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Abstract

The overbearing financial burden imposed by the U.S. healthcare system is a complex problem which must be
addressed soon. Diabetes, with its multiple cardiovascular sequelae, is currently one of the largest contributors and
threatens to worsen as the obesity epidemic blossoms. The implications of atherosclerosis and hypertension related
to diabetes may take years to become evident, making the overall disease process a particularly insidious one.
Similarities between the biochemical mechanisms of vascular damage in diabetes may someday be the key to
preventing its significant morbidity. Until we are able to capitalize on the similarities in the development of
complications of hyperglycemia, preventative medicine should be the focus. Lessons should be learned from the
widespread success of anti-tobacco legislation and educational programs in decreasing the prevalence of smoking
and subsequent pulmonary disease. New York has already passed legislation limiting the size of sugary drinks that
can be sold in the city. Efforts should be made to redirect care from the end stages of this particular disease to
preventing it in the lower socioeconomic class, where poor diet may be more of an issue.
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Introduction
The cardiovascular complications of diabetes are mainly responsible

for its significant morbidity and mortality and the abundant cost of
diabetes to the U.S. healthcare system. The total economic burden of
diabetes in 2012 was $245 billion, which was a 41% increase over 2007
estimates [1,2]. The strain imposed by diabetes could be accelerating
rapidly as well. In a study by Boyle et al., assuming the increasing
incidence of diabetes imposed by the obesity epidemic continues, the
prevalence of diabetes could increase from 14% to a third of the U.S.
population by 2050 [3,4]. Globally, the World Health Organization
(WHO) estimated there were 217 million people who had diabetes
worldwide in 2005. By the year 2030, WHO predicts this number will
increase to at least 366 million [5].

Statistics speak loud and clear that there is a strong correlation
between cardiovascular disease (CVD) and diabetes [4,5]. Heart
disease and stroke are the number one causes of death and disability
among people with type 2 diabetes. In fact, at least 65 percent of
people with diabetes die from some form of heart disease or stroke [6].
The concept of diabetes as a coronary heart risk equivalent postulates
that patients with diabetes who do not yet have CVD are at an equally
high cardiovascular risk as non-diabetic patients with CVD [7]. This
has led the National Cholesterol Education Program to consider
diabetes as a coronary heart disease risk equivalent [8]. Compared to
cardiovascular disease in non-diabetics, diabetic patients have a
greater overall coronary plaque burden and a higher rate of multi-

vessel disease. However, several investigations have found that the
cardiovascular risk conferred by diabetes is also strongly associated
with female sex, diabetes duration, concomitant risk factors, and the
presence of subclinical atherosclerosis [9].

Research has shown a number of diabetes-specific risk factors
contributing to the acceleration of atherosclerosis and increased
morbidity and mortality of coronary artery disease. This paper reviews
the cardiovascular complications of diabetes mellitus and the
pathophysiology of its complications including hypertension,
retinopathy, end-stage renal disease, neuropathy, peripheral vascular
disease, electrolyte imbalances, immune suppression, erectile
dysfunction, and complications of pregnancy. These include a
discussion of the “metabolic syndrome” that often characterizes
diabetes.

Atherosclerosis
The pathophysiology of the link between diabetes and CVD is

complex and multifactorial. Understanding the mechanisms of the
disease can help identify and treat CVD in patients with diabetes and
vice versa. The acceleration of atherosclerosis in diabetic patients may
be explained by hyperglycemia, increased oxidative stress, endothelial
dysfunction, increased inflammatory markers, and genetic variables.
Hyperglycemia that results from insulin resistance and deficiency
increases the rate of advanced glycosolation end product (AGE)
formation, decreases nitric oxide (NO) levels, and activates protein
kinase C (PKC) resulting in apoptosis, decreased intrinsic endothelial
vasodilation, and impaired cellular function. All these mechanisms
have the common effect of an increased oxidative stress state (Table 1)
[10].

Hyperglycemia is the major causal factor in the development of
endothelial dysfunction in diabetes mellitus. Endothelial vasodilation
and vascular reactivity are known to be impaired early in the disease
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process. Several studies have shown that endothelial cell dysfunction is
characterized by impaired NO-mediated vasodilation and increased
synthesis of vasoconstrictor prostanoids and endothelin [11-14].

Diabetes also disrupts the coagulation cascade leading to a pro-
thrombotic state [15,16]. Platelet function is impaired and expression
of both glycoprotein Ib and IIb/IIIa is increased [17]. In diabetes, pro-
thrombotic factors such as Factor VII, thrombin, and tissue factor are
all increased. In turn, the levels of endogenous anticoagulants
thrombomodulin and protein C are decreased [18]. The overall result
of the above changes is an increased tendency to clot formation and
resistance to fibrinolysis.

The truly concerning aspect of the atherosclerotic changes
associated with hyperglycemia is their surreptitious nature. Patients
may have advanced vascular endothelial damage for year but only
present once a plaque has acutely ruptured. In a Chinese study of 5309
patients, impaired fasting glucose alone was associated with stenosis of
cerebral and carotid vasculature as measured by Doppler studies [19].
It has been shown that there is a significantly greater amount of
cognitive decline over 20 years in a study of middle-aged adults. A
significant difference was noted among prediabetics as well [20]. BMI
and diabetes were independent predictors of the development of heart
failure at 5 year follow up in 6814 patients who had no clinical heart
disease at baseline [21].

Hypertension
Hypertension is a well-established CVD major risk factor.

Hypertension is approximately twice as common in patients with
diabetes compared with patients without the disease, adding
significantly to its overall morbidity and mortality [22]. Factors that
contribute to hypertension in these patients include obesity, insulin

resistance, hyperinsulinemia, and renal disease. The heightened
sympathetic tone during hyperinsulinemia can lead to sodium
retention and subsequent fluid expansion, raising BP. Angiotensin II
inhibits insulin’s effects in vascular tissue by decreasing nitric oxide
production, increasing myosin light chain activation, increasing
intracellular calcium, and decreasing uptake of magnesium. All of
these mechanisms independently result in vasoconstriction. The
mechanism by which type 1 and type 2 diabetics develop hypertension
is different with the former being secondary to nephropathy (Table 1)
[23].

Also, patients with pre-existing hypertension have an increased risk
of developing Type 2 diabetes due to vascular hypertrophy, increased
fat deposition in skeletal muscle, and decreased receptor
responsiveness. This leads to decreased delivery of insulin and glucose
to the muscle and insulin resistance [24]. In addition to the
development of diabetic nephropathy, at least three other risk factors
have been proposed to contribute to hypertension in diabetes:
hyperinsulinemia, extracellular fluid volume expansion, and increased
arterial stiffness [25-27].

In patients with type 1 diabetes mellitus the development of
hypertension starts years after diagnosis and is clearly related to
microalbuminuria. Blood pressure (BP) tends to increase three years
after the onset of microalbuminuria [28]. Hypertension exacerbates
diabetic nephropathy and contributes to a vicious cycle of
microvascular derangement [29]. Diabetics with hypertension require
tighter control of blood pressure as indicated by the UK Prospective
Diabetes Study Group in which patients with a BP goal of <150/85 had
a 24% reduction in diabetes related end points including myocardial
infarction, stroke, and retinopathy [30].

Cardiovascular Complication Mechanism Implication

Atherosclerosis AGE formation, Decreased NO levels, PKC Activation Vessel Constriction, Poor Perfusion, Plaque
Development/Rupture

Hypertension Increased metabolic stress/Sympathetic Activation, Sodium
retention/Fluid Expansion

End Organ Damage (Heart, Kidney, Eye), Vascular
endothelial dysruption

Retinopathy Decreased vascularity/Poor oxygen delivery, Increased
Vascular Permeability/ Macular Edema

Blindness

End-Stage Renal Disease Decreased GFR, Albuminuria Dialysis

Neuropathy Increased sorbitol and fructose formatione, AGE formation,
PKC Activation

Foot ulcers, Delayed gastric emptying, Silent myocardial
infarction

Erectile Dysfunction Decreased NO formation, Increased VEGF and ET-1 Sexual dysfunction, Psychosocial implications

Complications of Pregnancy Interference in insulin receptor signaling Infant/Maternal mortality

Table 1: Cardiovascular Complications of Diabetes.

Retinopathy
Diabetic retinopathy is the leading cause of blindness in working

age adults. The retinal anatomy makes it susceptible to the metabolic
derangements caused by diabetes. The inner retina has a decreased
vascularity and the cells have few mitochondria to allow light to pass
through. As a result, the inner retina has a low oxygen tension even
though it has a high demand for it. Decreased visual acuity can also be
attributed to increased microvascular permeability and macular edema

[31]. Diabetes increases the release of the cytokines which make vessels
more permeable such as vascular endothelial growth factor (VEGF)
[32]. Recent research in knockout mice by Huang et al. has
demonstrated that lack of the gene promoting placental growth factor
(PIGF) decreases VEGF and prevents diabetic retinopathy [33].
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End-stage renal disease
Diabetes remains the most common etiology of chronic renal

disease, which affects 11% of the U.S. population. Renal disease alone
can increase cardiovascular risk and the issue is only compounded by
coexisting diabetes. Diabetics with microalbuminuria, a complication
of renal disease, have twice the risk of cardiovascular disease [34].
About 40% of diabetics will gone on the develop kidney disease and
diabetes accounts for 50% of all new cases of end stage renal disease
(ESRD). Patients with ESRD have significantly increased mortality and
the costs of dialysis represent a large financial burden on the U.S.
healthcare system [35]. Both decreased glomerular filtration rate
(GFR) and albuminuria have been shown to be independent risk
factors for cardiovascular events such as myocardial infarction and
stroke in diabetics [36].

Neuropathy
Autonomic and somatic neuropathies affect up to 50% of diabetics.

The symptoms of somatic neuropathy are varied in degree of pain and
location and can have late complications such as foot lesions and
deformities leading to amputation [37]. Hyperglycemia leading to free
radical superoxide mutation increases sorbitol and fructose formation
through the polyol pathway, increases the concentration of AGE’s,
activates protein kinase C, and increases the hexosamine pathway flux.
All of these mechanisms lead to impaired neural function and
apoptosis of Schwann cells [38].

Erectile dysfunction
Erectile dysfunction (ED) or impotence is a sexual dysfunction

characterized by the regular or repeated inability to obtain or maintain
an erection of the penis during sexual activity. Globally, sexual
disorders have a prevalence of 18-42% [39]. Erectile dysfunction is
ranked as the third most important complication of diabetes mellitus
and has a prevalence of 50% in diabetic patients [39,40]. In diabetic
men, semen analyses reveal a decrease in sperm motility and density
and also abnormal morphology. Even when diabetic men present with
normal semen studies, there is a higher level of damage to both nuclear
and mitochondrial DNA when compared to healthy controls [41].

The pathophysiology of ED in diabetes is not well understood but
associated neurological, vascular, and endothelial dysfunctions are
major contributors [40]. During normal sexual activity nitric oxide
(NO) is released from either the penile nerve ending or the vascular
endothelium, triggering relaxation of both cavernosal arteries and
surrounding smooth muscle. This promotes an increase in penile
blood flow which eventually leads to an erection. Diabetic patients
have impaired NO production and a significant increase in NO
synthase (NOS) binding sites leading to a decrease in endothelium-
dependent smooth muscle relaxation [42-44]. In addition, AGE’s
quench NO activity by increasing the expression of mediators of
vascular damage such as vascular endothelial growth factor (VEGF)
and endothelin-1 (ET-1). The end result is vasoconstriction and
vascular proliferation leading to fibrosis [44].

Since there is no curative treatment for ED, the first step in ED
management involves lifestyle modification, avoidance of
hyperglycemia, and treatment of hypogonadism. Phosphodiesterase
type 5 inhibitors such as sildenafil are the first-line treatment option.
Second-line therapy involves intracavernous administration of
vasoactive drugs such as alprostadil, papaverine, amd phentolamine.
Penile prosthesis is considered in refractory cases and has excellent

results in the appropriate patient population [40]. Current research is
aimed at transferring a gene coding for a calcium-sensitive potassium
channel (hMaxi-K) via penile injection [45].

Complications of pregnancy
Gestational diabetes mellitus (GDM) is defined as glucose

intolerance of variable degree with onset during pregnancy and
accounts for 90% of cases of diabetes in pregnancy. Preexisting type 2
diabetes accounts for 8% of cases. However, that proportion is rising
with the rapidly rising prevalence of diabetes mellitus [46]. During
pregnancy, hormones and other factors are thought to bind to insulin
receptors and interfere with its function. Although the etiology is not
yet clear, this interference likely occurs at the level of the cell signaling
pathway of the insulin receptor itself [47]. The early identification and
diagnosis of gestational diabetes is the cornerstone to avoiding
significant complications for mother and child.

Risks to the mother include diabetic retinopathy, hypertension, pre-
eclampsia, eclampsia, HELLP syndrome, placental abruption, and
stroke. It has been shown that 50% of pregnant women with
preexisting retinopathy experienced deterioration during pregnancy.
Most of these patients had partial regression following delivery and
some even returned to their pre-pregnancy baseline. Rapid induction
of glycemic control early in pregnancy stalls retinal vascular
proliferation [48]. During pregnancy, renal blood flow and glomerular
filtration rate are significantly increased. The kidneys are particularly
predisposed to damage in this state. Pregnant women should be
screened with an oral glucose tolerance test between 24-28 weeks of
gestational age to avoid this complication. If the diagnosis of
gestational diabetes is made, a follow up screening should be
performed 6 weeks after delivery [49].

Infants of mothers with diabetes mellitus experience double the risk
of serious injury at birth, triple the likelihood of cesarean delivery, and
quadruple the incidence of newborn intensive care unit admission.
The risks of maternal diabetes to the developing fetus include
miscarriage, growth restriction, macrosomia, polyhydramnios,
perinatal mortality, and mild neurological and cognitive deficits.
Neural tube defects are 20 times more frequent in diabetic
pregnancies. Gestational diabetes mellitus and impaired glucose
tolerance during pregnancy are associated with persistent metabolic
dysfunction at 3 years after delivery, separate from other clinical risk
factors [50].

Metabolic syndrome
The MetS criteria (abnormal waist circumference, high blood

pressure, high fasting plasma glucose and insulin levels, homeostatic
model assessment of insulin resistance, and increased fasting plasma
lipids) are a cluster of related abnormalities designated as Syndrome X
[51,52]. The prevalence of metabolic syndrome in the general
population is 17-25% and predisposes individuals to type 2 diabetes,
cardiovascular disease, essential hypertension, certain forms of cancer,
polycystic ovarian syndrome, non-alcoholic fatty liver disease, and
sleep apnea [53,54]. The combination of insulin resistance and
compensatory hyperinsulinemia increases the likelihood that an
individual with be hypertensive and have high plasma triglyceride and
low HDL concentrations. Hyperinsulinemia increases plasminogen
activator inhibitor-1 (PAI-1) concentrations, which has been shown to
be associated with cardiovascular disease [52]. The sympathetic
nervous system and renin-aldosterone system each respond to high
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plasma insulin levels by vasoconstricting and retaining sodium,
resulting in hypertension.

Diabetes is a complicated disease process which has diverse and
significant effects on the human body. Unfortunately, medicine has
become a significant contributor to U.S. budget expenditures without
much improvement in outcomes as compared to other countries. With
a steadily increasing prevalence and numerous, costly implications;
diabetes may be the reason for this. U.S. healthcare policy should focus
its efforts on the prevention of obesity and subsequently decrease the
immense burden imposed by diabetes.
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