The Egyptian Journal of Hospital Medicine (April 2022) Vol. 87, Page 1236-1240

Relationship of Diabetes Mellitus (DM) and

Ischemic Heart Disease: Review Article
Mohamed Ibrahim Mustafa Al Awadi, Mohamed Samy Mohamed Abd El Aziz,
Abdulrahman Faraj Ali Alhuwayj*, Ibtesam Ibrahim EIl Dosouky
Department of Cardiology, Faculty of Medicine, Zagazig University, Egypt
*Corresponding author: Abdulrahman Faraj Ali Alhuwayj, Mobile: (+20)01005157826, E-Mail: dr.erhoma85@gmail.com

ABSTRACT

Background: Diabetes mellitus (DM) is one the strongest risk factors for cardiovascular disease and, in particular, for
ischemic heart disease (IHD). The pathophysiology of myocardial ischemia in diabetic patients is complex and not
fully understood. Some diabetic patients have mainly coronary stenosis obstructing blood flow to the myocardium and
others present with coronary microvascular disease with an absence of plaques in the epicardial vessels.

Objective: This review article aimed to study diabetes mellitus in order to reduce the high morbidity and mortality
due to cardiovascular disease in diabetic patients.

Methods: These databases were searched for articles published in English in 3 data bases [PubMed — Google scholar-
science direct] and Boolean operators (AND, OR, NOT) had been used such as diabetes mellitus and ischemic heart
disease or coronary artery disease and in peer-reviewed articles between July 1998 and April 2021. A 23-year date
range was selected without language limitations, and filtered in selected data basis for the last 23 years. Documents in
a language apart from English have been excluded as sources for interpretation. Papers apart from main scientific
studies had been excluded (documents unavailable as total written text, conversation, conference abstract papers and
dissertations).

Conclusion: Diabetes mellitus, a simultaneously endocrine and metabolic disease, is an especially aggressive process
leading to vascular lesions. In order to reduce the high morbidity and mortality due to cardiovascular disease in
diabetic patients the goals of prevention must be maximal on non-diabetic persons who already have ischemic heart
disease.
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INTRODUCTION into four different etiological categories: type 1, type 2,
Diabetes mellitus (DM) affects 180 million “other specific types”, and “gestational DM”. Type 1
patients worldwide. It is present in up to 25% to 30% DM (T1DM) is due to T-cell-mediated autoimmune
of all patients undergoing percutaneous coronary destruction of pancreatic-cells that leads to insulin
intervention (PCl) @. Diabetes mellitus (DM) is deficiency; T1DM occurs mostly in young people,
associated with increased cardiovascular risk and generally up to 30 years of age. Type 2 DM (T2DM) is
mortality, and has long been recognized as an characterized by both insulin resistance and failure of
independent risk factor for cardiovascular disease pancreatic-cells. Other specific types of DM are due to
(CVD) and is also an independent predictor of adverse either single genetic mutations, to other pathological
clinical outcomes after PCI @, Diabetes mellitus is diseases of the pancreas, or to drugs. Gestational
regarded as a coronary heart disease risk equivalent diabetes develops during pregnancy ©.
and an important factor when planning for treatment Insulin resistance also plays a critical role in
strategies for coronary artery disease as well as the pathogenesis of type Il DM. Hyperinsulinemia is
evaluating clinical outcomes after PClI ©. DM closely related to the metabolic syndrome, which
markedly  impaired  myocardial  microvascular includes insulin resistance, arterial hypertension and
perfusion, which is regarded a clinically significant obesity, and is accompanied by a high risk of coronary
predictive marker of plaque progression in coronary artery disease (CAD). The change in the concentration
artery disease (CAD) @, of plasma lipids in type Il DM is a predictor of CAD.
It was established that in persons with high blood
Relationship effect between diabetes mellitus and glucose level in the blood on an empty stomach and
coronary artery disease patients: after a load significantly higher cardiovascular
Epidemiological data suggest a reliable morbidity and mortality rate was noted ©.
relationship between the level of glycosylated Asymptomatic hyperglycemia, especially in women, is
hemoglobin (HbAlc) and the risk of cardiovascular an important risk factor for the development of CAD
morbidity and mortality. With an increase in the level @,
of HbAlc by 1%, the risk of cardiovascular morbidity The effect of hyperinsulinemia and insulin
increases by 10% ©. resistance on the development of atherosclerosis is
DM is a complex and heterogeneous chronic associated with the impact on blood coagulation
metabolic disease caused by elevated levels of blood processes. Hypercoagulation and depression of
glucose. DM has a great impact worldwide that will fibrinolysis are noted, which can contribute to
probably increase in the next decades. DM is classified intracoronary thrombosis. In patients with DM type I,
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damage to the endothelium and its dysfunction are
detected, which is an additional factor in the increased
risk of developing CAD ©,

Clinical features of CAD in patients with DM are as

follows ©:

- The same frequency in men and women

- High incidence of painless forms of CAD (painless

myocardial ischemia, painless myocardial infarction)

- Frequent  development of  postinfarction

complications;

- Mortality in acute (10 days) and subacute (4-8
weeks) periods myocardial infarction is 2 times
higher than that in persons without DM.

Cardiovascular Risk Factors and Ischemic Heart
Disease in diabetic patients:

Among cardiovascular diseases represented by a
group of disorders of the heart and blood vessels such
as IHD, cerebrovascular diseases, and peripheral
arterial disease, IHD represents the most frequent
cause of mortality in the world. IHD consists of several
clinical conditions characterized by myocardial
ischemia, which is a situation of cardiomyocyte
damage due to a reduced blood supply compared to
their metabolic demand ©.

IHD is classically attributable to CAD, a
condition characterized by the presence of an
atherosclerotic plaque that causes a vascular
obstruction of more than 50%. On the other hand,
coronary microvascular dysfunction, which is a
condition of impaired vasomotor tone due to several
mechanisms, is able to provoke IHD, independently
from the presence of an atherosclerotic plaque. In fact,
clinical, angiographic, and autopsy findings suggest a
multifaceted pathophysiology of IHD that should not
be associated only with CAD @9 Several
cardiovascular risk factors are involved in the
pathogenesis of IHD. DM is considered one of the
strongest risk factors for cardiovascular disease,
including IHD, cerebrovascular disease, and peripheral
arterial disease V),

The risk of increased cardiovascular
morbidity and mortality has been well described and,
because of this, diabetes has been named a
“cardiovascular disease equivalent”. Long-term risk of
myocardial infarction in patients with DM was similar
to that of patients with a previous myocardial
infarction. Moreover, one-year mortality in patients
with myocardial infarction is higher in diabetic
patients compared to those without it. It has been noted
that patients who develop DM at a younger age present
more cardiovascular complications ©.

CVD is the long-term complication of TIDM
as well as of T2DM with the greatest impact on
prognosis both in terms of mortality and morbidity.
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T1DM is associated with a markedly increased risk for
IHD compared to the general population, similar to the
increased risk associated with T2DM. CVD in T1DM
differs from that in T2DM, mostly in terms of age and
gender difference. Risk factors have different
influences in T1DM versus them in T2DM on
susceptibility to cardiovascular disease. There are
several potential pathophysiological mechanisms
through which DM causes CVD. Usually, subjects
with T2DM have other risk factors, such as
hypertension as well as dyslipidemia that are linked
with increased cardiovascular risk 2,

DM  determines a  pathophysiological
continuum, characterized by a state of long-standing
insulin resistance with a compensatory
hyperinsulinemia. Initially, the hyperglycemia remains
under the threshold for the diagnosis of DM and it
describes impaired glucose tolerance. Glucose
metabolism impairment and endothelial dysfunction,
mediated by oxidative stress and inflammation, are the
main substrates of coronary atherosclerosis in DM @),

A complex network of signaling pathways is
involved in the multistage pathological condition
leading to atherosclerosis.  Imbalanced lipid
metabolism and immune response lead to chronic
inflammation of the arterial wall, with growth of
atherosclerotic  plaqgue. The nature of the
hyperglycemic damage in patients affected by DM lies
in the accumulation of superoxide anions, which are
free radicals capable of activating cellular pathways
that includes advanced glycation end products (AGES),
polyol and hexosamine flux, PKC, and vascular
inflammation  mediated by nuclear factor-B.
Hyperglycemia itself also increases oxidative stress
through greater glucose oxidation in the citric acid
cycle @9, All these different hyperglycemia
consequences lead to decreased cellular resistance to
oxidative stress, amplification of the proinflammatory
response, and apoptosis of endothelial cells and their
overall dysfunction. These mechanisms, together with
the alterations in mineral metabolism induced by renal
dysfunction and the release of osteoprogenitor cells
into the circulation, increase the development of vessel
calcification, which is a complication of
atherosclerosis in diabetic patients and correlates to
increased plaque burden (9,

Diabetic patients present wide calcium
deposits in coronary arteries and, thus, a bigger
atherosclerotic plaque burden with a higher resulting
mortality risk than in non-diabetic patients (Figure 1).
Using computed tomography coronary angiography
(CTCA), a higher calcium score and plaque burden in
patients with DM were demonstrated @9, In addition to
this, studies using autopsy showed larger necrotic
cores and more significant inflammation in patients
with DM and ACS ©.
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Figure (1): Pathophysiology of atherogenesis in patients affected by diabetes mellitus ©

In diabetic patients the pathophysiology of
myocardial ischemia is complex and not fully
understood. Some diabetic patients have coronary
stenosis obstructing blood flow to the myocardium and
others have coronary microvascular disease with
absence of plaques in the epicardial vessels with or
without endothelial dysfunction. It is important to
underline that myocardial ischemia is not synonymous
with atherosclerotic CAD. In the absence of coronary
large vessel disease, ischemia is determined by
impaired coronary vasodilator reserve and coronary
microvascular disease 7.

However, little is known about the basic
aspects of diabetic coronary  microvascular
dysfunction. The impaired coronary arteriole
vasomotion, including reduced endothelial mediated
vasodilation, hypoxia-induced vasodilation, and
myogenic response, are the proposed pathophysiologic
processes of diabetes-induced coronary microvascular
dysfunction. Both  hyperglycemia and insulin
resistance, besides tumor necrosis  factor-B
overexpression and inflammation interfere with flow-
mediated endothelial-dependent vasodilation through
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nitric oxide (NO) level decrease and endothelin-1 level
increase, which are associated with acute intracellular
changes @9,

By using positron emission tomography,
various studies have confirmed the reduction of
endothelium-dependent and -independent vasodilator
function in coronary arteries in diabetic subjects
compared to control group. These results suggest the
role that chronic hyperglycemia might play in the
pathogenesis of coronary microvascular dysfunction in
diabetes. Furthermore, an inverse correlation was
shown between myocardial flow reserve and average
levels of HbAlc for five years and fasting plasma
glucose concentration, underlining how glycemic
control is significantly related to coronary
microvascular function ©. Moreover, altered Ca*2
regulation with impaired myofilament function,
increased reactive oxygen species formation with
decreased antioxidant defenses, raised lipotoxicity,
endomyocardial fibrosis, endothelial and
cardiomyocyte cell necrosis and apoptosis, and
autonomic dysfunction are additional mechanisms
responsible for cardiomyocyte changes in DM. In DM
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chronic hyperglycemia plays a main role in the onset
and progression of autonomic neuropathy, which may
reduce the wvasodilator effect of sympathetic
stimulation on coronary resistance vessels @9,

As previously described, CAD represents the
most frequent condition that leads to IHD. The
presence of a coronary atherosclerotic plagque
represents a pathological process that is not uniquely
associated with DM. In fact, other cardiovascular risk
factors are involved in its pathogenesis. Although they
all lead to the same final condition, they act in a
different way compared to DM, for the purposes of
atherosclerosis pathogenesis. DM and all the
consequences of the associated hyperglycaemic
condition usually combine their effects with other
atherosclerotic risk factors, which add their own
contribution to the pathogenesis of atherosclerosis.
First, hypertension is responsible for increased
vascular resistance and endothelial dysfunction in
small-resistance  vessels, producing a vascular
remodeling. This seems to be due to the reduction of
NO release, which is caused by the abnormal
production of reactive oxygen species (ROS) resultant
from the cyclooxygenase (COX) activity @9,

The impaired NO availability has a negative
impact on vasodilation, platelet adhesion and
aggregation, and leukocyte migration contributing to
atherosclerotic events. Besides, this atherosclerosis is
closely linked to the physiological changes of aging.
Growing evidence confirms that cellular senescence
promotes atherosclerosis @Y. In particular, senescent
Endothelial Cells (ECs) show a reduction in NO
production and at the same time, augment endothelin-1
secretion and alter expression of the adhesion
molecules VCAM-1 and ICAM-1. Moreover, late-
passage ECs increase the activation of nuclear factor
(NF)-B and susceptibility to apoptosis, leading to a
shift toward a proinflammatory and proapoptotic state.
These conditions contribute to and facilitate the
succession of atherosclerotic phenomena @2,

Systemic inflammation represents a condition,
which is strictly associated with all the steps of
atherosclerosis and sometimes, such as in autoimmune
disease, could be the trigger of atherosclerosis
independently from other risk factors. Premature
atherosclerosis is demonstrated in patients with
autoimmune diseases and represents the main death
cause in these patients. The dysregulation of cytokine
production, mainly of IL-17, IL-6, tumor necrosis
factor-a, and interferon-y, is induced by the
autoimmune response and represents the main cause of
systemic inflammation and atherogenesis @Y.

In patients with systemic inflammatory
disorders the risk of developing atherosclerosis is also
increased because the chronic inflammatory state
modifies the physical features of blood, making it
more viscous. In these mechanisms, different
molecules have a main role, such as lupus
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anticoagulant and anticardiolipinic antibodies in lupus
erythematosus through the binding of several cell and
tissue antigens. Innate immunity seems to have a main
role in the initiation of atherosclerosis through the toll-
like receptor (TLR) pathways. Indeed, TLR4, which is
highly expressed in fragile areas of plaques, binds the
oxidized low density lipoproteins (ox-LDL) supporting
foam cell formation and their proinflammatory role.
Ox-LDL stimulates the endothelial cells to produce
chemokines which recruit other leucocytes around the
plaque @V,

Patients with both diabetes and ischemic heart
disease are supposed to have more aggressive coronary
artery disease and poorer cardiovascular outcomes.
However, this is controversial, because of the great
variability in disease states regarding diabetes and its
association with other cardiovascular risk factors.
Moreover, the causes of this supposed worse prognosis
are not well understood and impairment in myocardial
protective mechanisms is supposed to be one of the
possible explanations @3,

CONCLUSION

Diabetes mellitus, a simultaneously endocrine and
metabolic disease, is an especially aggressive process
leading to vascular lesions. In order to reduce the high
morbidity and mortality due to cardiovascular disease
in diabetic patients the goals of prevention must be
maximal on non-diabetic persons who already have
ischemic heart disease.
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