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Abstract

Diabetes mellitus (DM) affects 537 million people as of 2021, and is projected to rise to 783 million by 2045. This positions DM as
the ninth leading cause of death globally. Among DM patients, cardiovascular disease (CVD) is the primary cause of morbidity and
mortality. Notably, the prevalence rates of CVD is alarmingly high among diabetic individuals, particularly in North America and the
Caribbean (46.0%), and Southeast Asia (42.5%). The predominant form of CVD among diabetic patients is coronary artery disease
(CAD), accounting for 29.4% of cases. The pathophysiology of DM is complex, involving insulin resistance, 8-cell dysfunction, and
associated cardiovascular complications including diabetic cardiomyopathy (DCM) and cardiovascular autonomic neuropathy (CAN).
These conditions exacerbate CVD risks underscoring the importance of managing key risk factors including hypertension, dyslipidemia,
obesity, and genetic predisposition. Understanding the genetic networks and molecular processes that link diabetes and cardiovascular
disease can lead to new diagnostics and therapeutic interventions. Imeglimin, a novel mitochondrial bioenergetic enhancer, represents
a promising medication for diabetes with the potential to address both insulin resistance and secretion difficulties. Effective diabetes
management through oral hypoglycemic agents (OHAs) can protect the cardiovascular system. Additionally, certain antihypertensive
medications can significantly reduce the risk of diabetes-related CVD. Additionally, lifestyle changes, including diet and exercise are
vital in managing diabesity and reducing CVD risks. These interventions, along with emerging therapeutic agents and ongoing clinical
trials, offer hope for improved patient outcomes and long-term DM remission. This study highlights the urgent need for management
strategies to address the overlapping epidemics of DM and CVD. By elucidating the underlying mechanisms and risk factors, this study
aims to guide future perspectives and enhance understanding of the pathogenesis of CVD complications in patients with DM, thereby
guiding more effective treatment strategies.
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1. Introduction CVD increases proportionally with mounting blood sugar
levels, even before blood glucose reaches diabetic thresh-
olds [9,10]. Given this strong association, one of the ma-

jor goals of DM treatment is the early identification and

Diabetes mellitus (DM) is a growing global health
concern, currently regarded as an epidemic [1]. As of 2021,

an estimated 537 million individuals aged 20 to 79 were
living with DM; projections indicate this number will rise
to 643 million by 2030 and 783 million by 2045, pos-
ing a growing challenge for patients and healthcare pro-
fessionals [2]. According to the World Health Organiza-
tion (WHO), DM is currently the ninth leading cause of
death worldwide [3], with 1.5 million deaths in 2019 di-
rectly attributed to the disease [4,5]. DM is a chronic con-
dition that increases the risk of developing cardiovascular
disease (CVD) and related complications [6]. CVD is a
leading cause of death globally and is the primary cause of
mortality among in individuals with DM [4]. In developed
countries, heart failure is notably the most common cause
of death [7]. There is a strong correlation between DM and
CVD, with a study showing that 44% of deaths among in-
dividuals with type 1 DM (T1DM) and 52% among those
with type 2 DM (T2DM) are due to CVD [8]. The risk of

management of potential CVD risks [9]. Diabetic adults
are 2—4 times more likely to die from myocardial infarc-
tion (MI), ischemic heart disease, congestive heart failure
(CHF), and stroke compared to non-diabetic individuals [1].
Factors such as hyperglycemia, hypertension, obesity, dys-
lipidemia, and insulin resistance (IR) contribute to the de-
velopment of CVD in diabetic patients [6,11].

The progression of CVD in DM has been linked to
heightened oxidative stress, hypercoagulability, endothe-
lial dysfunction, and autonomic neuropathy [12]. More-
over, CVD in DM is also linked to abnormalities in ge-
netic, epigenetic, and cellular signaling metabolic path-
ways, often triggered by factors including glucose toxic-
ity, advanced glycation end-products (AGEs), and smok-
ing [13,14]. Atherosclerotic cardiovascular disease (AS-
CVD), a major type of CVD, develops through plaque for-
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mation driven by IR and high blood sugar levels. In di-
abetic, pre-diabetic, and obese individuals, IR accelerates
atherosclerosis by promoting vascular inflammation, dia-
betic dyslipidemia, vascular stiffness, and hypertension [6].
Given the rapid progression and significant economic im-
pact of DM, effective management is imperative. Notably,
CVD remains the leading cause of mortality among diabetic
patients, underscoring the critical need for risk reduction
strategies [15].

Many complex DM dependent metabolic processes
raise the risk of CVD, underscoring the importance of ther-
apeutic strategies that effectively reduce CVD complica-
tions [6,12]. Historically, improving glycemic control has
been the primary approach to reducing the risk of CVD, M1,
and CVD-related mortality in diabetic individuals, as sup-
ported by the Swedish National Diabetes Registry [16,17].
In terms of medication, cardio-renal protective agents like
sodium-glucose co-transporter-2 (SGLT-2) inhibitors have
shown benefits in reducing renal complications and multi-
ple CVD risks in individuals with T2DM [18]. Glucagon-
like peptide-1 (GLP-1) receptor agonists have also demon-
strated cardiovascular benefits in diabetic patients [18,19].
Tirzepatide which acts as a dual agonist on both gastric in-
hibitory polypeptide (GIP) and GLP-1 receptors has shown
significant improvement in glycemic control in patients
with T2DM, while also lowering low-density lipoprotein
(LDL) levels and improving blood pressure (BP) [20]. For
diabetic individuals at risk of developing atherosclerosis
and dyslipidemia, lipid lowering drugs like statins have im-
proved cardiovascular function. In such patients, if statins
are ineffective, medicines like Ezetimibe and proprotein
convertase subtilisin/kexin type 9 (PCSK9) inhibitors can
be used to lower low-density lipoprotein-cholesterol (LDL-
C) levels [21].

Clearly, CVD is the leading cause of mortality and
morbidity in diabetic patients [6]. The aim of this study is to
comprehensively investigate the interplay between DM and
CVD by exploring epidemiological trends and underlying
pathophysiological mechanisms. Additionally, the study
seeks to identify and evaluate effective management strate-
gies to mitigate the combined impact of DM and CVD. Ul-
timately, this could enhance clinical outcomes and improve
quality of life for those affected.

2. Materials and Method

The information for this article was gathered through
electronic searches using various international scientific
databases, such as PubMed, Cochrane library and Google
Scholar. Specific keywords such as ‘Diabetes Mellitus’,
‘Insulin resistance’, ‘CVD’, ‘Obesity’, ‘Hypertension’,
‘Hyperglycemia’, ‘Cardiovascular and Diabetes medica-
tions’ were utilized. The search covered a wide timeframe
without restrictions. Of the studies reviewed, approxi-
mately 0.5% of the data retrieved predating 2000, 27.5%
were published between 2000 and 2012, with the remain-

ing 72% dating from the last decade. Initially, about 400
papers were reviewed, following a primary screening pro-
cess, nearly 244 papers were selected for critical examina-
tion and summarization for the current review. Addition-
ally, the reference list was manually checked to eliminate
any duplicates, ensuring the uniqueness and relevance of
each included study.

3. Epidemiology

DM is a progressive and chronic condition that oc-
curs due to increased glucose levels in the body. Prior
to the development of systemic population-based studies,
there were difficulties in determining DM prevalence both
in the United States and globally [22]. It is a chronic
systemic condition impacting multiple organ systems lead-
ing to complications that significantly affect mortality and
rates. Hence, the DM epidemic contributes to a variety
of complex abnormalities converging on the cardiovascu-
lar system [23].

T1DM patients face a notably higher cumulative mor-
tality rate (CMR) from coronary artery disease (CAD) com-
pared to non-diabetics. By the age of 55, their total CMR
for CAD was 35 + 5%, compared to only 8% of male and
4% of female non-diabetic participants in the Framingham
Heart Study [24]. For TIDM patients aged 45-59, the CMR
was 33% for clinical coronary heart disease (CHD), includ-
ing angina and nonfatal MI, as well as asymptomatic CAD
identified through stress tests [24]. The Pittsburgh Epi-
demiology of Diabetes Complications (EDC) study high-
lighted CAD events as the primary cause of death among
T1DM patients [24]. The majority of CAD events occur
at a rate of 0.98% per year between the ages of 28 and 38,
increasing to over 3% per year by age 55 [24]. Addition-
ally, the standardized mortality ratios (SMR) for CVD were
reported as 8.8 for males and 24.7 for females in the Al-
legheny County Type 1 Diabetes Registry [24].

The EURODIAB Insulin dependent DM (IDDM)
complications study, involving 3250 T1DM patients across
16 European countries, reported a CVD prevalence of 9%
in males and 10% in females [24]. Thes rates increased with
age and DM duration from 6% in those aged 15-29 to 25%
in those aged 45-59 [24]. According to the 2020 Diabetes
Fact Sheet for Korea, DM prevalence among adults aged 30
years or older was 13.8%, corresponding to 4.94 million in-
dividuals . Of these, 61.3% had hypertension, a known risk
factor for both CVD and heart failure. The coexistence of
these conditions significantly elevates the risk of develop-
ing CVD [25,26]. Data from the Korean Acute Heart Fail-
ure Registry (KorAHF) from 2004 to 2009 revealed that
36% of heart failure patients also had a diagnosis of DM
[25,27].

A comprehensive study involving 9823 individuals
from 13 countries investigated global variations the preva-
lence of various types of CVD in diabetic individuals, in-
cluding cerebrovascular disease, CHD, heart failure, car-
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Fig. 1. Global prevalence of cardiovascular disease among diabetic individuals. This figure illustrates the distribution of CVD in

individuals diagnosed with DM in 13 countries. This visualization aims to underscore the global impact of cardiovascular complications
among those with DM. CVD, cardiovascular disease; DM, diabetes mellitus; KSA, Kingdom of Saudi Arabia.

diac arrhythmia or conduction abnormalities, aortic disease,
and peripheral artery disecase (PAD) [28]. The prevalence
rates varied significantly by country: Australia (40.1%),
China (33.9%), Japan (37.3%), Czech Republic (22.8%),
France (34.2%), Hungary (35.0%), Italy (38.8%), Ar-
gentina (41.5%), Brazil (43.9%), Mexico (36.9%), Israel
(56.5%), KSA (18.0%), Turkey (31.2%). Among the vari-
ous forms of CVD analyzed, the majority of cases (85.8%,
n = 3074) were atherosclerotic, with the weighted ASCVD
estimated at 31.8%. Furthermore, a significant portion of
the participants (80.4%) had hypertension, underscoring the
frequent coexistence of these risk factors in diabetic popu-
lations (Fig. 1) [28].

The International Diabetes Federation’s (IDF) classi-
fication system [29] reveals global variations in the preva-
lence of CVD in type 2 diabetic (T2D) patients. Geograph-
ically, the prevalence rates are as follows: Africa (28.6%),
Europe (30.0%), the Middle East and North Africa (26.9%),
North America and the Caribbean (46.0%), South and Cen-
tral America (27.5%), Southeast Asia (42.5%), the Western
Pacific (which includes China) (33.6%), and numerous na-
tions (16.4%) (Fig. 2). A visual depiction of the prevalence
rates of CVD among individuals with T2DM, categorized
by region, is presented in Fig. 2. The regions with the great-
est CVD prevalence were North America and Caribbean
(46.0%; N = 4,327,503), Southeast Asia (42.5%, N = 537),
and the Western Pacific (including China) (33.6%; N =
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44,062). The majority of CVD cases were identified as
CAD (29.4%) [29,30].

The REasons for Geographic and Racial Differ-
ences in Stroke (REGARDS) highlighted disparities in car-
diovascular health (CVH), particularly between African-
American and other participants. Poorer baseline CVH
metrics were found among African-Americans, contribut-
ing to a smaller reduction in DM risk compared to other
participants. Although good blood pressure and body mass
index (BMI) were linked to a lower risk of DM in the rest of
the participants, this effect was not as strong in the African-
American population. Physical activity and diet also re-
duced DM risk in rest of the participants but were less effec-
tive in African-Americans. This disparity may stem from
co-existing factors like adiposity, inflammation, endothe-
lial dysfunction and socioeconomic status. The high preva-
lence of hypertension and DM among African-Americans,
as observed in the REGARDS study along with the data
from IDF, underscores the need for further research. Inves-
tigating the mechanistic links underlying pathophysiologi-
cal differences is crucial to better understand and address
these disparities in health outcomes [31].

A nationwide prospective study conducted over seven
years involved 500,000 individuals aged 30 to 79 across ten
regions in China. The study revealed that individuals with
DM faced approximately twice the risk of all-cause mortal-
ity compared to those without DM [32,33]. In a separate


https://www.imrpress.com

Prevalence of CVD in type 2 diabetic individuals (%) as per IDF

Multiple countries

16.40%

‘Western Pacific

33.60%

Southeast Asia

12.50%

South and Central America

27.50%

North America and Caribbean

46.00%

Middle East and North Africa

| 26.900

Europe

| 50.00%

Africa

28.60%

0.00% 5.00% 10.00% 15.00%

20.00%

25.00% 30.00% 35.00% 40.00%% 45.00% 50.00%

OPrevalence of CVD in type 2 diabetic individuals (%0) as per IDF

Fig. 2. Geographic variation in CVD prevalence rates among T2DM individuals. This figure illustrates the prevalence rates of CVD

among individuals with T2DM across various global regions, according to the International Diabetes Federation’s (IDF) classification

system. The chart details prevalence percentages in regions such as Africa, Europe, the Middle East and North Africa, North America

and the Caribbean, South and Central America, Southeast Asia, the Western Pacific (including China), and other nations. Notably, the

highest CVD prevalence occurs in North America and the Caribbean, Southeast Asia, and the Western Pacific. CVD, cardiovascular

disease; T2DM, type 2 diabetes mellitus.

2018 study conducted in China, regional variations were
observed in the rates of CHD and stroke among T2DM pa-
tients. The study identified several factors contributing to
these differences, including lifestyle factors such as diet and
physical activity, cold ambient temperatures, high dietary
salt intake (particularly in the Northeast and North), and po-
tential genetic differences [34].

The prevalence of ASCVD in T2DM in the U.S.
was found to be 71% in individuals aged more than 65
years [35]. In the similar Chennai Urban Population Study
(CUPS), conducted in both diabetics and non-diabetics, the
occurrence of CAD among diabetic subjects was found to
be 21.4% (previously diagnosed DM, 25.3%, and newly di-
agnosed, 13.1%), which was significantly greater than the
rate of 14.9% amongst subjects with impaired glucose toler-
ance (IGT) and 9.1% amongst subjects with normal glucose
tolerance (NGT). Overall, the prevalence of known MI was
three times greater in diabetic individuals. However, the
CUPS study also showed that the prevalent risk for CAD
escalated even in the IGT stage [36—38].

A large-scale population-based cohort study was car-
ried out, involving nearly 40,000 T2DM patients from the
Swedish National Diabetes Register. The patients were
closely monitored over a period of roughly six years. The
trial results during follow-up showed a 21% reduction in

overall mortality among T2DM patients (hazard ratio [HR]
=0.79; 95% confidence interval [CI]: 0.78-0.80). In con-
trast, non-diabetic controls matched for age, sex, and na-
tionality, exhibited a 31% decrease in mortality (HR = 0.69;
95% CI: 0.68-0.70). Conversely, the overall death rate
among participants with TIDM was 13% higher among
controls compared to T2DM patients within the same reg-
istry [33,39]. These disparities may be attributed to differ-
ences in healthcare availability, lifestyle choices, socioe-
conomic factors, and genetic predispositions. Numerous
clinical and epidemiological cohort studies have been un-
dertaken worldwide on individuals with DM. These stud-
ies focused on thousands of participants with either TIDM
or T2DM in diverse global regions and healthcare settings.
These studies revealed that diabetic patients have a risk of
CVD, complications, and mortality approximately 1.5 to
6 times higher compared to non-diabetic individuals [40].
The elevated risk seems to affect people regardless of DM
type. However, the magnitude of the threat varies depend-
ing on factors such as the type of DM, presence of CVD
risk factors and comorbidities, severity and duration of hy-
poglycemia relative to the CVD event, follow-up period,
and the extent of adjustment for potent confounding factors
[40]. This highlights the growing body of evidence impli-
cating hypoglycemia in the deterioration of cardiovascular
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Fig. 3. Pathophysiology of type 1 diabetes mellitus (T1DM) and type 2 diabetes mellitus (T2DM). This figure illustrates the dis-
tinct pathophysiological mechanisms underlying the development of TIDM and T2DM. Autoimmune processes in TIDM lead to the

elimination of pancreatic [3-cells that are responsible for insulin production. This process involves CD4+ and CD8+ T cells, as well

as the infiltration of macrophages which damage the pancreatic islets, leading to inadequate secretion of insulin. In T2DM, pancreatic

[-cell dysfunction impairs insulin secretion while IR hinders insulin action. These processes collectively contribute to dysfunction in

the maintenance of glucose homeostasis and the onset of metabolic disorders associated with each type of DM. DM, diabetes mellitus.

health, even if other factors may contribute to the underly-
ing pathology. Hence, further research is essential to im-
prove the understanding of the connection between hypo-
glycemia and its contribution to cardiovascular events [41].

4. Pathophysiology of Events
4.1 Diabetes Mellitus (DM)

DM is a chronic metabolic disorder characterized by
hyperglycemia; a pathological condition defined by sub-
stantially elevated blood sugar levels. Hyperglycemia is
caused by defects in either insulin production, insulin ac-
tion, or a combination of the two, resulting in long-term
and complex dysfunctions of carbohydrate, protein, and
fat metabolism [42]. The long-term consequences related
to DM include complications such as diabetic retinopathy
(which carries a potential risk of blindness), nephropathy
(resulting in kidney failure), neuropathy (leading to foot
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ulcers, Charcot’s joints, and amputations), autonomic neu-
ropathy (leading to gastrointestinal disorders), sexual dys-
function, and cardiovascular abnormalities. Individuals di-
agnosed with DM often experience hypertension and im-
paired lipoprotein metabolism. As a consequence, they
are more susceptible to peripheral artery, cerebrovascular,
cardiovascular, and atherosclerotic disorders [43]. On the
basis of its etiology and pathogenesis, DM can be classi-
fied into two major types: TIDM and T2DM. T1DM in-
volves the autoimmune destruction of the insulin-producing
cells in the pancreas. Specifically, the immune system’s
CD4+ and CD8+ T cells target and destroy these cells, while
macrophages infiltrate and damage the pancreatic islets. In-
sufficient insulin secretion results from the autoimmune de-
struction of pancreatic S-cells, leading to various metabolic
disorders associated with TIDM [44]. In T2DM, the mech-
anisms that maintain normal physiological glucose levels
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break down, leading to two major pathological defects: im-
paired insulin secretion due to pancreatic 5-cell dysfunction
and impaired insulin action due to IR [44,45]. It is evident
that the presence of DM escalates the risk for the occurrence
of CVD conditions including CAD, stroke, atrial fibrilla-
tion, and heart failure. Thus, in individuals with DM, CVD
continues to be the leading cause of mortality [46]. Con-
sequently, understanding the complex pathophysiology of
DM is essential to mitigating its effects. A brief compari-
son of the pathophysiological mechanisms underlying Type
1 and Type 2 DM is illustrated in Fig. 3.

4.2 Type 1 Diabetes Mellitus (T1DM)

T1DM is typically classified as a genetic immune sys-
tem disorder that affects individuals across different age
groups, including preadolescents, young adults, and older
patients. The underlying mechanism behind T1DM devel-
opment is the loss of pancreatic 5 cells, primarily driven
by T-lymphocytes [47]. This immune response leads to in-
flammatory lesions known as insulitis, where T-cells and
other immune cells infiltrate the pancreatic islets. Thus, it
can be implied that islet infiltration is a S-cell-driven proce-
dure because of the fact that insulitis is only present in S-cell
islets [48]. The presence of T-cells is crucial as they lead to
inflammation and contribute to the subsequent destruction
of 3 cells within these islets [48]. The presence of specific
genes can inhibit the immune system’s ability to distinguish
between self and non-self, leading to autoimmune diseases
including TIDM [47]. The genes, which are typically as-
sociated with T1DM, are often known as human leucocyte
antigen (HLA), and belong to the major histocompatibil-
ity complex (MHC) region. It is recognized that 40%—-50%
of the genetic risk of TIDM derives from HLA complex
polymorphic alleles. The HLA gene locus is categorized
into Class I and Class II. The HLA alleles associated with
T1DM belong to Class II, which are crucial for antigen pre-
sentation to T helper lymphocytes. Any substitution to the
peptide-binding regions of Class II alleles can significantly
affect the binding affinity for autoantigens, potentially lead-
ing to either a reduction or enhancement in the autoimmune
response [49].

Numerous studies have documented abnormalities
in the composition of leukocytes associated with TIDM.
These include the natural killer T (NKT) cells, Dendritic
cells, CD45R-subpopulations, CD4 and CD8 T-cells. How-
ever, the causes and their effects on disease progression
are still under investigation [48]. Pathological responses
to insulin deficiency include significant impacts on protein,
glucose, and lipid metabolism. Specifically, insulin de-
ficiency affects glucose metabolism, leading to metabolic
disorders that may manifest as glucosuria, polydipsia, and
polyphagia. In uncontrolled TIDM, an escalation of free
fatty acids (FFA) in the plasma occurs due to the fast mo-
bilization of triglycerides (TG). Insulin deficiency further
leads to hypertriglyceridemia and increases the rate of pro-

teolysis, raising plasma amino acid concentrations. Addi-
tionally, hyperglycemia in TIDM is exacerbated by hepatic
and renal gluconeogenesis of glucogenic amino acids [45].

4.3 Type 2 Diabetes Mellitus (T2DM)

In T2DM, a progressive rise in plasma glucose lev-
els results from the impairment in both insulin secretion
and action [50]. Since it is a multi-factorial disease, it has
been quite tough to comprehend its pathophysiology. How-
ever, T2DM can be classified as a genetic condition. Var-
ious genes are in control of the different chemical steps in
the procedure of insulin secretion, insulin action and 5-cell
function. These genes are also essential for the synthesis
of necessary enzymes. Any genetic impairment can trig-
ger a cascade of metabolic reactions such as blocking in-
sulin action (which further interferes with cellular glucose
uptake), a rise in liver glucose production, prevention of
uptake of fatty acids (FAs) and glucose, and the rise of TG
breakdown. [47]. The deterioration of insulin secretion in-
cludes both glucose toxicity and lipo-toxicity, and can lead
to a decline in S-cell mass when left untreated, as demon-
strated in animal experiments. The progression further im-
pairs the long-term control of glucose levels in the blood
[51]. Various, factors are responsible for the loss of the -
cells and these include glucolipotoxicity and amyloid depo-
sition that progresses in [-cell apoptosis by oxidative and
endoplasmic-reticulum stress [52].

Other organs have a huge role in the pathophysiol-
ogy of T2DM [50]. Hepatic glucose overproduction oc-
curs due to the liver’s insulin resistance coupled with el-
evated circulating glucagon and increased liver sensitivity
to glucagon. Furthermore, insulin can cross the blood brain
barrier (BBB) where it can suppress hunger by regulating
the expressions of neuropeptides regulating food intake.
Another complication from excess circulating FFAs is that
of resistance of adipocytes to insulin’s anti-lipolytic effect.
This chronic surge in FFAs contributes to several metabolic
disturbances including gluconeogenesis, IR in skeletal mus-
cle and the liver, and impaired insulin secretion [53].

In patients with nonalcoholic fatty liver disease
(NAFLD), which is commonly associated with T2DM, IR
leads to an increased accumulation of FFAs in the liver.
This accumulation not only exacerbates NAFLD through
chronic liver cell stress but also initiates a cycle of fur-
ther lipid buildup. Additionally, obesity, a significant
factor in the development of T2DM, reduces the levels
of adiponectin, a hormone that normally inhibits proin-
flammatory cytokines such as tumor necrosis factor al-
pha (TNF-«) and interleukin 6 (IL-6). The reduction in
adiponectin levels results in increased production of these
cytokines, leading to inflammation in adipocytes and fur-
ther exacerbating IR [54]. This inflammation directly con-
tributes to obesity-induced IR through the I-kappa-B kinase
B (IKK3)/muclear factor kappa-light-chain-enhancer of ac-
tivated B cells (NF-xB)-dependent pathway. Moreover,
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obesity increases the number of adipose tissue macrophages
(ATMs). These macrophages become more active and ex-
press higher levels of proinflammatory genes, intensifying
the inflammation associated with obesity. ATMs not only
contribute in the inflammation but also play a role in lipid
metabolism. Research on different immune cells in adipose
tissue has shown that obesity activates pro-inflammatory
immune cells while inhibiting anti-inflammatory ones, dis-
rupting the balance between these cell types in visceral fat
and leading to systemic IR in the liver and muscles [55].
Thus, DM management guidelines recommend at least a
5% weight loss in overweight and obese patients. For ef-
ficient DM management, it was paired with a customized
diet, more exercise, and behavioral therapy [6].

Multiple genetic studies comparing various geo-
graphic and ethnic groups have indicated that the risk of
acquiring T2DM is not uniform across all demographic
groups. These studies reveal significant variations based
on lifestyle, age, sex, ethnicity, family history, and body
fat distribution [56,57]. Similarly, a meta-analysis re-
vealed that first-generation migrants in Europe experienced
a higher risk of T2DM compared to native Europeans. The
highest risk was observed among South Asians, followed
by migrants from the Middle East and North Africa, sub-
Saharan Africa, the Western Pacific, and South and Central
America, underscoring the role of ethnicity in T2DM preva-
lence. Lifestyle interventions among these immigrants have
been shown to result in a modest but statistically significant
reduction in their glycated hemoglobin (HbA1c) levels and
improvement in the knowledge and practices related to DM
self-management [58]. Another study also produced simi-
lar results indicating that lifestyle weight-loss interventions
in overweight and obese adults with T2DM can improve
HbAIlc levels, with the impact varying by ethnicity. The
most significant benefits were observed among Whites, fol-
lowed by Asians [58]. Beyond ethnic variations, the bio-
logical mechanisms that contribute to T2DM also differ by
sex. Males are marginally more prone to being diagnosed
with T2DM, often at a younger age and with a lower BMI,
while females are more likely to experience impaired glu-
cose tolerance, with a history of gestational DM serving as a
key risk factor. Hormonal factors, such as polycystic ovary
syndrome (PCOS), early menopause, and elevated testos-
terone levels, increase the risk for females, whereas low
testosterone levels heighten the risk for males. Even though
females with T2DM face a higher relative risk of cardiovas-
cular complications and mortality compared to males, the
absolute risk is still greater in males [59].

4.4 Pathophysiology of Obesity

The correlation between obesity and DM, typically
T2DM, is well known and has been studied for many years.
Obesity plays a crucial role in the occurrence of T2DM [60].
It is a chronic condition in which hypertrophy and hyper-
plasia of fat cells occurs. The several clinical conditions
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that are associated with obesity include heart disease, DM,
liver disease, and various cancers. These diseases are the
outcomes of either the increased weight of fat cells or the
excess secretion of FFAs from enlarged fat cells [60]. It is
this increase in plasma FFAs that dominates in obesity. Fat
distribution also typically influences IR along with elevated
secretion of FFA from visceral fat cells into the portal ve-
nous system [60,61]. Two features are typically important
for obesity to produce T2DM. The first is impaired insulin
response in skeletal muscle. The second is the inability of
B-cells to secrete the necessary levels of insulin required
to maintain the normal blood glucose levels. Both factors
contribute to the progression of IR to T2DM [62].

Obesity is a major factor in the occurrence of
metabolic disorder. Adipose tissue regulates metabolism
by the secretion of non-esterified fatty acids (NEFA), glyc-
erol, and proinflammatory cytokines. It also regulates hor-
mones like leptin, adiponectin. The secretion of NEFAs
is recognized as the single most crucial factor in the reg-
ulation of insulin sensitivity. Elevated NEFA levels have
been observed in both obesity and T2DM, and are associ-
ated with IR in both conditions. An escalation in plasma
NEFA triggers IR within hours in humans [63]. Chronic hy-
perglycemia and an increased NEFA level can further con-
tribute to S-cell dysfunction [60]. Thus, the association of
hyperglycemia with IR and 3-cell dysfunction is very clear
[64]. The hyperplasia and hypertrophy of adipose tissues
caused by obesity are often driven by the excessive release
of pro-inflammatory cytokines from these tissues, known as
adipokines, including TNF-q, IL-6, and interleukin-3 (IL-
3). This eventually leads to IR, which can arise either by
direct interference with the canonical insulin signaling path-
way or by amplified activation of other inflammatory path-
ways [65].

4.5 Hypertension

One of the crucial risk factors for the development
of DM is hypertension [66]. In a prospective cohort re-
search, it was determined that hypertensive patients expe-
rience a greater risk of developing DM in comparison to
patients with normal BP [66,67]. A 2010 study involving
1601 revealed a substantial co-occurrence of DM, hyper-
tension, and obesity. Additionally, 18.1% of patients had
obesity, hypertension and DM, 16.1% had both hyperten-
sion and DM, 15.4% of patients had obesity and hyperten-
sion, 12.7% had obesity and DM [68]. There is a close as-
sociation between reduced glucose tolerance and high BP.
High BP is more common in both T1DM and T2DM than
in non-diabetic patients. However, the causes for this in-
creased prevalence vary by DM type [69]. For the effective
management of hypertension and DM simultaneously, it is
important to understand their pathophysiology. Since the
two conditions usually co-exist, it can be understood that
they share similar pathophysiological mechanism of action
[70].
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A 2011study determined that hypertension is a pri-
mary factor in cardiovascular events in diabetic patients
[71]. Extensive data collected from various studies have
shown that strictly controlled BP potentially decreases the
risk of CVD in diabetic patients compared to the non-
diabetic counterparts [72]. In the pathogenesis of hyper-
tension and DM the renin angiotensin aldosterone system
(RAAS) plays a crucial role. Angiotensin I hormone binds
with angiotensin type 1 (AT1) receptor resulting in vaso-
constriction, a rise in sodium reabsorption, and the stim-
ulation of the release of aldosterone from adrenal cortex,
which cumulate in the stimulation of sodium reabsorption,
ultimately causing an escalation in BP [70]. Angiotensin
II causes vascular injury by several ways such as vasocon-
striction, inflammation, cell growth, and production of ox-
idative stress. It also regulates vascular inflammation by
inducing the secretion of cytokines and pro-inflammatory
transcription factors like nuclear factor kB (NF-xB) [73].
It has been shown in numerous studies that in CHD or in
the case of its risk factors, the plasma markers for oxidative
stress typically increase. The oxidation of weak cell mem-
brane unsaturated lipids may stimulate diverse signal trans-
duction pathways to drive various adverse events associated
with atherosclerosis pathophysiology [74]. Hypertensive
diabetic patients typically present uncommon characteris-
tics when compared to non-diabetic hypertensive patients.
These characteristics include a high propensity for protein-
uria, orthostatic hypotension, high salt sensitivity and vol-
ume expansion, loss of nocturnal dipping of BP, and iso-
lated systolic hypertension. The majority of these factors
are associated with an increased risk of CVD [75].

4.6 Dyslipidemia

Dyslipidemia is a condition that promotes atheroscle-
rosis. It is a complex condition and a critical risk factor
known to influence CVD [76]. Dyslipidemia associated
with obesity is characterized by the presence of elevated
FFAs and TG, lower high-density lipoprotein cholesterol
(HDL-C) levels along with dysfunction of high-density
lipoprotein (HDL), a normal to slight rise in LDL-C lev-
els and rise in small dense low-density lipoproteins (LDLs)
[77]. Dyslipidemia has been characterized as a major car-
diovascular risk factor in T2DM. A study illustrated LDL-
cholesterol levels of more than 2.6 mmol/L in 84% of male
and 88.7% of female diabetic patients. Thus, it is evident
that diabetic dyslipidemia is a very common event [78]. A
study has also shown an increased production of very low-
density lipoprotein- apolipoprotein B (VLDL-apoB) by the
liver as a dominant characteristic in this disease [79]. In
patients with DM, an increase in postprandial VLDL and
apoB100 production typically occurs due to insulin resis-
tance. ApoB48 production has also been found to rise in
T2DM patients, and is correlated with plasma insulin lev-
els [80]. Several metabolic processes are responsible for
this increase in pro-atherogenic apoB-rich lipoproteins and

HDL dysfunction. Studies have also shown that increased
plasma levels of apolipoprotein B (apoB) [81] and small
dense LDL [82] are crucial determinants associated with
atherosclerosis in T2DM [79].

4.7 Diabetic Cardiomyopathy (DCM)

Diabetic cardiomyopathy (DCM) is a common condi-
tion that typically occurs as a result of hyperglycemia in-
fluenced by IR syndrome, which in turn causes left ven-
tricular hypertrophy [83]. This condition is also associated
with diastolic dysfunction, and is more likely to occur in pa-
tients with hypertension or myocardial ischemia [84]. Hy-
perglycemia, hypertension, and impaired endothelial func-
tion are some of the factors that influence the disease mech-
anism and can potentially compromise myocardial blood
flow. Another contributing factor might be atherosclerosis
[85]. The pathophysiology of DCM is multifactorial [84].
In diabetic patients, increased glucose levels can impair en-
dothelium physiological characteristics leading to endothe-
lial dysfunction including decreased fibrinolysis, increased
permeability, and leukocyte adhesion [86]. Similarly, in-
creased FFA levels associated with hyperglycemic condi-
tions and/or IR causes lipotoxicity, which can also be a
potential factor in DCM due to FFA and their products in-
ducing myocardial oxidation. These cumulative insults can
lead to development of the disease [83]. Reactive oxy-
gen species (ROS) production from both mitochondria and
cytosol are also significant factors in DCM development.
Specifically, ROS can induce lipid and protein impairment
by oxidation. Chief among these proteins are DNA repair
enzymes, which may exacerbate the situation by driving
DNA damage [86].

4.8 Cardiovascular Autonomic Neuropathy (CAN)

CAN is a condition that causes impairment in the au-
tonomic nerve fibers which innervate the heart. Specifi-
cally, abnormalities may lead to changes in both vascular
dynamics and heart rate control [87,88]. CAN results from
complex, intertwined interactions between disease dura-
tion, age-related neuronal death, glycemic control levels, as
well as both systolic and diastolic BP. Hyperglycemia has a
crucial role in activating several biochemical pathways con-
nected to the metabolic and redox cell states. This, in com-
bination with impairment in nerve perfusion, influences the
development of diabetic neuropathy [89]. Hyperglycemia
is also known to increase the production of mitochondrial
free ROS thus generating oxidative damage to microvascu-
lature structure which supply peripheral nerves [88]. El-
evated plasma glucose increase protein glycation, result-
ing in an excess of AGEs. Studies have shown that AGE
accumulation in collagen tissue corelates with the severity
and extent of peripheral and autonomic nerve abnormalities
in diabetic individuals, often preceding clinical symptoms
[90]. Furthermore, a multicenter study involving 400 in-
dividuals with diabetes found that 25% of the patients ex-
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hibited these symptoms, indicating the presence of CAN
[91]. These findings suggest that CAN is relatively preva-
lent among individuals with diabetes.

4.9 Myocardial Infarction (MI) Associated to DM

In pathology, MI is defined as myocardial cell death
caused by prolonged ischemia. Myocardial ischemia arises
from an imbalance between the supply of oxygen and its
demand, representing the first step in the development of
MI [92]. Individuals with T2DM are at a heightened risk
for all three major cardiovascular events compared to those
without the condition. This risk is similar for both men and
women regarding stroke (1.8 times higher) and heart failure
(2.7 times higher). However, when it comes to MI, women
exhibit a significantly greater risk than men, with incidence
rate ratios (IRRs) of 2.58 (95% CI: 2.22-3.00) for women
versus 1.78 (95% CI: 1.60-2.00) for men, indicating a
significant interaction (p < 0.0001) [93]. Furthermore,
acute hyperglycemia is associated with increases to mortal-
ity rates, infarct size, and of left ventricle functional dam-
age following acute myocardial infarction (AMI). Hyper-
glycemia stimulates platelet aggregation and coagulation
[94] and induces the rapid suppression of flow-mediated
vasodilatation, most likely by the escalated production of
oxygen-derived free radicals. Similarly, a rise in oxida-
tive stress also interferes with vasodilation mediated by
nitric oxide (NO) and decreases the coronary blood flow
at microvascular level [95]. Beyond the previously men-
tioned mechanisms, several other factors are responsible for
the pathogenesis. Notably, the prevalence of DM in AMI
patients is well-documented [96]. In a population-based
study, one out of every four hospitalized AMI patients were
also diagnosed with DM [97].

5. Risk Factor for DM and CVD

There is a widely accepted agreement that traditional
lifestyle factors, such as unhealthy diet (excessive sodium
and meat consumption, and inadequate intake of fruits, nuts,
and vegetables), lack of physical activity, and smoking, are
closely associated with the rising burden of CVD. Other
lifestyle factors that significantly contribute to metabolic
diseases include high BP, obesity, dyslipidemia, and dys-
glycemia (pre-diabetes and T2DM), which serve as inde-
pendent precursors to CVD. Additional non-modifiable risk
factors, such as age, male sex, genetic predisposition, and
family history of CVD should be taken into account during
screening and when considering interventions for potential
CVD risk [98]. The complex interactions of both modi-
fiable and non-modifiable risk factors contributing to the
development of DM and CVD are shown in Fig. 4.

5.1 Physical Inactivity and Unhealthy Diet

Diabetic individuals are less likely to engage in reg-
ular physical activity compared to those without DM. This
lack of physical activity is linked to higher mortality rates
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among individuals with DM. While regular exercise gen-
erally promotes good health, it is advisable for individuals
with DM to undergo a medical assessment before initiat-
ing any exercise regimen. Various factors such as foot is-
chemia, loss of protective sensation, risk of vitreous hem-
orrhage, resting tachycardia, and postural hypotension are
linked to specific diabetic vascular complications. These
factors must be taken into consideration when developing
exercise plans to ensure patient safety. Research on the im-
pact of diet on DM development has produced mixed re-
sults regarding the risk associated with certain nutrients.
Nonetheless, it’s evident that a diet rich in saturated fats is
linked to unfavorable cardiovascular risk factors, regardless
of DM status. The American Diabetes Association (ADA)
doesn’t endorse a singular “diabetic diet”. However, ad-
vocates for an individualized strategy based on extensive
patient evaluation and therapeutic goals [99]. A study con-
ducted in 2016 demonstrates that an increase in physical
activity significantly lowers risk of both CVD and T2DM.
Specifically, an increase of 11.25 metabolic equivalent of
task hours per week of activity for an otherwise inactive per-
son, produced a 23% reduction in cardiovascular mortality
and a 26% decrease in risk for DM in DM risk, regardless
of body weight [100].

5.2 Age, Gender and Family History

Elderly individuals are more susceptible to CVD due
to age-related changes in the structure and function of the
heart and blood vessels. While males face a greater risk
of heart disease compared to females before menopause,
postmenopausal females have a similar risk level to males
(Fig. 4). Cardiac death often occurs suddenly, and with-
out prior cardiovascular symptoms. It’s worth noting that
the risk of premature death from sudden cardiac death is
approximately 1 in 9 for males and 1 in 30 for females.
This underscores the importance of public health initiatives
aimed at preventing sudden cardiac death. A family history
of stroke or CHD is also a significant, unchangeable risk
factor for CVD in future generations (Fig. 4). It is highly
advisable for individuals with such nonmodifiable risk fac-
tors to undergo regular check-ups [101].

5.3 Tobacco Smoking

Smoking tobacco substantially raises the risk of devel-
oping T2DM and its associated complications, especially
among heavy smokers. Furthermore, research on people
with DM reveals that exposure to secondhand smoke in-
creases the chances of developing CVD, microvascular is-
sues, and premature mortality. The expected burden of dis-
eases caused by smoking may affect females more than
males. This is not only due to changes in the prevalence
of smoking and smoking habits over the past century but
also because females may have a stronger link between
long-term smoking and the risk of CVD when compared
to males. The initial evidence indicating that female smok-
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Fig. 4. Interactions of risk factor for diabetes mellitus (DM) and cardiovascular disease (CVD). This figure visually represents the

complex interplay of modifiable and non-modifiable risk factors that contribute to the development of DM and CVD. This highlights

their significance in screening and intervention strategies to mitigate potential CVD risks.

ers might face a higher relative risk of CVD came from a
study conducted in Denmark, which revealed that female
smokers had a 50% higher risk of CHD compared to male
smokers. Subsequent research indicates that smoking is
more strongly linked to CHD risk in females than males,
especially among those who smoke over 20 cigarettes daily
[102]. On the contrary, quitting smoking is linked to no-
table reductions in conditions like microalbuminuria, high
BP, abnormal lipid levels, and IR [103].

5.4 Dyslipidemia and Obesity

Individuals diagnosed with DM have an increased sus-
ceptibility to dyslipidemia. This correlation is partially
due to the enhanced release of FFAs in insulin-resistant
adipocytes. Elevated FFA levels promote TG synthesis,
consequently triggering the release of apoB and VLDL
cholesterol [12]. The risk of CVD remains high in cases
of dyslipidemia, which are characterized by an atherogenic
profile, including elevated levels of VLDL, TG, and LDL,
along with reduced levels of HDL. Furthermore, diabetic
hyperlipidemia can increase atherosclerosis, and the com-
bination of obesity with DM is associated with a signif-
icant increase in the rates of CVD-dependent illness and
death (Fig. 4). In cases of obesity, visceral fat accumu-
lation triggers inflammation, a major factor in DM com-
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plication [104]. Obesity significantly increases the risk of
heart failure, a link that is not fully explained by the typ-
ical cardiovascular risks associated with obesity. Those
with obesity face twice the risk of heart failure compared
to those with normal weight. Data from the Framingham
Heart Study indicates that each one-unit increase in BMI
is associated with a 5% increase in heart failure risk for
males and 7% for females, even after adjusting for other
heart risk factors. This risk extends across all BMI levels.
A meta-analysis on obesity and heart failure found that ev-
ery 10 cm increase in waist circumference (WC) is linked to
a higher incidence of heart failure, with this association be-
ing particularly pronounced in individuals within the over-
weight BMI range [105]. Moreover, obesity results in el-
evated levels of leptin and inflammatory indicators like C-
reactive protein (CRP), exacerbating vascular and myocar-
dial damage. Individuals with a BMI exceeding 40 are sig-
nificantly more likely to be diagnosed with DM (odds ra-
tio (OR) = 7.37, 95% CI: 6.39-8.5), hypertension (OR =
6.39, 95% CI: 5.67-7.16), and hypercholesterolemia (OR =
1.88, 95% CI: 1.67-2.13) when compared to those within
a normal weight range [106]. A meta-analysis consisting
of randomized controlled trials (RCTs) and prospective co-
hort studies evaluated the effects of MedDiet and the risk of
occurrence or death from CVD, CHD, stroke, and MI in in-
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dividuals with DM. Pooled analyses from RCTs shows that
the MedDiet effectively lowers the risk of total CVD and
MI incidence in these individuals [107].

5.5 Hypertension

Modifiable risk factors contribute to CVD, including
many cases that result in fatalities. Notably, hyperten-
sion has significant global impact, exerting a greater influ-
ence on the incidence of strokes than MI [108] (Fig. 4).
The increase in hypertension cases is strongly tied to di-
etary habits, especially high sodium intake. The large-scale
Prospective Urban Rural Epidemiology (PURE) study con-
firms sodium consumption as a major contributor to both
hypertension and cardiovascular disease [109]. In individ-
uals with mild to moderate hypertension, the greatest risk is
observed among those diagnosed with dyslipidemia, DM,
and left ventricular hypertrophy. In elder hypertensive in-
dividuals, it’s common to detect signs of organ damage, in-
cluding impaired renal function, silent MI, strokes, transient
ischemic attacks, retinopathy, and PAD. The Framingham
study revealed that at least 60% of older males and 50% of
older females with hypertension had one or more of these
complications [110]. A meta-analysis involving one mil-
lion adults across 61 observational studies revealed a cor-
relation between BP levels and the risk of death from is-
chemic heart disease and stroke. Specifically, it was ob-
served that even at relatively low levels—115 mm Hg sys-
tolic blood pressure (SBP) and 75 mm Hg diastolic blood
pressure (DBP)—there was a noticeable increase in mortal-
ity risk. A subsequent study found that for each increase of
20 mm Hg in SBP and 10 mm Hg in DBP, the risk of death
from stroke and ischemic heart disease doubled. However,
it was suggested that reducing SBP by 10 mm Hg and DBP
by 5 mm Hg could lead to a significant decrease in the risk
of stroke-related mortality by 40% and a 30% decrease in
mortality from ischemic heart disease and other vascular-
related causes [111]. Hypertensive disorders during preg-
nancy, encompassing conditions like gestational hyperten-
sion and pre-eclampsia, impact approximately 10% of preg-
nancies. Females with these conditions are, on average,
twice as likely to develop CVD later in life compared to
females with normal BP during pregnancy. This elevated
risk may stem from a predisposition to CVD, the hyperten-
sive disorder itself, or a blend of both factors [112]. Arterial
hypertension affects over 60% of individuals with T2DM.
This occurrence is directly correlated with: (1) heightened
activity of the RAAS, (2) elevated levels of insulin leading
to enhanced renal sodium reabsorption, and (3) enhanced
sympathetic nervous system activity. Additionally, aging,
obesity, and the development of kidney disease further in-
crease the prevalence of hypertension. The combination
of hypertension and DM significantly heightens the risk of
CVD. While the presence of DM doubles the cardiovascular
risk in males and more than triples it in females, hyperten-
sion increases this risk fourfold in diabetic patients [113].
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5.6 Genetic Predisposition

The connection between genetic markers linked to
atherosclerosis and the development of ASCVD in diabetic
patients remains unclear. In an 8-year cohort study, var-
ious measures of subclinical atherosclerosis, such as coro-
nary artery or abdominal aortic calcium score, common and
internal carotid artery intima-media thickness, and ankle-
brachial index, did not were not associated with a T2DM
risk score based on 62 genetic loci. When comparing the
fourth quartile of genetic predisposition risk score (GPS)
with the first quartile, the risk of CVD rises with each ad-
ditional genetic variant by 3%, with a maximal odds ratio
of 1.47 [16]. The heritability of T2DM and CVD varies in
the general population, but approximately 30% of the ge-
netic component influencing risk can be attributed to in-
dividual differences. It remains unclear if common risk
factors that predispose individuals to both ailments involve
shared genetic elements or if T2DM disrupts pathways rel-
evant to CVD’s development. Only a few strong genetic re-
gions have been linked to T2DM and CVD, despite numer-
ous Genome-Wide Association Studies (GWAS) research.
While the prevailing causes of T2DM and the majority
of CVD involve multiple genes, there are also instances
where a single gene mutation can instigate these condi-
tions. Specifically, certain gene mutations, when present
in a heterozygous state, may contribute to familial forms
of risk factors for cardiovascular ailments such as hyper-
tension, high cholesterol levels, and T2DM. These genes,
commonly associated with familial high cholesterol lev-
els, may indicate a mechanistic involvement of cholesterol
metabolism in the development of T2DM, given the con-
dition’s association with impaired intracellular cholesterol
transport [114]. TIDM becomes a chronic condition with
the emergence of the first islet autoantibody, signifying
ongoing immune-driven destruction of pancreatic-islet 3
cells. This destruction results from a complex interplay of
genetic and environmental factors. Advances in human ge-
netics have revealed over 50 genetic regions associated with
susceptibility to TIDM. Apart from the significant influ-
ence of the HLA gene on chromosome 6p21, which con-
tributes roughly half of the genetic risk, other identified loci
exert only modest effects on the overall genetic predispo-
sition to TIDM. The specific molecular mechanisms un-
derlying these loci’s actions remain largely unknown [115].
Addressing risk factors is as important as generating meth-
ods and guidelines for the management of CVD and DM.
The Treatment of Cardiovascular Risk in Primary care us-
ing Electronic Decision Support (TORPEDO) study con-
sisting 60 Australian primary health care centers (40 general
practices and 20 Aboriginal Community Controlled Health
Services [ACCHSs]) assessed the impact of a Quality Im-
provement initiative. This program integrated point-of-care
electronic decision support with audit and feedback tools,
and found moderate improvement in screening and treat-
ment levels in diabetic individuals [116].

11


https://www.imrpress.com

6. Treatment Recommendations

6.1 Lifestyle Measures for Managing Diabesity
6.1.1 Dietary Modifications

Improving diet quality, regardless of caloric restric-
tion is applied, can reduce CVD risk and prevent T2DM in
at-risk individuals. For patients with T2DM, any diet lead-
ing to significant weight loss may provide clinically mean-
ingful glycemic control benefits [117]. While the Ameri-
can Diabetes Association (ADA) and the European Asso-
ciation for the Study of Diabetes (EASD) recognize low-
carb diets as a therapeutic option, they consider the Mediter-
ranean diet superior. Current meta-analyses show that the
Mediterranean diet superior in terms of improving fasting
glucose and lipid profiles and ranks among the top three
diets for HbAlc levels, blood pressure, and weight loss.
While low-carbohydrate diets are the most effective for re-
ducing HbAlc levels and body weight, they also outper-
form low-fat diets in lowering fasting glucose, BP, and
blood lipids [118]. Larger RCTs, like the Look-AHEAD
trial, have shown that DM remission is linked to the ex-
tent of weight loss and inversely related to the duration of
T2DM. Similarly, the UK-based DIRECT study compared
a control group receiving standard DM care to a group in a
structured weight management program. The weight man-
agement group achieved greater weight loss (10 kg vs. 1
kg) and a higher rate of DM remission (46% vs. 4%),
with weight loss closely tied to improved DM outcomes
[119]. Another meta-analysis suggests that low-carb diets
(<26 energy% or <130 g carbohydrate [carbs]/day) may be
more effective than low-fat diets for DM remission. After
6 months, more patients on low-carbohydrate diets reached
HbAlc levels below 6.5%, though the difference becomes
insignificant when factoring in medication usage or longer
intervention periods [118]. Recent studies explored the po-
tential of modulating gut microbiota through diet to influ-
ence satiety and insulin sensitivity pathways. The study
suggests that the Mediterranean diet may effectively pro-
mote a balanced gut microbiome [119]

6.1.2 Physical Activity

Regular physical activity enhances cardiometabolic
and musculoskeletal health, aids in weight management,
boosts cognitive and psychosocial function, and is linked to
lower mortality from cancer and DM [120]. A recent sys-
tematic review of 53 studies, including 66 lifestyle interven-
tion programs, found that diet and physical activity promo-
tion programs significantly reduce T2DM incidence, body
weight, and fasting blood glucose (FBG), while improving
cardiometabolic risk factors compared to usual care. Less
intensive interventions were also effective, and strict guide-
line adherence was linked to greater weight loss. Another
meta-analysis of 10 trials in youth under 18 with TIDM
showed significant HbA1C improvements in those who ex-
ercised, especially with more frequent and longer sessions
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that combined aerobic and resistance exercise. In adults,
regular physical activity was linked to reduced mortality
[121]. Exercise programs should be personalized to fit pa-
tient preferences and co-morbidities. While exercise im-
proves biochemical markers, it alone is insufficient for DM
remission. A combined diet and exercise is recommended
for optimal results. This conclusion is supported by the
Malmo study, where patients following both diet and exer-
cise modifications showed long-term benefits, with half of
the T2DM patients achieving remission after 5 years. Im-
provements in glycemic control were linked to both weight
loss and increased fitness levels [119].

6.2 Current Antidiabetic Drugs

DM severely affects numerous metabolic activities
and is driven by many biological mechanisms. Among
the major two types of DM, the non-insulin dependent
(NIDDM), T2DM has historically been treated with oral
hypoglycemic agents (OHAs) also called oral anti-diabetic
drugs (OADs). Hence, the use of various classes of OHAs,
each with a distinct mode of action, is essential to opti-
mize the pharmacotherapy. Fig. 5 illustrates an overview
of the currently available and most widely used classes of
anti-diabetic drugs. Each class targets distinct pathways
to regulate blood glucose levels, contributing to improved
glycemic control [49,122—-128].

Many complications associated with DM across dif-
ferent organs and tissues. Particularly, there are associ-
ations between microvascular and macrovascular compli-
cations, as well as the therapeutic actions of anti-diabetic
drugs. Some of these include the impact of DM on the
brain, eyes, heart, kidneys, nerves, and extremities, lead-
ing to conditions such as retinopathy, CAD, nephropathy,
neuropathy, and peripheral vascular diseases. Additionally,
different classes of anti-diabetic drugs act on various or-
gans of the body to alleviate these complications by modi-
fying appetite, insulin sensitivity, glucose uptake, and other
metabolic functions. These factors are illustrated in Fig. 6.

In addition to conventional anti-diabetic medications,
recent advancements in pharmacotherapy for DM include
the development of dual peroxisome proliferator-activated
receptor (PPAR) agonists. These agonists facilitate in-
creased utilization of lipids for energy production, rather
than glucose, effectively reducing blood TG levels [129].
Among the PPAR agonists, the fourth class, known as Gli-
tazars, interacts with both o and v PPARs and is therefore
referred to as dual PPARs [130]. Saroglitazar, the first clin-
ically approved Glitazar, is an effective treatment for dia-
betic dyslipidemia and hypertriglyceridemia, especially in
cases where statin therapy is unsuccessful [131]. Sarogli-
tazar induces PPAR« activation, which promotes hepatic
fatty acid (FA) oxidation and decreases TG production and
secretion. It’s hepatic action increases the transport of TG
from peripheral tissues to the liver, resulting in a decline of
the overall FA synthesis. Additionally, saroglitazar’s activ-
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Class of drugs Examples

Insulin and its analogues b e -
acting and combination insulins.

Glucagon-like peptide-1 Albiglutide, Dulaglutide, Exenatide,

(GLP-1) agonist Liraglutide
Amylin analogues —_— Pramlintide
Biguanides — Metformin

Sulfonylureas Glimepiride, Gliclazide, Glyburide,

Meglitinides Nateglinide, Repaglinide

Alogliptin, Linagliptin, Saxagliptin,
Sitagliptin

. Dipeptidyl peptidase-4 _ N
(DPP-4) inhibitors
Sodium-glucose
cotrans::rmit;i;—olr:SGLT-zl — Ertuglifiozin
Alpha-glucosidase

inhibitors Acarbose, Miglitol, Voglibose

Thiazolidinediones [— Pioglitazone, Rosiglitazone

Short, rapid, intermediate, long, very long-|

Chlorpropamide, Tolazamide, Tolbutamide |

Dapagliflozin, Canagliflozin, Empagliflozin, ||

Mechanism of action

Activates insulin receptors, J|» Hepatic glucose production (HGP,)
IPeripheral glucose uptake (PGU)

“Insulin release, J, Glucagon, ), Gastric emptying,  Satiety,
JBlood pressure (BP), . Weight

— J-Glucagon release, J Gastric emptying, TSatiety.

J» HGP, JBlood glucose (BG) levels, ‘T Glucose uptake, T Insulin
sensitivity

I Insulin secretion from pancreatic B-cells via inhibition of ATP-
sensitive potassium channel (KATP).

— Inhibits KATP, T Insulin secretion, ). BG levels

1 Activity of GLP-1 and Gastric inhibitory polypeptide (GIP),
1 JrGlucagon secretion, J.Degradation of endogenous GLP-1 in the
small intestine.

JGlucose reabsorption, ‘I*Renal glucose excretion, -} Sodium
{Na+) reabsorption, «J-Cardiovascular (CVD) death

Inhibit starch and carbohydrate hydrolysis in the gut, J-Glucose
absorption in blood

Activates the Peroxisome proliferator-activated receptors (PPARs],
4 Differentiation of pre-adipocytes, ‘M Insulin sensitivity, ‘t PGU

Fig. 5. Anti-diabetic drug classes and their mechanisms of action. A summary of the various classes of oral antihyperglycemic agents

(OHAs), also known as oral antihyperglycemic drugs (OADs), used in the treatment of type 2 diabetes mellitus (T2DM). This illustrates

the pharmacotherapy options available for managing T2DM. ATP, adenosine triphosphate.

ity on PPAR~ is associated with the regulation of insulin
responsive genes, which improve (-cell function in pan-
creas and enhance insulin sensitivity. Thus, it exhibits both
antidiabetic and antidyslipidemic effects [132].

6.3 Novel Therapeutic Agents

New therapeutic agents for DM that show promise for
future use in effective DM management. Some of these
agents are currently in phase 3 clinical trials, while others
are still in the preclinical stage of development (Table 1,
Ref. [133-150]).

6.4 Cardiovascular Implications of Widely Prescribed
Oral Antidiabetic Drugs (OADs)

DM and CVD are interrelated, sharing several risk
factors. Therefore, preventing or effectively managing
DM can provide protection from CVD. Among the var-
ious classes of anti-diabetic agents, the biguanides (met-
formin) and the thiazolidinediones (rosiglitazone and pi-
oglitazone) are noted for their potential cardiovascular pro-
tective effects. The United Kingdom Prospective Dia-
betes Study (UKPDS) stated that the treatment of over-
weight T2DM patients with Metformin was associated with
a 39% decrease in MI, leading to its recommendation for
treatment of overweight diabetic patients susceptible to
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CVD [151]. Despite having no effect on the HDL lev-
els, Metformin considerably lessens the TG and LDL lev-
els [152,153]. Furthermore, Metformin is known for its
insulin-sensitizing properties, enhances insulin sensitivity
and helps renew endothelial function, which contributes to
its anti-inflammatory and anti-thrombotic actions [154]. It
exerts its thrombotic effects by inhibiting platelet aggrega-
tion and reducing fibrinogen levels, thereby offering cardio-
vascular benefits to diabetic patients [155,156]. While met-
formin is effective in glycemic management, other OADs
such as sulfonylureas and alpha-glucosidase inhibitors do
not significantly improve the lipid profiles of diabetic pa-
tients [153]. On the other hand, thiazolidinediones (TZDs)
act by lowering the plasma FFAs leading to the notable rise
in HDL levels and a decrease in LDL levels [157,158]. Be-
yond their impact on lipid profiles, TZD also reduce both
SBP and DBP in diabetic patients with hypertension, un-
derscoring their potential as cardioprotective agent [159—
162]. TZD includes the Pioglitazone and Rosiglitazone;
while both agents increase the HDL levels, pioglitazone is
uniquely effective in significantly reducing TGs [163]. Asa
result, combination therapy of Metformin and Pioglitazone
provides enhanced cardiovascular protection [164].
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Fig. 6. Macro and microvascular complications of DM and the mode of action of anti-diabetic drugs on different organs of
the body. Fig. 6 portrays the complications of DM across different organs and tissues, highlighting the associated microvascular and
macrovascular complications, as well as the therapeutic actions of anti-diabetic drugs. The left side details how DM impacts the brain,
eyes, heart, kidneys, nerves, and extremities, leading to conditions such as retinopathy, CAD, nephropathy, neuropathy, and peripheral
vascular diseases. On the right side, the diagram outlines how different classes of anti-diabetic drugs act on various organs of the body to

alleviate these complications by modifying appetite, insulin sensitivity, glucose uptake, and other metabolic functions. CAD, coronary

artery disease.
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Table 1. Novel anti-diabetic agents for DM management and adverse effects.

Novel anti-diabetic agents Biological activities Adverse effects References
Islet amyloid polypeptide Regulates insulin action & |side effects of insulin monotherapy. Mild to moderate gastrointestinal (GI) symptoms, [133]
(IAPP or amylin) Human-IAPP analogs that can be used alongside insulin & other hormones (like glucagon) to including nausea, vomiting & headache.

tinsulin monotherapy & support the creation of a fully automated closed-loop insulin delivery

system for a true “artificial pancreas”.

Pramlintide Combined with preprandial insulin, it | postprandial hyperglycemia by |hyperglucagonemia &  Mild to moderate GI symptoms, including nausea, vomiting, [134]

| gastric emptying. Pre-meal pramlintide with insulin also | glycated haemoglobin (HbAlc) by & loss of appetite, were reported, alongside conditions like

0.3-0.7% & |body weight by 0.4-1.4 kg. headaches, injuries, & sinusitis. Additionally, while none of
the major studies indicated liver, kidney, or cardiac toxicity.
Antioxidant therapy-vitamins C, It |blood sugar, |insulin resistance (IR) & |glycemic index in individuals with type ii diabetes [135,136]
E, and B-carotene mellitus (T2DM).
Bromocriptine It |blood glucose & |body mass index (BMI). Headache, nausea, and vomiting. [137,138]
FBPase (fructose 1,6- The key enzyme in gluconeogenesis has become a valid molecular target for controlling glucose Liver carcinogenesis, liver hyperplasia, & liver hypertrophy. [139]
bisphosphatase) inhibitors overproduction.
Imeglimin It Tglu.cose—stimulat.ed insulin secretion (QSIS? &.prese?rve.s B—cel? mass, while also finsulin G effects like nausea, vomiting, & abdominal pain. [140-142]
action by |hepatic glucose output & finsulin signaling in the liver & skeletal muscle.
It Tglycemic control by |HbAlc & |asting plasma glucose (FPG).
Peroxisome proliferator-activated It |triglyceride (TG) level, |liver enzyme activity & |low-density lipoprotein (LDL) level. [143]
receptors (PPAR)
GIP  (glucose-dependent  in- Significant role in T2DM & other metabolic disorders by finsulin response triggered by GI symptoms like Nausea. [144,145]
sulinotropic polypeptide) Tpost-prandial glycemia.
G-protein  coupled receptor It Tglucose homeostasis through two mechanisms: directly finsulin release from S-cells & GI symptoms like Nausea. [145,146]
(GPCR 119) indirectly 7Tglucagon-like peptide-1 (GLP-1) & fgastric inhibitory polypeptide (GIP) secretion
from enteroendocrine cells.
FFA 1 (free fatty receptor-1) It impacts blood glucose levels through two mechanisms: indirectly fincretin hormones & [145]
directly finsulin release from pancreatic S-cells.
Melatonin It tglucose regulation & Tmelatonin levels in the blood by finsulin secretion. Headaches, nausea, dizziness convulsion, syncope, anxiety, — [145,147]
depression, rashes, maculopapular rashes, constipation, &
acute pancreatitis.

Fucoidan Maintain glucose homeostasis by |absorption in the gut & tmuscle fiber utilization, preventing Abdominal distention, flatulence, meteorism & diarrhea. [148,149]

glycemia & lipedema. Its benefits in DM are attributed to its antioxidant properties & its role in

lapoptosis, particularly in pancreatic beta cells, which preserves insulin secretion.

Quercetin It shows antidiabetic properties by foral glucose tolerance & fpancreatic S-cell insulin At doses exceeding 945 mg/m?, quercetin may cause vomiting, [150]

secretion. It |a-glucosidase & |dipeptidyl peptidase-4 (DPP-IV) enzymes, 1GLP-1 half-life &
1GIP half-life, while also |pro-inflammatory markers like | interleukin- 18 (IL-153), |
interleukin-4 (IL-4), | interleukin-6 (IL-6), & | tumor necrosis factor-a (TNF-a) level.

hypertension, nephrotoxicity & lower serum potassium levels.

DM, diabetes mellitus.
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Fig. 7. Overview of cardiovascular drug classes and their mechanism of action. Fig. 7 illustrates the diverse classes of cardiovascular

drugs and their specific mechanisms of action within the cardiovascular system. It provides a comprehensive visual representation of

the pharmacological strategies used to treat conditions ranging from hypertension to congestive heart failure, highlighting the targeted

effects on either the heart or blood vessels [167-173]. ACE, angiotensin converting enzyme.

6.5 Therapeutic Approaches towards Cardiovascular
Diseases (CVD)

The increasing prevalence and high incidence of DM,
coupled with rising obesity rates are making DM a greater
cause of concern for CVD worldwide. Common among di-
abetic patients are decreased HDL and increased TG levels,
alongside IR. Furthermore, DM is associated with impaired
coagulation, inflammation, hyperglycemia, and glycation,
all of which exacerbate the risk of CVD. Hence, a combi-
nation of CVD and DM reduces the overall life expectancy
of an individual due to increased risk of recurrent disease,
and CHF along with poorer surgical outcomes [165]. The
risk of CVD is almost identical in diabetic and non-diabetic
patients with a history of MI due to vascular damage as well
as impaired glucose transport into the cells [166]. Cardio-
vascular drugs for the treatment of various conditions from
high BP to CHF act on the heart or blood vessels and thus
control the cardiovascular system. Fig. 7, depicts various
categories of cardiovascular drugs each influencing heart
function and vascular health through different biochemical
pathways [167-173].

6.6 Diabetic Implications of Widely Prescribed
Cardiovascular (CVD) Drugs

Among the array of widely used cardiovascular
drugs, angiotensin converting enzyme inhibitors (ACEIs)
and angiotensin (AT1) receptor antagonists (ARBs) are
particularly beneficial in managing DM associated with
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macro- or microalbuminuria, both of which are closely
linked to an increased risk of CVD [174]. The Heart
Outcomes Prevention Evaluation (MICRO-HOPE) studies
highlighted that ramipril, an angiotensin converting enzyme
(ACE) inhibitor, significantly decreases the risk of diabetic
nephropathy, stroke, cardiovascular fatality, revasculariza-
tion, and ultimately overall mortality [175,176]. Addition-
ally, the Losartan Intervention for Endpoint reduction in
hypertension (LIFE) study demonstrated that losartan, an
ARB, significantly reduces cardiovascular fatality, stroke,
and MI [177,178].

6.7 Pharmacological Interventions of Cardiometabolic
Risk in Obese Diabetic Patients

Obesity significantly increases the rates of mortality
and morbidity associated with both DM and CVD [179].
Diabetic individuals typically exhibit a wider WC than their
non-diabetic counterparts [180]. Similar to the potential
cardioprotective effects of OHAs like metformin and TZD
[151], newer diabetic therapies such as GLP-1 receptor ag-
onists and SGLT-2 inhibitors also show promise in treat-
ing obese diabetic patients at risk for CVD [181,182]. The
Diabetes Prevention Study demonstrated the importance of
weight loss in lowering DM risk and thus decreasing the
probability of cardiovascular events [ 183]. Both GLP-1 and
SGLT-2 produces weight loss, further demonstrating their
efficacy in reducing deaths from CVD [181,182]. A meta-
analysis found that SGLT?2 significantly decreased the like-
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Fig. 8. Comparison of lipid profiles in well-controlled vs. poorly controlled DM. This figure depicts the lipid profiles in well-

controlled and poorly controlled cases of type 1 and type 2 diabetes mellitus, illustrating how lipid metabolism differs based on the level

of diabetes management. The diagram emphasizes the impact of dyslipidemia on cardiovascular risk associated with diabetes. DM,

diabetes mellitus.

lihood of cardiovascular death or hospitalization from heart
failure by 23% [96,184] whereas GLP-1 appreciably low-
ered adverse CVD events and cardiovascular mortality by
10% and 13% respectively in T2DM patients [185].

6.8 Therapeutic Approaches towards Hypertension

Hypertension is one of the numerous factors contribut-
ing to the high prevalence of CVDs, which are the lead-
ing causes of mortality in diabetic patients. Antihyperten-
sive ACE inhibitors decrease the likelihood that hyperten-
sive patients to acquire DM by 11-34% [186,187], high-
lighting their significant role in antihypertensive regimens
to reduce CVD in in patients with DM. The hypertension
optimal treatment (HOT) trial recommends maintaining a
DBP below 85 mm Hg, which may reduce the prevalence
of CVD [188]. For managing hypertension in diabetic pa-
tients, S-blockers have proven to be beneficial [189,190],
with atenolol specifically showing a significant reduction in
morbidity and mortality from CVD in hypertensive diabetic
patients, as demonstrated by the UKPDS study [191]. Addi-
tionally, fenoldopam, a calcium channel blocker, was used
as the first-line treatment in the HOT trial, which demon-
strated a decrease in major CVD events through DBP man-
agement in individuals with DM [192].

6.9 Therapeutic Approaches towards Hyperlipidemia
(Dyslipidemia)

Addressing dyslipidemia is expected to significantly
reduce the incidence of complications such as CVD associ-
ated with DM, as it is a predominant risk factor [193]. In
diabetic patients, dyslipidemia is characterized by hyper-
triglyceridemia, decreased level of HDL and increased lev-
els of LDL particles (Fig. 8). These lipid abnormalities vary
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depending on the degree of diabetes management. As a re-
sult, the exacerbated lipoprotein level abnormalities due to
dyslipidemia significantly elevate cardiovascular risk and
mortality in diabetic individuals [194—196]. Fig. 8, com-
pares the lipid profiles, between well-controlled and poorly
controlled cases of TIDM and T2DM, highlighting the dif-
ferences in lipid metabolism associated with each condi-
tion.

Various medication classes are employed to treat hy-
perlipidemia. These classes vary not just in terms of their
mode of action but also in terms of the manner and degree of
lipid reduction [196,197]. The most popular class of anti-
hyperlipidemic drugs, with examples and their respective
mechanisms of action in managing dyslipidemia, particu-
larly in diabetic patients have been presented in Fig. 9.

6.10 Diabetic and Cardiovascular Implications of Widely
Prescribed Antihyperlipidemic Drugs

Statins, known as hydroxymethylglutaryl-CoA
(HMG-CoA) reductase inhibitors, recognized for their
ability to successfully lower LDL-C levels, are the first
line drugs for treating diabetic dyslipidemia and preventing
CVD [196,197]. They minimize the risk of cardiovas-
cular events and slow the onset of diabetic nephropathy.
However, high-intensity statin monotherapy, particularly
with rosuvastatin, have been found to be associated with a
slight but significant risk of elevating HbAlc and fasting
serum glucose levels in T2DM patients [ 198—200]. Despite
this, the cardiovascular and mortality advantages of statin
medication, even in pre-diabetic individuals, outweigh the
minor increment in DM threats [197,201] especially when
used at moderate intensity [191].
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Fig. 9. Overview of anti-hyperlipidemic medications and their mechanism of action. Fig. 9 provides a comprehensive overview of the

various classes of anti-hyperlipidemic drugs, detailing their unique mechanisms of action and the specific ways they reduce lipid levels.

It serves to illustrate the diversity and specificity of pharmacological approaches to lipid control in the context of diabetes management.

Another class of anti-hyperlipidemic drugs, Fibrates
are particularly effective in controlling TG levels and offer
significant cardiovascular benefits in non-diabetic patients.
However, fibrate monotherapy has not shown a positive im-
pact in diabetic patients. In contrast, combining fibrates
with statins significantly reduces the incidents of MI and
revascularization in DM patients with dyslipidemia, espe-
cially in those with TG levels greater than 240 mg/dL and
HDL-C levels below 34 mg/dL [202,203]. Niacin, another
commonly used anti-hyperlipidemic treatment, has no sig-
nificant impact on cardiovascular complications, but is con-
traindicated in DM patient due to its hyperglycemic effects
[89,197,198].

6.11 Therapeutic Approaches towards Cardiovascular
Autonomic Neuropathy (CAN) in Diabetic Patients

Complications such as CAN in diabetic patients in-
crease cardiovascular morbidity and mortality, including
risks of cardiac arrhythmias, myocardial ischemia, DCM,
stroke, and both intraoperative and perioperative cardiovas-
cular (CV) instability [204]. Several studies such as the
Diabetes Control and Complications Trial (DCCT) [205]
have shown that better glycemic control reduces the inci-
dence of CAN, particularly in patients with TIDM [206].
The French Multicenter study found that the prevalence of
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CAN, a prognostic indicator of microangiopathic compli-
cations, is correlated with obesity and the duration of DM,
suggesting that adequate weight and glycemic management
can lessen the risk of neuropathic complications [91]. Car-
diac agents like (-blockers, aldose reductase inhibitors,
ACE inhibitors, and satins, along with anti-hyperlipidemic
drugs, are also capable of slowing the progression of CAN
[87].

6.12 Clinical Trail

Various medicinal plants have been traditionally used
to address numerous diseases, and many exhibits potential
benefits for DM and cardiovascular conditions. Notably,
plants like Moringa oleifera Lam., Nigella sativa L., Panax
ginseng C.A.Mey., and Panax quinquefolius L. have shown
effectiveness in combating DCM by significantly lowering
FBG, TG, total cholesterol, and BMI. Table 2 (Ref. [207—
228]) provides an overview of clinical trials exploring the
therapeutic potential of these and other medicinal plants in
managing DCM and related metabolic disorders such as
hypertension, and dyslipidemia. These studies focused on
specific plant-based interventions and their outcomes, in-
cluding improvements in lipid profiles, blood glucose re-
duction, BP regulation, and antioxidant activity. The results
indicate promising pharmacological effects, suggesting that
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Table 2. Clinical trials of medicinal plants for the treatment of DCM.

Plant’s scientific names Study model Administered Duration Subjects  Health condition of Dose Pharmacological effects Reference
material subjects
Allium sativum L. Randomized, single blind & Tablet 24 weeks Hypertensive patients 300 mg in doses of daily It significantly improves serum [207]
placebo controlled with dyslipidemia lipid levels by | cholesterol
levels, | TG levels, |LDL levels
& 1 HDL levels.
Beta vulgaris L. Randomized, double-blind, Naturally 6 weeks 69 Hypercholesterolemic 250 mL once daily It 1flow-mediated dilation, [208]
placebo-controlled parallel trial nitrate-rich beetroot patients Ivascular stiffness &
juice Iplatelet-monocyte aggregates.
Camellia  sinensis (L.)  Randomized, double blind, Tablet 2 months 100 Patients with T2DM 300 mg per day It | TG levels, |total cholesterol ~ [209]
Kuntze placebo-controlled trial levels, | BP & |oxidative stress.
Commiphora mukul Engl.+  Randomized, double blind, Herbal combination 3 months 86 Females with 200 + 200 + 200 = 600 mg, 3 times a It |FBG, |total cholesterol [210]
Commiphora myrrha (T. placebo-controlled trial capsule hyperlipidemic T2DM day levels, |LDL levels & tHDL
Nees) Engl. + Terminalia levels.
chebula Retz.
Crocus sativus L. Randomized, double blind, Probiotic 6 months 61 Patients with TIDM Once daily It |TG levels & |blood glucose  [211]
placebo-controlled trial supplement with levels.
saffron
Randomized, double blind,  Saffron consumption 8 weeks 70 Patients with T2DM 100 mg/day It | TG levels, |LDL levels, [212]
placebo-controlled trial loxidative stress & THDL levels.
Randomized, double blind, Capsule 3 months 64 Patients with T2DM 15 mg (two pills per day) It [ TG levels, |LDL levels & [213]
placebo-controlled trial THDL levels.
Ficus racemosa L. No placebo-controlled trial Bark extract 15 days 50 Diabetic patients 100 mg two times It |blood glucose levels. [214]
Randomized, double blind, Capsule 1 months 30 Patients with T2DM 1.2 g per day It |blood glucose levels. [215]
placebo-controlled trial
Ginkgo biloba L. Randomized, double blind, Ginkgo biloba 90 days 60 Patients with T2DM 120 mg per day It | fasting serum glucose levels,  [216]
placebo-controlled trial extract dietary managed with |blood glucose levels & |IR.
supplement metformin
Gymnema sylvestre (Retz.) ~ Randomized, double blind, Capsule 3 months 24 Patients with metabolic 300 mg twice daily It |body weight, |BMI & [217]
R.Br. ex Sm. placebo-controlled trial syndrome |VLDL levels.
Hibiscus sabdariffa L. +  Randomized, double-blind, Capsule 8 weeks 134 Patients with grade |  Low-dose arm 2 two capsules of NW It |blood glucose levels & |[TG ~ [218]

Olea europaea L.

captopril-controlled trial

essential hypertension

Roselle (1200 mg H. sabdariffa &
800 mg O. europea), high-dose arm 3
three capsules of NW Roselle (1800
mg H. sabdariffa & 1200 mg O.

europea) twice daily

levels.
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Table 2. Continued.

Plant’s scientific names Study model Administered Duration Subjects  Health condition of Dose Pharmacological effects Reference
material Subjects

Momordica charantia L. Randomized, double blind, Capsule 12 weeks 96 Patients with T2DM 2380 mg twice a day It |blood glucose levels. [219]
placebo-controlled trial

Moringa oleifera Lam. Randomized, double blind, Capsule 12 weeks 65  Patients with prediabetes 2400 mg/day It |FBG levels & |HbAlc levels. [220]
placebo-controlled trial

Nigella sativa L. Randomized, double blind, Soft gel capsule 8 weeks 50 Patients with T2DM 500 mg twice a day It | TG levels, |total cholesterol ~ [221]
placebo-controlled trial levels, |FBG levels & |BMI.

Panax ginseng C.A.Mey. +  Randomized, double blind, Capsule 12 weeks 80  Patients with T2DM and 2.25 g 3 times daily It |central SBP. [222]

Panax quinquefolius L. placebo-controlled trial hypertension

Phoenix dactylifera L. Randomized, double blind, = Date seed powder in 2 months Patients with DM 8 g/kg in morning & evening after It |blood glucose levels. [223]
placebo-controlled trial the form of capsules meal

Punica granatum L. Randomized, double blind, Tea bags 8 weeks 60 Patients with T2DM 5 g twice daily It |FBG levels & |HbAlc levels. [224]
placebo-controlled trial

Trigonella foenum graeccum A parallel randomized clinical Powder 8 weeks 50 Patients with T2DM 5 g 3 times a day It |FBG levels. [225]

trial

Tecoma stans (L.) Juss. ex  Randomized, double blind, Capsule 90 days 40 Patients with T2DM 400 mg It |FBG levels & |HbAlc levels. [226]

Kunth + Guazuma ulmifolia placebo-controlled trial

Lam.

Terminalia chebula Retz. Randomized, double blind, Capsule 12 weeks 60 Patients with T2DM 250 mg, 500 mg placebo twice daily It |CVD risk & |hyperglycemia  [227]
placebo-controlled trial risk by regulating blood lipid &

HbAlc levels.
Zingiber purpureum  Randomized, double blind, Capsule 8 weeks 33 Patients with T2DM 1 g 3 times a day It | fasting blood sugar (FBS) &  [228]
Roscoe + Trigonel- placebo-controlled trial |HbAIlc levels.

lafoenum-graecum L.

DCM, iabetic cardiomyopathy; TG, triglyceride; LDL, low-density lipoprotein; HDL, high-density lipoprotein; T2DM, type 2 diabetes mellitus; FBG, fasting blood glucose; BP, blood pressure; TIDM, type 1
diabetes mellitus; IR, insulin resistance; BMI, body mass index; VLDL, very low density lipoprotein; NW, NW Rosella; DM, diabetes mellitus; HbA1c, glycated haemoglobin; CVD, cardiovascular disease; SBP,

systolic blood pressure.
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these plants could play a crucial role in the prevention and
treatment of DCM and its associated conditions.

7. Future Perspectives

CVD is the leading cause of morbidity and mortal-
ity among the in the growing worldwide diabetic popula-
tion. Therefore, an intricate understanding of gene net-
works, intracellular pathways, and cell-to-cell communica-
tion mechanisms is essential. Such insights are crucial for
advancing the development of new biomarkers and ther-
apeutic strategies that are specifically tailored for treating
CVD in individuals with T2DM [229]. The heart is deeply
dependent on insulin signaling to manage its energy sup-
ply and metabolism, particularly in the processing of glu-
cose and FAs. When IR occurs, it disrupts these vital func-
tions leading to cardiac metabolic disturbances, autonomic
dysfunction, subcellular signaling abnormalities, and acti-
vation of the RAAS. These disruptions collectively con-
tribute to the development of diabetic cardiomyopathy, hy-
pertrophy, fibrosis, and heart failure. As a result, IR sig-
nificantly increases the risk of CVD, underscoring the im-
portance of understanding the insulin—heart connection in
developing effective treatments. As T2DM becomes more
common, future research should emphasize both prevention
and treatment, particularly by investigating new therapeutic
targets. Studying specific signaling pathways and molec-
ular mediators involved in insulin-stimulated glucose up-
take and cardiac insulin signaling may lead to more effec-
tive treatments [230]. Current anti-hyperglycemic medica-
tions target various pathophysiological processes, includ-
ing insulin secretion (sulfonylureas), peripheral glucose up-
take (biguanides), and glucose reabsorption (SGLT2 in-
hibitors) [116]. Recent advancements include the approval
of metformin and other contemporary antihyperglycemic
regimens that combine three different medications. These
triple combinations support the concept of a comprehen-
sive multi-pathway therapy for T2DM. The diversity of
T2DM is driving efforts to tailor therapies to optimize in-
dividual therapeutic responses and to minimize side effects
[123]. Additionally, research is underway to develop oral
insulin that mimics endogenous insulin by undergoing first-
pass metabolism, thereby reducing hepatic glycogenoly-
sis, gluconeogenesis, and potentially delivering more eftec-
tive treatments [231]. However, data from previous studies
suggest that metformin has minimal beneficial impacts on
the cardiovascular outcomes of non-diabetic patients [232].
The ongoing VA-IMPACT study, which focuses on pre-
diabetic patients with pre-existing CAD (Investigation of
Metformin in Pre-Diabetes on Atherosclerotic Cardiovas-
cular Outcomes, NCT02915198), is expected to provide
further insights into metformin’s cardiovascular benefits by
2024 [232].

Preclinical studies have shown that the activation of
cannabinoid receptors type 1 (CBI1) in hepatocytes and
skeletal muscle is associated with systemic glucose intoler-
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ance and insulin resistance. This has prompted the develop-
ment of CB1 receptor antagonists and inverse agonists that
specifically target peripheral tissues, avoiding central ner-
vous system side effects. These compounds promote lipid
mobilization, reduce triglyceride storage and glucose pro-
duction, leading to weight loss, improved lipid profiles, re-
duced food intake, and enhanced insulin sensitivity. Such
peripheral CB1 inhibition represents a promising approach
for the safe and effective management of obesity and T2DM
or diabesity [233]. Moreover, imeglimin, a novel mito-
chondrial bioenergetics enhancer, is the first OADs of its
kind and shows promise in addressing primary DM com-
plications, IR, and decreased insulin secretion by acting on
the liver, muscles, and pancreas. Although imeglimin holds
potential as a key treatment for DM, it is still undergoing
Phase III trials in the US and Europe [234].

8. Limitations

There are many factors to consider when evaluating
the limitations of various studies. Evidence suggests that
females may receive less effective treatment compared to
males following a cardiovascular event, leading to vari-
ations in risk factors during secondary prevention. For
instance, US guidelines recommend administering high-
intensity statins to survivors of MI. Since 2007, American
females have had a decreased likelihood of receiving high-
intensity statin prescriptions, even when they are prescribed
statins. In 2014/2015, within the studied population, 9%
(with a 95% confidence interval of 8 to 10%) fewer pro-
portion of females compared to males received a prescrip-
tion for high-intensity statins within 30 days after the event
[235].

Two meta-analyses show statins increase DM risk,
with 255 patients over 4 years experiencing one additional
case of DM, a finding incorporated into the Food and Drug
Administration (FDA) statin label [236]. Saxagliptin con-
nection to an increased likelihood of hospitalization due to
heart failure remains unexplained, thus caution is advised
against its use in individuals with a history of CHF, particu-
larly those with a history of MI. Alogliptin exhibits a slight
rise in CHF-related hospitalizations, although not statisti-
cally significant, in the unstable angina and all-cause mor-
tality among those under 65 years old taking Saxagliptin.
However, the implications of these findings are uncertain,
necessitating further investigation. Lixisenatide, a GLP-1
receptor agonist, demonstrated non-inferiority to placebo
during a median follow-up of 2.1 years [237]. Sitagliptin
and linagliptin are the preferred medications for individuals
with T2DM and a higher risk of CVD, pending safety data
[238]. Additional evaluations are warranted to explore As-
sessment of Cardiovascular Outcomes with Alogliptin ver-
sus Standard of Care trial. Similarly, there is limited evi-
dence on the use of Linagliptin in individuals with a history
of CHF, suggesting a need for careful consideration when
prescribing these agents.
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Furthermore, an additional analysis of the data hinted
at a potentially higher risk of differences in treatment out-
comes among different racial and ethnic populations. To
illustrate, empagliflozin demonstrated a 32% reduction in
ASCVD risk in the Asian cohort and a 48% increase in AS-
CVD risk in the black cohort compared to a placebo. Con-
versely, canagliflozin showed an 8% increase in ASCVD
risk in Asian groups and a 55% reduction in ASCVD risk
in black groups [239].

A recent study comparing various antidiabetic medi-
cations found that dipeptidyl peptidase-4 (DPP-4) inhibitors
pose a greater risk of heart failure compared to other drug
classes. Since there is no evidence supporting cardiovascu-
lar benefits from DPP4 inhibitors and some of them might
even raise the risk of heart failure hospitalizations, they may
not be the best option for diabetic patients who already have
heart failure or are at risk of developing it, such as older pa-
tients, obese patients, or those with a long history of DM
[240].

The present approach to treatment for individuals who
have experienced AMI relies on findings from extensive
RCTs and subsequent meta-analyses. These studies have
proven that medications such as aspirin, 5-blockers, ACE
inhibitors, and statins improve outcomes following acute
MI. While RCTs offer the most reliable evidence for evalu-
ating the effectiveness and safety of medications, there are
constraints in applying their findings due to the prolonged
use of these drugs over an extended period [241].

Elderly patients should steer clear of long-acting sul-
fonylureas like glyburide and glimepiride. Caution should
be exercised when using short-acting sulfonylureas such as
gliclazide in patients prone to hypoglycemia, while patients
with heart failure should avoid TZDs [102]. The primary
constraints associated with insulin utilization among older
adults encompass the likelihood of hypoglycemia, cost of
insulin, the cost of blood glucose (BG) monitoring equip-
ment, the requisite visual sharpness and manual adeptness
for administering insulin injections, as well as the patient’s
capability to balance dietary intake with insulin administra-
tion. Insulin analogs such as insulin glargine and insulin de-
temir are deemed safer than insulin-neutral protamine hage-
dorn (NPH) due to the inconsistent onset, substandard du-
ration of efficacy, and increased risk of hypoglycemia as-
sociated with NPH [242].

Furthermore, as per prior research, measuring serum
insulin levels directly is both expensive and not widely ac-
cessible in many developing regions. However, an alterna-
tive examination utilizing fasting TG and FBG is more cost-
effective and readily available universally. Moreover, be-
cause exogenous insulin necessitates quantification, it can
potentially disrupt the accuracy of the homeostatic model
assessment for IR (HOMA-IR) index. Consequently, the
current assessment of IR using the HOMA-IR index may
not be suitable for diabetic patient undergoing insulin treat-
ment. Conversely, the triglyceride—glucose (TyG) index,
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which relies on fasting TG and fasting glucose (FG), does
require insulin quantification, thus making it applicable to a
broader range of diabetic patients receiving insulin therapy
[243].

Effective management of blood sugar levels holds
greater significance among individuals diagnosed with
T1DM, where disruptions in glucose metabolism signifi-
cantly contribute to the heightened risk of ASCVD. Con-
versely, for those with T2DM, the risk of ASCVD stems
from a multitude of factors such as dyslipidemia, hyperten-
sion, inflammation, IR, and coagulation disorders, among
others, with glucose playing a relatively minor role in the
enhanced risk.

Variations in other cardiovascular risk factors may ex-
plain why rigorous glycemic control led to a substantial de-
crease in ASCVD incidences in the DCCT, which focused
on T1DM, while yielding minimal effects in trials targeting
individuals with T2DM [244]. Early management of hyper-
glycemia, aiming to maintain HbAlc levels below 7%, ben-
efits individuals with brief DM and low cardiovascular risk.
However, this approach may not be as effective for older
patients with prolonged hyperglycemia and heightened car-
diovascular risk, suggesting the need for more stringent
glycemic targets [1].

9. Conclusions

DM and CVD are inter-related because of the pres-
ence of shared risk factors. Therefore, prevention or at
least proper treatment and management of DM can provide
protection against cardiovascular events. The high preva-
lence of DM, coupled with risk factors like obesity, hy-
pertension, dyslipidemia, genetic predisposition, tobacco
smoking, sex, and family history increases the suscepti-
bility of diabetic individuals to CVD. Additionally, con-
ditions like CAN in diabetic patients further elevate the
cardiovascular morbidity and mortality. A list of existing
anti-diabetic medications has also been mentioned in this
review, along with their respective mechanisms, such as
Biguanide, GLP-1 agonists, DPP4-inhibitors, and SGLT-2
inhibitors. A number of medications are used to treat dif-
ferent risk factors of CVD such as TDZ which provides
cardiovascular protection by decreasing the LDL levels in
the blood plasma. Other drugs such as calcium channel
blockers, statins and ACE inhibitors are also widely used
as common treatment approaches. Similarly, the develop-
ment of oral insulin that mimics the function of endogenous
insulin appears to be a promising option. A detailed under-
standing of gene networks, intracellular pathways, and cell-
to-cell communication mechanisms would allow for more
prospective researches and development of treatment op-
tions. However, some limitations exist such as the use of
DPP4-inhibitors must not be encouraged among diabetic in-
dividuals as they may increase the chances of cardiovascu-
lar events. To treat such a complex multifactorial disease, a
multi-pathway treatment approach is required that not only
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mitigates the progression of CVD in diabetic patients but
also prevents the development of the disease from its onset.
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