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Diabetes Mellitus and the Cardiovascular System

Pavani Kolakalapudi?, Bassam Omar? b

Abstract

Diabetes mellitus (DM) is an epidemic which affects close to 100 mil-
lion patients worldwide; the majority being type 2 diabetes mellitus.
The rising incidence has resulted in a proportional increase in the fre-
quency of cardiovascular disease attributable to DM, as revealed by
various population-based studies. Over the past 50 years, DM has been
shown to be an important and independent risk factor in the develop-
ment of a variety of cardiac conditions, especially vascular disease,
primarily through accelerated atherosclerosis. Diabetic neuropathy
is a serious complication of DM, which leads to the impairment of
cardiovascular autonomic control. Diabetic cardiac autonomic neu-
ropathy results in heart rate abnormalities, exercise intolerance, ortho-
static blood pressure abnormalities, QT interval prolongation, silent
ischemia and diabetic cardiomyopathy, all of which lead to increased
morbidity and mortality related to diabetes. This conditions remains
difficult to diagnose and treat, requiring a multifaceted approach. In-
flammation appears to play a central role in accelerating many of the
injurious effects of DM on the cardiovascular system. Expression of
specific inflammatory markers has been directly linked to some of the
known harmful effects of DM on the cardiovascular system, in addi-
tion to indirectly potentiating the deleterious effects of other major
cardiovascular disease risk factors. Hyperglycemia results in increased
intracellular glucose which triggers several pro-inflammatory reac-
tions leading to the production of harmful free radicals and the forma-
tion of advanced glycation end products. These have been linked to
the development of diabetic atherogenic dyslipidemia, in addition to
glycation and loss of the protective effect of high density lipoproteins
in diabetic subjects, thereby worsening the atherosclerotic burden in
DM. Addressing hyperglycemia, therefore, is only one of many vital
components in the treatment of diabetes. Traditional risk factors for
heart disease and stroke tend to be further potentiated by the presence
of DM, however, even after adequate control of hyperglycemia. Clini-
cal evidence and major clinical guidelines address this conundrum by
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pointing out unmet needs of adequate cardiovascular protection, and
call for aggressive control of risk factors in the diabetic population.
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Introduction

Diabetes mellitus (DM) is an epidemic which affects close to
100 million patients worldwide, up to 10% with type 1 DM,
and 90% type 2 DM. DM is an independent risk factor for the
development of coronary disease, principally due to enhanced
atherosclerosis [1, 2]. The increased prevalence of DM has in-
creased the proportion of cardiovascular disease attributable
to DM in the Framingham population over the past 50 years
[3]. Although the absolute risk of cardiovascular disease is at
least two-fold greater in patients with DM than among per-
sons without diabetes, a 50% reduction in the rate of incident
cardiovascular disease events among adults with diabetes was
reported, likely due to the more aggressive treatment of risk
factors [4]. The metabolic syndrome, a pre-diabetic manifesta-
tion primarily of the ever growing trend of obesity, is in itself
a strong predictor of the risk of cardiovascular disease [5, 6].

Multiple studies and reviews have examined the detrimen-
tal effect of diabetes on the vascular endothelium, and equated
diabetes with underlying coronary artery disease with regard to
overall cardiovascular risk [7, 8]. The American Heart Associa-
tion’s sixth prevention conference proceedings on diabetes and
cardiovascular disease reviewed the prevalence and care of diabe-
tes with regard to risk factor evaluation, treatment and challenges
[9]. Cardiovascular disease risk factors in youth with diabetes
have been the subject of another more recent scientific statement
from the American Heart Association, describing the interplay
of multiple cardiac risk factors in the young patients with either
type DM, and the therapeutic options [10]. Despite the intensive
research and the wealth of information covering diabetes, there
remain several areas of uncertainties and unmet needs in the pre-
vention and treatment of diabetic cardiovascular disease.

Case Sample

A 57-year-old white female was admitted to our hospital with

Articles © The authors | Journal compilation © ] Endocrinol Metab and Elmer Press Inc™ | www.jofem.org
This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction 3 13
in any medium, provided the original work is properly cited



DM and Cardiovascular System

J Endocrinol Metab. 2015;5(6):313-320

dizziness and fatigue. She has been treated for DM for the pre-
ceding 8 years, with suboptimal control. She suffered diabetic
neuropathy, and sustained a stroke 1 year prior to admission,
with mild residual weakness. She denied any rest or exertional
chest discomfort or dyspnea; however, she suffered limited
mobility. Her medications included atorvastatin 10 mg daily,
aspirin 325 mg daily, valsartan 160 mg daily, glimepiride 4
mg daily in addition to a variable regimen of insulin. Her ad-
mission blood pressure was 125/74 mm Hg, heart rate was
88 beats/min and regular, respirations were 20/min and non-
labored, weight was 202 lbs and height was 5’4" yielding a
body mass index of 35 kg/m?. Fating lipid profile revealed
total cholesterol of 130 mg/dL, LDL of 57 mg/dL, HDL of
40 mg/dL and triglycerides of 166 mg/dL; glucose was 224
mg/dL and A1C was 8.7%. Her troponin I was initially mildly
elevated at 0.06 ng/mL, but later trended up to 0.13 ng/mL.
Other laboratory tests including renal and hepatic profiles were
within normal limits. She underwent echocardiography which
revealed normal ejection fraction with localized apical akine-
sis. CT angiography of the head revealed multiple vascular
blockages. Coronary angiography revealed severe mid left an-
terior descending (LAD) coronary disease, which necessitated
stent placement.

This case clearly illustrates the aggressive metabolic
effects of DM on the vascular tree, despite the often appar-
ently controlled vascular risk factors including lipids. It also
illustrates how the usual markers of atherosclerosis may un-
derestimate the cardiovascular risk in the diabetic population.
The association of diabetes with vascular disease and the di-
agnostic and therapeutic challenges in addressing the residual
atherogenic risks will be reviewed to shed some light on this
perpetual enigma.

Diabetic Cardiac Autonomic Neuropathy (DCAN)

Diabetic neuropathy is a very common and lethal complication
of DM, causing severe and costly morbidity and increasingly
contributing to mortality [11]. Multifactorial approach to its
diagnosis and medical treatment is recommended [12]. The
etiology appears to be related to the increased oxidative stress
in diabetes, leading to the propagation of lipid peroxidation.
An anti-inflammatory role for statins has been demonstrated in
the treatment of diabetic polyneuropathy [13].

According to the Cardiac Autonomic Neuropathy Sub-
committee of the Toronto Consensus Panel on Diabetic Neu-
ropathy, DCAN is defined as the impairment of cardiovascular
autonomic control in patients with established DM, excluding
other causes [14]. DCAN may cause heart rate abnormalities
at rest and with activity leading to exercise intolerance, ortho-
static changes in blood pressure and heart rate, QT interval
prolongation, diurnal and nocturnal blood pressure changes,
silent ischemia and diabetic cardiomyopathy [15].

DCAN is divided into two phases, clinical and sub-clini-
cal. Parasympathetic denervation is often the first impairment,
with sustained sympathetic predominance. In the later stages,
there is progression to sympathetic denervation resulting in
postural orthostatic hypotension. Orthostatic hypotension ap-
pears to be one manifestation of severe DCAN due to progres-
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sive autonomic dysfunction affecting the sympathetic tone
[16]. Ineffective heart rate response and inadequate peripheral
vasoconstriction occur as a result of abnormalities in the baro-
receptor sensitivity and norepinephrine release [17], leading
to postural changes in cardiac output and orthostatic dizziness
or syncope.

Blunted heart rate variability (impaired respiratory beat to
beat variability) is one of the first signs seen in the sub-clini-
cal phase of DCAN. Decreased beat to beat variability during
deep inspiration with inhibition of the vagal tone appears to be
a reflection of impaired cardiac autonomic (parasympathetic)
activity in diabetic patients, which manifests before other clin-
ical symptoms of diabetic neuropathy [18]. A fixed heart rate
which does not change with sleep, exercise, or stress has been
described as a sign of cardiac denervation [19]. As DCAN pro-
gresses, exercise stress testing becomes challenging in cardiac
risk assessment of the diabetic patient. Along with blunted
heart rate response, inadequate blood pressure and stroke vol-
ume augmentation impair exercise tolerance and limit the di-
agnostic sensitivity of exercise testing. Hence, pharmacologic
stress imaging is more often employed, and seems to provide
better sensitivity in patients with DCAN to detect ischemia
[19].

The level of blood glucose elevation and the duration of
diabetes were shown to be associated with the extent of blunt-
ing in heart rate variability, especially within the first 5 - 10
years of the disease [16]. Although diagnosis, staging and
screening for DCAN have recently been proposed, there are
no specific therapies to treat or prevent this condition [20].

DCAN may cause diabetic cardiomyopathy due to chang-
es in sympathetic-vagal imbalance, which results in left ven-
tricular hypertrophy and remodeling [16]. At the cellular level,
parasympathetic denervation increases the release of catecho-
lamines, leading to mitochondrial uncoupling, and switching
energy generation from glucose to free fatty acids. This in-
creases oxygen demand and consumption during cardiac work,
eventually resulting in hypertrophy and remodeling [21].

Diastolic dysfunction is often the only abnormality found
on echocardiography during the early stages of diabetic cardi-
omyopathy. Newer modalities such as cardiac MRI are able to
detect early stages of DCAN by measuring the torsion (apical
rotation of long axis which is followed by rapid untwisting),
which is found to be prolonged in diabetic cardiomyopathy
due to sympathetic denervation [16].

Studies have shown that diabetic patients experience an-
gina pectoris at rates much lower than non-diabetic patients
during exercise stress testing, despite the higher prevalence of
coronary disease in diabetic patients [22]. DCAN causes ab-
normalities in pain perception due to sensory denervation. Di-
abetic patients with stable angina demonstrate electrocardio-
graphic evidence of silent myocardial ischemia on ambulatory
electrocardiographic monitor tests during daily activities [23].
Titrating anti-ischemic medications is, therefore, challenging
in this patient population in the absence of angina.

Silent coronary disease is described in up to 23% of low-
risk diabetic patients, and up to 60% in high-risk diabetic
patients [24]. Silent myocardial infarction has also been de-
scribed with higher frequency in diabetic patients, and is asso-
ciated with poorer prognosis [25]. However, whether screening
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diabetic patients would improve outcomes if they are already
receiving adequate primary prevention therapy remains un-
known [26].

Erectile dysfunction can be a manifestation of significant
vascular disease in diabetic patients, which should prompt
screening for coronary disease [27]. The stress of undergoing
major non-cardiac surgery may also call for ischemia evalua-
tion in diabetic patients to detect silent myocardial ischemia
for intensive perioperative management [28].

Sleep disordered breathing is associated with increased
cardiovascular morbidity and shares many of the metabolic
features of DCAN [29]. Increasing severity of obstructive
sleep apnea has been linked to increased prevalence, and wors-
ened control, of the metabolic syndrome and type 2 DM [30].

DM is also associated with increased risk of sudden car-
diac death due to several risk factors, primarily silent ischemia
and autonomic dysfunction leading to arrhythmogenic repo-
larization abnormalities and heart rate variability. Other risk
factors associated with sudden death in diabetic patients in-
clude diabetic cardiomyopathy, impaired pulmonary response
to hypoxia and hypercapnea, hypoglycemia and hypercoagu-
lability [31, 32].

Diabetes and Inflammation/Oxidative Stress

The role of inflammation in cardiovascular disease has been
extensively documented at the basic and clinical level. DM
is a major cause for the expression of inflammatory markers,
which not only exert direct harm on the cardiovascular system,
but also potentiate the negative effects of other cardiovascu-
lar risk factors. Hyperglycemia in diabetic patients results in
increased intracellular glucose which triggers several pro-in-
flammatory reactions causing the production of highly toxic
oxygen-derived free radicals [33]. Potentiation of NADPH
oxidases, endothelial nitric oxide synthase uncoupling, and
protein kinase C signaling have been postulated to increase
production of vascular superoxide leading to endothelial dys-
function in diabetic patients [34].

Generation of superoxide in itself activates multiple other
inflammatory and oxidative pathways, leading to further gen-
eration of superoxide in a self-propagating fashion. Superox-
ide inactivates the endothelial derive relaxation factor, nitric
oxide, resulting in the formation of a highly toxic reactant,
peroxynitrite [35]. This results in the depletion of nitric ox-
ide leading to the observed endothelial dysfunction in diabetic
patients [36], in addition to the generation of various potent
oxygen-derived free radicals which can cause further damage
through lipid peroxidation [37].

A role for antioxidants has been demonstrated in restor-
ing endothelium-dependent vasodilation impaired by hyper-
glycemia in particular [38], and in protection against the toxic
effects of reactive oxygen species in general [39]. Hypergly-
cemia also impairs physiological nitric oxide signaling in dia-
betic subjects, resulting in decreased endothelial responsive-
ness to nitric oxide, thereby increasing endothelial dysfunction
and propagating the generation and toxicity of reactive oxygen
species [40].
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These generalized endothelial insults affect other non-car-
diac tissues resulting in diabetic nephropathy [41, 42], neurop-
athy [43, 44], and retinopathy [44]. Oxidative stress has also
been incriminated in the increase in inflammatory makers in
gestational diabetes [45], and in the evolution of Alzheimer’s
disease [46]. Diabetic cardiomyopathy has been attributed to
an apoptotic effect of oxidative stress through activation of
pro-inflammatory pathways causing cell death and myocardial
dysfunction [47]. DCAN discussed above has also been in-
creasingly linked to the heightened oxidative stress in diabetic
patients [48, 49]. The beneficial role for dietary antioxidants
in the treatment of diabetic neuropathy and cardiac autonomic
neuropathy is also indicative of the role of heightened inflam-
matory/oxidative stress in this entity [50].

Diabetes and Atherosclerosis

Diabetes in itself is a major risk factor for the development of
atherosclerotic cardiovascular disease [51, 52]. Mechanisms
of atherosclerosis in diabetes appear to be unique [53], and
heavily influenced by the aforementioned oxidative stress [54,
55]. The formation of advanced glycation end products has
also been linked to the development of diabetic atherogenic
dyslipidemia [56]. Furthermore, the glycation of high density
lipoprotein (HDL) in diabetic subjects tends to decrease its
protective functionality, and thereby worsening the atheroscle-
rotic burden of diabetes [57].

Adipokines can directly mediate atherosclerosis by influ-
encing the function of endothelial cells, arterial smooth mus-
cle cells, and macrophages in vessel walls [58]. Adiponectin,
which tends to be vasculo-protective against diabetic athero-
sclerosis, has been shown to decrease in patients with type 2
diabetes, obesity or metabolic syndrome [59, 60]. Although
inadequate control of diabetes has mostly been linked to the
development of microvascular disease, studies have not shown
decrease in macrovascular disease event rates from improved
glycemic control in type 2 diabetes [61]. Nevertheless, glyce-
mic control remains essential in controlling the harmful oxida-
tive and inflammatory stress and its impact on atherosclerosis.

Lipid profile in diabetic “atherogenic” dyslipidemia pre-
dominantly demonstrates small dense low density lipoprotein
(LDL), with elevated triglycerides and low, usually dysfunc-
tional, HDL [62]. The seemingly normal total LDL concen-
tration can be misleading with regard to traditional treatment
targets for lipids. Therefore, there should be a comprehensive
approach towards the evaluation and control of diabetic vas-
cular atherosclerosis risk factors, as the non-traditional risk
factors of inflammation and LDL oxidation tend to be more
pronounced than in the non-diabetic population, calling for an
individualized approach to account for all risk factors [63].

Diabetic Vasculopathy and Current Therapeu-
tics

It is increasingly evident that addressing hyperglycemia is only
one of many important components in the treatment of diabe-
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Figure 1. The interplay of several factors in diabetic cardiovascular disease appears to reflect a heightened inflammatory/oxida-
tion stress which affects the entirety of the vascular tree, affecting multiple organs at the microvascular and macrovascular level,
in addition to the harmful effects on the autonomic nervous system.

tes. Traditional risk factors for heart disease and stroke tend to
be further potentiated by the presence of diabetes, even after
adequate control of hyperglycemia. Several clinical trials have
surfaced in the past decade addressing the need for proper con-
trol of risk factors, and the level of such control, in the diabetic
population.

The benefit of statin medications on cardiovascular and
stroke outcomes in diabetic patients has been unequivocally
demonstrated in multiple clinical trials [64, 65]. The lack of
benefit of the routine administration of non-statin medications
(such as niacin and fibrates) has also been shown [66, 67],
despite a decrease in LDL and often increase in HDL, likely
indicating a pleiotropic anti-inflammatory role for statins. A
beneficial role for fibrates, however, may be seen in diabetic
patient with very low HDL levels (< 34 mg/dL) or very high
triglyceride levels (> 205 mg/dL) [68, 69].

Adequate treatment of hypertension in diabetic patients is
of paramount importance. A target blood pressure of less than
140/90 mm Hg, with a benefit from angiotensin converting
enzyme inhibitors or angiotensin receptor blocker in patients
with concomitant cardiovascular, cerebrovascular or peripher-
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al vascular disease has been repeatedly demonstrated [70-73].
Despite the previously recommended stricter blood pressure
target of less than 130/80 mm Hg in the INC 7 guideline [74],
targeting a systolic blood pressure of less than 120 mm Hg,
as compared with less than 140 mm Hg was not shown to im-
prove cardiovascular outcomes [75]. The most recent JNC 8
guidelines take this into consideration and recommend target-
ing a blood pressure of less than 140/90 mm Hg in diabetic
patients [76].

Control of hyperglycemia in diabetic patients using met-
formin with a target A1C of less than 7.0% has been shown
to be beneficial in improving cardiovascular outcomes [77].
Stricter A1C targets of 6.0-6.5%, however, were not shown to
be superior to a target of less than 7.0%, and may even be
harmful [78, 79].

The benefits of antiplatelet therapy in the setting of estab-
lished cardiovascular disease, and acute coronary syndromes,
have been demonstrated, including the diabetic patient subsets,
in multiple clinical studies utilizing aspirin [80, 81], or combi-
nation therapy with or without intervention [82, 83]. The role
of antiplatelet therapy in the setting of peripheral vascular dis-
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ease and diabetes has been less clear [84, 85].

Conclusion
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