
 Vascular Disease Prevention, 2009, 6, 85-90 85 

 1567-2700/09 2009 Bentham Open 

Open Access 

Vascular Effects of Diabetes Mellitus 

Anna-Maria Kampoli, Dimitris Tousoulis*, Kyriakoula Marinou, Gerasimos Siasos, and  

Christodoulos Stefanadis 

Athens University Medical School, Cardiology Department, Hippokration Hospital, Athens- Greece 

Abstract: Diabetes mellitus (DM) is one of the most potent independent risk factors for the development of coronary ar-

tery disease (CAD) and is recognized as a cardiovascular disease equivalent. Compared with individuals without DM, 

those with DM have a higher prevalence of CAD, a greater extent of coronary ischemia, and are more likely to have a 

myocardial infarction and silent myocardial ischemia. The vasculature of diabetic patients is more vulnerable in develop-

ing atherosclerotic plaques in comparison with the vasculature of the non diabetic individuals. Microvascular and mac-

rovascular effects are observed in the majority of organs of diabetic patients. Endothelial dysfunction, increased stiffness 

of the aorta, renal artery stenosis, diabetic nephropathy, carotid artery stenosis leading to cerebrovascular insufficiency, 

CAD and heart failure are the main complications of DM on the vasculature. Therapeutic modalities such as angiotensin-

converting enzyme inhibitors, angiotensin II receptor blockers, thiazolidinediones (glitazones), statins, and antioxidants 

may be useful in these patients. 
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1. INTRODUCTION  

 Coronary artery disease (CAD) accounts for about 50% 
of all deaths worlwide. Diabetes mellitus (DM), and espe-
cially type 2 DM, is one of the most potent independent risk 
factors for the development of CAD probably related to ac-
celerated atherosclerosis. Up to 80% of patients with type 2 
DM die from cardiovascular complications and the average 
life expactancy is reduced by approximately 10 years. Recent 
studies indicate that DM is equivalent to CAD and has im-
portant effects on vasculature, including vascular endothe-
lium, peripheral arteries, coronary arteries and the aorta [1, 
2]. 

 We discuss the effects of DM on endothelium, aorta, kid-
neys, brain vasculature, coronary arteries, and also we focus 
on the prevention and medical treatment of DM.  

2. EFFECTS OF DM ON THE VASCULATURE 

2.1. Effects on the Endothelium 

 The endothelium is an organ consisting of a single cell 
layer lining the intimal surface of the vasculature, which 
serves as a barrier between the circulation and body tissues. 
The endothelial cell’s normal paracrine and autocrine func-
tions, includes the synthesis of a variety of substances that 
mediate vascular relaxation, control local inflammation, in-
hibit leucocyte migration and influence platelet activation. 
Endothelial dysfunction encompasses multiple abnormalities, 
including altered vasomotor activity, vascular smooth cell 
(VSMC) dysfunction, overproduction of inflammatory cyto 
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kines and chemokines, impaired platelet function and ab-
normal coagulation. All the above perturbations lead to in-
creased vasoconstriction, inflammation and thrombosis [3]. 

 The endothelium of diabetic patients is more vulnerable 
in developing atherosclerotic plaques in comparison to the 
endothelium of non diabetic individuals. A variety of 
mechanisms may contribute to the increased risk of develop-
ing atherosclerotic plaques in patients with DM. The abnor-
mal cluster of hyperglycemia, elevated free fatty acids, and 
insulin resistance which characterizes DM, acts in concert to 
target the endothelial cell, resulting in oxidative stress and 
endothelial dysfunction [4].  

 In DM, impaired vasodilation results from reduced nitric 
oxide (NO) production and increased NO inactivation [5]. 
Endothelial dysfunction with impaired NO release is present 
both in patients with type 2 DM [6] and those with insulin-
dependent DM [7, 8]. The presence of insulin resistance 
alone may be associated with coronary endothelial dysfunc-
tion [9, 10]. In addition, elevated levels of free fatty acids 
also contribute to reduce NO production, further impairing 
vascular relaxation [11, 12]. These elevated levels of free 
fatty acids in DM, also promote the formation of oxidized 
low-density lipoproteins (Ox-LDL) which consists of impor-
tant initiating event for atherosclerosis. Ox-LDL can damage 
endothelial cells and induce the expression of adhesion 
molecules such as P-selectin [13] and chemotactic factors 
such as monocyte chemoattractant protein-1 and macrophage 
colony stimulating factor (CSF) [14, 15] and therefore con-
tribute to endothelial dysfunction in DM.  

 Apart from the decreased synthesis of NO, the increased 
production of glycosylated end-products causes endothelial 
dysfunction in diabetics. Recent studies proved that endothe-
lial function assessed by FMD (flow mediated dilatation) is 
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significantly impaired in diabetic patients with inadequate 
glycemic control and without clinical evidence of atheroscle-
rosis [16, 17]. Also, there is FMD dysfunction in patients of 
newly diagnosed type 2 DM [18]. According to a study, the 
accumulation of cardiovascular risk factors is associated with 
endothelial dysfunction in diabetic patients, and that insulin 
resistance as well as high blood pressure could play a patho-
genic role in the development of endothelial dysfunction 
[19]. The administration of pioglitazone [20], atorvastatin 
[21, 22] and oral vitamin D2 [19] improve endothelial func-
tion in diabetics.  

 An interesting study demonstrated both reduced maximal 
coronary vasodilation

 
and impairment in the regulation of 

coronary flow in response
 
to submaximal increases in myo-

cardial demand in patients with DM. These microvascular 
abnormalities may lead to myocardial

 
ischemia in the ab-

sence of epicardial coronary atherosclerosis
 
in some circum-

stances, and thus contribute to adverse cardiovascular
 
events 

in diabetic patients [23]. Furthermore, according to studies 
from our group, the administration of vitamin C significantly 
increased forearm vasodilatory response to reactive hyper-
aemia in patients with combined DM and CAD [24, 25]. The 
effect of DM on endothelium is summarized in Table 1. 

Table 1. Effects of Diabetes Mellitus on Endothelium 

Effects Causes 

Diabetic endothelium is more 

vulnerable in developing athero-

sclerotic plaques 

 

 

 

Impaired vasodilation 

 

 

 

Impaired flow-mediated dilation 

(FMD) 

 

 

 

Decreased response to intracoro-

nary infusion of adenosine 

- hyperglycemia 

- elevated free fatty acids 

- insulin resistance 

- oxidative stress 

- endothelial dysfunction 

 

- reduced nitric oxide (NO) pro-

duction 

- increased NO inactivation 

 

- induced nitric oxide (NO) re-

lease 

- increased production of glycosy-

lated end-products 

 

 - reduced sensitivity in adenosine 

2.2. Effects on the Aorta 

 In adults with type 2 DM, observational studies and sec-
ondary analyses of clinical trials demonstrated that poor gly-
cemic control increased the risk of macrovascular disease. 
Macrovascular complications include increased stiffness of 
the aorta compared with the stiffness of obese and healthy-
weight controls, indicating premature ageing of the cardio-
vascular system in diabetic patients [26]. Moreover, in-
creased aortic stiffness leads

 
to increased systolic blood pres-

sure and left ventricular mass
 
and hampers coronary filling 

during diastole.  

 Large artery stiffening has been demonstrated in type 2 
DM using several different methods including measurement 
of central pulse wave velocity, or estimation of aortic com-

pliance, a technically demanding technique requiring the 
simultaneous measurement of stroke volume and diastolic 
pressure decay. According to the Hoorn Study [27], DM type 
2

 
is associated with decreased total systemic arterial compli-

ance,
 
increased aortic augmentation index, and decreased 

carotid-femoral
 
transit time, independently of age, sex, mean 

arterial pressure,
 
heart rate, body mass index, and other po-

tential confounders. Advanced glycation end products
 
can 

form cross-links in collagen fibers, thereby decreasing
 
the 

distensibility of the arterial wall. Further evidence for
 
their 

role in arterial stiffness is provided by studies showing
 
that 

treatment with aminoguanidine prevents or reduces the in-
creases in arterial stiffness [28], inhibits the formation

 
of 

advanced glycation end products or ALT-711 (an inhibitor of 
advanced glycosylation end products) [29]. The effects of 
DM on aorta are summarized in Table 2. 

Table 2. Effects of Diabetes Mellitus on Aorta 

Macrovascular Effects Results 

increased stiffness of the aorta - increased systolic blood pressure 

- increased left ventricular mass 

- decreased coronary filling during 

diastole 

- hyperglycemia causes important 

quantitative and qualitative 

changes in aortic wall elastin and 

collagen 

- advanced glycation end products 

form cross-links in collagen fibers 

decreasing the distensibility of the 

aortic wall 

2.3. Effects on Peripheral Arteries 

2.3.a. Effects on Kidneys 

 In terms of macroangiopathy, one of the most common 
complications of DM is peripheral arterial occlusive disease 
which includes the renal arteries. The presence of non-
insulin-dependent DM increases the risk of renal artery 
stenosis [30]. The risk of bilateral renal artery stenosis is 
greater in diabetic patients [31]. The prevalence of renal ar-
tery atheromatous stenosis (RAAS) in non-insulin-dependent 
diabetic patients ranges from 17 to 44% [32]. The prevalence 
increases exponentially in the presence of several risk factors 
such as severe arterial hypertension, severe renal insuffi-
ciency, macroangiopathy, smoking, and insulin requirement. 
In diabetic patients, RAAS should be investigated in patients 
with severe arterial hypertension, repeated pulmonary oede-
mas, and renal insufficiency without any clear etiology asso-
ciated with a mild proteinuria and/or with a renal insuffi-
ciency secondary to the administration of angiotensin con-
verting enzyme inhibitors or angiotensin II receptors antago-
nists. Asymmetrical size of the kidneys should also prompt 
the physician with a suspicion of RAAS. Renal arteriography 
is still the gold standard for diagnosing renal artery stenosis. 

 Microvascular effects of DM on kidneys refer mainly to 
diabetic nephropathy. Diabetic nephropathy occurs in both 
type 1 and type 2 DM, including DM due to genetic defects 
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of beta-cell function. There are 3 major histologic changes in 
the glomeruli in diabetic nephropathy: mesangial expansion, 
glomerular basement membrane thickening, and glomerular 
sclerosis. There appear to be different pathogenetic processes 
leading to the pathologic mechanisms in diabetic nephropa-
thy. Glomerulosclerosis, for example, may result from intra-
glomerular hypertension induced by renal vasodilatation, or 
from ischemic injury induced by hyaline narrowing of the 
vessels supplying the glomeruli [33]. The main pathogenetic 
mechanisms include glomerular hyperfiltration, hyperglyce-
mia, prorenin, cytokines and nephrin expression [34]. The 
role of glomerular hypertension and hyperfiltration in dia-
betic nephropathy is reinforced by the apparent benefits of 
blockade of the renin-angiotensin system. Hyperglycemia 
may directly induce mesangial expansion and injury, perhaps 
in part via increased matrix production or glycosylation of 
matrix proteins [35]. Glycosylation of tissue proteins also 
may contribute to the development of diabetic nephropathy 
and other microvascular complications. In chronic hypergly-
cemia, some of the excess glucose combines with free amino 
acids on circulating or tissue proteins [25]. This nonenzy-
matic process initially forms reversible early glycosylation 
products and later irreversible advanced glycosylation end 
products [25]. Activation of cytokines, profibrotic elements, 
inflammation, and vascular growth factors (vascular endo-
thelial growth factor, VEGF) may be involved in the matrix 
accumulation in diabetic nephropathy [36]. From the clinical 
point of view, the earliest clinical manifestation of renal in-
volvement in DM is an increase in albumin excretion (mi-
croalbuminuria) [37]. Microalbuminuria is diagnosed by the 
existence of persistent excretion albumin values between 30 
and 300 mg/day (20 to 200 g/min) [38].  

2.3.b. Effects on Brain Vasculature  

 In adolescents with type 2 DM, a variety of macrovascu-
lar abnormalities have been documented. DM is associated 
with the presence of moderate to large atherosclerotic carotid 
plaques. Cerebral vascular disease resulting in cerebrovascu-
lar insufficiency is one of them. According to several studies, 
there is an increased incidence of stenotic atherosclerotic 
lesions of the internal carotid artery (ICA) in patients with 
DM [39]. Early diagnosis of CAD in patients with modifi-
able risk factors like DM may play an important role in the 
prevention of a consequent stroke. Patients with type 2 DM 
have more echolucent plaques compared with non diabetic 
subjects, thus they have a higher incidence of cerebrovascu-
lar events, such as stroke [40]. 

 Microvascular complications of DM include neuropathy. 
DM-associated neuropathy is a progressive disorder that 
affects both the autonomic and peripheral nervous systems. 
Ten to 18% of adult patients have evidence of nerve damage 
at the time that their DM is diagnosed. Similar to other mi-
crovascular complications, the risk of diabetic neuropathy in 
adults has been shown to increase with poor glycemic con-
trol and duration of disease [41]. Improved glycemic control 
improves nerve function in diabetic adult patients [42]. 

2.3.c. Effects on Coronary Arteries  

 The 2 major effects of DM on heart are CAD and heart 
failure (HF). Compared with individuals without DM, those 
with DM have a higher prevalence of CAD, a greater extent 

of coronary ischemia, and are more likely to have a myocar-
dial infarction (MI), to experience a complication associated 
with an MI, including postinfarction angina and HF, and 
silent myocardial ischemia. According to the Framingham 
Heart Study, the presence of DM doubled the age-adjusted 
risk for cardiovascular disease in men and tripled it in 
women [43]. DM remained a major independent cardiovas-
cular risk factor even when adjusting for advancing age, hy-
pertension, smoking, hypercholesterolemia and left ventricu-
lar hypertrophy. Several studies found that the extent of the 
disease in the coronary arteries is greater among diabetic 
patients. As an example, the Thrombolysis and Angioplasty 
in Myocardial Infarction (TAMI) trial showed that compared 
with non diabetics, the diabetic patients had a significantly 
higher incidence of multivessel disease (66 vs 46%) and a 
greater number of diseased vessels [44]. Diabetic patients 
also tend to have fewer coronary collateral vessels [45]. The 
main responsible pathophysiologic mechanisms for the in-
creased risk of CAD are endothelial dysfunction, elevated 
primary and secondary platelet aggregation, coagulation ab-
normalities and plaque composition. 

 DM increases the risk of HF independent of CAD and 
hypertension and may cause cardiomyopathy. The Framing-
ham Study firmly established the epidemiologic link between 
DM and HF. The risk of HF was increased 2.4-fold in men 
and fivefold in women [46]. DM predicted HF independent 
of coexisting hypertension or CAD. Left ventricular dysfunc-
tion due to diabetic cardiomyopathy is manifested by systolic 
and/or diastolic dysfunction. A variety of factors, such as 
autonomic neuropathy may contribute to the development of 
ventricular dysfunction, abnormal epicardial vessel tone and 
microvascular dysfunction. Among patients with HF, those 
with DM have higher mortality rates, as demonstrated in the 
Studies of Left Ventricular Dysfunction (SOLVD) [47]. 
Compared with non diabetics, diabetic patients were signifi-
cantly more likely to be admitted for HF (risk ratio 1.6) and 
had higher rates at 1 year of all-cause mortality, cardiovascu-
lar mortality and mortality related to pump failure. The ef-
fects of DM on heart vessels are summarized in Table 3. 

Table 3. Effects of Diabetes Mellitus on Heart Vessels 

Effects Results 

Higher extent of coronary 

artery disease (significantly 

higher incidence of multives-

sel disease and a greater num-

ber of diseased vessels) 

- higher rate of myocardial infarction 

- higher rate of postinfarction angina 

- higher rate of heart failure 

- development of ventricular dysfunc-

tion 

- abnormal epicardial vessel tone 

microvascular dysfunction 

3. PREVENTION AND MEDICAL TREATMENT  

3.1. Prevention 

 Exercise can help diabetic patients control their weight, 
lower blood glucose levels and decrease risk of CAD [48]. 
Aerobic exercise increases insulin sensitivity and, along with 
proper nutrition, helps restore normal glucose metabolism by 
decreasing body fat. Strength training also decreases body fat 
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by raising the metabolism. Its main benefit, however, is in-
creasing glucose uptake by muscles and enhancing the abil-
ity to store glucose. Reported physical activity of moderate 
intensity reduced the incidence of new cases of type 2 DM in 
900 non diabetic middle-aged Finnish men followed for an 
average of 4.2 years, whether or not they were initially at 
high risk for type 2 DM [49]. It is

 
becoming increasingly 

clear that the epidemic of type 2 DM
 
sweeping the globe is 

associated with decreasing levels of activity
 
and an increas-

ing prevalence of obesity the. Thus, the importance
 
of pro-

moting exercise as a vital component of the prevention
 
as 

well as management of type 2 DM must be viewed as a
 
high 

priority.  

 Weight reduction due to diet modifications, if sustained, 
can substantially improve glycemic control in patients with 
type 2 DM. Lifestyle intervention was effective in men and 
women in all age groups, and in all ethnic groups. An analy-
sis of patients in the intensive lifestyle group found that, 
within the 3 components of the intervention (weight loss, 
diet change, and exercise), DM prevention correlated most 
strongly with weight loss: there was a 16% reduction in DM 
risk for every kilogram reduction in weight [50]. The com-
bined effects of diet and healthy lifestyle also were important 
in preventing type 2 DM in women. Almost 90% of the cases 
of DM in the Nurses' Health Study were found in women 
with obesity, lack of exercise, a poor diet, and smoking, sug-
gesting that many cases of DM could be prevented by a 
healthier lifestyle [51].  

 As regards cigarette smoking, several large prospective 
trials raised the possibility that cigarette smoking increases 
the risk of type 2 DM. The risk appears to be graded, with 
increasing risk as the number of cigarettes smoked per day 
and pack-year history rises [52]. While a definitive causal 
association has not been established, a relationship between 
cigarette smoking and DM is biologically possible based 
upon a number of observations that smoking increases the 
blood glucose concentration after an oral glucose challenge, 
may impair insulin sensitivity and has been linked to in-
creased abdominal fat distribution and greater waist-to-hip 
ratio [53]. 

3.2. Medical Treatment 

 Medical treatment includes angiotensin-converting en-
zyme inhibitors (ACEIs), angiotensin II receptor blockers 
(ARBs), thiazolidinediones (glitazones), statins, and antioxi-
dants seem to also have an effect on cardiovascular disease 
(CVD) in diabetic patients.  

 ACEIs inhibit kininase II (angiotensin-converting en-
zyme), blocking the formation of angiotensin II and prevent-
ing its activation of angiotensin I receptors in the adrenal 
cortex, thereby decreasing aldosterone and its effects on vas-
culature and reducing vasoconstriction. ACEIs also inhibit 
the metabolism of bradykinin (BK), which causes 
NO/EDRF-mediated vasodilation [54].  

 ARBs produce direct antagonism of the angiotensin II 
(Ang II) receptors, unlike ACE inhibitors. They displace the 
Ang II from the AT1 receptor, and produce their blood pres-
sure lowering effects by antagonizing AT1-induced vasocon-
striction, aldosterone release, catecholamines release, argin-

ine vasopressin release, water intake and hypertrophic re-
sponses. The American Diabetes Association (ADA) rec-
ommends using ACEIs or ARBs in patients with DM and 
comorbid hypertension or renal disease [55]. They both im-
prove cardiovascular outcomes and renal function in high-
risk individuals with DM, as indicated in a number of major 
clinical trials [56-60]. According to the results of these stud-
ies, there was a decrease in mortality, nonfatal MI, stroke, in 
primary endpoint and in new cases of DM, after the admini-
stration of the drugs. 

 Thiazolidinediones are oral hypoglycemic drugs. The 2 
thiazolidinediones in clinical use are rosiglitazone and pio-
glitazone. As antidiabetic agents, glitazones lower blood 
glucose by improving target cell response to insulin, without 
increasing pancreatic insulin secretion. In detail, thiazolidin-
ediones increase insulin sensitivity by acting on muscle and 
liver to increase glucose utilization and decrease glucose 
production [61]. They bind to and activate one or more per-
oxisome proliferator-activated receptor-gamma (PPARs), 
which regulate gene expression in response to ligand bind-
ind. PPAR-gamma is found predominantly in adipose tissue, 
pancreatic beta-cells, vascular endothelium and macro-
phages. Rosiglitazone and troglitazone are purely PPAR-
gamma agonists. The results of the studies [62-64] conducted 
on the administration of thiazolidinediones demonstrated 
decrease of the overall cardiovascular risk, of MI, mortality 
and stroke. 

 It is well known that lipid abnormalities play an impor-
tant part in raising the cardiovascular risk in diabetic sub-
jects. The main components of diabetic dyslipidemia are 
increased plasma triglycerides, low concentration of high-
density lipoprotein cholesterol, preponderance of small, 
dense low-density lipoprotein, and excessive postprandial 
lipemia [65]. The benefits of statins in patients with type 2 
DM were investigated in 2 trials: The Collaborative Atorvas-
tatin Diabetes Study (CARDS) and The Heart Protection 
Study (HPS) [66]. The results of the studies showed a de-
crease in cardiovascular events (CAD, heart attacks, coro-
nary revascularization, stroke or death). On the other hand, 
the ASPEN trial (Atorvastatin Study for Prevention of Coro-
nary Heart Disease Endpoints in Non-Insulin-Dependent 
Diabetes Mellitus) [67] did not confirm the beneficial effects 
of statins on diabetics. In ASPEN trial 2410 patients ages 40 
to 75 with type 2 diabetes (505 with prior CHD) were ra-
domly assigned to receive atorvastatin 10 mg daily or pla-
cebo. After a median follow-up of four years, there was no 
statistically significant reduction in the primary composite 
endpoint (cardiovascular death, nonfatal MI, coronary inter-
vention, unstable angina, or resuscitated cardiac arrest) in all 
patients treated with atorvastatin. This result may relate to 
the overall study design, the types of subjects recruited, the 
nature of the primary end point, and the protocol changes 
required because of changing treatment guidelines. For these 
reasons, the results of the Atorvastatin Study for Prevention 
of Coronary Heart Disease Endpoints in Non-Insulin-
Dependent Diabetes Mellitus (ASPEN) did not confirm the 
benefit of therapy but do not detract from the imperative that 
the majority of diabetic patients are at risk of coronary heart 
disease and deserve LDL cholesterol lowering to the cur-
rently recommended targets. 
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 Evidence suggests oxygen free radicals are increased in 
DM. These free radicals lead to a greater amount of oxidized 
LDL lipoproteins and other oxidized glycosylated products 
that facilitate the pathogenesis of atherosclerosis. The use of 
antioxidants such as Vitamin C, Vitamin E and beta carotene 
have been proposed [68]. Although small and experimental 
studies indicate that antioxidants might be protective, the 
randomized controlled trials do not support these findings; 
further studies are needed. 

CONCLUSIONS  

 DM increases cardiovascular risk, and is recognized as a 
cardiovascular disease equivalent. Microvascular and mac-
rovascular effects are observed in the majority of organs of 
diabetic patients. Increased stiffness of the aorta, renal artery 
stenosis, nephropathy, carotid artery stenosis leading to cere-
brovascular insufficiency, coronary artery disease and heart 
failure are the main complications of DM on the vasculature. 
Medical treatment includes angiotensin-converting enzyme 
inhibitors, angiotensin II receptor blockers, thiazolidinedi-
ones (glitazones), statins, and antioxidants.  
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