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Abstract
The macro-vascular complications (cardiovascular, neurovascular and peripheral vascular diseases) observed in diabetic patients usually
develop secondary to the presence of atherosclerotic diseases. In diabetic patients chronically elevated blood glucose levels play a major
role in contributing to the development of the disease; however, in addition to hyperglycaemia, other factors such as hypertension, dyslipidaemia and obesity also contribute to the development of this condition. Despite the fact that further research is required to fully establish
the relationship between hyperglycaemia and the development of atherosclerotic plaques in diabetic patients, three major pathways have
already been identified for the role they play in the pathogenesis of atherosclerosis. These pathways are identified as follows: 1. nonenzymatic glycosylation of lipids and proteins 2. oxidative stress 3.Protein kinase C. This review discusses how hyperglycaemia influences
the development of atherosclerosis which further leads to the development of major vascular complications in diabetic patients.
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1. Introduction
In places like the United States of America (USA), the number of observed cases of diabetes mellitus (DM) continues to rise at alarming
rates (Blonde, 2010). Diabetes significantly increases the risk of developing coronary heart diseases (CHD) and diabetic patients who
develop CHD are three to seven times more likely to die from coronary complications (Haffner et al. 1998). Emerging evidence from
research has demonstrated that the presence of diabetes is associated with an increased risk for developing atherosclerosis and this evidence
further highlights that atherosclerosis in diabetic patients is one of the major risk factors associated with the development of cardiovascular
diseases (CVD) (Zheng et al. 2019) and other macro-vascular complications (Ross, 1988). Studies further demonstrate that the process
involved in the development of atherosclerosis and its clinical presentations depend significantly on the vessels affected (Poredos et al.
2018).
In addition to exhibiting abnormally high blood glucose levels, diabetic patients may also show signs of hypertension, high cholesterol,
and obesity. These additional factors cumulatively accelerate the development of atherosclerosis which in turn leads to the development of
the vascular complications that are often associated with diabetes (Saito et al. 2000). In diabetic patients, the presence of chronically
elevated blood glucose levels is found to be a strong contributor to the development of vascular complications secondary to atherosclerotic
diseases. Research such as “The Nurses’ Health Study” conducted in the United States demonstrates that as compared to the general
population, diabetic patients experience higher rates of CVD (Nesto, 2004).
In light of the increased risks of vascular complications observed in diabetic patients, this review serves to examine the association between
DM and the development of atherosclerotic plaques further leading to the development of cardiovascular diseases and other macro-vascular
complications commonly observed in diabetic patients.

2. Atherosclerosis in diabetes
Diabetes is a metabolic disorder characterized mainly by abnormally high blood glucose levels accompanied by abnormal blood lipid
profiles and insulin resistance. Collectively these factors impair the normal functions of blood vessels thus increasing the risk for developing
vascular diseases (Association 2010, Alberti & Zimmet 1998).
The endothelium lines blood vessels creating a barrier that permits the selective movements of substances between the blood and the tissues
of the body. In addition to serving homeostatic and immunological functions, the endothelium also regulates blood flow and oxygen delivery to underlying tissues (Davies & Hagen 1993). Physiologically the endothelium produces various substances such as prostaglandins,
endothelin and nitric oxide (NO). NO plays an important role as it functions to suppress platelet activation, reduce the migration and
proliferation of vascular smooth muscle cells and prevent inflammation (Williams et al. 1996, Beckman et al. 2002).
The presence of hyperglycaemia as seen in diabetic patients, fuels a series of mechanisms that impairs the normal functioning of endothelial
cells which either reduces the production of important vasodilators such as NO or promotes the production of vasoconstrictors such as
endothelin-1(Stehouwer et al. 1997). In addition, hyperglycaemia significantly affects the normal functioning of platelets and vascular
smooth muscles cells 12. Therefore, the overall effects of prolonged elevated blood glucose levels promote the development of atherosclerotic plaques which in turn contribute to varying forms of vascular diseases observed in diabetic patients.
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2.1. Hyperglycaemia and atherosclerosis
It is currently established that prolonged elevated blood glucose levels (hyperglycaemia) play a major role in the atherosclerotic process as
is observed in diabetic patients (Control & Group 1993). Both animal and human studies have demonstrated the involvement of three major
pathways in the pathogenesis of atherosclerosis in diabetes. These pathways include the following: 1) non-enzymatic glycosylation of
lipids and proteins 2) oxidative stress and 3) protein kinase C (PKC) activation (Nishikawa et al. 2000, Aronson & Rayfield 2002). Evidence
obtained in bovine endothelial cells culture suggests that hyperglycaemia rapidly increases reactive oxygen species production (Giardino
et al. 1996). It has also been reported in vitro that high glucose levels have the potential to promote apoptosis thus causing endothelial
dysfunction leading to the development of atherosclerosis (Baumgartner-Parzer et al. 1995). In vitro studies demonstrated the close relationship between high blood glucose and atherosclerosis; however, these studies still lack crucial evidence.
Animal experimental studies have elucidated a relationship between glucose and lipids in the process of atherosclerosis. Thus, one large
study conducted in pigs demonstrated that the presence of diabetes accelerates atherosclerosis in the presence of Hyperlipidaemia (Gerrity
et al. 2001). Hyperglycaemia alone gives the impression of being insufficient to accelerate the atherosclerotic process even though it might
play an important role in this phenomenon. The glucose is likely to act with lipid to accelerate atherosclerosis in diabetes (Kanter et al.
2007).

3. Complications of atherosclerosis in diabetes
Chronic complications of DM can be categorized as either micro-vascular or macro-vascular in nature. Micro-vascular complications
follow chronically elevated blood glucose levels and include nephropathy, retinopathy and peripheral neuropathy (Nathan 1993, Reusch
2003). On the contrary, macro-vascular complications are preceded by the development of atherosclerotic plaques which then lead to
cardiovascular, neurovascular or peripheral vascular diseases (Fowler, 2008).
Diabetes is an independent risk factor for several CVD. In both genders, CVD is the main cause of death in approximately 65% of people
living with DM (Wilson Peter W. F. et al. 1998, Deshpande et al. 2008). In general, patients with atherosclerotic CHD and diabetes experience higher rates of mortality. It is reported that DM is likely an independent risk factor for atherosclerotic coronary artery disease (McGill
& McMahan 1998, Wilson, 1998). Moreover, in patients with diabetes, multi-vessel atherosclerosis is often associated with myocardial
ischemia and can be sometimes asymptomatic (Wingard et al. 1993). Atherosclerotic CHD is associated with the worst prognosis in diabetic
patients.
Data suggest that hypertension, cigarette smoking, and high serum cholesterol constitute covariate cardiovascular risk factors in diabetic
patients (Stone et al. 1989, Stamler et al. 1993, ‘Intensive blood-glucose control with sulphonylureas or insulin compared with conventional
treatment and risk of complications in patients with type 2 diabetes (UKPDS 33)’ 1998). Moreover, physical inactivity, sex, obesity,
advancing age, and genetics are considered to be predisposing risk factors that affect the development of diabetes and CVD. It is well
known that hypertension is one of the major risk factors for stroke and coronary artery disease. However, in diabetes, arterial hypertension
plays an important role by leading to diabetic nephropathy (Grundy Scott M. et al. 1999). Thus, the risk of CVD increases in patients with
high blood pressure and diabetes. Diabetic renal impairment in both types 1 & 2 diabetes mellitus is a severe complication that increases
the risk of mortality. Overall, the leading cause of death in these patients is CVD (Rischen-Vos et al. 1992, Aubert 1995). In diabetic
patients with CHD, myocardial dysfunction often contributes to diabetic cardiomyopathy (Spector, 1998). It is reported that many factors
such as chronic high blood sugar, prolonged hypertension and severe coronary atherosclerosis also may lead to the development of diabetic
cardiomyopathy (Mahgoub & Abd-Elfattah 1998).
Diabetes is often associated with cerebrovascular diseases such as strokes. Diabetic patients are most likely at a higher risk of developing
a stroke than non-diabetic patients. Evidence shows that diabetic patients aged 20 to 65 demonstrate a 5 times higher risk for developing a
stroke as compared to non-diabetic patients (Papatheodorou et al. 2016). In addition, diabetes increases cerebrovascular mortality rates
(Diabetes in America, 3rd Edition | NIDDK, n.d.). Carotid atherosclerosis is often found in diabetic patients and the carotid intima-media
thickness is used as a predictor of vascular risk in diabetic patients with coronary artery disease (Djaberi et al. 2009).
Diabetic patients are also at risk of developing peripheral vascular diseases. Many factors have been proposed for the development of
diabetes-associated peripheral arterial diseases which include, age and gender. As age increases the risk for developing this condition also
increases in both type 1 and type 2 diabetic patients (Elnady & Saeed 2017). The Framingham and Rochester studies demonstrated that
men were more likely to develop peripheral vascular diseases than women; however, these studies also revealed that diabetic women are
more likely to develop peripheral vascular complications as compared to non-diabetic women (Jude et al. 2010). Peripheral vascular diseases can also lead to the development of atherosclerotic foot ulcers causing intermittent claudication and commonly resulting in leg
amputations. Due to the fact that it is often present along with CVD, ischemic foot ulcers usually carry an overall poor prognosis (Henry,
1987).

4. Conclusion
Although a strong correlation has been established between prolonged elevated blood glucose levels and the development of atherosclerosis,
other major factors such as hypertension, dyslipidaemia and cigarette smoking have also been proven to play major roles in the development
and progression of the condition. Further studies are required to fully explain the role that hyperglycaemia plays in the process of atherosclerosis in diabetes as in vitro studies have proven in this regard to be inconclusive.
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