University maintenance, and involves intricate molecular mechanisms. The onset of the disease may be attributed
of Bucharest, Romania to a metabolic imbalance arising from deficiencies in any of the mechanisms in processes. This

research examines the primary characteristics of T2DM, including the molecular mechanisms and
pathways contributing to the insulin resistance (IR) and T2DM development. The information is
compiled with the aim of examining insulin release, sensing, synthesis, and resulting effects on various
insulin-sensitive organs. Special attention is paid to these aspects. This paper examines the various
pathogenic factors contributing to T2DM development and progression, including diet, exercise, gut
dysbiosis, and metabolic memory. The present discourse delves into the molecular pathways
which establish a connection between IR and T2DM. Furthermore, the discussion highlights the
noteworthy implications of T2DM, particularly the hastened progression of atherosclerosis, on
cardiovascular risk.
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Introduction

The onset of T2DM, a highly prevalent metabolic disorder on a global scale, is primarily
attributed to the interplay of two factors: compromised insulin sensitivity in tissues and
deficient insulin secretion by the pancreatic beta-cells . The regulation of molecular
processes that govern insulin release and synthesis, in addition to insulin response in tissues,
is crucial for optimal metabolic function. Consequently, any deficiencies in the
aforementioned pathways may result in metabolic disturbance and the onset of T2DM. This
study investigates the primary characteristics of T2DM, including the underlying molecular
mechanisms as well as pathways associated with insulin metabolism. Additionally, the
relation between T2DM and cardiovascular pathology is explored in detail. This work
examines the global prevalence of T2DM and the primary risk factors associated with its
development. These risk factors include lifestyle choices, gut dysbiosis, inherited
susceptibilities, obesity, mitochondrial dysregulation, and epigenetics. Our focus is on
elucidating the molecular and physiological mechanisms underlying the development of
T2DM and its associated complications.

Development and Prevalence of Type 2 Diabetes

Based on reports by WHO, DM is a persistent metabolic condition which has
been characterized through elevated glucose levels in bloodstream, and that can lead to the
detrimental effects on heart, kidneys, eyes, nerves and blood vessels during an extended
period of time. T2DM is a medical condition that is distinguished by inadequate secretion of
the insulin via pancreatic islet B-cells, tissue insulin resistance, and a sufficient compensatory
insulin secretory response. This diabetes form accounts for over 90% of all the cases of DM.
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Adipose tissue fosters IR in this scenario via diverse
inflammatory mechanisms, including but not limited to
heightened release of FFA and dysregulation of adipokines.
The sedentary lifestyles, global increases in obesity, high-
calorie diets, and population aging have led to a fourfold
increase in prevalence as well as incidence of T2DM, as it
has been reported in sources 3 T2DM.

development involves various organs, including but not
limited to adipose tissue, skeletal muscle, brain, kidneys,
liver, and small intestine [°. Recent research has indicated
that significant pathophysiological factors include adipokine
dysregulation, alterations in the microbiota of the gut,
immunological dysregulations, and inflammation. These
findings had been identified as emerging in nature. The
epidemiological data presents concerning statistics that
suggest a potentially bleak outlook for individuals with
T2DM in the future. Based on International Diabetes
Federation (IDF), prevalence ofdiabetes amongst the adults
who are aged 20 to 79 has been estimated to be 463 million
in 2019, with projected increase to 700 million by 2045.
According to global statistics from 2019, diabetes was
responsible for causing 4.2 million fatalities across the
globe. In 2019, medical expenses associated with diabetes
amounted to at least 720 billion USD. Moreover, it is worth
to note that a significant proportion of diabetics, specifically
one in three individuals or approximately 232 million
individuals, have received an inaccurate diagnosis of their
condition. As a result, the actual prevalence and impact of
type 2 diabetes mellitus may be underestimated. Individuals
who are afflicted with diabetes are commonly found to be
within age range of 40 to 59 years. The prevalence and
incidence of T2DM exhibit geographic variability, with a
minimum of 80% of patients inhabiting low- to middle-
income countries, thereby exacerbating the challenges
associated  with  delivering efficacious healthcare.
Cardiovascular diseases (CVD) represent the primary causes
of mortalities and morbidities related to T2DM. Individuals
with T2DM exhibit a 15% higher risk of all-cause mortality
when compared to those who do not have diabetes [8].
According to a meta-analysis [9], there exists a correlation
between diabetes and an increase in the likelihood of
experiencing ischemic stroke (HR 2.27; 1.95-2.65),
coronary heart disease (CHD) (hazard ratio [HR] 2; 95% CI
1.83-2.19), and other vascular disease-associated fatalities
(HR 1.73; 1.51-1.98). The epidemiology of T2DM is
impacted by both genetic as well as environmental factors.
Genetic factors are influenced by exposure to an
environment that is identified by a sedentary behaviour and
high intake of calories. The findings of genome-wide
association studies had revealed existence of the prevalent
genetic variations that are related to glycaemic levels in
individuals with T2DM. However, these variations are only
accountable for 10% of the overall variability in traits,
suggesting that rare variants hold considerable importance.
Individuals exhibiting a range of phenotypic variations may
possess a greater propensity towards specific groupings of
CVDrrisk factors, which include IR, dyslipidemia and
hypertension ['!l,

Pathophysiology and Risk Factors

Development of T2DM is influenced by the interaction of
metabolic, environmental factors, and genetic factors.
Whilst non-modifiable risk factors such as ethnicity, genetic
predisposition, and history of family have a significant
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impact on an individual's susceptibility to T2DM, there
exists a strong genetic component. However,
epidemiological studies have demonstrated that a multitude
of T2DM cases may be preventable by addressing main
modifiable risk factors, which include obesity, inactivity and
unhealthy food !> 131,

Ethnicity and Genetic Predisposition / Family History

The populations of Hispanics, Native Americans, and
Japanese have been identified as having the greatest
susceptibility to T2DM on a global scale. The prevalence
and incidence of this condition, however, exhibit significant
variation based on both geographic location and ethnicity, as
evidenced by previous research [!419]. Research has shown
that Asians have higher incidence rates compared to White
Americans "7 81 or White Britons "°!, while Black
individuals have the highest risk . Although the etiology
of the condition remains uncertain, pertinent factors have
been detected, like contemporary lifestyle factors that
promote  adiposity, socioeconomic  factors, gene-
environment interactions, and direct genetic predispositions.
The genetic predisposition exerts a significant impact on the
probability of developing T2DM. Several genome-wide
association researches that have been carried out in the past
decade had demonstrated the intricate polygenic nature of
T2DM 2 221 Most of those loci augment the risk of
T2DM by primarily affecting insulin secretion. Dimas et al.
classified variants into 4 categories that exhibit a distinct
IR pattern, 9 categories that decrease insulin secretion while
maintaining normal fasting glycemia, 2 categories that
decrease insulin secretion with fasting hyperglycemia, and 1
category which alters insulin processing, based upon their
possible involvement as intermediate mechanisms in
T2DMpathophysiology. The aforementioned findings
suggest that genetic architecture regarding T2DM is very
polygenic, and further association studies are necessary for
the identification of almost all of the T2DM loci 24,
Numerous clinical trials as well as observational studies
indicated that the impacts of specific genetic variant
could be modified by some environmental aspects, and
conversely, environmental factors could be influenced by
susceptibility loci. This suggests that the absence of
heritability in T2DM might be attributed to interactions
between environmental factors and susceptibility loci ).

Obesity, inactivity and Unhealthy food

Obesity (BMI=30 kg/m?) represents the most important
factor ofrisk for the T2DM and is also related to metabolic
anomalies which result in the IR 28 According to a
previous study °!, there exists a linear inverse relation of
the BMI with age at T2DMdiagnosis. Several factors were
shown to play a significant role in developing this
pathological process that encompasses inter-organ
interactions as well as cell-auto nomousmechanisms. The
specific pathways through which obesity induces the
development of T2DM and IR remain unclear. Kuipio
Ischemic Heart Disease Risk Factor Study and Women's
Health Study have identified a sedentary lifestyle as a
contributing risk factor for the T2DM. The findings of
aforementioned studies suggest that individuals who engage
in a minimum of 40 mins of walking daily or 2-3 hours
weekly may experience a reduction in their susceptibility to
T2DM by 34% and 56%, respectively 1*% 3!l Engaging in
physical activity offers 3 primary benefits in terms of
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postponing T2DM on set. At the onset, during skeletal
muscle cell contractions, there is an increase in the blood
flow to the muscle, resulting in enhanced glucose uptake
from plasma. Physical activity has been shown to reduce
intra-abdominal adiposity that is a well-established IR risk
factor ¥ 31 Finally, it was indicated that engaging in
moderate physical activity leads to a 40% increase in
the glucose absorption, as reported in reference 34. Physical
activity had been shown to enhance glucose uptake
and insulin sensitivity, while also potentially mitigating
oxidative stress and inflammation, both of which are related
to increased T2DM risks 32,

Pathophysiology

The pathogenesis of the disease involves a disruption in
feedback mechanisms between insulin action and secretion,
resulting in abnormally elevated level of blood glucose I,
Beta-cell dysfunction results in the decrease of insulin
secretion, which impairs the capacity of the body to regulate
physiological glucose levels. Simultaneously, IR mitigates
glucose absorption in adipose tissue, liver and
muscle, whereas augmenting glucose production in liver.
Although various pathophysiological mechanisms play a
role in disease manifestation, beta-cell dysfunction is
generally more severe when compared to the IR. None-the-
less, the presence of both IR as well as beta-cell dysfunction

exacerbates hyperglycemia and leads to T2DM progression
(35, 36]

Mechanisms Resulting to Pathophysiology and T2DM
Secretion of Insulin: Dysfunctional and Physiological
Mechanisms Resulting in T2DM.

https://www.biologyjournal.net

p-Cell Physiology

It is imperative to safeguard cellular integrity and exercise
stringent control over the mechanisms and pathways that
govern beta-cell physiology to ensure optimal beta-cell
function 13!, Beta-cells are responsible for the synthesis of
insulin that undergoes an initial conversion into pre-
proinsulin. Furthermore, pre-proinsulin experiences a
structural modification during its maturation process,
facilitated by numerous proteins within ER, resulting in
proinsulin production 7\, Subsequently, proinsulin is
translocated from ER to Golgi apparatus (GA), where it is
incorporated into immature secretory vesicles and subjected
to proteolytic processing to yield insulin and C-peptide 3%
31, Upon attaining maturity, insulin is stored in the form of
granules until its release is necessitated. The primary trigger
for the secretion of insulin is a response to heightened
concentrations of glucose. It should be emphasized that the
release regarding insulin %' may be influenced by
supplementary variables like amino acids, fatty acids and
hormones. The glucose transporter 2 (GLUT2) can be
defined as one of the solute carrier proteins that functions as
glucose sensor for beta-cells. It represents primary
mechanism by which beta-cells uptake glucose as
circulating levels of glucose increase. Upon glucose entry,
the glucose catabolism process is started. This leads to intra-
cellular ATP/ADP ratioelevation, leading to closure of the
ATP-dependent potassium channels that are located in
plasma membrane. Consequently, de-polarization of the
membrane occurs, opening voltage-dependent Ca”*
channels, then let Ca®* into cell. The process of priming and
fusing insulin-containing granules with plasma membrane is
triggered by an elevation in intra-cellular concentration of
Ca?". This, in turn, leads to insulin exocytosis 334 (Figl-
A).
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Fig 1: This study aims to investigate the signaling pathways involved in secretion of insulin in beta-cells under the normal physiological
conditions (A) and the underlying mechanisms that lead to the dysfunction(B). Insulin is predominantly triggered by elevated concentrations
of the glucose, whereas glucose uptake is primarily facilitated by the GLUT?2 transporter. The catabolism of Glucose enhances the ratio of
ATP to ADP through inhibiting ATP-dependent potassium channels, which results in de-polarization of the membrane and consequent
activation regarding voltage-dependent Ca>* channels. Influx of Ca®* resulting from the latter process facilitates the exocytosis of insulin.

The facilitation of Ca?* mobilization as well as insulin secretion is

supported by additional Ca”* channels, namely P2Y, SERCA, RYR, and

P2X. (B) Elevated levels of blood glucose and cholesterol have been found to induce oxidative stress, leading to the generation of ROS. And
that, in turn, leads to the inhibition of Ca?* mobilization and activates the proapoptotic signaling. Apoptosis activation and unfolded protein
response (UPR) mechanisms leading to the ER stress is caused by an overabundance of hyperglycemia and FFAs. The production of ROS is
observed in the case when there is an elevated synthesis of proinsulin and IAAP, which is attributed to the persistent hyperglycemic state.
The aforementioned abbreviations correspond to GLUT?2, which stands for glucose transporter 2, P2Y and P2X, which denote purinergic
receptors Y and X, respectively. Additionally, IP3 and IP2 refer to inositol 1, 4, 5-trisphosphate and inositol 1,3-bisphosphate, while SERCA
represents sarco-endoplasmic reticulum Ca?*-ATPase. RYR designates ryanodine receptor channel, ROS stands for reactive oxygen species,
FFA denotes free fatty acid, and UPR refers to the unfolded protein response.

RYR receptors, known for their ability to facilitate Ca®*
signals, are located within the cell and possess the capability
for the mediation of Ca?* induced Ca** release (CICR). As a
result, they may have a noteworthy impact on the coupling
between stimulus and insulin secretion. RYR, which is
implicated in the augmentation of insulin secretion 3],
enhances Ca’* signals in the case where channel is
sensitized through messenger molecules that are generated
by ligand-binding and nutrient metabolism (as illustrated by
Figure 1A). The provision of supplementary cellular signals
may potentially enhance the efficacy of beta-cell insulin
secretion. Of the various messengers, cCAMP appears to hold
the greatest significance in its ability to augment insulin
release. Emerging evidence suggests that cAMP facilitates
the movement of secretory vesicles that transport insulin by
decreasing intracellular Ca?* reserves and increasing intra-
cellular Ca** levels. Furthermore, there exists compelling
evidence that that extra-cellular ATP plays an important role
in regulation of the function of beta-cells. The exocytosis of
insulin granules is a well-established mechanism by which
B-cells release ATP in response to glucose stimulation.
Irrespective of glucose, the activation of P2X and P2Y
purinergic receptors facilitates Ca** mobilization and
regulates the exocytosis of the insulin via purinergic
signaling. P2X receptors are a type of ligand-gated ion
channel which is activated by the ATP and exhibits non-

selectivity towards cations. Conversely, P2Y
purinoreceptors were observed to be associated with G-
proteins, as reported in previous studies 4+ 4> 41 The
proposition has been put forth that the release of insulin
from P2Y receptors could be facilitated by means of
intracellular Ca?* mobilization, which is triggered by
synthesis of inositol-1, 4, 5-trisphosphate (IP3). Which, in
turn, leads to Ca*releasefrom ER storage and increase CaZt
signal that result in exocytosis [“® 1 (Figure1A).

Mechanisms Resulting in f-Cell Dysfunction

Traditionally, there were an association between beta-cell
death and beta-cell dysfunction D%, According to recent
study, there appears to be a complex network of the
interactions between environment and different molecular
path-ways that are related to cell biology that may be
responsible for dysfunction of beta-cells in individuals with
T2DM B, The co-occurrence of hyperlipidemia and
hyperglycemia is commonly observed in a state of dietary
excess, akin to that observed in obesity, which promotes
IR as well as chronic inflammation. Beta-cells are subject to
various toxic pressures, which include inflammation,
metabolic/oxidative stress, ER stress, amyloid stress and
inflammatory stress, which can result in eventual loss of
islet integrity. This susceptibility is due to genetic
variations. This information is supported by previous
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research (reference 50). The activation of apoptotic
UPR pathways due to an excess of hyperglycemia and FFAs
leads to ERstress, ultimately resulting in beta-cell
dysfunction 2!, Metabolic and oxidative stress, which are
caused by obesity-related lipotoxicity, glucotoxicity, and
glucolipotoxicity, have been found to be detrimental to beta-
cells °!, The pathway of the UPR can be activated by the
stress that is induced by elevated levels of the saturated
FFAs through various mechanisms like inhibiting
sarco/endoplasmic reticulum Ca** ATPase (SERCA) that is
responsible for the mobilization of ER Ca?*, activating the
receptors ofIP3, or the direct ER homeostasis impairment.
Furthermore, it has been observed that extended exposure to
elevated glucose levels leads to heightened production of
TAAP and proinsulin biosynthesis in beta-cells. This results
in buildup of the misfolded insulin and IAAP, along with an
increase of generation of ROS through oxidative protein
folding mechanisms 32, The aforementioned activities
induce  alterations in  physiological = mobilization
regarding ER Ca?*, facilitate degradation of the proinsulin
mRNA, promote proapoptotic signals, as well as
triggering beta-release of IL-1 that attracts macrophages and
exacerbates local islet inflammation (as it has been
illustrated in Figl-B). As it has been previously established,
the regulation of insulin secretion is crucial for meeting
metabolic requirements. Preservation of islet integrity is
essential for P-cells to effectively respond to metabolic
demands. The mechanism that has been described above has
the potential to cause disruption in islet integrity and
organization under pathogenic conditions. This disruption
can lead to suboptimal cell-to-cell communication within
pancreatic islets, and that can further result in poor
regulations of insulin and glucagon release, exacerbating
hyperglycemia ultimately. Insulin secretory dysfunction is
the primary beta-cell failure cause and forms the foundation
of T2DM. This dysfunction may arise due to errors in
synthesis regarding insulin precursors or actual insulin, in
addition to the disruptions in secretion. The diminished
expression of GLUT2 glucose transporter may have an
effect on signaling pathway that follows 13!, Additionally,
the failure of proinsulin folding is a commonly observed
outcome that is linked to insufficient insulin synthesis and
the development of diabetes [°!-34,

Pathological Conditions Perpetuate T2DM Nutrition
Factors

The consumption of high-calorie Western diet results in
elevated blood glucose levels and increased levels of
circulating the VLDLs, chylomicrons, and their remnants
(CMRs), which are particles that are rich in TGs
and carbohydrates. The elevation of ROS levels induces the
aberrant synthesis of pro-inflammatory molecules. The
interaction between oxidative stress and inflammation is
widely recognized, and after consuming a substantial meal,
these two processes work together in a synergistic manner,
thereby exacerbating any adverse postprandial effects. The
development of T2DM and IRis facilitated by the
prolonged and significant increase in the steady-state ROS
levels. The generation of superoxide (O,—), activation of
NADPH oxidase (NOX), ER stress, and mitochondrial
malfunction are consequences of a pro-oxidant environment.
An elevation in O,— production triggers the activation of 5
primary pathways implicated in diabetes complications’
pathogenesis, which is polyol path-way, the accelerated
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production of advanced glycation end products (AGE), the
increased expression of the AGE receptor and its activating
ligands, the PKC isoforms’ activation, and the overactivity
of hexosamine pathway. Through those mechanisms,
heightened intra-cellular ROS induces certain
proinflammatory pathways as a reaction to ischemia, hinders
angiogenesis, and leads to persistent epigenetic
modifications that persistently impact the expression of the
pro-inflammatory genes, even after glycemia normalizes. In
addition, elevated concentrations of FFAsin the
bloodstream can lead to impairment of mitochondrial
function through two separate pathways: (a) the byproducts
regarding FFA  metabolism  can  disrupt electron
flow throughout mitochondrial respiratory chain; (b) FFA
integration into mitochondrial membranes may promote
electron leakage 33!,

Physical Activity
T2DM as well as obesity are correlated due to a reduction in
physical activity, a reduction in exercise,

increasing sedentary behavior, and an elevation in markers
of chronic low-grade systemic inflammation (references 60
and 61). Throughout such disease, proinflammatory
molecules like CRP, TNF-alpha, IL-6, and IL-1 are released
into bloodstream, leading to a state of metabolic
inflammation 7). The inhibition of the B-cell function and
activation of nuclear factor k-light-chain-enhancer regarding
the activated B cells (NF-«kB) transcription factor by IL-1
results in inhibition of B-cell function and promotion of
apoptosis in auto-immune response to beta-cells in pancreas,
as indicated by previous research [*2. The preclinical animal
data indicates that the removal of macro-molecular complex
NLRP-3 inflammasome, responsible for generating IL-1
beta and IL-18, had led to the improvement of insulin
sensitivity. This finding supports previous preclinical data
that suggests resolution of inflammation may prevent onset
of T2DM in individuals with prediabetes and obesity.
(Reference: 62) For individuals who have prediabetes and
obesity, deliberate weight reduction remains the
fundamental approach for improving insulin sensitivity and,
in certain instances, averting the onset of T2DM %3],
Elevated levels of physical activity and consistent exercises
were found to stimulate generation of anti-inflammatory
cytokines, such as soluble TNF receptor (s-TNF-R) that acts
as an antagonist of IL1 and TNF-beta, and IL-1 receptor
antagonist (IL-1Ra) that acts as an antagonist of IL-1.
Elevated physical activity levels had been observed to be
concomitant with decreased leptin levels, a substance related
to the CRP, and also with the circulating IL-6, IL-18, and
CRP levels, as per a previous study 4. Exercise has the
potential to reduce oxidative stress which leads to T2DM by
promoting the synthesis of antioxidants, like GSH, which is
a notable non-enzymatic antioxidant, and other antioxidant
enzymes. This reduction in free radical levels could be
sustained over time. Finally, irisin can be defined as a
myokine which is secreted by adipose tissue [*” and skeletal
muscle 7 in reaction to physical activity 8 and amplifies
glucose tolerance ). Compared with control participants, it
was observed that individuals with T2DM exhibit reduced
circulating irisinlevels. In addition, it was observed that
diabetic patients who have CVD had much lower levels of
serum irisin in comparison with patients without CVD [,
Individuals diagnosed with T2DM and exhibiting reduced
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levels of serum irisin are at a 1.6-fold increased risks of
developing CVD "%,

Metabolic Memory

Metabolic memory is the term used to describe the ongoing
issues related to diabetes, even with consistent glycemic
management. The aforementioned notion was derived from
the outcomes of several extensive clinical trials, which had
demonstrated that despite the administration of medication
intervention for restoring glycemic control in early diabetes
stages, complications persist and deteriorate '3, Studies
such as UKPDS post-trial research as well as Steno-2 trial
have shown that initiating glycemic treatments early
could effectively prevent diabetic complications and
considerably reduce the occurrence of CVD endpoints in
patients receiving either intensive or standard therapy
following diagnosis . Studies involving in vitro cell
cultures and animal models of diabetes have demonstrated
that the initial hyper-glycemic phase results in enduring
impairments in target organs/cells, including abnormal gene
expression (References) [*77. Metabolic memory is
influenced by four distinct pathways, namely oxidative
stress,  epigenetics, chronic  inflammation, and non-
enzymatic protein glycation. Epigenetics has the potential to
regulate gene expression and determine the proteins that are
synthesized by utilizing factors beyond DNA sequences "%,
Diverse epigenetic regulatory mechanisms are available,
such as higher-order chromatin architecture, non-coding
RNAs, direct cytosine or adenine residue methylation,
covalent modifications of the histone proteins, and
additional approaches. Epigenetic imbalances or disruptions
might lead to the pathogenesis of diabetes, as stated in
reference . To  summarize, = T2DM represents
progressive and heterogeneous disease identified by a range
of metabolic abnormalities that are related to elevated blood
glucose levels, resulting from intricate pathological
mechanisms that impair insulin secretion and/or function.
There exist multiple interrelated pathways that exhibit
mutual reinforcement, thereby augmenting the susceptibility
to different ailments such as peripheral arterial disease,
cerebro-vascular disease, heart disease, non-alcoholic fatty
liver disease, obesity, and several others. The activation of
those pathways is affected by a variety of environmental and
genetic factors. Figure 2 presents a comprehensive overview
of the complicated network of clinical variables
contributing to the pathogenesis of T2DM.

Mitochondrial Dysfunction

The body of evidence supporting the association between
mitochondrial dysfunction and development of age-related
IR, T2DM, and T2DM comorbidities is expanding 3°1. The
onset of T2DM is associated with mitochondrial
dysfunction, which is expedited by oxidative stress, genetic
modifications that affect mitochondrial integrity, inadequate
mitochondrial biogenesis, and the process of aging (as
illustrated in Figure 3) B! 821 Mitochondria's principal
function is to produce ATP through oxidative
phosphorylation in response to the metabolic requirements
831 Furthermore, mitochondria play a crucial role in
biosynthesis of numerous metabolites that act as precursors
for diverse macromolecules such as lipids, DNA, and
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proteins. Furthermore, mitochondria play a critical role in
the maintenance of ion homeostasis, responding to stress,

ROS clearance, and integrating multiple signaling pathways
(84, 85]

Insulin Resistance

IR can be defined as a diminished response or impairment to
insulin that circulates through the bloodstream and regulates
blood glucose levels. It can also involve the decrease in
insulin-responsive cells’ metabolic response to the insulin
on systemic levels. This is supported by research findings
1861, IR conditions can be broadly classified to three classes,
which are: (i) diminished insulin secretion via beta-cells; (ii)
plasma insulin antagonists, that may arise as a result of the
counter-regulatory hormones or the non-hormonal
substances which hinder insulin receptors or signalling; (iii)
lowered insulin response in the target tissues '*7!. Interaction
between growth hormone and IGF1 during fed state has an
impact on insulin actions. In order to prevent hypoglycemia
induced through insulin during fasting, the suppression of
insulin response is achieved through the action of glucagon,
glucocorticoids, and catecholamines. Downstream enzymes’
regulation in regulatory signaling path--ways is dependent
on the relative level of phosphorylation, making the
insulin/glucagon ratio a critical factor in this process.
Glucocorticoids have been found to promote muscle
catabolism, gluconeogenesis, and lipolysis, whereas
catecholamines have been observed to enhance lipolysis and
glycogenolysis. Consequently, excessive secretion of
those hormones could be attributed to IR onset 188 81
Regarding the last group, adipose tissue, skeletal muscle,
and liver represent the three primary extra-pancreatic
insulin-sensitive organs that play a vital role in
aforementioned physiological processes. The inadequate
functioning of insulin in these specific tissues often precedes
the manifestation of widespread IR, which leads to the
gradual development of T2DM.

Outcomes/Complications of T2DM: Cardio-vascular
Risks

T2DM is a complex medical condition that has been found
to have a significant correlation with the development of
CVD, as elaborated in the preceding sections °?). T2DM is
related to macro-vascular as well as micro-vascular
complications. The former encompasses accelerated
atherosclerosis, which leads to premature CAD, severe
peripheral vascular disease, and an elevated susceptibility to
cerebrovascular diseases 1°'%3!. Additionally, it results in a
two to four-fold rise in the fatality rate among adult
individuals with stroke and heart disease. The
aforementioned elements give rise to the potentiality that
several molecular mechanisms as well as pathogenic path-
ways play a role in T2DMonset, which is a significant factor
of risk for CVD 4. Several factors have been identified in
relation to vascular function, hypertension, oxidative stress,
atherosclerosis, macrophage accumulation, and
inflammations, as it has been reported in references 95-98.
The subsequent sections provide an in-depth coverage of the
primary variables linked to cardio-vascular risk outcomes
stemming from the T2DM and their corresponding
interactions, as illustrated in Figure 6.
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Fig 2: This study examines the risk factors associated with T2DM and underlying pathological changes that contribute to impaired insulin
function. The risk factors for a particular condition could be categorized into 2 groups: modifiable and non-modifiable. Modifiable risk
factors include obesity, low physical activity, and unhealthy diet, whereas the non-modifiable risk factors include ethnicity and genetic
predisposition/family history. These risk factors result from complicated interactions between genetic, metabolic, and environmental factors.
The aforementioned conditions exert an influence on cellular activity, which can result in a complicated set of the pathological modifications
that interconnect and sustain impaired insulin functionality. The following abbreviations are commonly used in academic literature: ER,
which stands for endoplasmic reticulum; ROS, which refers to reactive oxygen species; PKC, which stands for protein kinase C; AGEs,
which are advanced glycation end products; LPS, which refers to lipopolysaccharide; and miRNA, which stands for microRNA.
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Fig 3: The correlation between mitochondrial dysfunction and the onset of T2DM. Mitochondrial dysfunction is caused by a combination of
factors including inadequate mitochondrial biogenesis, oxidative stress, and impaired mitophagy. The generation of ROS is associated with
the impairment of both the mitochondrial function and the insulin signaling pathway. The mitochondrial ETC experiences an upsurge in
electron supply as a result of excessive food intake. The excess electrons are subsequently conveyed to produce oxygen and generate O2—
and H202. ROS have the capability to oxidize various biomolecules such as DNA, proteins, and membrane lipids. The observed
phenomenon entails a decrease in the expression of PGC-1 and mitofusin-2, leading to a reduction in the process of mitochondrial bio-
genesis. Cellular stress and ROS generation have been found to induce an elevation in mitochondrial fission and a decrease in mitophagy.
PCG la refers to the coactivator protein that has been referred to as the peroxisome proliferator-activated receptor-gamma coactivator-1.
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Fig 6: This study investigates the interactions and
outcomes between factors contributing to cardiovascular risk
outcomes in individuals with T2DM. The development of CVD is
attributed to diabetic dyslipidemia, endothelial dysfunction, and
inflammation, which are all consequences of hyperglycemia,
hyperinsulinemia, and IR derived from T2DM. The diagrammatic
representation depicts the intricate interconnections among the
contributing elements.

Conclusion

The significance of research in insulin, diabetes, and glucose
homeostasis fields remains substantial. There is a pressing
need for further research on this topic due to the increasing
prevalence of sedentary lifestyles, the accelerated pace of
globalization, the surge in diabetes and obesity rates, and the
associated co-morbidities. In order to effectively address the
pathophysiology and associated complications of T2DM, it
is essential to possess a comprehensive understanding of the
underlying mechanisms at play throughout the various
stages of its development. While it is widely acknowledged
that early T2DM detection through screening as well as
intensive patient-centered management can enhance the
quality outcomes regarding patients, further research is
necessary to determine the causal factors underlying the
correlations among stvarious demographic sub-sets, along
with the associated variable risks for the T2DM and the
factors that elevate the risk for individuals with low
socioeconomic status. With an improved comprehension of
the fundamental mechanisms and pathophysiology related to
T2DM, it is imperative to implement precision medicine and
individualize treatment approaches to cater to the distinctive
requirements of each patient. Molecular genetic tools could
facilitate the identification of specific variants that
contribute to development of a disease as well as the search
for bio-markers which could monitor disease progression
and response to the therapeutic interventions. Further
investigation is necessary to determine the causal correlation
between the intestinal microbiota and development of
T2DM, as well as the efficacy of potential treatments. Based
on the aforementioned overview, it is apparent that there
remains a significant amount of knowledge to be gained
regarding the various entities implicated in glucose
homeostasis regulation.
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