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Foreword

In the current environment, cardiovascular disease continues to
be one of the causes — if not the leading cause — of mortality
worldwide. Therefore, it is important to have publications and
books, which provide appropriate perspective on the clinical
management of these conditions. What makes this book timely
and clinically relevant is linking it to the ongoing worldwide
epidemic of diabetes, which appears to be a major factor for
retarding the rate of decline in cardiovascular disease.

This book not only describes the various cardiovascular diseases
and pathologies that are particularly predominant in the diabetic
population, such as accelerated atherosclerosis, stroke, periph-
eral vascular disease and cardiomyopathy, but also addresses in
a contemporary manner the major risk factors that lead to the
increased burden of cardiovascular disorders in individuals with
diabetes. Such risk factors include hypertension, thrombosis and
dyslipidemia.

The pathogenesis of diabetes-related cardiovascular disor-
ders has not been fully elucidated. The last decade of research
has led to an explosion in our knowledge base in the field of
diabetes and cardiovascular disease, due to the increasing use of
state of the art techniques, including unbiased approaches such
as next generation sequencing, increased interest in epigenetic
approaches to explore gene/environment interactions, use of
animal models to define, at a molecular and biochemical level,
important pathways leading to disease, and sophisticated meth-
ods to measure lipids, proteins, DNA and RNA in various
human samples. If this will lead to new treatments aimed at
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preventing or reducing the burden of disease, is still to be deter-
mined. However, this book provides a comprehensive and con-
temporary summary of the current treatments available. This
includes anti-thrombotics, lipid lowering drugs, antihyperten-
sive agents, and drugs specifically indicated for heart failure.
There is a significant number of controversies in managing the
diabetic patient and these are addressed in this book. This
includes appropriate use of various anti-platelet agents and the
optimal approach to address coronary artery disease in individu-
als with diabetes. A major issue relates to modern management
of glycemic control in the diabetic population. With a dramatic
increase in the number of medications available to lower glu-
cose and the requirement by regulatory authorities to assess the
impact of new glucose lowering agents on cardiovascular dis-
ease and mortality in diabetes, this topic remains an area of
active clinical investigation. Furthermore, with the possibility
that certain glucose lowering agents may be associated with
effects in either increasing or reducing hospitalization for heart
failure, the impact of glucose lowering drugs continues to be
regularly monitored in the ongoing clinical trials.

Diabetic subjects, though in general at high risk of develop-
ing cardiovascular disease, are markedly different in terms of
prognosis. It is hoped that identification of biomarkers or use of
new vascular imaging approaches will help to identify those at
highest risk who would be candidates for more aggressive mul-
tifactorial intervention to reduce cardiovascular burden and
overt clinical disease. This book addresses the use of various
available risk engines as well as providing a balanced summary
of the current status of a range of putative biomarkers.

In summary, this practical yet scientifically rigorous book
will interest not only clinicians but also researchers who want to
learn more about cardiovascular disease in the diabetic popula-
tion. Since diabetes is a common cause of premature
cardiovascular disease, and cardiovascular disease, in turn, is
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responsible for more than 60 % of deaths in diabetic subjects,
this book will interest cardiologists, endocrinologists (including
diabetologists), general physicians and family doctors with a
particular interest in diabetes.

With the increased knowledge, better understanding of the
complexity of cardiovascular disease in the diabetic patient and
improved treatment approaches, it is hoped that over the next
decade we will see a further reduction in the burden of cardio-
vascular disease, particularly in the setting of concomitant
diabetes.

Mark Cooper

Baker IDI Heart and Diabetes Institute,

The Alfred Medical Research and Education Precinct
Melbourne, VIC, Australia
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Part I
Diagnosis and Mechanisms
of Disease



Chapter 1
Epidemiology, Definition,
and Diagnosis of Diabetes Mellitus

1.1 Global Burden of Diabetes

The prevalence of metabolic diseases such as obesity and dia-
betes (DM) is alarmingly increasing over the globe [1, 2]. The
main determinants behind this process are represented by
modifiable (environment, overnutrition, sedentary habits,
smoking) and nonmodifiable factors such as genetic suscepti-
bility and aging [3]. An important aspect to consider is that
environmental changes have a strong legacy effect over the next
generations [4—6]. In other words, long-term high caloric regi-
mens and physical inactivity are capable to derail gene expres-
sion and cellular programs, and these alterations may be
transmitted to the offspring thereby anticipating metabolic
traits even in young, normoweight individuals [4, 7]. In line
with this emerging notion, obesity and prediabetes are explod-
ing in young adolescents and represent a major public health
problem [1, 8]. Epidemiological analysis show that 6.9 % of the
global population (316 million people) is currently affected by
impaired glucose tolerance (IGT) and, most importantly, pro-
jections anticipate a dramatic IGT increase with more that 470
million people affected by the year 2035 (Fig. 1.1). Such

F. Paneni, F. Cosentino, Diabetes and Cardiovascular Disease: 3
A Guide to Clinical Management, DOI 10.1007/978-3-319-17762-5_1,
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Fig 1.1 Worldwide prevalence of impaired glucose tolerance (Modified
from International Diabetes Federation (IDF) [1]). IGT impaired glucose
tolerance

pandemic of metabolic syndromes and obesity-related disor-
ders hints a proportional increase in the prevalence of type 2
diabetes (T2D). The link between environmental factors, obe-
sity, and subsequent dysglycemia indicates that the progression
to DM occurs along a “continuum,” not necessarily linear with
time, which involves different cellular mechanisms including
tissue-specific alterations of insulin signaling, changes in glu-
cose transport, pancreatic beta cell dysfunction as well as
deregulation of key genes involved in oxidative stress and
inflammation [9-11]. Prevalence of metabolic disorders in ado-
lescents is further boosted by pregnancy-related DM [12, 13].
Indeed, 21 million of live births were affected by DM only in
the year 2013, suggesting that uterine environment plays a piv-
otal role (Table 1.1) [14].

Nowadays, 382 million people are affected by DM worldwide
with most of cases registered in Western Pacific (138 million),
South  East Asia (72  million), and  Europe
(56 million) (Table 1.2) [1]. The majority of the 382 million
people with DM are aged between 40 and 59, and 80 % of them
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Table 1.1 Hyperglycemia in pregnancy in women (20—49 years)

Global prevalence (%) 16.9

Comparative prevalence (%) 14.8

Number of live births with hyperglycemia in pregnancy 21.4
(millions)

Proportion of cases that may be due to diabetes in pregnancy (%) 16.0

Data from International Diabetes Federation (IDF) [1]

Table 1.2 Global forecasts of the number of people with diabetes from
2013 to 2035

Region 2013 (millions) 2035 (millions) Increase %

Africa 19.8 414 109

Middle-East and North 34.6 67.9 96
Africa

South-East Asia 72.1 123 71

South and Central 24.1 38.5 60
America

Western Pacific 138.2 201.8 46

North America and 36.7 50.4 37
Caribbean

Europe 56.3 68.9 22

World 381.8 591.9 55

Data from International Diabetes Federation (IDF) [1]

live in low- and middle-income countries. Most importantly, in
these regions the disease remains largely undiagnosed (Table 1.3).
Indeed almost 50 % of the people living in Western Pacific and
South East Asia are not aware of the disease and remain undiag-
nosed for many years, leading to clear delays in the application
of prevention and treatment strategies. Estimates by the
International Diabetes Federation forecast that 592 million indi-
viduals will be affected by DM in 2035 (Table 1.2). This indi-
cates that disease prevalence may increase by 55 % in only 22
years. Interestingly, new cases of DM will be mostly detected in
Africa (109.1 %), Middle East and North Africa (96.2 %) as well
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Table 1.3 Proportion of undiagnosed cases of diabetes in 2013 (20-79
years)

Region Undiagnosed cases (%)
Africa 62
South-East Asia 49
South and Central America 24
Western Pacific 54
North America and Caribbean 27
Europe 48

Data from International Diabetes Federation (IDF) [1]

as South East Asia (70.6 %). By contrast, trajectories of DM
prevalence are expected to be smoother in developed countries
such as North America and Europe (Table 1.2). These differences
might be explained by the fact that different forms of the disease
are growing over the globe. Type 1 diabetes (T1D) is character-
ized by reduced pancreatic insulin secretion [15]. Several factors
may contribute to T1D, including genetics and exposure to spe-
cific viruses triggering altered immune response and subsequent
beta cell disruption (Fig. 1.2). Although T1D usually appears
during childhood or adolescence, it also can begin in adults. In
the latter condition, known as latent auto-immune DM in adults
(LADA), insulin dependence develops over a few years.

T2D is a multifactorial disease, generally preceded by a state
of overweight and characterized by the combination of insulin
resistance (IR), increased free fatty acids (FFAs), and
hyperglycemia (Fig. 1.2). Regardless of the underlining causes,
DM represents a huge and growing problem with exponential
costs for the society. This is particularly true for low-income
countries where such DM epidemic will not be affordable by
health care systems, with further increase of morbidity and mor-
tality. DM is indeed one of the biggest killers together with
cancer and cardiovascular disease, being responsible of 5.1 mil-
lion death and USD 584 billion dollars expenditures only in the
year 2013 [16].
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Type 1 Diabetes Type 2 Diabetes
infections lean overnutrition overweight/obese
autoimmunity age<40 years sedentary age>40 years
beta cell injury genetic susceptibility family history genetic susceptibility
Beta cell disruption Peripheral insulin resistance
Loss of insulin secretion Beta cell dysfunction
HYPERGLYCEMIA

Fig. 1.2 Pathophysiology and risk factors associated with occurrence of
type 1 and type 2 diabetes

1.2 Definition

DM is a complex disease characterized by an array of different
mechanisms ultimately resulting in elevated blood glucose
levels [17]. The disease is associated with high morbidity and
mortality due to several complications occurring in multiple
organs, including the cardiovascular system (coronary heart
disease, peripheral artery disease, heart failure, and stroke).
DM also affects the kidneys (diabetic nephropathy), the eyes
(retinopathy), the peripheral nervous system (neuropathy), and
the limbs (foot ulcers, amputations, Fig. 1.3). Beside these
complications, DM increases susceptibility to infections, can-
cer, cognitive decline, and gastrointestinal disease. T1D is
usually diagnosed in children and young adults, and was previ-
ously known as juvenile diabetes [18]. Only 5 % of people
with DM have this form of the disease [16]. In contrast,
patients who develop T2D are generally sedentary and obese.
The progression from IGT to T2D may take many years to
occur, leading to different intermediate disease phenotypes
with continuous changes in glucose parameters and shifts in
glucose tolerance category [3, 19]. Hence, understanding the
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Cerebrovascular disease

Cognitive decline Retinopathy
. Sleep Apnea

Periodontal disease

] Coronary artery
Heart Failure disease

Cancer

Renal disease

Infections
Liver and digestive disease

Peripheral arterial
disease Erectile dysfunction

Neuropathy Foot Ulcers

Fig. 1.3 Schematic representing diabetes-related comorbidities

factors predisposing to T2D is a major challenge. A growing
form of DM is gestational diabetes which develops during
pregnancy [20]. After delivery, most return to a euglycemic
state, but they are at increased risk for overt T2D in the future.
A meta-analysis reported that subsequent progression to DM
is considerably increased after gestational DM. A large
Canadian study found that the probability of DM developing
after gestational DM was 4 % at 9 months and 19 % at 9 years
after delivery [21].
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Table 1.4 Cut-points for the diagnosis of impaired fasting glucose (IGF),
impaired glucose tolerance (IGT), and diabetes

Condition Criteria

Diabetes

HbA >6.5 % (48 mmol/mol)

FPG >7.0 mmol/L (=126 mg/dL)
2hPG >11.1 mmol/L (>200 mg/dL)
IGT

FPG <7.0 mmol/L (<126 mg/dL)

2hPG 7.8-11.0 mmol/L (140-198 mg/dL)
IFG

FPG 5.6-6.9 mmol/L (100-125 mg/dL)
2hPG <7.8 mmol/L (<140 mg/dL)

HbA Ic glycated hemoglobin, FPG fasting plasma glucose, /FG impaired
fasting glucose, /GT impaired glucose tolerance, 2hPG 2-h plasma
glucose

1.3 Diagnosis

In most of cases DM is a silent disease and half of the 382 mil-
lion individuals with diabetes in 2013 were unaware of their
diagnosis. Moreover, 300 million individuals show early fea-
tures of altered glucose homeostasis, leading to a future risk of
developing DM. Despite advances in diagnosis and treatment,
we are still far from the identification of a reliable hyperglyce-
mic marker for the detection of DM. DM is generally diagnosed
when fasting plasma glucose (FPG) levels are >126 mg/dL in
two different determinations (Table 1.4). Glycated hemoglobin
(HbA, ) has been recently introduced as a diagnostic test in
combination with fasting plasma glucose (FPG). HbA  is
indeed a simple marker which may accurately reflect a condi-
tion of chronic hyperglycemia or altered glucose homeostasis
[22]. However, there remain concerns regarding its sensitivity in
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predicting DM [23, 24]. According to new recommendations, an
HbA  value >6.5 % together with FPG >126 mg/dL is suffi-
cient to diagnose the disease. However, these two indices may
be discordant and create uncertainties on whether DM is present
or not. In these cases, an oral glucose tolerance test (OGTT) is
highly recommended. This test is simple and reproducible and
is able to unmask latent diabetes with high sensitivity and speci-
ficity [25]. OGTT values between 140 and 199 mg/dL identify
a state of IGT, whereas values >200 mg/dL are compatible with
DM. Therefore, OGTT may be required in the following condi-
tions: (1) when FPG and HbAlc are discordant and (2) in all
cases where IGT is suspected [26].
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Chapter 2
Diabetes and Cardiovascular Disease

2.1 Blood Glucose Levels and Vascular Events

There is a strong biological relation between diabetes mellitus
(DM) and cardiovascular disease (CVD) [1]. Several studies
make clear that patients with DM are several-fold more likely to
develop myocardial infarction and stroke than matched subjects
without DM [2, 3]. Metabolic alterations occurring in DM sub-
jects, namely insulin resistance, reduced insulin secretion, or their
combination are responsible for endothelial dysfunction, increased
platelet reactivity, and inflammation — all factors triggering and
accelerating atherosclerotic vascular disease and coronary throm-
bosis [4, 5]. The detrimental effect of DM on the cardiovascular
system is outlined by the fact that 75 % of deaths in DM patients
are due to CVD [6]. In a seminal Finnish study, the presence of
DM increased the 7-year risk of myocardial infarction and death
in older subjects [2]. DM patients also have a three- to sixfold
increase in the rate of ischemic cerebrovascular complications
[7, 8]. Indeed, T2D was the strongest predictor of ischemic stroke
among 16,000 patients enrolled in a prospective Finnish study [9].
More recently, the INTERSTROKE study has demonstrated that
DM increases the risk of stroke by 35 %, representing 5 % of the
attributable risk for this complication [10]. The analysis of 102

F. Paneni, F. Cosentino, Diabetes and Cardiovascular Disease: 13
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prospective studies on a total of 698,782 patients has shown that
DM patients display a 2.3-fold increase of developing ischemic
and hemorrhagic stroke [11]. The concept of DM as a heart dis-
ease risk-equivalent emerged from this study and culminated in
its coronation as a high-risk cardiovascular state requiring sec-
ondary prevention level care [12, 13]. This notion has been further
strengthened in the recent 2013 ESC/EASD guidelines on the
management of diabetes and CVD [14]. Emerging evidence sug-
gests that the risk of macrovascular complications increases with
the severity of abnormality of blood glucose indicating that the
relation between metabolic disturbances and vascular damage is
approximately linear [15]. Data from the prospective Whitehall
study revealed that the risk for CVD was almost doubled in sub-
jects with impaired compared with normal glucose tolerance [16].
The collaborative DECODE study, which analyzed several
European cohort studies with baseline OGTT data, showed that
mortality was significantly increased in people with DM and IGT,
identified by 2hPG, but not in people with IFG [17, 18]. A high
2hPG predicted all-cause and CVD mortality after adjustment for
other major CV risk factors, while a high FPG alone was not
predictive once 2hPG was taken into account. The follow-up of
the Euro Heart Survey showed that 1-year survival was signifi-
cantly higher in prediabetic individuals as compared with DM
individuals [19]. However, survival curves tend to overlap in the
long-term follow-up, thus strengthening the concept that all
stages of glucose abnormalities are associated with increased CV
risk [18, 20].

2.2 High Cardiovascular Risk Despite
Multifactorial Intervention

Despite clear advances in the prevention and treatment of CVD,
the impact of DM on CV outcome remains significantly high
and continues to escalate [21]. Even though the cardiovascular
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Fig. 2.1 8-year survival rates in patients with myocardial infarction, in
the presence or the absence of diabetes mellitus (Modified from
Haffner et al. [2])

burden has been reduced over the last decade, this is only par-
tially true in the diabetic patient. In the 10-year follow-up of the
NHANES registry (First National Health and Nutrition
Examination Survey), mortality was significantly lower among
non-DM subjects with an acute coronary syndrome (ACS); by
contrast such benefit was less evident in diabetic men and
women [22]. Moreover, long-term survival (8 years) was dra-
matically reduced in DM subjects with a previous myocardial
infarction as compared with those without DM (Fig. 2.1) [2].
Recent ACS trials such as TIMI-36 and TRITON-TIMI 38 have
confirmed that mortality is very high in T2D despite a
multifactorial intervention [23, 24]. Consistently, a Danish
registry on 3,655 patients with STEMI has confirmed that the
rate of myocardial infarction and death is much higher in the
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Fig. 2.2 Prevalence of normoglycemia, prediabetes, and diabetes detected
by OGTT in patients with coronary artery disease without earlier known
diabetes. EHS Euro Heart Survey, CHS China Heart Survey, GAMI Glucose
Abnormalities in patients with Myocardial Infarction

presence of DM [25]. Furthermore, the registries EVASTENT
and RESTART have shown that the outcome of DM patients is
worse even after revascularization, with a substantial increase of
stent thrombosis and restenosis [26, 27].

2.3 Impaired Glucose Tolerance in Patients
with Coronary Artery Disease

An increasing body of evidence indicates that the prevalence
of metabolic disturbances is very high in patients with
coronary artery disease without earlier known DM (Fig. 2.2)
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[28-30]. In these studies, an OGTT performed at the time of
hospital discharge was able to demonstrate that the proportion
of patients with IGT was 35 %, whereas 31 % had undetected
diabetes earlier. Similar findings were reported in two larger
studies, the 25-country Euro Heart Survey and the China
Heart Survey [30, 31]. The Euro Heart Survey collected data
on European patients (n=3,444) with acute and stable coro-
nary artery diseases. Approximately one-third of them
(n=1,524) had known T2D at study start. An OGTT was per-
formed in 1920 of the patients without known DM, revealing
that less than half of them were normoglycemic, 37 % had
IGT, and 18 % had unknown DM earlier [30]. The China
Heart Survey, using the same study design as of the Euro
Heart Survey, enrolled 3,513 patients with coronary artery
disease of whom one-third had established DM earlier. Among
the remaining 2,263 patients, OGTTs unveiled DM in 27 %
and prediabetes in 37 % [31] (Fig. 2.2). In summary, the evi-
dence for a high prevalence of abnormal glucose metabolism
among patients with CVD is strong and universal [32]. This
highlights the need for improved strategies for glucometabolic
screening and management. Of note, the GAMI study (Glucose
Tolerance in Patients with Acute Myocardial Infarction)
showed that alterations of glucose metabolism detected by
OGTT were potent predictors of CV outcome overtime
(Fig. 2.3) [29].
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Fig. 2.3 In the GAMI study glucose abnormalities at discharge were an
independent predictor of mortality in patients with coronary artery disease.
IGT impaired glucose tolerance, NGT normal glucose tolerance, DM diabe-
tes mellitus, OGTT oral glucose tolerance test
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Chapter 3
Mechanisms of Diabetic
Atherosclerosis

3.1 Hyperglycemia, Oxidative Stress,
and Endothelial Dysfunction

In patients with diabetes (DM), elevated blood glucose levels
exert detrimental effects on endothelial homeostasis, thus pre-
cipitating vascular disease phenotypes responsible for adverse
cardiovascular events and mortality [1-3]. Chronic hyperglyce-
mia is an independent predictor of macro- and microvascular
diabetic complications [2]. In diabetic individuals this condition
often clusters with concomitant cardiovascular risk factors such
as arterial hypertension, dyslipidemia, and genetic susceptibil-
ity, thus amplifying vascular damage [4, 5]. Noteworthy, the
detrimental effects of glucose already manifest with glycemic
levels below the threshold for the diagnosis of DM. This may be
explained by the concept of “glycemic continuum” across the
spectrum of prediabetes, diabetes, and cardiovascular risk [6].
Early dysglycemia, a condition commonly observed in subjects
with impaired glucose tolerance, plays indeed a key role in trig-
gering pathological processes responsible for atherosclerotic
vascular complications [7, 8]. High glucose levels affect vascu-
lar homeostasis mostly by altering the balance between nitric
oxide (NO) bioavailability and accumulation of reactive oxygen
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Fig. 3.1 Mechanisms of hyperglycemia-induced vascular damage.
PKC protein kinase C, eNOS endothelial nitric oxide synthase, E7-1 endo-
thelin 1, ROS reactive oxygen species, NO nitric oxide, MCP-I monocyte
chemoattractant protein-1, VCAM-1 vascular cell adhesion molecule-1,
ICAM-1 intracellular cell adhesion molecule-1, AGEs advanced glycation
end products

species (ROS) [9, 10]. Accumulation of ROS rapidly inactivates
NO to form peroxynitrite (ONOO"), a powerful oxidant which
easily penetrates across phospholipid membranes thereby sup-
pressing the activity of scavenger enzymes as well as endothe-
lial NO synthase (eNOS, Fig. 3.1). In the diabetic vasculature,
oxidative stress is capable to activate an array of cellular path-
ways including polyol and hexosamine flux, advanced glycation
end products (AGEs), protein kinase C (PKC), and NF-kB-
mediated vascular inflammation [3, 11]. A recent study showed
that PKC is highly activated in endothelial cells isolated from
DM subjects and correlates with oxidative stress, impaired insu-
lin signaling, and most importantly endothelial dysfunction as
assessed by flow-mediated vasodilation [12]. Once activated,
PKC is responsible for different structural and functional
changes in the vasculature including alterations of cellular
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permeability, inflammation, angiogenesis, cell growth,
extracellular matrix expansion, and apoptosis [13]. In the dia-
betic endothelium, PKC leads to increased ROS generation via
activation of the adaptor p665" and NADPH oxidase signaling
[14] (Fig. 3.1). The p66%* adaptor protein functions as a redox
enzyme implicated in mitochondrial ROS generation and trans-
lation of oxidative signals into apoptosis [15]. Notably, p665
gene expression is increased in peripheral blood mononuclear
cells obtained from patients with T2D and correlates with
plasma 8-isoprostane levels, an in vivo marker of oxidative
stress [16]. Moreover, PKC orchestrates many glucose-sensitive
pathways responsible for vasoconstriction and thrombosis such
as endothelin-1 and cyclooxigenase-2 (COX-2). In the vessel
wall, PKC-dependent ROS production also participates in the
atherosclerotic process by triggering vascular inflammation
[17]. Indeed, ROS lead to upregulation and nuclear transloca-
tion of NF-kB subunit p65 and, hence, transcription of
pro-inflammatory genes encoding for monocyte chemoattrac-
tant protein-1 (MCP-1), selectins, vascular cell adhesion mole-
cule-1 (VCAM-1), and intracellular cell adhesion molecule-1
(ICAM-1). This latter event facilitates adhesion of monocytes to
the vascular endothelium and rolling and diapedesis in the sub-
endothelium with subsequent formation of foam cells [9].
Secretion of IL-1 and TNF-a from active macrophages main-
tains upregulation of adhesion molecules by enhancing NF-kB
signaling in the endothelium and also promotes smooth muscle
cell growth and proliferation. Consistently, inhibition of PKC 2
isoform blunts VCAM-1 upregulation in human endothelial
cells upon glucose exposure [17]. Mitochondrial ROS also
increase intracellular levels of the glucose metabolite methylg-
lyoxal and AGEs synthesis [18, 19]. Generation of AGEs leads
to cellular dysfunction by eliciting activation of the AGEs
receptor (RAGE). AGE-RAGE signaling in turn activates ROS-
sensitive biochemical pathways such as the hexosamine flux [3].



26 Chapter 3. Mechanisms of Diabetic Atherosclerosis

3.2 Insulin Resistance

Insulin resistance (IR) is a major feature of T2D and develops in
multiple organs, including skeletal muscle, liver, adipose tissue,
and heart. A pooled analysis of 65 trials showed that IR is a strong
predictor of coronary heart disease, stroke, or combined CVD (HR
1.64, 1.35-2.00) [20]. Obesity plays a pivotal role in this phenom-
enon providing an important link between T2D and fat accumula-
tion. In subjects with obesity or T2D, the increase in free fatty
acids (FFAs) activate Toll-like receptor 4 (TLR-4) leading to
NF-kB nuclear translocation and subsequent up-regulation of
inflammatory genes IL-6 and TNF-a. On the other hand, two
important kinases, c-Jun amino-terminal kinase (JNK) and PKC,
phosphorylate the insulin receptor substrate-1 (IRS-1), thus blunt-
ing its downstream targets PI3-kinase and Akt. This results in
down-regulation of glucose transporter GLUT-4 and, hence, IR
(Fig. 3.2). Although IR has been attributed to adipocyte-derived
inflammation, recent evidence is overturning the “adipocentric
paradigm” [21]. Indeed, inflammation and macrophage activation
seem to primarily occur in nonadipose tissue in obesity. This con-
cept is supported by the notion that suppression of inflammation
in the vasculature prevents IR in other organs and prolongs lifes-
pan [22]. Transgenic mice with endothelium-specific overexpres-
sion of the inhibitory NF-kB subunit IkBa were protected against
the development of IR. In these mice, obesity-induced macro-
phage infiltration of adipose tissue and plasma oxidative stress
markers were reduced whereas blood flow, muscle mitochondrial
content, and locomotor activity were increased, confirming the
pivotal role of the transcription factor NF-kB in oxidative stress,
vascular dysfunction, and inflammation [22]. Another study con-
firmed these findings, showing that genetic disruption of the insu-
lin receptor substrate 2 (IRS-2) in endothelial cells reduces glucose
uptake by the skeletal muscle [23]. These novel findings strengthen
the central role of the endothelium in obesity-induced IR, suggest-
ing that blockade of vascular inflammation and oxidative stress
may be a promising approach to prevent metabolic disorders.
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Consistently, pharmacological improvement of insulin sensitivity
in patients with T2D and metabolic syndrome is associated with
restoration of flow-mediated vasodilation [24].
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3.3 Molecular Targets to Improve Insulin
Sensitivity in Type 2 Diabetes

There are several examples suggesting that mechanism-based
therapeutic approaches might be tested to prevent or delay sys-
temic features of IR, favoring adiposity and related comorbidi-
ties (Fig. 3.3). High doses of salicylates have been shown to
ameliorate IR and improve glucose tolerance by suppressing
NF-kB activity in patients with T2D [25]. Moreover,
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pharmacological inhibition of PKCf by LY379196 in endothelial
cells from T2D patients reduced basal eNOS phosphorylation
and improved insulin-mediated eNOS activation [12].
Consistently, the FDA-approved PKC inhibitor ruboxistaurin
ameliorates functional endothelial IR and smooth muscle cell
hypersensitivity to insulin in experimental obesity and diabetes
[26]. The phosphodiesterase 5 (PDES) inhibitor sildenafil has
also shown to improve NOS activity in human endothelial cells
exposed to FFAs, suggesting its potential use to improve
glucose homeostasis in obese and diabetic subjects [27]. Among
different pathways involved, abnormal production and activity
of the vasoconstrictor/proatherogenic peptide endothelin-1
(ET-1) is an emerging hallmark of obesity-associated oxidative
stress, endothelial dysfunction, inflammation, and altered glu-
cose homeostasis [28]. Insulin resistant states such as T2D,
obesity, and arterial hypertension are associated with elevated
plasma levels of ET-1 [29]. The vascular responses to ET-1 are
mediated via two receptor subtypes: ET, and ET, receptors
[30]. Both types of receptors are located on vascular smooth
muscle cells and mediate vasoconstriction. The ET,, receptor is
also located on endothelial cells and mediates vasodilatation by
stimulating release of NO and prostacyclin. ET-1 interferes with
glucose metabolism as indicated by a drop in splanchnic glu-
cose production and peripheral glucose utilization during ET-1
infusion in healthy subjects [31]. The notion that ET-1 modu-
lates insulin sensitivity is supported by the demonstration that
ET-1 induces IR in healthy volunteers [32]. Intravenous infusion
of a dual ET,/ET, receptor blockade acutely enhances insulin
sensitivity in patients with IR and coronary artery disease [33].
Furthermore, preclinical work demonstrated that dual ET,/ET,
receptor blockade enhanced endothelium-dependent vasodilata-
tion in individuals with IR, suggesting that such an approach
may contribute to restore capillary recruitment and insulin
delivery to peripheral organs (Fig. 3.3) [34].
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3.4 Thrombosis and Coagulation

Coagulation and platelet activation are highly affected in patients
with T2D and account for increased risk of coronary events [35].
IR increases PAI-1 and fibrinogen while reducing tPA levels.
Hyperinsulinemia and low-grade inflammation induce tissue fac-
tor (TF) expression in monocytes of patients with T2D, leading
to increased TF procoagulant activity and thrombin generation
[36]. Emerging evidence has shown that microparticles (MPs),
vesicles released in the circulation from various cell types fol-
lowing activation or apoptosis, are increased in DM patients and
predict cardiovascular outcome [37]. MPs carrying TF promote
thrombus formation at sites of injury representing a novel and
additional mechanism of coronary thrombosis in diabetes [38].
Among the factors contributing to the diabetic prothrombotic
state, platelet hyperreactivity is of major relevance [39].
Hyperglycemia alters platelet Ca>* homeostasis leading to cyto-
skeleton abnormalities and increased secretion of proaggregant
factors. Moreover, upregulation of glycoproteins Ib and IIb/IIla
in DM patients triggers thrombus via interacting with von
Willebrand factor (vWF) and fibrin molecules (Fig. 3.4) [40].

] tPa 1 PAL-1

1 Thrombin t vps

tF £ Glycoprotein Ib

t Fibrinogen 1 Glycoprotein lib/illa

Fig. 3.4 Main alterations of coagulation and platelet functionality in dia-
betes. TF tissue factor, ¢-PA tissue plasminogen activator, PAI-I plasmino-
gen activator inhibitor —1, MPs microparticles, vVWF von Willebrand Factor
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Chapter 4
Environment, Epigenetic Changes,
and Cardiovascular Damage

4.1 Epigenetic Changes

Environmental cues are potent drivers of altered phenotypes and
disease states. Exposure to different stimuli may indeed favor
detrimental changes eliciting pathological processes in different
organs, thus precipitating a cluster of comorbidities such as
obesity, diabetes (DM), and cardiovascular disease (CVD)
[1, 2]. These conditions often occur simultaneously and signifi-
cantly aggravate human health by affecting quality of life as
well as lifespan [3]. Insightful epigenetic analyses are revealing
that gene-activating events occurring in obese subjects are trans-
mitted to the offspring [4, 5]. Inheritance of these modifications
may anticipate disease phenotypes already in young, normo-
weight individuals [5]. Therefore, transmission of metabolic
signatures over the next generations implicates an exponential
increase of obesity-related disorders, with a further rise of mor-
bidity [6]. Recent evidence indicates that epigenetic changes
may contribute to explain gene-environment interaction and
subsequent dysregulation of critical pathways involved in
diabetic vascular disease phenotype [7]. Epigenetics refers to
heritable changes in gene expression without altering the DNA
sequence [8]. Epigenetic variations may be classified into three
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main categories: (1) DNA methylation, (2) posttranslational
histone modifications, and (3) RNA-based mechanisms includ-
ing microRNAs and long noncoding RNAs.

4.2 DNA Methylation and Histone
Modifications

Chromatin is composed by chromosomal DNA packaged
around histone proteins known as nucleosomes. A nucleosome
has 147 base pairs of DNA wrapped around an octomeric core
of proteins, which consists of two H3-H4 histone dimers sur-
rounded by two H2A-H2B dimers [7, 8]. Histones and DNA are
tightly linked by multiple interactions which make nucleosomes
very stable under physiological conditions. The nucleosome is a
complex structure amenable of plastic changes which are gov-
erned by an array of protein complexes. These modifications are
highly relevant since dynamic changes of chromatin structure
strongly affect almost all DNA-related processes including tran-
scription, recombination, DNA repair, and replication [9]. The
major mechanisms of epigenetic regulation are represented by
DNA methylation of cytosine-paired-with-guanine (CpG) dinu-
cleotide sequences as well as methylation or acetylation of his-
tone proteins. DNA methylation is an important repressor of
gene transcription and refers to the covalent attachment of a
methyl group to cytosine residues in CpG islands.
Posttranslational modification of histone tails (acetylation/
methylation) also represent key components in the epigenetic
regulation of genes. Several enzymes have been implicated in
plastic alterations of chromatin upon physiological and patho-
logical conditions [10]. DNA and histone methyltransferases
(DNMTs and HMTs), as well as histone acetyltransferases
(HATs), orchestrate a fine balance between activating and
inhibitory epigenetic signatures (Fig. 4.1).
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4.3 Chromatin Remodeling and Diabetic
Atherosclerosis

In 2008, El-Osta et al. found that transient hyperglycemia in
aortic endothelial cells was able to induce long-lasting epigenetic
changes in the promoter of the nuclear factor kB (NF-xB) sub-
unit p65 [11]. This epigenetic deregulation explains persistent
p65 gene transcription and subsequent overexpression of the
inflammatory genes monocyte chemoattractant protein-1 (MCP-
1) and vascular cell adhesion molecule-1 (VCAM-1) after 6 days
of glucose normalization. Interestingly, normalization of mito-
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chondrial superoxide production dislodged the epigenetic mark-
ers at p65 promoter, clearly indicating that ROS still remain the
upstream key molecules involved in the pathophysiology of dia-
betic vascular disease despite glucose control. Indeed, hypergly-
cemia-dependent ROS production was responsible for
monomethylation of histone 3 at lysine 4 amino residue
(H3K4m) by the mammalian methyltransferase Set7/9.
Methylation of H3K4 is a critical posttranslational modification
favoring gene transcription in mammals and is associated with
persistent vascular inflammation when such methylation occurs
on histone 3 binding the proximal promoter region of NF-xB
subunit p65 [12, 13]. Interestingly, knockdown of Set7/9 pre-
vented H3K4m and, hence, glucose-induced upregulation of p65
as well as of MCP-1 and VCAM-1 genes (Fig. 4.2) [11]. This
study demonstrated that overproduction of ROS leads to activa-
tion of key enzymes involved in chromatin remodeling and per-
sistent transcription of inflammatory genes. We have recently
showed that expression of Set7 is increased in peripheral blood
monocytes isolated from diabetic patients [14]. T2D patients
showed Set7-dependent H3K4m on NF-kB p65 promoter and
this epigenetic signature was associated with upregulation of
NF-kB p65, subsequent transcription of oxidant genes (iNOS
and COX-2) and increased plasma levels of ICAM-1 and MCP-
1. Consistently, Set7 expression significantly correlated with
oxidative marker 8-isoPGF,a and flow-mediated dilation of the
brachial artery [14]. These findings in humans show that Set7
may represent a promising target to prevent atherosclerotic vas-
cular disease in the context of cardiometabolic disturbances.
Other studies revealed further molecular networks linking chro-
matin modifying enzymes with NF-kB signaling. Vascular
smooth muscle cells (VSMCs) from db/db mice showed
decreased expression of the methyltransferase Suv39hl and
increased LSD1 activity on the NF-kB p65 promoter, leading to
suppression of dimethylation (H3K9m?2) and trimethylation of
H3 atlysine 9 (H3K9m3) bound to the promoters of inflammatory
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genes (IL-6 and MCP-1) [15]. Interestingly, overexpression of
Suv39hl reversed the diabetic phenotype in VSMCs while
knockdown of this methyltransferase increased the expression of
inflammatory genes. We have recently found that epigenetic
regulation of the mitochondrial adaptor p665, a key enzyme
involved in mitochondrial ROS generation, may significantly
contribute to endothelial dysfunction in the context of diabetes
[16]. Specifically, promoter CpG demethylation and H3 acetyla-
tion were responsible for persistent p665* upregulation, even
after restoration of normoglycemia. This latter modification were
mediated by deregulation of methyltransferase DNMT and acet-
yltransferase general control nonderepressible 5 (GenS5). Indeed,
downregulation or pharmacological inhibition of GenS blunted
persistent p665™ overexpression (Fig. 4.2) [16]. Recent evidence
suggest the important role of histone acetyltransferases (HATS)
and histone deacetylases (HDACs) in the regulation of several
genes linked to endothelial dysfunction and inflammation in
diabetes [17]. Interestingly, the sirtuin family of deacetylases has
been found to regulate several factors involved in metabolism,
adipogenesis, and insulin secretion [18, 19]. Moreover, a recent
study reported that vascular p665™ gene transcription is epige-
netically regulated by SIRT1 [20]. Specifically, SIRT1 decreases
acetylation of H3 binding p665™ promoter. Overexpression of
this sirtuin inhibited high glucose-induced p665* upregulation
whereas its knockdown exerted opposite effects. In line with
these findings, SIRT1 activation blunts ROS formation, sup-
pressing NF-kB activation and cleavage of poly (ADP-ribose)
polymerase (PARP). HATs and HDACs can also modulate
NF-kB transcriptional activity, resulting in changes in down-
stream inflammatory gene expression levels. Interestingly, high
glucose treatment of cultured monocytes increased recruitment
of the HATs CPB and p/CAF, leading to increased histone lysine
acetylation at the cyclooxygenase-2 (COX-2) and TNF-« inflam-
matory gene promoters [21]. Monocyte expression of inflamma-
tory cytokines in response to high glucose concentrations
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requires the interaction between NFkB and HATSs, leading to
hyperacetylation and transcriptional activation. Methylation of
H3K9 is known to repress genes relevant to autoimmune and
inflammatory pathways in lymphocytes from patients with type
1 diabetes [22]. Indeed, silencing of the H3K9 methylation-
writing enzyme SUV39HI1 in human smooth muscle cells
increased the expression of inflammatory genes [23]. Taken
together, these studies suggest that the removal of epigenetic
marks of oxidant and inflammatory genes may represent a prom-
ising option to prevent endothelial dysfunction and, hence, vas-
cular complications in people with diabetes.

4.4 Epigenetic Inheritance

Epigenetic inheritance is an attractive theory to explain the rising
prevalence of cardiometabolic disturbances which can be trans-
mitted throughout multiple generations [24]. In animals, it has
been demonstrated that long-term exposure to a methyl donor
rich diet for six generations results in a large number of loci
exhibiting epigenetic variability, suggesting that some of the
induced changes are heritable [25]. Another study in mice fed
high fed diet (HFD) showed that obesity occurs earlier and
becomes more severe through generations (F2 > F1 > F0) [26].
Moreover, this phenomenon was accompanied by a gradual
increase of histological scoring of hepatic steatosis in male mice
with transgenerational HFD feeding. Interestingly, the highest
degree of steatosis occurred in HFD-treated F2 mice and was
associated with the highest levels of insulin and leptin. As a con-
sequence the latter, mice were characterized by enhanced lipo-
genesis and endoplasmic reticulum stress, important biochemical
fingerprints of insulin resistance. Other studies found that the
metabolic effects of maternal HFD exposure on body length and
insulin insensitivity persist across at least two generations of
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offspring [27]. A recent work showed that epigenetic modifica-
tions induced by hyperglycemia are transmitted to the offspring
even after restoration of normoglycemic conditions [28]. Hence,
glucose normalization in adult diabetic zebrafish was not suffi-
cient to prevent inheritance of detrimental epigenetic signatures
in the daughter tissue, suggesting that the so-called metabolic
memory is an inheritable phenomenon. Indeed, CpG island
methylation and genome-wide microarray expression analyses
revealed the persistence of hyperglycemia-induced global DNA
hypomethylation that correlated with aberrant gene expression
for a subset of loci in the offspring [28]. However, further
research is warranted to confirm whether these mechanisms can
be translated to diabetic patients. In humans, longitudinal studies
have demonstrated that DM during pregnancy is followed by
markedly increased rates of offspring obesity, as well as prema-
ture incidence of T2D [10]. Moreover, offspring of DM women
display an increased risk of DM, and epigenetic modifications
are certainly involved in this phenomenon [29]. Strong evidence
supporting the impact of early nutritional environment comes
from well-studied cohorts of men and women who were exposed
in utero to the Dutch famine of 1944-1945 [30]. These subjects
showed subtle blood methylation changes of insulin-like growth
factor-2 (IGF-2) and leptin (Lep) genes. Interestingly, they had
an increased risk for cardiometabolic disease, accelerated cogni-
tive aging, and schizophrenia [6]. Furthermore, the observed
neonatal adiposity suggests a possible transgenerational effect of
maternal undernutrition.

4.5 MicroRNAs

MicroRNAs (miRs) are a newly identified class of small non-
coding RNAs emerging as key players in the pathogenesis of
diabetes-induced vascular complications [31]. These noncoding
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RNAs trigger diabetic vascular disease by regulating gene
expression at the posttranscriptional level. Microarray studies
have shown an altered profile of miRs expression in subjects
with T2D [32, 33]. Indeed, DM patients display a significant
deregulation of miRs involved in angiogenesis, vascular repair,
and endothelial homeostasis [32]. Over the last few years, dif-
ferent studies have explored the mechanisms whereby deregu-
lation of miRs expression may contribute to vascular disease
in subjects with DM. Table 4.1 shows the main miRs found in
DM and their mechanism of action. In endothelial cells
exposed to high glucose, miR-320 is highly expressed and
targets several angiogenic factors and their receptors, includ-
ing vascular endothelial growth factor (VEGF) and insulin-
like growth factor-1 (IGF-1) [34]. Elevated levels of this miR
are associated with decreased cell proliferation and migration,
while its downregulation restores these properties and increases
IGF-1 expression, promoting angiogenesis and vascular repair.
Hyperglycemia also increases the expression of miR-221, a
regulator of angiogenesis targeting the receptor for stem cells
factor c-kit (CD117) responsible for migration and homing of
endothelial progenitor cells (EPCs) [35]. A recent study dem-
onstrated that miR-503 is critically involved in hyperglycemia-
induced endothelial dysfunction in diabetic mice and is
upregulated in ischemic limb muscles of diabetic subjects
[36]. The detrimental effects of miR-503 in the setting of DM
have been explained by its interaction with CCNE and cdc25A,
critical regulators of cell cycle progression affecting endothe-
lial cell migration and proliferation. Interestingly, miR-503
inhibition was able tonormalize postischemic neovascularization
and blood flow recovery in diabetic mice. Plasma microRNA
profiling showed a profound downregulation of miR-126 in a
cohort of DM patients [32]. Recent evidence suggest that
reduced miR-126 expression levels are partially responsible
for impaired vascular repair capacities in DM [37]. Collectively,
these studies support the notion that miRs drive complex
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Table 4.1 Principal microRNAs and their relative target genes contributing
to reduced vascular repair and, hence, diabetes-related vascular
dysfunction

MicroRNA  Expression Molecular target Biological effect

miR-320 Increased VEGF/IGF-1 Impaired
angiogenesis
miR-221 Increased c-kit Reduced
proliferation,
migration,
and homing
of EPCs
miR-222 Decreased ~ P27KIP1/P57KIP2 AGE:s synthesis
miR-503 Increased CCNE/cdc25A Reduced
angiogenesis,
endothelial
dysfunction
miR-126 Decreased  Spred-1 Reduced EPCs
functionality
and
angiogenesis

VEGF vascular endothelial growth factor, /GF-1 insulin-like growth factor-
1, AGEs advanced glycation end products

signaling networks by targeting the expression of genes
involved in cell differentiation, migration, and survival
(Table 4.1).
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Chapter 5
Diabetic Cardiomyopathy

5.1 Heart Failure in Patients with Diabetes

Patients with diabetes (DM) have a high risk of left ventricular
dysfunction (LVD) and heart failure (HF) as compared with
non-DM subjects. In the Framingham study, DM men and
women had a six- to eightfold increase in the prevalence of HF,
with the highest number of cases observed in the latter group.
Among patients with HF, 15-25 % have DM, a condition which
amplifies morbidity and mortality [1]. The SOLVD study
(Studies of Left Ventricular Dysfunction) has shown that
15-26 % of patients with LVD had DM at the time of enrolment
[2]. The V-Heft and, more recently, the ATLAS study showed
that the proportion of DM patients with HF may reach 20 % [3,
4]. Interestingly, risk of HF already increases in non-DM
patients with impaired glucose tolerance. This notion is sup-
ported by seminal studies showing that insulin resistance,
detected by glycemic-hyperinsulinemic clamp, is strongly and
independently associated with incidence of HF, with more than
20 persons/year affected in the lowest clamp quartile [5]. In this
study, fasting plasma glucose, OGTT 2 h glucose, and waist
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Fig. 5.1 Kaplan-Meier survival curve for all-cause mortality stratified by
glucose metabolism. Log-rank: p 0.001. /FG impaired fasting glucose, IGT
impaired glucose tolerance, DM diabetes (Modified with permission from
Hofsten et al. [6])

circumference were all associated with incident HF, suggesting
that metabolic traits significantly increase the susceptibility to
develop myocardial dysfunction. Moreover, IFG/IGT, new onset
DM and known DM were linked to a progressive increase of
death or hospitalization for HF (Fig. 5.1) [6]. Collectively, these
data support the concept of the glycemic continuum and indi-
cate that the relation between glucose abnormalities and HF is
almost linear.

5.2 Diastolic Dysfunction

Although DM is strongly associated with coronary artery
disease (CAD), many cases of LVD occur in subjects with
nonobstructive CAD. These data suggest that DM per se is suf-
ficient to impair cardiac performance by affecting ventricular
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structure and function. This notion has been documented by
autopsies showing that the diabetic heart is characterized by
myocardial fibrosis, left ventricular hypertrophy, eccentric
remodeling pattern, and capillary microaneurysms [7].
Myocardial stiffness with reduced compliance precipitates dia-
stolic dysfunction with a progressive increase of LV filling pres-
sures and diastolic heart failure (DHF) [8]. Indeed, many DM
patients present at the emergency department with signs of HF
which are mostly explained by defects of diastolic function
whereas systolic performance is preserved [9]. A typical clinical
presentation is characterized by progressive exertional dyspnea
and mild lower-extremity edema. Transthoracic echocardiogram
usually reveals moderate LV hypertrophy, low-normal ejection
fraction (45-50 %), pseudonormal diastolic filling, and a dilated
inferior vena cava (Fig. 5.2). These features explain why a large
part of HF cases in DM patients is characterized by a severe
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impairment of diastolic function whereas systolic performance
is still preserved [10]. Indeed, patients with DM have a higher
risk of diastolic than systolic HF with hazard rations of 1.12
(1.06-1.18, p<0.001) and 1.07 (0.02-1.12, <0.01), respectively
[11]. Notably, prospective analyses have shown that the progno-
sis of DHF is comparable to the one reported for patients with
reduced systolic function, with a 50-60 % mortality rate after 5
years [11]. DM patients with DHF often display pronounced
alterations of metabolic parameters including poor glycemic
control (HbAlc >7.5 %), hypertension, and atherogenic dyspli-
demia with particular increase of triglycerides [12]. The latter
aspects are responsible for another important pathological fea-
ture of the diabetic heart, known as cardiac myocyte steatosis
[13, 14].

5.3 Lipotoxicity

Accumulation of circulating fatty acids is one of the main bio-
chemical events favoring disturbances of signaling pathways in
the diabetic heart [14, 15]. The heart of DM patients is indeed
bathed in elevated concentrations of FFAs and glucose. Human
studies using positron emission tomography tracers have repro-
ducibly demonstrated increased basal FFAs oxidation coupled
with decreased myocardial glucose oxidation in patients with
obesity and DM [16]. The heart is a metabolically flexible
organ, which has the ability to quickly shift its substrate to
maintain normal ATP levels. In the insulin resistant myocar-
dium, the decrease in glucose oxidation is compensated by
FFAs oxidation via an array of transcriptional programs mostly
driven by nuclear receptor transcription factor-alpha (PPAR)
(Fig. 5.3) [17]. This complex regulates many genes favoring
metabolic flexibility though fatty acids import, fatty acids oxi-
dation, and triglyceride synthesis. Moreover, PPARa hampers
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glucose oxidation by upregulating PDK4, which prevents the
entry of glucose into the citric acid cycle. Beside these bio-
chemical effects, activation of NF-kB pathway in the diabetic
myocardium leads to downregulation of GLUT4 with subse-
quent reduction of glucose uptake and amplification of FFAs-
induced insulin resistance [15, 18]. Oxidation of FFAs, as many
compensatory mechanisms, shows high efficiency in the short-
term while it becomes maladaptive with time. Indeed, prolonged
FFAs oxidation triggers excessive mitochondrial ROS produc-
tion, less efficient energy generation, and the production of
incompletely oxidized acyl-carnitine metabolites and toxic lipid
species [19]. Accumulation of intracellular lipids may also
directly contribute to cell death. Reaction of palmityol-CoA
with serine leads to the generation of ceramide, a sphingolipid
which can trigger myocyte apoptosis through inhibition of the
mitochondrial respiratory chain (Fig. 5.3).

5.4 Glucotoxicity

Glucotoxicity represents another detrimental mechanism of
myocardial damage in DM. Hyperglycemia, a consequence of
decreased glucose clearance and augmented hepatic gluconeo-
genesis, triggers mitochondrial reactive oxygen species (ROS)
by activating different signaling cascades including protein
kinase C (PKC), NADPH oxidase, hexosamine, and polyol
pathways as well as advanced glycation end products (AGEs)
(Fig. 5.3). Hyperactive PKC signaling in the heart can influence
calcium handling, ROS generation, and inflammation, all of
which can affect cardiac performance [20-23]. Indeed, trans-
genic mice with cardiac overexpression of PKC develop car-
diomyopathy [24]. Moreover, other evidence suggests that
PKCp inhibition can improve the cardiac phenotype of STZ-
injected rats [20]. PKCP can amplify oxidative damage by
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phosphorylating NADPH subunit p47phox as well as the mito-
chondrial adaptor p665*, a key enzyme involved in ROS genera-
tion, mitochondrial disruption, and cellular apoptosis [25].
ROS-induced apoptosis activates poly (ADPribose) polymerase-
1 (PARP). This enzyme mediates the direct ribosylation and
inhibition of glyceraldehyde phosphate dehydrogenase
(GAPDH), diverting glucose from the glycolytic pathway
toward alternative biochemical cascades that participate to
hyperglycemia-induced cellular injury [26]. High glucose levels
also activate tissue renin angiotensin aldosterone system
(RAAS) with subsequent fibrosis and inflammation [27, 28].
Deregulation of oxidant enzymes is associated with inactivation
of ROS scavengers including superoxide dismutase, catalase,
metallothionein, and glutathione peroxidase. Enhanced ROS
generation also elicits inflammatory and pro-apoptotic tran-
scriptional programs via activation of a molecular complex
known as Forkhead box “O” (FOXO) [29]. Inactivation of sirtu-
ins (SIRT1) in the diabetic heart favors FOXO acetylation and
subsequent expression of genes favoring cellular apoptosis, cell
cycle arrest, accumulation of ROS as well as metabolic derange-
ments [30]. Taken together, increase in circulating FFAs lead to
impaired insulin signaling, decreased glucose oxidation, and
subsequent hyperglycemia. These events are able to derail path-
ways leading to myocardial fibrosis, contractile dysfunction,
inflammation, mitochondrial insufficiency, and apoptosis
(Fig. 5.3).
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Chapter 6
Cerebrovascular Disease

6.1 Prevalence and Prognosis
of Cerebrovascular Disease
in Diabetic Patients

Ischemic cerebrovascular disease causes approximately 700,000
deaths/year only in the USA with the subtypes of ischemic
stroke and transient ischemic attack (TIA) being the most com-
mon events (80-85 %) [1-4]. Ischemic stroke remains a very
high risk condition which in most of cases does not receive
adequate treatment. Many patients presenting at the emergency
department have hyperglycemia which may be the result of
acute ischemia and altered glucose homeostasis [5, 6].
Hyperglycemia may significantly affect prognosis in these
patients [7]. This notion is confirmed by the fact that patients
with DM have a 2—4 higher risk of cerebrovascular disease as
compared with the non-DM counterpart [8]. Population based
studies have shown that DM is an independent risk factor for
stroke, with hazard rations of 1.8 in men and 2.2 in women aged
50-79 years [9]. A recent meta-analysis including more than
530,000 subjects demonstrated that patients with DM had a 2.3
relative risk for ischemic stroke as compared with non-DM
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Fig. 6.1 Diabetes duration and risk of stroke. Data from Banerjee et al. [1]

individuals [10]. Noteworthy, the duration of DM is a predictor
of ischemic stroke, even after adjustment for concomitant risk
factors [1]. Patients with DM duration >10 years display a 3.2
relative risk whereas hazard ratio is 1.7 when disease duration is
<5 years (Fig. 6.1) [1]. Moreover, stroke risk is strongly related
to poor glycemic control. Indeed, observational studies show a
linear relationship between HbA  and the risk of stroke [11].
The occurrence of stroke in patients with DM is explained by
atherosclerotic disease of intracranial and extracranial vessels
[12]. Moreover, a consistent proportion of DM patients suffer
from cardioembolic stroke, which is mostly due to atrial fibril-
lation and cardiomyopathy. DM increases the risk of all sub-
types of stroke: lacunar, large artery occlusive, and
thromboembolic [13]. The latter is the one associated with
larger infarct size and worse prognosis [8].
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6.2 Pathophysiology

Understanding the link between hyperglycemia and cerebrovas-
cular disease is of paramount importance for the development of
mechanisms-based therapeutic strategies in this setting. In
experimental models of ischemic stroke, hyperglycemia is asso-
ciated with irreversible neuronal damage, intracellular acidosis,
delayed NADH regeneration, as well as increased infarct size [7,
14]. Interestingly, the extension of the ischemic damage is
directly related to the hyperglycemic burden [15, 16]. High glu-
cose levels may also affect the reperfusion phase by altering the
properties of neuronal and vascular cells. Specifically, vascular
permeability is increased in diabetic animals, and this phenom-
enon accounts for increased edema and worse prognosis [16].
Such defects can be explained by maladaptive signaling pathways
affecting NO bioavailability, vascular tone, and permeability
[17]. Several mechanisms are implicated in hyperglycemia-
induced cerebrovascular damage (Fig. 6.2). The hyperglycemic
environment activates PKC in cerebral vessels leading to ROS
generation, NO degradation, and increased vascular tone.
Selective inhibition of PKC9 isoform significantly reduces cere-
bral infarct size, suggesting that targeting this enzyme may rep-
resent a potential approach to combat cerebral microvascular
disease in patients with DM [18]. The Rho kinase pathways also
contributes to alter the vascular phenotype in this setting [19].
Once activated, such kinase drives a profound rearrangement in
the cytoskeleton of vascular smooth muscle cells (VSMSc) thus
increasing vascular tone in the brain of diabetic animals.
Although it is well established that Rho kinase contributes to
vascular damage in the diabetic brain, the link between hypergly-
cemia and kinase activation remains to be fully elucidated.
Changes in vascular tone due to impaired NO delivery and cyto-
skeletal abnormalities are associated with pro-inflammatory
events of the arterial wall favoring a pathological remodeling of
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the vascular bed characterized by perivascular fibrosis, blood
brain barrier permeability, thickening of capillary basal mem-
brane as well as reduced capillary density. Alterations of tight
junction proteins OCLN and ZO-1 are also involved in increased
vascular permeability [20]. In this regard, experimental evidence
suggest that hyperglycemia causes increased matrix metallopro-
teinase (MMP) activity with subsequent loss of tight junction
proteins, thus affecting blood brain barrier integrity [20].

6.3 Clinical Evidence

Preclinical studies confirmed that such structural and functional
alterations are also found in patients with DM [21]. In T2D
subjects, SPECT analysis has shown that a poor metabolic con-
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trol significantly correlates with defects in cerebral perfusion,
inflammation, and oxidative stress [22]. By contrast, these
parameters were improved by an intensive glycemic control,
thus strengthening the importance of hyperglycemia in this set-
ting. A meta-analysis has demonstrated that 30-day mortality is
significantly higher in DM patients presenting with marked
hyperglycemia during ischemic stroke [10]. Based on these
observations, several randomized studies were launched to test
whether treating acute hyperglycemia may reduce mortality in
patients with stroke. In the GIST-UK study, non-DM patients
with acute hyperglycemia were treated intravenously (iv) with
insulin-glucose-potassium infusion during the first 24 h from
the event [23]. This study did not show any benefit despite an
adequate metabolic control in the acute phase. Similarly, the
THIS trial has reported that intensive glycemic control failed to
reduce short-term morbidity and mortality in DM patients with
ischemic stroke [24]. Although glycemic control represents a
cornerstone in DM treatment, hyperglycemia alone may not
explain the increased mortality risk in patients with cerebral
ischemia. An accurate control of other risk factors clustering
with hyperglycemia is warranted to significantly reduce CV risk
in primary and secondary prevention.
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Chapter 7
Risk Stratification

7.1 Risk Engines

Although considerable efforts in developing effective therapeu-
tic tools, stratification of CV risk in patients with DM remains
a major challenge [1, 2]. The issue of risk stratification deserves
attention because not every DM subject carries the same degree
of inflammation and oxidative stress. The diversity of meta-
bolic phenotypes with different outcomes underscores the need
for novel approaches to be used within such heterogeneous
population [3]. The easiest and cost-effective tool to estimate
risk of CV events is represented by common risk calculators,
which are based on the information provided by seminal pro-
spective international registries [4]. Once all risk factors have
been identified, CV risk charts or calculator should be used to
estimate the total risk of developing CVD over the following 10
years. A total CVD risk of >20 % in 10 years is defined as high
risk. People with moderate-to-high risk are more likely to be
compliant with lifestyle changes and preventative medication if
given information about their individual CV risk. One of the
most powerful calculator (90 % sensitivity) is the UKPDS, a
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T2D-specific risk calculator based on 53,000 patient-years of
data from the UK Prospective Diabetes Study [5, 6]. The
UKPDS Risk Engine provides risk estimates and 95 % confi-
dence intervals, in individuals with T2D not known to have
heart disease. This risk engine provides information on the risk
of nonfatal and fatal coronary heart disease as well as nonfatal
and fatal stroke. These can be calculated for any given duration
of T2D based on current age, gender, ethnicity, smoking status,
presence or absence of atrial fibrillation, and levels of HbAlC,
systolic blood pressure, total cholesterol, and HDL cholesterol
(Fig. 7.1) [7]. More recently, the ADVANCE (Action in
Diabetes and Vascular Disease: Preterax and Diamicron
Modified Release Controlled Evaluation) has emerged as an
alternative model for CV risk prediction [8]. This model, which
incorporates age at diagnosis, known duration of DM, sex,
pulse pressure, treated hypertension, atrial fibrillation, reti-
nopathy, HbA , urinary albumin/creatinine ratio, and non-HDL
cholesterol at baseline, displayed an acceptable discrimination
and good calibration during internal validation. A recent meta-
analysis testing the predictive performance of CV risk scores
found that reliability may vary substantially according to the
different populations studied [9]. Interestingly, this study dem-
onstrated that risk scores developed in individuals with DM
seemed to estimate CV risk more accurately than those devel-
oped in the general population.

7.2 Application of Risk Calculators

An important consideration is that risk charts should be used
only in DM patient without evidence of atherosclerotic vascular
disease or relevant comorbidities [10]. This is because formal
risk assessment is not necessary in those DM patients consid-
ered already to be at high enough risk to justify lifestyle and
other interventions (antithrombotic, antihypertensive, and
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Fig. 7.1 The UKPDS Risk Engine provides risk estimates and 95 % confi-
dence intervals, in individuals with T2D not known to have heart disease, for:
nonfatal and fatal coronary heart disease as well as nonfatal and fatal stroke.
These can be calculated for any given duration of T2D based on current age,
sex, ethnicity, smoking status, presence or absence of atrial fibrillation, and
levels of HbA , systolic blood pressure, total cholesterol and HDL cholesterol

lipid-lowering therapies). For instance it is not useful to stratify
CV risk in T2D patients with the following conditions:

Hypertension (>160/100 mmHg) with target organ damage
Evidence of atherosclerotic CVD

Renal dysfunction (including diabetic nephropathy)

Severe hypercholesterolemia or inherited dyslipidemias
People aged 75 or older
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Table 7.1 Diagnostic accuracy of established and emerging markers for
the prediction of cardiovascular risk in patients with diabetes

Diagnostic

Indicators of increased CV risk accuracy
Established markers
Microalbuminuria (30-300 mg/24 h), or albumin- +++

creatinine ratio (30-300 mg/g; 3.4-34 mg/mmol)
Carotid wall thickening (IMT >0.9 mm) or plaque +++
Carotid-femoral PWV >10 m/s ++
Ankle-brachial index <0.9 ++
Pulse pressure >60 mmHg ++
CKD with eGFR 30-60 ml/min/1.73 m* (BSA) +++
Electrocardiographic LVH (Sokolow-Lyon index +++

>3.5 mV; RaVL >1.1 mV; Cornell voltage duration

product >244 mV*ms)

Echocardiographic LVH [LVM index: men >115 g/m? =~ +++
women >95 g/m? (BSA)]

Emerging markers

CT scan coronary artery calcium (CAC) ++
C-reactive protein +
Advanced glycation end products (MG-H1, CML) ++
DNA methylation +
Inflammatory cytokines IL-1f and IL-6 +
Circulating microRNAs (miR-126) +
Myeloid calcifying cells (MCCs) +

CIMT carotid intima-media thickness, PWV pulse-wave velocity, CKD
chronic kidney disease, BSA body surface area, LVH left ventricular
hypertrophy

7.3 Biomarkers

Our understanding of the mechanisms involved in diabetic vas-
cular complications may be instrumental to identify potential
biochemical precursors of CV damage in DM (Table 7.1). The
Atherosclerotic Risk in Communities (ARIC) study prospec-
tively evaluated whether adding C-reactive protein or 18 other
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novel risk factors individually to a basic risk model would
improve prediction of incident CAD in middle-aged men and
women [11]. Unfortunately, none of these risk markers pre-
dicted CVD beyond established risk calculators. Beside these
disappointing results, current ESC/EASD guidelines confirm
that albuminuria remains the most powerful predictor of inci-
dent CV events and heart failure in T2D patients and recom-
mend to estimate urinary albumin excretion rate when performing
risk stratification in DM subjects [10, 12, 13]. Moreover, com-
monly used vascular risk calculators may be flawed and clini-
cians are aware of their important variability and limitations [9].

7.3.1 DNA Methylation

The clinical utility of genetic biomarkers for prediction and
prevention of CAD has proved to be limited [14]. Recent evi-
dence suggest that epigenetics might better satisfy the unmet
needs in CVD prevention. DNA methylation is a well-established
mechanism regulating gene transcription [15]. Reduced
promoter methylation has been linked to upregulation of genes
involved in inflammation, adiposity, beta cell dysfunction, and
oxidative vascular damage [16, 17]. Patients with the metabolic
syndrome (MS) display relative DNA hypomethylation as com-
pared to those without MS [18]. In this study, fasting plasma
glucose and high-density lipoprotein cholesterol were the main
MS features associated with DNA hypomethylation.
Furthermore, in the same study people with T2D or impaired
glucose tolerance had DNA hypomethylation as compared to
normoglycemic individuals. The possibility that modification of
the epigenome may help to predict vascular risk will be strongly
supported by large-scale initiatives such as the International
Human Epigenome Consortium, aimed at mapping 1,000 refer-
ence epigenomes within a decade [19]. Such wide epigenomic
analysis will be instrumental for the identification of epigenetic
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variations specifically associated with major pathological states
including T2D and CVD. Together with epigenomics, the pre-
dictive value of other high-throughput “omics” technologies
such as metabolomics, transcriptomics, and proteomics are
being intensively studied in T2D patients, with the aim to obtain
large-scale snapshots of the etiological processes linking DM
and vascular disease.

7.3.2 MicroRNAs

MicroRNAs (miRs), a newly identified class of small noncod-
ing RNAs, are emerging as key players in the pathogenesis of
vascular damage in DM [20]. These small noncoding RNAs
regulate gene expression at the post-transcriptional level.
Microarray profiling has shown altered miRs expression in
subjects with T2D [21]. In this study, T2D patients had a sig-
nificant deregulation of miRs involved in angiogenesis, vas-
cular repair, and endothelial homeostasis. Among other miRs,
miR-126, an important pro-angiogenic effector, was signifi-
cantly downregulated in plasma samples of 822 patients from
the Brunick cohort. Similarly, expression analysis of miR-
126 in circulating microparticles from 176 patients with sta-
ble CAD with and without DM revealed a significantly
reduced miR-126 expression in microparticles from DM
patients [22].

7.3.3 Inflammatory Cytokines

Inflammation represents a key fingerprint of metabolic disease.
A case-control study within the prospective population-based
EPIC (European Prospective Investigation into Cancer and
Nutrition) study has demonstrated that a combined elevation of
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IL-1pB and IL-6 was independently associated with an increased
risk of T2D, suggesting the importance of low-grade inflamma-
tion in the pathogenesis of DM [23]. Another study showed that
IL-6 is significantly increased in DM patients undergoing PCI
with peri-interventional hyperglycemic state and inversely cor-
relates with responsiveness to clopidogrel and aspirin [24]. By
contrast, other indices of systemic inflammation such as
C-reactive protein failed to predict incident CVD in DM sub-
jects [3].

7.3.4 Vascular Calcification Markers

Vascular calcification is a pathological hallmark of athero-
sclerosis in DM subjects [25, 26]. Recent work has suggested
that excess concentration of procalcific factors as well as
reduction of osteogenic inhibitors may be involved in this
process [26]. Circulating osteoblastic cells isolated from
human peripheral blood are able to calcify in vitro and
in vivo. These cells, which express the bone protein osteocal-
cin (OC) and bone alkaline phosphatase (BAP), have been
considered circulating osteoprogenitor cells and might par-
ticipate to vascular calcification and atherosclerosis [27].
Indeed, preliminary clinical studies found that coronary ath-
erosclerosis and arterial stiffening are associated with activa-
tion of an osteogenic program in bone marrow-derived cells
[27]. A recent study has identified a subtype of circulating
inflammatory monocytes, called myeloid calcifying cells
(MCCs), which are involved in vascular calcification and are
over-represented in patients with T2D [28]. MCCs have also
been reported to exert anti-angiogenic activity, further con-
tributing to the diabetic vascular disease phenotype. Hence,
this cell subpopulation may represent an important tool to
stratify CV risk in DM [25].
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7.3.5 Advanced Glycation End-Products (AGEs)

Advanced glycation end-products (AGEs) are a large family
of extensively sugar-modified proteins which can be formed
in atherosclerotic plaques as a consequence of increased
metabolic activity [29]. Measuring AGEs in the skin using
auto-fluorescence has provided important information on risk
stratification in DM patients. A study involving 972 DM
patients demonstrated that the addition of skin AGEs to the
UKPDS risk engine resulted in reclassification of 27 % of
the patients from the low- to the high-risk group [30]. Indeed,
the 10-year CV event rate was higher in patients with a
UKPDS score >10 % when skin AGEs were above the median
(56 vs. 39 %). A recent work found that two major AGEs, the
methylglyoxal-derived 5-hydro-5-methylimidazolone (MG-
H1) and Ne (carboxylmethyl)lysine (CML), measured with
tandem mass spectrometry, were significantly higher in symp-
tomatic as compared with asymptomatic carotid plaques [31].
MG-H1 and CML were associated with increased levels of
inflammatory cytokines IL-8 and MCP-1 as well as with
higher activity of MMP-9, suggesting that AGEs may also
provide information on plaque composition and stability. The
relevance of AGEs is outlined by the notion that blocking
their synthesis may rescue pathological features of DM-related
vascular dysfunction. Pharmacological AGEs degradation by
the cross-link breaker ALT-711 reduced arterial pulse pres-
sure and improved the compliance of large arteries [32].
Another study with benfotiamine prevented both macro- and
microvascular endothelial dysfunction and oxidative stress
induced by an AGE-rich meal [33]. Based on these studies,
AGEs formation may represent an upstream event triggering
vascular inflammation, oxidative stress, and eventually plaque
instability.
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7.4 Role of Vascular Imaging

Despite DM being associated with a significant atherosclerotic
burden, the role of vascular imaging in this setting remains
poorly defined. However, emerging evidence indicates that novel
imaging modalities to detect atherosclerotic disease might be
useful to stratify CV risk beyond traditional risk score calcula-
tors. Coronary artery calcium imaging has been found superior
to established risk factors for predicting silent myocardial isch-
emia (SMI) and short-term outcome in a small cohort of high-
risk DM subjects [34]. More recently, the Diabetes Heart Study
conducted on a total of 1,123 T2D participants aged 34-86 years,
showed that computed tomography scans of coronary artery cal-
cium (CAC) predicted CVD over 7.4 year follow-up, regardless
of the Framingham Risk score [35]. These data suggest that cal-
cium score may meaningfully reclassify DM patients, suggesting
clinical utility as a risk stratification tool in patients already at
increased CVD risk. However, the predictive value of CAC in
DM patients at average-low risk remains elusive. Furthermore,
CAC is a rather expensive tool which may not be sustainable in
developing countries and further evidence is warranted before
we may consider this as a large scale approach in primary pre-
vention [36]. The assessment of intima-media thickness by
carotid ultrasound (CIMT) remains a powerful tool to detect
preclinical atherosclerosis in DM patients. A recent meta-analy-
sis which reviewed cross-sectional studies linking CIMT and
cardiometabolic disease showed that T2D is associated with a
0.13 mm increase in CIMT compared with non-DM subjects,
whereas in patients with IGT, the increase in CIMT was about
one-third of that observed in DM. Such difference in CIMT was
interpreted as an early aging feature in T2D subjects, accounting
for a 40 % increase in the relative risks of myocardial infarction
and stroke [37]. In a prospective study, Bernard and colleagues
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reported that CIMT provides a similar predictive value for coro-
nary events compared with the Framingham score, and suggested
that the combination of these two indexes would significantly
improve risk prediction in these patients [38]. Furthermore, sta-
tistically significant correlations (range 0.3—0.5) between CIMT
and coronary atherosclerosis, the latter based on a coronary
angiogram, CAC, or intravascular ultrasound, have been noted.
Taken together, CIMT measurement may be considered an effec-
tive, noninvasive tool which can assist in identifying people with
DM who are at higher risk of developing microvascular and
macrovascular complications. Beside CIMT, ankle-brachial
index (ABI), arterial stiffness by pulse wave velocity (PWV),
and cardiac autonomic neuropathy (CAN) by standard reflex
tests may be also considered as useful CV markers, adding pre-
dictive value to the usual risk estimate [10].

7.5 Detection of Coronary Artery Disease

The initial evaluation of T2D patients should include a risk chart
(UKPDS, Framingham, or ADVANCE) and, if risk estimation is
not clear enough, this approach should be implemented with
established biomarkers (albuminuria) or imaging tests (CIMT,
Fig. 7.2). In asymptomatic DM patients at high CV risk, it is
advisable to proceed with specific tests for the detection of CAD
such as ECG stress test, myocardial scintigraphy, or stress echo-
cardiography. Silent myocardial ischemia (SMI) affects 20-35 %
of DM patients who have additional risk factors, and 35-70 %
of patients with SMI have significant coronary stenoses on angi-
ography, whereas in the others, SMI may result from coronary
microvascular dysfunction. SMI, especially when associated
with coronary stenosis, has a relevant predictive value if added
to routine risk estimate [39]. The main concern raised by current
guidelines is that in asymptomatic patients, routine screening
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Fig. 7.2 Tentative algorithm for cardiovascular risk stratification in
patients with diabetes. CV cardiovascular, LVH left ventricular hypertrophy,
ECG electrocardiogram, Echo echocardiogram

for CAD is controversial. This is because the benefits of myo-
cardial revascularization in asymptomatic patients remain to be
determined. Moreover, it is not clear whether information on the
severity of CAD as well as quantification of the ischemic myo-
cardium, as assessed by myocardial scintigraphy, may signifi-
cantly affect the natural history of CAD. The 5-year follow-up
of the DIAD study (Detection of Ischemia in Asymptomatic
Diabetics) found that SPECT MPI provides good risk
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stratification, with a sixfold higher risk of cardiac death/nonfatal
MI in patients with moderate to large defects versus no or small
defects (2.4 % vs. 0.4 %, p=0.001) [40]. However, it does not
appear that this information leads to improved clinical care
because there was no significant decrease in cardiac death/non-
fatal MI in asymptomatic DM individuals screened for ischemia
versus routine clinical care. By contrast, data from two large
observational cohorts including 11,453 patients (2,206 of whom
were diabetic) showed that patients with significant myocardial
ischemia on SPECT MPI have improved survival with revascu-
larization versus medical therapy in both symptomatic and
asymptomatic DM patients [41]. Evidence discussed so far hints
that assessment of long-term CV risk may be sufficient to
implement intensive therapeutic regimens for the primary
prevention of CVD. Further randomized studies are needed to
understand whether screening for CAD should be performed in
asymptomatic patients at high risk of CV events.

References

1. Paneni F, Costantino S, Cosentino F (2014) Insulin resistance, diabetes,
and cardiovascular risk. Curr Atheroscler Rep 16:419

2. Wong ND (2006) Screening and risk stratification of patients with the
metabolic syndrome and diabetes. Expert Rev Cardiovasc Ther
4:181-190

3. Paneni F, Costantino S, Cosentino F (2014) Molecular mechanisms of
vascular dysfunction and cardiovascular biomarkers in type 2 diabetes.
Cardiovasc Diagn Ther 4:324-332

4. Finkelstein EA, Khavjou OA, Will JC, Farris RP, Prabhu M (2006)
Assessing the ability of cardiovascular disease risk calculators to evalu-
ate effectiveness of trials and interventions. Expert Rev Pharmacoecon
Outcomes Res 6:417-424

5. Stevens RJ, Kothari V, Adler Al, Stratton IM, United Kingdom
Prospective Diabetes Study Group (2001) The UKPDS risk engine: a
model for the risk of coronary heart disease in Type II diabetes
(UKPDS 56). Clin Sci (Lond) 101:671-679



References 81

6.

10.

11.

12.

13.

14.

15.

16.

18.

Guzder RN, Gatling W, Mullee MA, Mehta RL, Byrne CD (2005)
Prognostic value of the Framingham cardiovascular risk equation and
the UKPDS risk engine for coronary heart disease in newly diagnosed
Type 2 diabetes: results from a United Kingdom study. Diabet Med
22:554-562

. Protopsaltis ID, Konstantinopoulos PA, Kamaratos AV, Melidonis Al

(2004) Comparative study of prognostic value for coronary disease risk
between the U.K. prospective diabetes study and Framingham models.
Diabetes Care 27:277-278

. Kengne AP, Patel A, Marre M, Travert F, Lievre M, Zoungas S et al

(2011) Contemporary model for cardiovascular risk prediction in peo-
ple with type 2 diabetes. Eur J Cardiovasc Prev Rehabil 18:393-398

. Allan GM, Garrison S, McCormack J (2014) Comparison of cardiovas-

cular disease risk calculators. Curr Opin Lipidol 25:254-265

Ryden L, Grant PJ, Anker SD, Bemne C, Cosentino F, Danchin N et al
(2013) ESC guidelines on diabetes, pre-diabetes, and cardiovascular dis-
eases developed in collaboration with the EASD: the Task Force on diabe-
tes, pre-diabetes, and cardiovascular diseases of the European Society of
Cardiology (ESC) and developed in collaboration with the European
Association for the Study of Diabetes (EASD). Eur Heart J 34:3035-3087
Folsom AR, Chambless LE, Ballantyne CM, Coresh J, Heiss G, Wu
KK et al (2006) An assessment of incremental coronary risk prediction
using C-reactive protein and other novel risk markers: the atherosclero-
sis risk in communities study. Arch Intern Med 166:1368-1373
American Diabetes Association (2014) Standards of medical care in
diabetes — 2014. Diabetes Care 37(Suppl 1):S14-S80

Freedman BI, Langefeld CD, Lohman KK, Bowden DW, Carr JJ, Rich
SS et al (2005) Relationship between albuminuria and cardiovascular
disease in Type 2 diabetes. ] Am Soc Nephrol 16:2156-2161

Di Angelantonio E, Butterworth AS (2012) Clinical utility of genetic
variants for cardiovascular risk prediction: a futile exercise or insuffi-
cient data? Circ Cardiovasc Genet 5:387-390

Handy DE, Castro R, Loscalzo J (2011) Epigenetic modifications:
basic mechanisms and role in cardiovascular disease. Circulation
123:2145-2156

Abi Khalil C (2014) The emerging role of epigenetics in cardiovascular
disease. Ther Adv Chronic Dis 5:178-187

. Burgio E, Lopomo A, Migliore L (2014) Obesity and diabetes: from

genetics to epigenetics. Mol Biol Rep. doi:10.1007/s11033-014-3751-z
Luttmer R, Spijkerman AM, Kok RM, Jakobs C, Blom HJ, Serne EH
et al (2013) Metabolic syndrome components are associated with DNA
hypomethylation. Obes Res Clin Pract 7:e106—e115


http://dx.doi.org/10.1007/s11033-014-3751-z

82

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31

Chapter 7. Risk Stratification

Abbott A (2010) Project set to map marks on genome. Nature 463:
596-597

Quiat D, Olson EN (2013) MicroRNAs in cardiovascular disease: from
pathogenesis to prevention and treatment. J Clin Invest 123:11-18
Zampetaki A, Kiechl S, Drozdov I, Willeit P, Mayr U, Prokopi M et al
(2010) Plasma microRNA profiling reveals loss of endothelial miR-126
and other microRNAs in type 2 diabetes. Circ Res 107:810-817
Jansen F, Yang X, Hoelscher M, Cattelan A, Schmitz T, Proebsting S
et al (2013) Endothelial microparticle-mediated transfer of
MicroRNA-126 promotes vascular endothelial cell repair via SPRED1
and is abrogated in glucose-damaged endothelial microparticles.
Circulation 128:2026-2038

Spranger J, Kroke A, Mohlig M, Hoffmann K, Bergmann MM, Ristow
M et al (2003) Inflammatory cytokines and the risk to develop type 2
diabetes: results of the prospective population-based European
Prospective Investigation into Cancer and Nutrition (EPIC)-Potsdam
Study. Diabetes 52:812-817

Geisler T, Mueller K, Aichele S, Bigalke B, Stellos K, Htun P et al
(2010) Impact of inflammatory state and metabolic control on respon-
siveness to dual antiplatelet therapy in type 2 diabetics after PCI: prog-
nostic relevance of residual platelet aggregability in diabetics
undergoing coronary interventions. Clin Res Cardiol 99:743-752
Snell-Bergeon JK, Budoff MJ, Hokanson JE (2013) Vascular calcification
in diabetes: mechanisms and implications. Curr Diab Rep 13:391-402
Eghbali-Fatourechi GZ, Lamsam J, Fraser D, Nagel D, Riggs BL,
Khosla S (2005) Circulating osteoblast-lineage cells in humans. N Engl
J Med 352:1959-1966

Flammer AJ, Gossl M, Widmer RJ, Reriani M, Lennon R, Loeffler D
et al (2012) Osteocalcin positive CD133+/CD34-/KDR+ progenitor
cells as an independent marker for unstable atherosclerosis. Eur Heart
J33:2963-2969

Fadini GP, Albiero M, Menegazzo L, Boscaro E, Vigili de Kreutzenberg
S, Agostini C et al (2011) Widespread increase in myeloid calcifying
cells contributes to ectopic vascular calcification in type 2 diabetes.
Circ Res 108:1112-1121

Jandeleit-Dahm K, Cooper ME (2008) The role of AGEs in cardiovas-
cular disease. Curr Pharm Des 14:979-986

Meerwaldt R, Graaff R, Oomen PH, Links TP, Jager JJ, Alderson NL
et al (2004) Simple non-invasive assessment of advanced glycation
endproduct accumulation. Diabetologia 47:1324-1330

Hanssen NM, Wouters K, Huijberts MS, Gijbels MJ, Sluimer JC,
Scheijen JL et al (2014) Higher levels of advanced glycation



References 83

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

endproducts in human carotid atherosclerotic plaques are associated
with a rupture-prone phenotype. Eur Heart J 35:1137-1146

Kass DA, Shapiro EP, Kawaguchi M, Capriotti AR, Scuteri A, deGroof
RC et al (2001) Improved arterial compliance by a novel advanced
glycation end-product crosslink breaker. Circulation 104:1464-1470
Stirban A, Negrean M, Stratmann B, Gawlowski T, Horstmann T,
Gotting C et al (2006) Benfotiamine prevents macro- and microvascu-
lar endothelial dysfunction and oxidative stress following a meal rich
in advanced glycation end products in individuals with type 2 diabetes.
Diabetes Care 29:2064-2071

Anand DV, Lim E, Hopkins D, Corder R, Shaw L1J, Sharp P et al (2006)
Risk stratification in uncomplicated type 2 diabetes: prospective
evaluation of the combined use of coronary artery calcium imaging and
selective myocardial perfusion scintigraphy. Eur Heart J 27:713-721
Agarwal S, Cox AJ, Herrington DM, Jorgensen NW, Xu J, Freedman
Bl et al (2013) Coronary calcium score predicts cardiovascular mortal-
ity in diabetes: diabetes heart study. Diabetes Care 36:972-977
Stefanini GG, Windecker S (2015) Can coronary computed tomography
angiography replace invasive angiography? Coronary computed tomog-
raphy angiography cannot replace invasive angiography. Circulation
131:418-426

Gayathri R, Chandni R, Udayabhaskaran V (2012) Carotid artery intima
media thickness in relation with atherosclerotic risk factors in patients
with type 2 diabetes mellitus. J Assoc Physicians India 60:20-24
Bernard S, Serusclat A, Targe F, Charriere S, Roth O, Beaune J et al
(2005) Incremental predictive value of carotid ultrasonography in the
assessment of coronary risk in a cohort of asymptomatic type 2 diabetic
subjects. Diabetes Care 28:1158-1162

Valensi P, Lorgis L, Cottin Y (2011) Prevalence, incidence, predictive
factors and prognosis of silent myocardial infarction: a review of the
literature. Arch Cardiovasc Dis 104:178-188

Young LH, Wackers FJ, Chyun DA, Davey JA, Barrett EJ, Taillefer R
et al (2009) Cardiac outcomes after screening for asymptomatic coro-
nary artery disease in patients with type 2 diabetes: the DIAD study:
a randomized controlled trial. JAMA 301:1547-1555

Bourque JM, Beller GA (2011) Stress myocardial perfusion imaging for
assessing prognosis: an update. JACC Cardiovasc Imaging 4:1305-1319



Chapter 8
Hyperglycemia

8.1 Glycemic Control and Microvascular
Complications

Large randomized studies have established that early intensive
metabolic control reduces the risk of DM-related microvascular
complications, including diabetic nephropathy, retinopathy, and
neuropathy. However, despite compelling outcomes, and the
availability of effective therapeutic agents, DM remains a public
health burden of epidemic proportion [1]. Long-term follow-up
of early intervention studies suggest that the metabolic environ-
ment deserves close attention since therein lies a window of
opportunity for significantly diminishing and potentially pre-
venting microvascular complications [2]. The landmark Diabetes
Complications and Control Trial (DCCT) not only demon-
strated that intensive glycemic control (goal of HbA, 6.5 %,
mean achieved HbA 7 %) in subjects with T1D reduced the
risk and progression of microvascular complications compared
to conventional therapy but also that even within the intensively
treated group, subjects who had DM for several years had a
higher incidence of microvascular complications when com-
pared with those with new-onset disease [3]. A clinically rele-
vant observation extrapolated from this study was that the
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relationship between glucose control (as reflected by the mean
on-study HbA  value) and risk of complications was log-linear
and extended down to the normal HbA | range (<6 %), with no
threshold noted [4]. This latter finding strengthens the concept
that CV manifestations occur along the “glycemic continuum”
and not only within the diabetic condition. The Epidemiology of
Diabetes Interventions and Complications (EDIC) study, an
observational follow-up of DCCT trial, was the first large-scale
clinical trial to demonstrate the persistent benefit among
patients who were initially randomized to intensive control
compared to conventional treatment, despite converging HbA
values between the two groups [5]. Emerging data from the
EDIC also suggest that the influence of early glycemic control
on eventual progression of macrovascular complications may
become more evident with longer follow-up [6]. Indeed, 9 years
after DCCT termination, participants previously randomized to
the intensive arm had a 42 % reduction (p=0.02) in CVD out-
comes and a 57 % reduction (p=0.02) in the risk of nonfatal
myocardial infarction (MI), stroke, or CVD death compared
with those previously in the standard arm [6]. Interestingly, a
recent report on the cumulative incidence of diabetic retinopa-
thy after 18-year DCCT follow-up demonstrated that risk of
microvascular complications continues to be lower in patients
initially randomized to intensive glycemic control, thus strength-
ening the importance of this approach for the prevention of
microvascular outcomes (Fig. 8.1) [7]. Data from the United
Kingdom Prospective Diabetes Study (UKPDS) appear to be
consistent with this evidence. UKPDS, a randomized, prospec-
tive, multicenter trial, showed that intensive glucose therapy
(median HbAlc 7.0 %) in patients with newly diagnosed T2D
was associated with a reduced risk of microvascular complica-
tions [8]. In a post-interventional follow-up of the UKPDS
survivors performed 10-year later, there was a continued benefit
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T2D pts with poor glycemic control (HbA1c >7.5 %)

" 4 2 &

Intensive Moderate Modest

( HbA1c<65% | [ HbAtc<7% ) [ HbAtc<73% |

Target glycemic variability Target glycemic variability Target glycemic variability
AUCpp AUCpp UCpp
MAGE MAGE MAGE
Age <40 years Age = 40-70 years Age >70 years
DM duration <2-3 years DM duration 3-6 years DM duration >6 years
CVD absent CVD present CVD present
Comorbidities absent Comorbidities absent Comorbidities present
3 out of 4 criteria may be considered 3 out of 4 criteria may be considered 3 out of 4 criteria may be considered

Fig. 8.1 Tentative algorithm for the management of hyperglycemia (HbA
target) in diabetic patients, according to age, diabetes duration, presence of
cardiovascular disease, and comorbidities. Therapeutic strategies to reduce
glycemic variability should be also implemented (mostly in young sub-
jects). CVD cardiovascular disease, DM diabetes, AUCpp postprandial
incremental area under the curve of blood glucose levels, MAGE average
glycemic excursions

from the early institution of improved glucose control on micro-
and macrovascular outcomes [9]. However, it should be noted
that the reduction in CV complications (combined fatal or non-
fatal MI, stroke, and sudden death) observed in the intensive
glycemic control arm of UKPDS was not statistically significant
(»p=0.052), and there was no suggestion of benefit on other
CVD outcomes such as stroke and peripheral artery disease.
Taken together, studies examined so far suggest that intensive
glycemic control reduces the risk of microvascular complica-
tions whereas its impact on macrovascular disease remains not
clearly defined.
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8.2 Glycemic Control and Macrovascular
Complications

Because of ongoing uncertainty about the effectiveness of inten-
sive glycemic control in reducing DM-related CV events, several
large long-term trials were launched in the past decade to com-
pare the effects of intensive versus standard glycemic control on
CVD outcomes in relatively high-risk participants with estab-
lished T2D. The Action to Control Cardiovascular Risk in
Diabetes Study Group (ACCORD) [10], Action in Diabetes and
Vascular Disease -Preterax and Diamicron Modified Release
Controlled Evaluation (ADVANCE) [11], and the Veterans
Affairs Diabetes Trial (VADT) [12] sought to determine the
effect of glucose lowering to near-normal levels on CV risk.
These studies included a large number of participants with com-
plete follow-up for a median of 3.5-5.6 years. The baseline
characteristics were typical for adults with T2D: mean age of
60-66 years and duration of DM ranging from 8 to 11 years
(Table 8.1). Approximately one-third of patients in each study
had a history of CVD, so these trials assessed the effect of
intensive glycemic control in patients with and in those without
pre-existing atherosclerotic vascular disease. In ADVANCE,
microvascular, but not macrovascular complications, were
improved during 5-year follow-up. Indeed, intensive glycemic
control significantly reduced the primary end point (HR 0.90
[95 % CI 0.82-0.98], p=0.01), but this result was mostly driven
by a significant reduction in the microvascular outcome (occur-
rence of macroalbuminuria, 0.86 [0.77-0.97], p=0.01), with no
effects on macrovascular endpoints (0.94 [0.84-1.06], p=0.32).
Enthusiasm and hopes of glucose control benefits were struck
down by the results of the ACCORD trial, prematurely stopped
after 3.4 years due to increased mortality in the intensive treat-
ment arm. Despite many authors having attributed these negative
findings to the aggressive control of hyperglycemia, scrutiny
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Table 8.1 Main characteristics of recent randomized trials testing the
effects of intensive glycemic control on macrovascular complications in

high-risk T2D patients

ACCORD ADVANCE VADT
Number of 10,251 11,140 1,791
patients
Mean age (years) 62 66 60
Diabetes 10 8 11.5
duration
Established 35 32 40
CVD (%)
Median HbA |~ 8.1 7.2 9.4
HbA  goal (%) <6 <6.5 <6
Management of Blood pressure Blood pressure Multifactorial
other risk and lipids treatment
factors
Median 3.5 (prematurely 5 5.6
follow-up stopped)
(years)
Final HbA 6.4vs.7.5 6.3vs.7.0 6.9 vs. 8.5
values
Hypoglycemia
Intensive arm 16.2 2.7 21.2
Control arm 5.1 1.5 9.9
Definition of Nonfatal MI, Micro- and Nonfatal MI,
primary nonfatal macrovascular nonfatal stroke,
outcome stroke, CV outcomes CV death, HF
death hospitalization,
revascularization
HR for primary 0.90 microvascular: 0.88 (0.74-1.05)
outcome (0.78-1.04) 0.90
(0.82-0.98);
macrovascular:
0.94
(0.84-1.06)

HR for mortality 1.22

(1.01-1.46)

0.93 (0.83-1.06)

1.07 (0.82-1.42)

CVD cardiovascular disease, MI myocardial infarction, HF heart failure,

HR hazard ratio
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sub-analyses of the mortality findings in ACCORD (considering
variables such as weight gain, use of drug combination, and
hypoglycemia) were unable to explain the excess mortality
observed in the intensive arm [4]. Yet, glycemic control achieved
in the VADT trial had no significant effect on the rates of major
CV events, death, or microvascular complications. During a
median 5.6-year follow-up period, the cumulative incidence of
the primary outcome was not significantly lower in the intensive
arm (HR 0.88 [95 % CI 0.74-1.05], p=0.12). There were more
CVD deaths in the intensive group than in the standard arm (38
vs. 29), but such difference was not statistically significant.
Albeit in all these studies patients were aggressively treated for
all other CV risk factors, DM subjects remained exposed to a
substantial risk of CV events and mortality [4]. Indeed, a tight
control of glycemia together with a multifactorial approach were
not able to prevent the development of coronary artery disease in
these patients. Possible explanations for these negative results —
as previously shown by the DCCT and UKPDS investigators —
may be a too short follow-up to demonstrate an effect on
macrovascular complications and/or long-standing duration of
DM beyond the stage where tight glycemic control could exert
any protective effect [4]. Another possible explanation is that in
T2D, where other CVD risk factors are highly prevalent, the addi-
tive benefits of intensive glycemic control might be difficult to
demonstrate. It is likely that a real benefit of glucose lowering on
CVD in T2DM, even if it could be proven, is modest compared
with and incremental to treatment of other CVD risk factors.

8.3 Hypoglycemia

Intensive glucose lowering increases the incidence of severe
hypoglycemia three- to fourfold in both T1D and T2D [13].
The occurrence of hypoglycemia may contribute to explain the
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failure of intensive glycemic control mostly in the ACCORD
and VADT trials where severe hypoglycemia was observed in
16.2 and 21.1 % of patients, respectively (Table 8.1). Post hoc
analyses from these trials have shown that hypoglycemia has a
detrimental impact on CV morbidity and mortality [14].
Furthermore in the ADVANCE trial patients who experienced
severe hypoglycemia were those with the highest mortality
after a 5-year follow-up [15]. Severe hypoglycemia was shown
to be strongly related to an increased risk of the first macrovas-
cular event (death from a CV cause, nonfatal myocardial
infarction, or nonfatal stroke) as well as to higher all-cause,
CV and non-CV mortality rates. However, the significance of
hypoglycemia is still unclear. Indeed, it is not known whether
hypoglycemia per se can affect outcomes in DM patients, via
an array of detrimental mechanisms, or, alternatively, whether
hypoglycemia is just an epiphenomenon, reflecting the disease
severity and the comorbidity burden, simply identifying those
at high risk of poor CV outcomes [16]. The latter assumption
is supported by the notion that DM patients who are more
likely to develop severe hypoglycemic events are older, have
lower body mass index, impaired renal function, a history of
microvascular complications, dementia, previous hypoglyce-
mic events, longer duration of T2D, and worse education.
Moreover, comorbidities may significantly increase the risk of
hypoglycemia and this is why glycemic targets should be less
stringent in this category of patients. Another precipitating
factor is the impaired hypoglycemic awareness which increases
with duration of DM and is a significant risk factor for hypo-
glycemia [17]. The outcome of glucose-lowering studies has
raised the question as to whether hypoglycemia is an impor-
tant risk factor for myocardial infarction in patients with
DM. Frier et al. have extensively reviewed this topic, provid-
ing evidence for a number of adverse effects of hypoglycemia
on the CV system, particularly in the presence of autonomic
neuropathy [18].
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8.4 Recommended Glycemic Targets

Based on available evidence, recent guidelines on the manage-
ment of DM do not recommend a very tight glucose control if
the ambition is to reduce macrovascular complications [19, 20].
Moreover, in older patients with long-standing DM and CVD,
glycemic control should be modest because of a concrete risk of
hypoglycemia and other side effects. Intensive glycemic control
to achieve a HbA target<7 % is effective but should be applied
in an individualized manner taking into account several vari-
ables such as (Fig. 8.2):
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Fig. 8.2 Estimated cumulative incidence of new proliferative diabetic reti-
nopathy during the following 18 years after DCCT termination (Data from
The Diabetes Control and Complications Trial (DCCT)/Epidemiology of
Diabetes Interventions and Complications (EDIC) Research Group [7])



8.4 Recommended Glycemic Targets 93

o Age

¢ Duration of diabetes

¢ Presence of cardiovascular disease
¢ Comorbidities

For the prevention of microvascular complications, HbA
should be less than 7 %, fasting glycemia <120 mg/dl, and post-
prandial glycemia <160-180 mg/dl. Postprandial hyperglyce-
mia is a reliable estimate of glycemic variability and it is
emerging as a powerful predictor of micro- and macrovascular
complications in DM patients, even when adjusted for HbA
levels. Glycemic variability can be quantified by means of aver-
age glycemic excursions (MAGE) and postprandial incremental
area under the curve of blood glucose levels (AUCpp) [21].
MAGE have been conceived to measure the mean of the differ-
ences between consecutive peaks and nadirs and provide a reli-
able estimate of glycemic instability. On the other hand, AUCpp
is a well-established marker reflecting meal-related hyperglyce-
mic swings. Previous work has shown that postprandial glucose
levels are significantly prolonged in T2D patients as compared
to healthy controls, and may trigger ROS generation, reduced
nitric oxide breakdown, and endothelial damage [22].
Noteworthy, postprandial hyperglycemia is an independent risk
factor for vascular complications in T2D [23]. Several studies
have demonstrated thatin DM patients achieving a HbA <6.5 %,
glycemic excursions were independently associated to micro-
vascular events [24, 25]. In the ACCORD and ADVANCE trials,
the reduction of HbA  levels was not accompanied by a reduc-
tion of glycemic variability and this aspect may have contrib-
uted to the lack of CV benefit observed in these trials. In this
regard, the STOP-NIDDM trial has shown that decreasing post-
prandial hyperglycemia is associated with a 49 % relative risk
reduction in the development of CV events (HR, 0.51; 95 %
confidence interval [CI]; 0.28-0.95; p=.03) in high-risk sub-
jects with impaired glucose tolerance [26]. Hence, treatment of
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hyperglycemia should take into account the suppression of post-
prandial hyperglycemia and glycemic excursions which repre-
sent important HbA  -independent markers of cardiovascular
risk.

8.5 Cardiovascular Effects
of Glucose-Lowering Drugs

Available antidiabetic drugs are effective for the management
of hyperglycemia; however many DM patients have cardiovas-
cular problems and attention should be paid to the risk-benefit
ration of the different formulations. Adverse CV effects of
hypoglycemic agents vary according to mechanism of action
and the combination used (Table 8.2). Insulin is widely used to
treat hyperglycemia both in T1D and T2D, this drug also pro-
tects against postprandial hyperglycemia and may secure gly-
cemic control over 24 h. The ORIGIN trial has recently
demonstrated that more than 6 years of treatment with insulin
glargine had a neutral effect on CV outcomes and cancers
while increased the risk of hypoglycemia and body weight
[27]. Sulphonylureas metiglinides and incretin mimetics
(GLP-1 analogues and DDP-4 inhibitors) act by stimulating
endogeninsulinsecretion by pancreatic betacell. Sulphonylureas
and metiglinides are associated to increased body weight and
hypoglycemia in the absence of clear CV benefits. These drugs
may be prescribed to DM patients with CVD but their potential
hypoglycemic effects should be strictly monitored by analysis
of glycemic profile and blood glucose monitoring, particularly
during the first weeks of treatment [28]. GLP-1 and DDP-4
have gastrointestinal side effects and accelerate satiety thus
reducing of body weight, an effect which is more pronounced
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with GLP-1 agonists (Table 8.2). Although these drugs have
shown to reduce intermediate and biochemical endpoints such
as endothelial function, systemic inflammation, and oxidative
stress, recent randomized trials SAVOR-TIMI 53 and
EXAMINE did not show any significant benefit on CV out-
comes [29]. On the other hand, these drugs did not increase CV
risk, suggesting their use as hypoglycemic agents in diabetics
with CVD. Pioglitazone, a PPARY agonist with partial PPAR«
activity, reduces hyperglycemia by improving peripheral insu-
lin sensitivity and hepatic glucose production, whereas metfor-
min, a biguanide, exerts similar effects by activating the AMP
kinase. Pioglitazone has favorable metabolic effects, it
improves lipid profile and blood pressure, is associated with
low risk of hypoglycemia, and, in the PROActive trial, was
associated with a modest CV benefit [28]. However, piogli-
tazone and rosiglitazione, the latter withdrawn from the market
due to increased MI risk, are associated with a number of com-
plications including bladder cancer, bone fractures, fluid reten-
tion with increased body weight, and last but not least, risk of
heart failure. In order to improve tolerability of these drugs,
double PPARay agonists have been launched and tested in a
large randomized clinical trial. In the AleCardio trial, the use
of Aleglitazar was associated with a significant increase of
renal and CV complications, leading to a premature interrup-
tion of study for safety concerns [30]. As of today, metformin
remains the first-line drug for the treatment of T2D [20]. This
is because the metformin is well tolerated, reduces body
weight, and is associated with reduced risk of nonfatal MI. The
inhibitors of glucose intestinal absorption have shown to
reduce postprandial hyperglycemia in patients with prediabetes
and T2D (Table 8.2) [26]. However, further studies are needed
to better characterize the risk-benefit profile of this class of
drugs.
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Table 8.2 Properties and cardiovascular effects of available glucose-lower-
ing drugs for the treatment of type 2 diabetes

Drugs class

Hypogly-

Effect cemia

Advantages/
disadvantages

Metformin

Sulphonylureas

Meglitinides

Insulin No
sensitizer

Secretagogue  Yes

Secretagogue  Yes

Repaglinide
Nateglinide
Alpha-glucosidase Inhibit No
inhibitors glucose
Acarbose intestinal
Miglitol absorption
Voglibose

First-line drug for the
treatment of T2D
Reduces risk of MI
(UKPDS)
Several randomized
studies available
Mild side effects
Cost-effective
Several randomized
studies available
Reduces
microvascular
complications
(UKPDS)
Reduces ischemic
preconditioning
Increases the risk of
hypoglycemia
Cost-effective
Weight gain
Reduce glycemic
variability
Effects on ischemic
preconditioning
Increase the risk of
hypoglycemia
High costs
Further studies needed
Reduce glycemic
variability
Potential
cardiovascular
benefit
(STOP-NIDDM)
Frequent
gastrointestinal
side effects
Moderate costs
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Table 8.2 (continued)

97

Hypogly-
Drugs class Effect cemia

Advantages/
disadvantages

Thiazolidinediones Insulin No
Pioglitazone sensitizer
Rosiglitazone

GLP-1 agonists Secretagogue No
Exenatide
Liraglutide

DPP-4 inhibitors ~ Secretagogue No
Sitagliptin
Saxagliptin
Vildagliptin
Linagliptin
Alogliptin
Insulin Secretagogue  Yes

SGLT?2 inhibitors  Inhibit renal  No
transport
of glucose

Weight gain

Reduce risk of MI
(PROACtive)

Improve diabetic
dyslipidemia

Increase hospitalization
for heart failure

Increase risk of
bladder cancer

Bone fractures

High costs

Weight gain

No reduction of CV
endpoints
(EXTREME)

Improve beta-cell
function

Gastrointestinal side
effects

High costs

Well tolerated

No reduction of CV
endpoints (SAVOR
TIMI 53)

Modest HbA  reduction

High costs

Weight gain

Reduces glycemic
variability

Reduces microvascular
(UKPDS) but not
macrovascular
(ORIGIN)
complications

Increases the risk of
hypoglycemia

Further studies needed

High costs

T2D type 2 diabetes, MI myocardial infarction
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Chapter 9
Diabetic Dyslipidemia

9.1 Definition and Pathophysiology of Diabetic
Dyslipidemia

Insulin resistance in patients with diabetes mellitus (DM)
causes metabolic changes by several mechanisms leading to
increased levels of small and dense low density lipoprotein
cholesterol (sd-LDL-C), low high density lipoprotein choles-
terol (HDL-C) and mild or severe hypertriglyceridemia, defin-
ing a well-studied phenotype known as atherogenic dyslipidemia
[1]. Atherogenic dyslipidemia has been associated with a 3- to
6-fold increase in the risk of CV events [2]. This lipid pattern
is a common finding in patients with DM and its prevalence
grows with that of visceral obesity [3]. The European Action on
Secondary Prevention through Intervention to Reduce Events
(EUROASPIRE III) survey reported that the overall prevalence
of high TG and low HDL-C has almost doubled, compared
with the prevalence seen in EUROASPIRE II, due to the
increase in T2D and obesity [4, 5]. Adiposity and insulin resis-
tance cause overproduction of VLDL/apolipoprotein B (ApoB)
complexes, decreased catabolism of apoB-lipoprotein contain-
ing particles, and accelerated degradation of HDL-apoAl.
Impaired insulin sensitivity in the adipose tissue significantly

F. Paneni, F. Cosentino, Diabetes and Cardiovascular Disease: 101
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Fig. 9.1 Schematic representation of lipid changes underpinning athero-
genic dyslipidemia in patients with type 2 diabetes. 72D type 2 diabetes,
FFAs free fatty acids, HL hepatic lipase, HSL hormone-sensitive lipase,
IDL intermediate density lipoprotein, LDL low density lipoprotein,
HDL-C high density lipoprotein cholesterol, TG triglycerides, VLDL-C
very low density lipoprotein cholesterol, apoAl apolipoprotein Al,
CEPT cholesteryl ester transfer protein

suppresses the inhibition of hormone sensitive lipase (HSL),
thus leading to free fatty acid release (FFA) into the circulation
(Fig. 9.1) [2]. Moreover, hypertrophic adipocytes are defective
in the incorporation of FFA into TG. Such excess of FFA is
subjected to liver reuptake, promoting the synthesis of TG-rich
VLDL-C and apoB [6]. These lipids are substrates for the
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cholesterol ester transfer protein (CETP), which transfers TG
to LDL-C and HDL-C in exchange for cholesteryl esters. After
CETP has transferred TG from VLDL-C to LDL-C, the latter
becomes a substrate for the hepatic lipase (HL) whose activity
is strongly increased in the presence of insulin resistance
(Fig. 9.1). HL-mediated hydrolysis makes LDL-C poor of TG
and phospholipids, and this modification leads to smaller LDL
which are more prone to oxidation in the vascular wall. This
also results in altered ApoB conformation, which weakens its
binding to the LDL-C receptor, reduces internalization into the
liver and prolongs LDL-C residence time into the circulation
[7]. This will increase the chance of sd-LDL to penetrate into
the vessel intima where their oxidation promotes vascular
inflammation, and atherosclerosis [8].

9.2 LDL Cholesterol Lowering Therapies

Statins remain a cornerstone in the treatment of DM patients
and account for the largest reduction of mortality observed in
this population [9-11] In the 4S study (Scandinavian
Simvastatin Survival Study), treatment with simvastatin
20-40 mg significantly reduced the risk of all-cause mortality
and myocardial infarction respectively by 43 and 55 % in
patients with T2D as compared to 29 and 32 % observed in
people without DM [12]. The Heart Protection Study has
shown that 5-year treatment with simvastatin reduced the CV
composite endpoint (acute coronary syndromes, stroke, myo-
cardial revascularization) by 34 %. Similarly, pravastatin
40 mg was associated with a 24 % reduction of CV events in
T2D subjects enrolled in the CARE trial (Cholesterol and
Recurrent Events) [13]. In the 2,532 DM patients enrolled in
the ASCOT-LLA study (Anglo-Scandinavian Cardiac
Outcomes Trial-Lipid Lowering Arm), treatment with
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atorvastatin led to a 36 % reduction of fatal and nonfatal
myocardial infarction after a median follow-up of 3.3 years
[14]. Furthermore, in the CARDS trial (Collaborative
Atorvastatin Diabetes Study) treatment with atorvastatin
10 mg in 2,800 patients with T2D resulted in a 36 % reduction
of coronary events, 31 % of revascularization procedures, and
decreased the risk of stroke by 48 % [15]. In a meta-analysis
of 14 randomized controlled trials including more than 18,000
persons with DM, the mean duration of follow-up was
4.3 years, with 3,247 major vascular events. The study
reported a 9 % reduction in all-cause mortality and a 21 %
reduction in the incidence of major vascular outcomes per
mmol/L of LDL-C lowering (RR 0.79; 99 % CI 0.72-0.87;
p<0.0001), similar to that seen in non-DM. Interestingly, the
magnitude of the benefit was associated with the absolute
reduction in LDL-C, highlighting a positive relationship
between LDL-C and CV risk [16]. Based on the linear relation
between LDL cholesterol and CV events, several RCTs tested
the hypothesis that higher statin dosages could further reduce
CVD burden in DM patients. In diabetics with stable coronary
artery disease the TNT trial has shown that atorvastatin 80 mg
is able to reduce the occurrence of major CV events as com-
pared to atorvastatin 10 mg [17]. However, data from 10
RCTs, studying 41,778 patients followed for 2.5 years, showed
that intensive statin dosage reduced the composite CV end-
point by 10 % (95 % Cl 0.84-0.96; p<0.0001), but did not
reduce CV mortality [16]. By contrast, in patients with ACS,
intensive statin therapy is associated with reduced all-cause
and CV mortality [18]. Niacin, fenofibrate, ezetimibe, and bile
acid sequestrants may further reduce LDL cholesterol as com-
pared to statins alone [19]. However, there is insufficient evi-
dence that such combination therapy for LDL cholesterol
lowering provides a significant increment in CV risk reduction
over statin therapy alone (Table 9.1) [20, 21].



9.2 LDL Cholesterol Lowering Therapies

105

Table 9.1 Main randomized controlled trials on the management of athero-
genic dyslipidemia

Trial Population Intervention Effect Outcome
FIELD T2D with  Fenofibrate or  Fenofibrate Fenofibrate did not
(n=9,795) CVD matching significantly reduce the
placebo reduced TG primary
while outcome of
increasing coronary
HDL-C events ([HR]
levels 0.89, 95 % CI
0.75-1.05;
p=0.16)

Only total CV
events were
reduced,
mainly due to
fewer nonfatal
MI and
revascular-
izations

ACCORD T2D with  Fenofibrate or  Fenofibrate Fenofibrate did not
LIPID CVD placebo in significantly reduce the
(n=5,518) patients reduced TG primary

who were while outcome of
being increasing coronary
treated HDL-C events ([HR],
with levels 0.92; 95 % CI,
open-label 0.79-1.08;
simvastatin p=0.32)

No significant
differences

between the
two study
groups with
respect to any
secondary
outcome

(continued)
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Table 9.1 (continued)

Trial Population Intervention Effect Qutcome
AIM-HIGH Established Patients Niacin Niacin did not
(n=3,414) CVD randomly significantly reduce the
assigned to increased primary
receive median outcome of
niacin or HDL-C and coronary
placebo lowered TG events ([HR],
and LDL-C 1.02; 95 % CI,
0.87-1.21;
p=0.79)

Similar results
were observed
in the subgroup
of patients with

DM
ILLUMINATE High CV  Torcetrapib Torcetrapib Torcetrapib
(n=15,067) risk plus significantly significantly
atorvastatin increased increased the
Vvs. median risk of CV
atorvastatin HDL-C events ([HR],
alone while 1.25;95 % CI,
reducing 1.09-1.44,
LDL-C p=0.001), and
death from any
cause
([HR],1.58;
95 % CI,
1.14-2.19;

p=0.006)
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Table 9.1 (continued)

Trial Population Intervention Effect Outcome
Dal-OUT- Recent Dalcetrapib or  Dalcetrapib As compared with
COMES ACS placebo, in significantly placebo,
(n=15,871) addition to increased dalcetrapib did
best median not alter the
available HDL-C, risk of the
evidence- with primary end
based care minimal point ([HR],
effect on 1.04; 95 % CI,
LDL-C 0.93-1.16;
p=0.52) and
did not have a
significant

effect on any
component of
the primary
end point or
total mortality

T2D type 2 diabetes, CVD cardiovascular disease, TG triglycerides, HDL-C
high density lipoprotein cholesterol, LDL-C low density lipoprotein choles-
terol, HR hazard ratio, MI myocardial infarction, ACS acute coronary
syndrome

9.3 TGL, HDL, and Residual Vascular Risk

Albeit statins are associated with a substantial reduction of LDL
cholesterol levels, CV morbidity and mortality remains high in
DM patients, suggesting that other lipid components, namely
TG and HDL cholesterol, may contribute to vascular risk in this
setting [9]. Analyses of the HPS and CARE trials have revealed
that low HDL-C levels are independently associated with CV
events in patients with DM [9]. Although the TG/HDL ratio is a
powerful predictor of CV outcome [22], it remains unclear
whether pharmacological modulation of these lipid fractions
may effectively reduce CV morbidity and mortality [2, 9]. The
initial enthusiasm toward this approach came from the VA-HIT
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trial (Veterans Affairs High-Density Lipoprotein Cholesterol
Intervention Trial), where chronic treatment with fenofibrate
determined a 24 % reduction of CV mortality, myocardial
infarction and stroke in DM patients with normal LDL levels
and increased TG/HDL ratio [23]. These positive results were
not confirmed in later trials. In the FIELD study (Fenofibrate
Intervention and Event Lowering in Diabetes) treatment with
fenofibrate did not reduce coronary events in 9,795 patients with
T2D [24]. Fenofibrate was only associated with a modest but
significant reduction of the amputation rate. The recent
ACCORD lipid trial tested whether the combination fenofibrate/
simvastatin could exert further cardiovascular protection in
5,518 patients with T2D [25]. Unfortunately, this study was
unable to show any reduction of the composite endpoint
including fatal and nonfatal myocardial infarction, stroke, and
mortality. Some authors have postulated that benefits of fibrates
may be seen in patients with a marked elevation of TG/HDL
ratio, but clinical data remain scarce [20]. Besides, treatment
with niacin in the AIM-HIGH trial (Atherothrombosis
Intervention in Metabolic Syndrome with Low HDL/High
Triglycerides) was effective in modulating TG and HDL levels
but not in reducing CV events and mortality [26]. Along the
same line, treatment with the CETP inhibitors torcetrapib and
dalcetrapid did not improve CV outcome despite a consistent
increase of HDL levels (Table 9.1) [27].

9.4 Therapeutic Targets

Taken together, these studies do not encourage strategies aimed
at modulating TG/HDL ratio. Hypertriglyceridemia should be
treated with dietary and lifestyle changes [20]. Severe hypertri-
glyceridemia (>1,000 mg/dL) may require immediate pharma-
cological therapy (fibric acid derivative, niacin, or fish oil) to
reduce the risk of acute pancreatitis. In the absence of severe
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Table 9.2 Recommended lipid targets in patients with T2D according to
cardiovascular risk

Patients with T2D
Low-moderate CV risk High CV risk (T2D+1 or
(T2D without CVD or other more major CV risk factors
major CV risk factors) or CVD)
LDL-C 100 mg/dL (or 30 reduction <70 mg/dL (or 40 %
from baseline) reduction from
baseline)
Non-HDL-C <130 mg/dL <100 mg/dL
ApoB <90 mg/dL <80 mg/dL

LDL-C low density lipoprotein cholesterol, HDL-C high density lipoprotein
cholesterol, ApoB apolipoprotein B

hypertriglyceridemia, therapy targeting HDL cholesterol or
triglycerides lacks the strong evidence base of statin therapy.
Fibrates or niacin might be used in patients intolerant to statins
with marked increases in TG/HDL ratio. LDL-C remains the
primary target of therapy in diabetic patients [28, 29]. However,
it remains difficult to define specific cut-offs and it would be
more appropriate to achieve consistent LDL reductions from
baseline values. Indeed, the majority of statin trials tested spe-
cific doses of statins against placebo or other statins, rather
than aiming for specific LDL cholesterol goals. RCTs gener-
ally achieved LDL cholesterol reductions of 30-40 % from
baseline. Hence, LDL cholesterol lowering of this magnitude is
an acceptable outcome for patients who cannot reach LDL
cholesterol goals due to severe baseline elevations in LDL cho-
lesterol and/or intolerance of maximal, or any, statin doses
[20]. The use of specific LDL cut-offs in primary and second-
ary CVD prevention might be useful; however in many cases it
is very hard to achieve the recommended targets and it more
appropriate to obtain significant variations of LDL values
(Table 9.2). ATP III recommendations have proposed the use of
non-high-density lipoprotein cholesterol (non-HDL-C) as a
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secondary therapeutic target in patients with triglycerides (TG)
levels >200 mg/dL. More recently non-HDL-C <100 mg/dL
and apoB <80 mg/dL have been proposed as targets of therapy
in high-risk patients, including those with CAD or DM plus one
or more CV risk factors [30-32]. Indeed, LDL-C has shown to
lose part of its predictive value in hypertriglyceridemia as a
result of the increase in VLDL-C, apoB, and sd-LDL-
C. Conversely, when TG levels are <150 mg/dL, VLDL-C
represents only a small percentage of the lipoproteins pool and
their concentration in the blood rarely exceeds 30 mg/dL [1].
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Chapter 10
Arterial Hypertension

10.1 Prevalence and Pathophysiology

Arterial hypertension (AH) is a common finding in patients
with type 2 diabetes (T2D) [1]. DM people have indeed a
three- to sixfold higher risk to develop AH as compared to
non-DM subjects [2]. Moreover, in DM patients, masked
hypertension is not infrequent and monitoring 24-h ambula-
tory BP may be a useful approach. In T1D, AH is mainly the
result of nephropathy whereas in T2D patients abdominal
obesity, reduced physical activity, hyperinsulinemia, sympa-
thetic tone as well as activation of the renin-angiotensin-
aldosterone (RAAS) system are the main mechanisms involved
[3-5]. Different factors clustering in diabetic patients (i.e.,
renal dysfunction, dyslipidemia, obesity) significantly contrib-
ute to raise blood pressure (BP) values. This aspect explains
why an intensive therapeutic regimen including a combination
of two to three antihypertensive agents is often required to
treat AH in diabetic patients [6].
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10.2 Clinical Evidence

The ABCD study (Appropriate Blood pressure Control in
Diabetes) has shown that achieving BP target determines a
significant reduction of cardiovascular (CV) events over a
4-year follow-up (Table 10.1) [7]. In a subgroup of 1,148
hypertensive patients with T2D, the UKPDS investigators
aimed to estimate the benefits of tight versus less-tight BP
control, to ascertain the impact of BP lowering and to compare
the beneficial effects of an angiotensin converting enzyme
(ACE) inhibitor (captopril) versus a -blocker (atenolol). After
a median follow-up of 8.4 years, tight BP control was associ-
ated with a significant decrease of BP values as compared to
conventional therapy (144/82 mmHg vs. 154/87 mmHg). Such
an approach resulted in 44 % and 32 % reduction of stroke and
DM-related death, respectively. However, the 10-year post-
monitoring follow-up of this substudy demonstrated that
intensive BP lowering was not associated with a sustained and
significant reduction in CV outcomes [8]. The investigators
concluded that antihypertensive treatment is of key importance
in hypertensive patients with DM, but their benefits are not
sustained over time. The ACCORD study has shown that
intensive BP lowering (119 vs. 134 mmHg) for 5 years did not
reduce CV events while increasing side effects such as hypo-
tension and renal dysfunction (3.3 vs. 1.3 %), as assessed by
glomerular filtration rate (GFR) [9]. A recent meta-analysis
including 13 randomized trials with more than 37,000 patients
has shown that a BP reduction< 130 mmHg is associated with
a 20 % increase in the risk of adverse CV events, indicating
that lowering BP is beneficial within certain BP ranges but
should be performed with caution, especially in patients with
DM [10].
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10.3 Blood Pressure Targets in People
with Diabetes

At present, there is no clear evidence of benefits from initiating
antihypertensive treatment at SBP levels <140 mmHg (high normal
BP) nor there is evidence of benefits from aiming at targets
<130 mmHg [11]. Intensive BP control did not improve diabetic
retinopathy in normotensive and hypertensive patients in the Action
in Diabetes and Vascular Disease: Preterax and Diamicron-MR
Controlled Evaluation (ADVANCE) trial, and in the normotensive
type-1 diabetics of the Dlabetic REtinopathy Candesartan Trials
(DIRECT) [12, 13]. Moreover, antihypertensive drugs do not appear
to substantially affect neuropathy [11]. Taken together, studies avail-
able so far suggest that people with DM and hypertension should be
treated to a systolic blood pressure (SBP) goal of <140 mmHg and
a DBP<85 mmHg (Table 10.2) [11]. Lower systolic targets, such as
<130 mmHg, may be appropriate for certain individuals, namely
younger patients [14]. Lifestyle measures should be undertaken in
all DM patients with BP values >120/80 mmHg. Patients with con-
firmed BP higher than 140/80 mmHg should, in addition to lifestyle
therapy, have prompt initiation and timely subsequent titration of
pharmacological therapy to achieve BP goals [14].

10.4 Antihypertensive Drugs

The choice of antihypertensive drugs should be based on effi-
cacy and tolerability. All the available BP lowering drugs are
effective but their use vary according to patient characteristics
including age, heart rate, renal function, presence of coronary
artery disease, and obesity [11, 15].
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10.4.1 RAAS Inhibitors

RAAS is activated by hyperglycemia in DM patients, and its
antagonism is associated with a consistent reduction in micro-
and macrovascular complications [5, 16]. Beyond their BP
lowering effect, RAAS inhibiting drugs antagonize vascular
inflammation and remodeling, with a subsequent reduction of
reparative fibrosis and vascular stiffness [17, 18]. Such
changes are sustained and strongly contribute to a reduction
in peripheral resistance and BP. Hence, pleiotropic effects of
RAAS inhibitors that go beyond BP reduction may provide
the rationale for a legacy effect of such an antihypertensive
strategy in DM. Pharmacological suppression of RAAS pre-
vents left ventricular hypertrophy, reduces left atrial volume
and risk of atrial fibrillation in DM patients [19]. Moreover,
this class of drugs is highly effective in preventing microalbu-
minuria and renal dysfunction [16]. In the HOPE study, treat-
ment with ramipril significantly reduced the combined
endpoint of myocardial infarction, stroke, and CV death [20].
Similarly, the ARB losartan reduced CV mortality as com-
pared with the beta blocker atenolol in the DM patients of the
LIFE study [21]. Routine administration of a fixed combina-
tion of perindopril and indapamide to more than 11,000
patients with T2D significantly reduced macrovascular events
and CV mortality by 9 % and 18 %, respectively [22]. DM
patients receiving fosinopril had a significantly lower risk of
acute MI, stroke, or hospitalized angina than those receiving
amlodipine in the FACET trial [23]. Similarly, in the ABCD
study, enalapril significantly improved CV outcomes in DM
patients, and was associated with fewer MIs than treatment
with nisoldipine (adjusted HR=7 for nisoldipine vs. enala-
pril; 95 % CI, 2.3-21.4) [7].
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10.4.2 RAAS and Renal Outcomes in
Type 2 Diabetes

RAAS inhibitors have been shown to be more effective in reduc-
ing albuminuria than other classes of antihypertensive drugs, as a
consequence of angiotensin II blockade. The use of irbesartan
almost abolished renal microvascular complications compared
with conventional antihypertensive therapy in patients with T2D
[24]. Valsartan and losartan reduced renal complications in a
BP-independent manner in the MARVAL and RENAAL trials
[25, 26]. Similarly, the micro-HOPE trial demonstrated that the
use of ramipril significantly decreased the incidence of diabetic
nephropathy [27]. Also in the BENEDICT study, ACE inhibitors
limited the development of microalbuminuria in a relatively small
cohort of patients [28]. More recently, the use of olmesartan
resulted in a 23 % reduction in the occurrence of microalbumin-
uria in the ROADMAP trial, and BP targets were achieved by
more than 80 % of the 5,000 DM patients enrolled [29]. However,
olmesartan did not improve CV morbidity and mortality in this
trial. More recently, the direct renin inhibitor aliskiren in combi-
nation with losartan significantly reduced proteinuria as com-
pared to monotherapy (20 % vs. 12.5 %, p<0.001) [30]. By
contrast, the association of aliskiren with losartan is associated
with increased CV and renal events in high-risk DM patients [31].

10.4.3 ACEs/ARBs Treatment
and New-Onset Diabetes

Another important effect of RAAS blockers is that these drugs
may reduce the incidence of diabetes. The recently published
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Nateglinide and Valsartan Impaired Glucose Tolerance
Outcomes Research (NAVIGATOR) trial showed that the use of
valsartan along with lifestyle modifications for 5 years led to a
relative reduction of 14 % in the incidence of DM in patients
with impaired glucose tolerance and CVD or risk factors [32].
Elliott and colleagues showed that ARBs and ACE inhibitors
were more effective in preventing the incidence of new DM than
diuretics, calcium antagonists, and p-blockers [33]. More
recently, a large and updated meta-analysis showed that ARBs
prevent new-onset DM as compared to other active antihyper-
tensive treatments [34]. Taken together with several other
reports, all these findings strongly support the advantage of
RAAS blockade as compared with conventional antihyperten-
sive drugs in diabetics [11].

10.4.4 Calcium Channel Blockers,
Beta Blockers, Diuretics

Calcium channel blockers are also effective to reach BP target
in DM patients. In Syst-Eur and HOT studies, high-dose
CCBs in T2D patients have strongly reduced the rate of isch-
emic stroke and CV mortality [35, 36]. Diuretics are powerful
BP lowering agents, particularly in the elderly. The SHEP
trial has shown that the use of a thiazide diuretic was very
effective to achieve BP goals and reduce CV mortality [37].
Finally, beta blockers though potentially impairing insulin
sensitivity are useful for BP control in combination therapy,
particularly in patients with coronary heart disease and heart
failure [11]. Current guidelines have recently outlined that
pharmacological therapy for patients with DM and hyperten-
sion should comprise a regimen that includes either an ACE
inhibitor or an ARB. Multiple-drug therapy (two or more
agents at maximal doses) is generally required to achieve BP
targets. If ACE inhibitors, ARBs, or diuretics are used, serum
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creatinine, GFR as well as serum potassium levels should be
monitored [11].

10.5 Resistant Hypertension and Renal
Sympathetic Denervation

Renal sympathetic denervation (RSDN) may represent a prom-
ising therapeutic approach to treat AH in patients with DM [38].
This is a minimally invasive, endovascular catheter based proce-
dure using radiofrequency ablation or ultrasound ablation aimed
at treating resistant hypertension. The latter represents a com-
mon clinical problem in patients with obesity and T2D, with a
prevalence ranging from 20 to 30 %. The prognosis of resistant
hypertension is unknown, but CV risk is undoubtedly increased
as patients often have a history of long-standing, severe hyper-
tension complicated by multiple other CV risk factors such as
obesity, sleep apnea, and chronic kidney disease. During renal
denervation nerves in the wall of the renal artery are ablated by
applying radiofrequency pulses or ultrasound to the renal arter-
ies. This causes reduction of sympathetic afferent and efferent
activity to the kidney and subsequent BP reduction. Early data
from randomized clinical trials without sham controls were
promising and demonstrated large BP reductions in patients
with treatment-resistant hypertension [39]. A pilot study on 50
hypertensive patients demonstrated that renal denervation
improves glucose metabolism and insulin sensitivity in addition
to a significant effect on BP. This novel procedure may therefore
provide protection in patients with resistant hypertension and
metabolic disorders at high cardiovascular risk [40]. However,
in 2014 the SYMPLICITY HTN-3 study, a prospective, single-
blind, randomized, sham-controlled clinical trial failed to con-
firm a beneficial effect on BP [41]. Further studies are needed to
confirm the effectiveness of this strategy.
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Chapter 11
Antiplatelet Therapy

11.1 Enhanced Platelet Reactivity in Diabetes

High platelet reactivity strongly contributes to recurrent coro-
nary events and mortality in patients with diabetes (DM) [1].
Insulin resistance in T2D patients favors calcium accumulation
upon basal conditions by suppressing the IRS-1/Akt pathway
[2]. This latter mechanism contributes to explain why platelets
from DM patients show faster response and increased aggrega-
tion compared with those from healthy subjects [3]. Increased
Ca? content, thrombin stimulation as well as interaction with
von Willebrand factor (vVWF) via GplIb/Illa receptor lead to
platelet shape change, granule release, and aggregation [4].
Moreover, platelet reactivity and excretion of thromboxane
metabolites are increased in obese patients with insulin resis-
tance, and this phenomenon is reversed by weight loss or
3-week treatment with pioglitazone [5]. Body weight as well as
impaired insulin sensitivity may also account for the faster
recovery of cyclooxygenase activity despite aspirin treatment.
Indeed, higher body mass index was an independent predictor of
inadequate suppression of thromboxane biosynthesis in non-
DM subjects treated with aspirin [6].
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11.2  Aspirin

Aspirin hampers platelet activation and aggregation by suppress-
ing the biosynthesis of thromboxane A, through irreversible inac-
tivation of cyclooxygenase 1 (COX-1). Although platelet reactivity
is a major feature of DM patients, the benefits of aspirin in T2D
subjects without established atherosclerotic vascular disease
remain inconclusive. At present, current recommendations by the
US Preventive Service and the American College of Chest
Physician suggest the use of low-dose aspirin (75-162 mg once
daily) for primary prevention of CVD [7, 8]. This notion is mainly
based on a comprehensive meta-analysis of primary prevention
trials showing a small benefit of aspirin reduction of nonfatal
myocardial infarction (about 5 events per 10,000 patients) offset
by a similar increase in gastrointestinal hemorrhage (3 events per
10,000 patients) [9]. Evidence collected so far in the DM popula-
tion does not seem to be compelling. The Japanese Primary
Prevention of Atherosclerosis with Aspirin for Diabetes (JAPAD)
Trial included 2,539 patients with DM and no history of athero-
sclerotic disease [10]. There was a nonsignificant 20 % reduction
in atherosclerotic events (fatal and nonfatal MI, fatal and nonfatal
stroke, and peripheral artery disease). Similarly, in the Prevention
of Progression of Arterial Disease and Diabetes (POPADAD)
trial, 1,276 adults with T2D and an ankle-brachial index of <1.0
were randomized to daily aspirin or placebo [11]. In this study,
there was no significant difference in the composite outcome of
death from CHD or stroke, nonfatal MI or stroke, or above-ankle
amputation for critical limb ischemia; or any of its individual
components. An updated meta-analysis of aspirin including three
trials conducted specifically in patients with DM, and six other
trials in which DM patients represent a subgroup, demonstrated a
trend toward a 9 % reduction in CVD events (RR 0.91; 95 % CI
0.79-1.05, Fig. 11.1) [12]. On the other hand, aspirin treatment is
associated with a 55 % increase in bleeding risk, mainly gastroin-
testinal, as shown by a meta-analysis of primary prevention trials
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Fig. 11.1 Meta-analysis of trials examining the effects of aspirin on coro-
nary heart events in patients with diabetes (Modified from Pignone et al. [12])

conducted in patients with and without DM [9]. Aspirin-related
hemorrhagic risk is likely underestimated since patients at high
risk of gastrointestinal bleeding were excluded in major clinical
trials. Based on the limited data and small, if any, benefit, the use
of low-dose aspirin is suggested for DM patients at increased
cardiovascular risk (10-year risk >10 %), based on DM-based risk
calculators such as the UKPDS Risk Engine [13, 14]. This
includes mostly men aged >50 years or women aged >60 years
who have at least one additional major risk factor (family history
of CVD, hypertension, smoking, dyslipidemia, or albuminuria).
Considering the balance between the potential benefit and hazard
of aspirin in primary prevention, aspirin should not be recom-
mended for CVD prevention for adults with DM at low CVD risk
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(such as in men aged <50 years and women aged <60 years with
no major additional CVD risk factors), since the potential adverse
effects from bleeding likely offset the potential benefits [15].
Ongoing primary prevention trials in DM patients (ASCEND and
ACCEPT-D) will help to define the risk/benefit of low-dose aspi-
rin in primary prevention of CVD [16, 17]. Taken together, evi-
dence available so far suggest that DM per se may not be enough
to warrant low-dose aspirin therapy, but use of aspirin may be
acceptable when the CV risk surmounts the 1 % per year [18]. In
secondary prevention, aspirin treatment is similarly effective in
patients with and without DM. Data from the Antiplatelet
Trialists” Collaboration on more than 45,000 DM patients showed
that antiplatelet therapy reduces major vascular events by 25 %
[9]. Hence, the use of aspirin at a dose of 75-160 mg is highly
recommended in DM patients with a history of CVD [15].

11.3 Clopidogrel

ADP plays an important role in the genesis of physiological
platelet-rich hemostatic plugs as well as in the formation of
pathological arterial thrombi [2]. ADP released from platelet
dense-granules as well as injured cells binds to two platelet
G-protein-coupled receptors, the P2Y, and P2Y , receptors, thus
triggering platelet aggregation. P2Y , plays a central role in
amplification and stabilization of ADP-induced platelet aggre-
gation. It is also involved in platelet secretion induced by strong
agonists. Blockade of this receptor represents a valid therapeutic
strategy to prevent atherothrombotic complications in DM
patients [15]. Clopidogrel is an irreversible inhibitor of P2Y
with proved clinical efficacy in ACS, stroke as well as during
chronic follow-up [19]. In the Clopidogrel versus Aspirin in
Patients at Risk of Ischemic Events (CAPRIE) trial, 19,185
patients with CAD, cerebrovascular disease, or peripheral artery
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disease were randomized to aspirin or clopidogrel [20]. A mod-
est 0.5 % absolute annual risk reduction was noted. In the dia-
betic subgroup of 1,952 patients, the absolute risk reduction was
2.1 %, significantly larger than in subjects without DM [21].
However, in The Clopidogrel for High Atherothrombotic Risk
and Ischemic Stabilization, Management, and Avoidance
(CHARISMA) trial of patients with established atherosclerosis
or multiple risk factors for atherosclerosis, the addition of clopi-
dogrel to aspirin was no more effective than aspirin alone in
prevention of the composite endpoint of CV death, MI, and
stroke [22]. The Clopidogrel in Unstable Angina to Prevent
Recurrent Events (CURE) trial demonstrated benefit in reducing
the composite of CV death, nonfatal MI, and stroke with the
addition of clopidogrel to aspirin in both non-DM and DM
patients with ACS [23].

11.4 Prasugrel

Prasugrel is a third-generation thienopyridine recently approved
for clinical use in ACS patients undergoing PCIL. It is orally
administered and, like all thienopyridines, is a prodrug that
requires hepatic metabolism to give origin to its active metabo-
lite that irreversibly inhibits the P2Y12 receptor [24]. In the
TRITON-TIMI 38 study (Trial to Assess Improvement in
Therapeutic Outcomes by Optimizing Platelet Inhibition With
Prasugrel-Thrombolysis in Myocardial Infarction 38) 13,608
patients with moderate-to-high-risk ACS with scheduled PCI
were assigned to receive prasugrel (a 60-mg loading dose and a
10-mg daily maintenance dose) or clopidogrel (a 300-mg load-
ing dose and a 75-mg daily maintenance dose), for 6-15 months
[25]. This trial observed a significant reduction in the rates of
the primary end point (composite of CV death, nonfatal MI, or
nonfatal stroke) favoring prasugrel (9.9 % vs. 12.1 %; HR=0.81;
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p<0.001) as well as a reduction in the rates of stent thrombosis
over a follow-up period of 15 months at the expense of an
increased risk of major bleeding in the prasugrel group.
Interestingly enough, particular subgroups appeared to have a
higher benefit with prasugrel therapy such as patients with
STEMI and, importantly, DM patients [26]. Indeed, the reduc-
tion of major CV events with prasugrel was higher in DM
(12.2 % vs. 17.0 %; HR, 0.70; p<0.001) than non-DM patients
(9.2 % vs. 10.6 %; hazard ratio [HR], 0.86; p=0.02). Moreover,
a benefit for prasugrel was observed among DM subjects with
(14.3 % vs. 22.2 %; HR, 0.63; p=0.009) and without insulin
therapy (11.5 % vs. 15.3 %; HR, 0.74; p=0.009) (Fig. 11.2)
[26]. These data demonstrate that the more intensive oral anti-
platelet therapy provided with prasugrel is of particular benefit
to patients with DM.

11.5 Ticagrelor

Ticagrelor, a reversible P2Y | inhibitor, has recently shown to
achieve higher inhibition of platelet aggregation than clopido-
grel in ACS patients [28]. In patients with DM enrolled in the
PLATO study (n=4,662), prasugrel reduced the primary com-
posite endpoint (HR=0.88; 95 % CI, 0.76-1.03), all-cause
mortality (HR=0.82; 95 % CI, 0.66-1.01), and stent thrombosis
(HR=0.65; 95 % CI, 0.36-1.17) with no increase in major
bleeding (HR=0.95; 95 % CI, 0.81-1.12). Of note such benefit
was consistent within the overall cohort and without DM status-
by-treatment interactions (Fig. 11.2) [29]. Based on these evi-
dence, current guidelines recommend the use of a pP2Y ,
receptor blocker in patients with DM and ACS for 1 year and in
those undergoing PCI (duration depending on stent type).
Prasugrel and ticagrelor may be preferred to clopidogrel in
patients with PCI and ACS (Table 11.1) [13].
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Fig. 11.2 (a) Clinical events and relative benefit of prasugrel versus clopi-
dogrel for patients with and without diabetes in the TRITON-TIMI-38 trial.
Prasugrel-related benefits appear to be enhanced in diabetic patients, with
further benefit observed among those on insulin therapy (Modified from
Wiviott et al. [26]). (b) Clinical events and relative benefit of ticagrelor
versus clopidogrel for patients with and without diabetes in the TRITON-
TIMI-38 trial. The absolute benefit of ticagrelor tend to be larger in diabetic
patients treated with insulin (Modified from James et al. [27])
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Diseases in Patients

with Diabetes



Chapter 12
Coronary Artery Disease

12.1 Medical Therapy vs. Myocardial
Revascularization

Epicardial coronary lesions in patients with DM are more exten-
sive and diffuse than non-DM subjects [1]. DM patients also
display higher propensity to develop re-stenosis after percutane-
ous coronary intervention (PCI) and saphenous graft occlusion
after coronary artery bypass graft surgery (CABG) and unremit-
ting atherosclerotic progression causing new stenosis [2]. These
processes are the result of accelerated atherosclerosis which is
mostly triggered by vascular inflammation, endothelial dysfunc-
tion, oxidative stress, impaired insulin signaling, and altered
lipid metabolism [3]. One of the main evidence gap in the cure
of DM is to identify the best revascularization strategy [4]. For
example, it remains uncertain whether optimal medical therapy
(OMT) is a safe approach for DM patients with stable coronary
artery disease (CAD). The Clinical Outcomes Ultilizing
Revascularization and Aggressive Drug Evaluation
(COURAGE) trial included 2,287 patients with stable CAD and
compared the outcomes of OMT with and without PCI [5]. Over
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a median 4.6 years of follow up, the addition of PCI to OMT did
not reduce death and MI as compared to OMT alone, either in
the entire cohort or the subgroup with DM. Thus, in stable
CAD, patients with DM should be treated with OMT to prevent
death and M1, unless an ACS develops. Seven randomized trials
have shown that PCI is not superior to OMT for the reduction of
major vascular events but improves symptoms and may be
applied on an individual basis, should medical therapy fail [6].
The Bypass Angioplasty Revascularization Investigation 2
Diabetes (BARI 2D) trial provided similar results [7]. In this
trial, 2,368 patients with T2D and CAD were given OMT and
randomized to prompt revascularization or expected manage-
ment. In the revascularization arm, the responsible physician
determined the appropriate strategy. Over the course of 5-year
follow up, there was no difference in survival between OMT and
revascularization arms in total, or by type. In a secondary out-
come, patients in the CABG portion of the study who underwent
surgery had a significantly lower rate of major CV events
(death, MI, or stroke) than those allocated to OMT. This may
have resulted because the patients in the CABG arm had more
triple vessel coronary artery disease (52.4 % vs. 20.3 %) [3].
Hence, the benefit of CABG over medical therapy seems to be
driven by a preference for CABG rather than PCI among
patients with more advanced CAD. A further study addressing
outcome based on angiographic features showed that the 5-year
risk of death, MI or stroke was significantly lower and amplified
for those assigned to revascularization when compared to OMT
(24.8 % vs. 36.8 %, respectively; p=0.005) [8]. Along the same
line of COURAGE and BARI 2D, the MASS-II trial did not
show a benefit of initial PCI (angioplasty and BMS only) to
OMT in stable CAD [9, 10]. Conversely, revascularization with
CABG was associated with significantly fewer MACCE and
nonfatal MI both in BARI-2D and MASS-II as compared to
OMT alone. Although these studies have shown a comparable
outcome with OMT and PCI, some aspects deserve
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further discussion. COURAGE and BARI-2D utilized mostly
balloon angioplasty and BMS. Both these trials were conducted
in the preDES era, therefore these data should be interpreted
with caution [11]. BARI-2D was limited by a very selected
cohort of low-risk patients with only 20.3 % patients having
multivessel disease in PCI vs. 52.4 % in CABG. Moreover,
mean left ventricular ejection fraction (LVEF) was 57 % in
revascularization group, whereas only 17.5 % had LVEF <50 %.
Finally, left main disease was excluded and the results could not
be generalized to the high-risk DM groups with multivessel
disease as in most of the other earlier trials. Further, in
COURAGE, there was a 32 % crossover from medical to PCI
group (due to ischemia) in an intention to treat trial, and this
may have skewed the results against PCI. The level of multidrug
compliance achieved was unrealistic in the trial (90 % compli-
ance for triple therapy with aspirin, statin and f blockers) as
opposed to 21 % in the real world CRUSADE registry [11, 12].
DES were used in only 2.7 % of the patients (they were intro-
duced in only the last 6 months of the trial). Studies have clearly
shown that DES provide significant reduction in clinical and
angiographic restenosis albeit without an impact on death and
nonfatal MI [13, 14] (Table 12.1).

An important factor which may help cardiologists to choose
among OMT or PCl is the burden of myocardial ischemia assessed
by positron emission tomography myocardial perfusion imaging
(PET-MPI). PET perfusion abnormalities have been shown to
provide incremental prognostic value by chi-square analysis in
four major studies including 3,897 subjects [15]. Importantly, the
presence and extent of ischemic myocardium was able to predict a
composite of cardiac death, nonfatal MI, late revascularization,
and unstable angina in 685 patients undergoing dipyridamole
82Rb PET MPI [16]. A larger study on 1,432 patients showed that
the percentage of ischemic myocardium correlated closely with
the risk of cardiac death or nonfatal MI [17]. Patients without
ischemia had a 0.7 % annualized event rate, which increased to
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Table 12.1 Data from BARI-2D trial comparing optimal medical therapy
with myocardial revascularization strategies

MVD
Trial n (%) Endpoint Follow-up Outcome
Revascularization vs. medical therapy
BARI-2D 2009 2,368 31 Death 5 Death: 11.7 vs. 12.2 %

CV death: 5.9 vs. 5.7 %
MI: 11.5 vs. 14.4 %
Stroke: 2.6 vs. 2.8 %

CABG vs. medical therapy

BARI-2D 2009 763 57 Death 5 Death: 13.6 vs. 16.4 %
CV death: 8.0 vs. 9.0 %
MI: 10.0 vs. 17.6 %
Stroke: 1.9 vs. 2.6 %

PCI vs. medical therapy

BARI-2D 2009 1,605 20 Death 5 Death: 10.8 vs. 10.2 %
CV death: 5.0 vs. 4.2 %
MI: 12.3 vs. 12.6 %
Stroke: 2.9 vs. 2.9 %

MVD multi-vessel disease, PCI percutaneous coronary revascularization,
CABG coronary artery bypass grafting, CV cardiovascular

11 % for those with 20 % left ventricular ischemia. Of note, sur-
vival in these patients started to be significantly reduced when
ischemic myocardium was >10 % [17]. Therefore, quantification
of myocardial ischemia may be important to overall decision mak-
ing in asymptomatic DM patients with CAD (Fig. 12.1).

12.2 PCI vs. CABG

Evidence available so far indicates that surgical revascular-
ization with CABG is the first approach to be considered in
DM patients with multivessel disease [12, 18]. Percutaneous
revascularization may be indicated in particular cases, espe-
cially when anatomy of coronary lesions is favorable and



12.2 PClvs. CABG 151

Asymptomatic

DM patients with CAD

[ 1-2 vessel disease ] [ Left main/multivessel disease ]

SYNTAX<22 SYNTAX>22
% of ischemic % of ischemic
myocardium myocardium
(PET-MPI) (PET-MPI) / AN
<10 % >10 % High Low/moderate
v v (consider PCI)
OoMT oMt CABG

+
PCI(SES/ZES) <=~ <= << ===

+
>6-month APT

Fig. 12.1 Tentative algorithm for the management of coronary artery dis-
ease in asymptomatic patients with diabetes. DES drug-eluting stent, CABG
coronary artery bypass grafting, PCI percutaneous coronary intervention,
CAD coronary artery disease, OMT optimal medical therapy; PET-MPI
positron emission tomography-myocardial perfusion imaging, APT
antiplatelet therapy

CABGe-related risks are too high [12]. The main problem con-
cerning the direct comparison of PCI with CABG derives from
the heterogeneity of stents used in different registries and trials.
Several authors have claimed that benefit of CABG in many
studies was driven by the choice of implanted stents. The BARI
registry (Bypass angioplasty Revascularization Investigation)
has compared 5-year survival in 1,829 DM patients undergoing
PCI or CABG. Long term survival was comparable among the
two groups (CABG 89.3 % vs. PCI 86.3 %, =0.19); however
revascularization procedures were more frequent in PCI-treated
(54 %) than CABG (8 %) patients [19]. A sub-analysis of this
study including DM patients with multivessel disease showed
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that PCI was associated with twofold mortality risk as com-
pared to CABG patients (44.3 % vs. 23.6 %, p<0.001) [20].
However, more than 70 % of DM patients received balloon
angioplasty in BARI whereas CABG therapy included at last
one arterial graft, which is associated with a more favorable
prognosis than venous grafts [18]. These aspects might have
contributed to CABG-related benefits observed in the BARI
population. The 10-year follow up of BARI confirmed that sur-
vival was higher in patients receiving surgical as compared to
percutaneous revascularization (58 % vs. 45 %, p=0.025) [21].
A more specific comparison of the efficacy and safety of PCI
and CABG in patients with DM was performed in the Coronary
Artery Revascularization in Diabetes (CARDia) trial [22]. This
study was launched to better understand whether advances in
stent technology could improve CV outcome in DM people.
In CARDia, a total of 510 DM patients with multivessel or
complex single-vessel coronary disease from 24 centers were
randomized to PCI plus stenting (and routine abciximab) or
CABG. Among PCI patients, BMS were used initially, but a
switch to sirolimus drug-eluting stents was made when these
became available. At 1 year of follow-up, the composite rate
of death, MI, and stroke was 10.5 % in the CABG group
and 13.0 % in the PCI group (HR: 1.25, 95 % CI: 0.75-2.09;
p=0.39). However, when CABG patients were compared with
the subset of patients who received drug-eluting stents (69 % of
patients), the primary outcome rates were 12.4 % and 11.6 %
(HR: 0.93, 95 % CI: 0.51-1.71; p=0.82), respectively [22].
These data suggest that PCI may be not inferior to CABG when
proper stents are being used for revascularization. Yet, sample
size and number of events were not sufficient to draw solid con-
clusions in this regard. In the SYNTHAX trial, 1,800 patients
with three-vessel or left main coronary artery disease were
randomized to CABG or PCI with DES (in a 1:1 ratio) [23].
Although appropriate stent choice, the rates of major adverse
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cardiac or cerebrovascular events at 12 months were sig-
nificantly higher in the PCI group (17.8 vs. 12.4 % for CABG;
P=0.002), in large part due to an increased rate of repeat revas-
cularization (13.5 vs. 5.9 %, P<0.001). This trial was powered
enough to conclude that a noninferiority criteria between PCI
and CABG was not met. Along the same line, the FREEDOM
trial randomized 1,900 patients — a majority with three-vessel
disease — to treatment with CABG or PCI with sirolimus-
eluting and paclitaxel-eluting stents [24]. The primary outcome
occurred more frequently in the PCI group (P <0.005), with a
five-year rate of 26.6 %, compared with 18.7 % in the CABG
group. The benefit of CABG was driven by differences in both
MI (P<0.001) and mortality (P<0.049). This study confirms
that CABG remains the standard of care for patients with
three-vessel or left main coronary artery disease [25]. Very
recently, a Bayesian network meta-analysis including 40 stud-
ies was performed to compare long-term outcomes between the
PCI (accounting for the variation in stent choice) and CABG
[26]. The primary outcome, a composite of all-cause mortality,
nonfatal MI, and stroke, increased with PCI (OR, 1.33 [95 %
CI 1.01-1.65]). PCI resulted in increased mortality (OR, 1.44
[95 % CI, 1.05-1.91]), no change in the number of myocardial
infarctions (OR, 1.33 [95 % CI, 0.86—1.95]), and fewer strokes
(OR, 0.56 [95 % CI, 0.36-0.88]). This analysis confirms that
CABG is superior to PCI, regardless to stent choice (Fig. 12.2)
[26]. Based on these studies, current recommendations sug-
gest CABG in patients with DM and multivessel or complex
(SYNTAX Score >22) CAD to improve survival free from
major CV events [12]. By contrast, the indication to PCI is less
clear, and less evidence-based. Indeed, PCI is recommended for
symptom control, and may be considered as an alternative to
CABG in patients with DM at high stroke risk and less complex
multivessel CAD (SYNTAX score <22) [12]. Whereas CABG-
related benefits are clear, the main evidence gap is to identify
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Risk ratio

(95% Cl)
CARDIla B 1.12 (0.61-2.09)
ARTS —_— 0.93 (0.47-1.85)
ERACI Il 1.68 (0.56-5.05)
FREEDOM —— 1.57 (1.26-1.75)
SYNTHAX = 1,20 (0.48-3.00)
PRECOMBAT Y B —— 1.50 (0.77-2.92)
CARDS —— 1.45(1.22-1.72)
Bayesian network meta-analysis "' 1.33 (1.01-1.65)

0.5 1 2 4
Risk ratio
Favors DES Favors CABG

Fig. 12.2 Meta-analysis of randomized controlled trials showing compos-
ite end point of all-cause mortality, MI, and stroke in diabetic patients
treated with DES versus CABG. BMS bare-metal stent, CABG coronary
artery bypass grafting (Modified from Tu et al. [26])

subjects who may benefit from PCI in current clinical practice
(Table 12.2).

12.3 Bare-Metal vs. Drug-Eluting Stents

The DIABETES trial was designed to test the efficacy of
sirolimus-eluting stents (SES) compared with standard stents to
prevent restenosis in DM patients with de novo lesions in native
coronary arteries [27]. One hundred sixty patients were random-
ized to SES (80 patients; 111 lesions) or standard stent
implantation (80 patients; 110 lesions). Over a 9-month follow-
up, target-lesion revascularization (31.3 vs. 7.3 %, P<0.001)
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and major adverse cardiac event rates (36.3 vs. 11.3 %,
P<0.001) were significantly lower in the sirolimus group.
Moreover, stent thrombosis occurred in 2 patients after standard
stent implantation whereas this phenomenon was not seen in the
sirolimus stent group. The DIABETES was the first randomized
study to demonstrate that sirolimus stent implantation is safe
and efficacious in reducing both angiographic and clinical
parameters of restenosis compared with BMS in patients with
DM [27]. Stettler and colleagues performed a meta-analysis
including 35 stent trials for a total of 3,852 DM patients [28].
This study revealed a similar efficacy of SES and paclitaxel-
eluting stents (PES) in this regard (OR 0.29 for sirolimus; 0.38
for paclitaxel), provided that dual antiplatelet therapy after DES
implantation was continued for >6 months. By contrast, DES
use is associated with increased CV mortality when antiplatelet
therapy is less than 6 months (Table 12.3).

12.4 First vs. Second Generation DES

More recently, new generation DES (everolimus eluting
stents, EES) have been tested in randomized trials in patients
with and without DM. In the SPIRIT IV trial, EES com-
pared with PES reduced target lesion failure (TLF) in non-
DM patients (3.1 % vs. 6.7 %, p<0.0001), with significant
reductions in MI, stent thrombosis, and target lesion revascu-
larization [29]. In contrast, no difference in TLF (6.4 % vs.
6.9 %, respectively, p=0.80) or any of its components was
present among DM patients, regardless of insulin use. This
study demonstrates that new generation DES are effective in
non-DM patients whereas their benefit is comparable to PES
in DM people, suggesting that diabetic disease itself may con-
tribute to the observed lack of benefit. Similarly, a substudy
of the SORT OUT III trial was not able to show any benefit
of second generation DES, endeavor zotarolimus-eluting stent



157

12.4  First vs. Second Generation DES

(panunuoo)
(288981  [(L¥9101 [(1e1-06'D 641190  [(8SEL90) (Lgg=1u)
‘SO AH)]  ‘60'8 ¥H)] 667 dH] 00'¢ ¥H] SST9H] saS 1102
SYIUOWI QT 'p "SA €'Q] 90 'SA LY 0°¢ SATHI TISAQE $SSAEE  SASHZ  IITLNO-LIOS
(1L°0=4) (9¢'0=4) (1000°0>4) (29°0=9) (9,°0=4) sad (S8T1°1=1)
Teak | ['L'SAY9 L'EsA9T L9 SATE PSAYE  SPSATY  SASHA  010T AL LIMIS
(061=u)
(20'0=9) (18°0=9) (S00°0>4) (€8:0=4) (86°0=4) SINd (414
Tk | 61 "SA ¢ 6°SA8 8T 'SA T TISA T TT'SATT  'SASHS SNILIODS
(6T0=d} sda
1€0°0=dx) (SN=4d) (LLo=di (SN=4d) (SN=4d) “SA
981 "sA T9SA  T00=4dx) 16 €T SA T9sA SING (16=u)
KT €TESATEI TLSAEE SATTSAQ9  €ESATT  S9SAEE  SAgAd 2102 ¥vad
(091=u)
(100°0>4) (100>4d) SINd S00¢
SKep 0L €9€¢ 'SA 00T - CTESAE9 - - SAGHS SHLAIVIA
nd HADOVIN IN AAL weap AD Aepow  wmeng [eu,
JUOTIRZLIB]NOSBAY [eIAQ

(SHd ‘SHS) SHA UOURISUSE P[0 SNSIOA (SHZ ‘SHH) MOU SE [[om sE
‘(SINE) SIUQ)IS [BIdW Ieq SNSIAA (SH() SIS Junn[e-3nip jo Aoeoyje Surredwod S[eL) PI[[ONUOD Paziwopuel 0[RA €71 dqeL



Chapter 12. Coronary Artery Disease

158

UONOIBYUT [RIPIEOOAT

T ‘SIUQAQ TB[NOSBAOIQRIQD PUE JRIPIED SIdAPE Jofewl FHDV Te[NOSBAOIPIED A ‘QIN[Ie] [9SSIA Jo5Ie) JAL ‘SHC snwi|
-018)0Z §77 ‘SHJ SNWI[0IAAd §F7 ‘SH [oxeioed §74 ‘SH SNWI[OIIS §FS “Iua)s Junn[e-Snip §7(7 ‘SIUa)s [elowl 21eq SN

sfe AI-IIL
JOAVAANE
jo (Z100=9) (110°0=4) ($90°0=9) #000=9) (109=1)
sisk[eue pajood 997 I'S %69 (990°0=4) 0ST SaS €10T AL
s1eak ¢ SALLT SAET "SAT0T LSALE SAQ'L  SASHZ JOAVAANH
sds
Jo uononpoid
Sumunuoosip
0} (96z=u)
anp paddojs (89:0=4) (66'0=49) (66'0=4) €10 11
Apmyeward 91 80 80 sas SHLAIVIA
sem HGOEHMEQGM SA T ‘SA 80 - 0°'SAQ SA(Q ‘SA SHZ -HONHASSH
nd ADOVIN IN AAL eap AD Aeow  wmeng [eLL,

JUOTRZLIE[NOSBADY [[e1AQ

(ponunuod) €Y AqeL



12.4  First vs. Second Generation DES 159

(ZES) on major adverse cardiac events [30]. In DM patients,
use of ZES compared to SES was rather associated with an
increased risk of major adverse cardiac events (HR 4.05,
95 % CI 1.86-8.82), MI (HR 8.09, 95 % CI 1.01-64.7), target
vessel revascularization (HR 4.99, 95 % CI 1.90-13.1), and
target lesion revascularization (HR 11.0, 95 % CI 2.59-47.1).
In patients without DM, differences in absolute risk were
smaller but similarly favored SES. The authors concluded that
implantation of ZES compared to SES is associated with a
considerable increased risk of adverse events in patients with
DM at 18-month follow-up. In contrast with these results a
pooled analysis of the ENDEAVOR III-IV trials including
601 patients with DM showed that TVF rate estimate was
numerically lower for ZES, but the difference did not reach
statistical significance (20.2 vs. 26.9 %, P=0.065) [31]. The
5-year rate of major adverse cardiac events (17.7 vs. 26.6 %,
P=0.012), death (7.6 vs. 15.0 %, P=0.004), and MI (1.3 vs.
5.1 %, P=0.011) were significantly lower for ZES versus
other DES, suggesting that ZES have favorable long-term
outcomes compared to first-generation DES. Whether second
generation DES (ZES and EES) should be preferred to early
DES (SES and PES) remains largely controversial. Further
randomized studies on a larger number of DM patients are
warranted to clarify this issue.
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Chapter 13
Acute Coronary Syndromes

13.1 Prevalence and Prognosis

Diabetic (DM) patients presenting with an acute coronary syn-
drome (ACS) display increased morbidity and mortality rates as
compared to non-DM subjects (Fig. 13.1). Mortality is observed
inup to 10 % of ACS patients after 30 days, 13 % at 1 year, and
30 % after 5 years [1]. The relative risk of mortality in the dif-
ferent studies ranges from 1.3 to 5.4 after adjusting for demo-
graphic and anthropometric characteristics [2, 3]. International
registries confirm that DM patients have a less favorable risk-
factor profile, less typical presentation, and longer delay in
seeking medical attention [1]. Moreover, they present more
frequently with arrhythmias, heart failure, renal dysfunction,
and major bleeding. DM patients are treated more often with
diuretics and inotropic agents while receiving less antiaggre-
gants (glycoprotein IIb/Illa and clopidogrel), reperfusion thera-
pies, and insulin as compared to nondiabetics [4].
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Fig. 13.1 Kaplan-Meier survival curves showing 1-year mortality in
patients with and without DM (upper panel) and patients with and without
DM stratified according to STEMI or non-STEMI (NSTEMI) at presenta-
tion (lower panel) (Modified with permission from Hasin et al. [4])
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13.2 Glycemic Control in Acute Coronary
Syndromes

Hyperglycemia is a potent predictor of in-hospital mortality
both in ACS patients with and without DM [5, 6]. However, data
on the effects of tight glycemic control are inconclusive [7]. The
hypothesis that an improved metabolic control may impact on
cardiovascular mortality in ACS patients has been postulated in
two controlled, randomized clinical trials. The DIGAMI-1 study
has enrolled 620 DM patients with ACS randomized to placebo
or intensive treatment by insulin-potassium infusion during the
first 24 h of ischemia [8]. Such an approach was able to reduce
1-year mortality rate by 30 %, whereas mortality risk reduction
was 11 % after 3.4 year follow-up. Based on these findings, the
DIGAMI-2 was designed to compare the effectiveness of three
treatment strategies: (1) acute insulin-glucose infusion followed
by insulin alone; (2) insulin-glucose infusion followed by con-
ventional hypoglycemic treatment; and (3) conventional therapy
[9]. This approach is supported by the notion that insulin-
glucose administered in the acute phase may rapidly provide a
metabolic substrate to the ischemic heart thereby avoiding myo-
cardial FFA oxidation. Moreover, acute insulin infusion has
shown to improve platelet functionality, lipid abnormalities, and
to reduce PAI-1 activity, thus favoring spontaneous fibrinolysis
[10]. The DIGAMI-2 trial, conducted on 1253 DM patients, did
not show any difference among treatment arms, indicating that
intensive metabolic control by insulin-glucose infusion fol-
lowed by insulin was not superior to conventional therapy [9].
However, the metabolic control at baseline was much worse
than the one observed in DIGAMI-1 and most of patients did
not reach an optimal glycemic control. A meta-analysis includ-
ing several randomized studies on glucose-insulin-potassium
(GIK) treatment in ACS has shown a potential benefit of this
strategy, with a reduction of mortality rate of 28 % [11]. By
contrast, the CREATE-ECLA study which randomized more
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than 20,000 patients with ST elevation myocardial infarction
(STEMI) to GIK therapy did not show any reduction of death,
cardiac arrest, and cardiogenic shock [12]. However, it should
be noted that only 18 % of recruited patients were diabetic —
therefore it is difficult to draw any specific conclusion on this
population. Based on these studies, DM patients with ACS may
receive an intensive strategy if hyperglycemia is significant
(>180 mg/dl) [13]. By contrast, in the presence of comorbidities
which increase the risk of hypoglycemia, metabolic control
should not be strict to avoid severe complications including
mortality [13]. As of today, insulin infusion remains the gold
standard to cure diabetic patients with ACS.

13.3 Antithrombotic Therapy

Current evidence suggest that there is no clear indication to adopt
different antithrombotic regimens in DM as compared to non-DM
patients [7]. In the PLATO trial, ticagrelor equally reduced the
rate of ischemic events both in ACS patients with and without
DM [14]. Ticagrelor-related benefits were indeed independent of
diabetic status and glycemic control, without an increase in major
bleeding. An exception is represented by prasugrel which has
shown to be superior to clopidogrel, particularly in patients with
DM [15, 16]. Indeed, the TRITON-TIMI 38 trial showed that the
reduction of major CV events with prasugrel was higher in DM
(12.2 % vs. 17.0 %; HR, 0.70; P<0.001) than non-DM patients
(9.2 % vs. 10.6 %; HR, 0.86; P=0.02) [17]. Moreover, the benefit
for prasugrel was observed among DM subjects with (14.3 % vs.
22.2 %; HR, 0.63; P=0.009) and without insulin therapy (11.5 %
vs. 15.3 %; HR, 0.74; P=0.009). These data indicate that prasug-
rel may be considered as a first-line platelet inhibitor in ACS. The
use of Gp IIb/IIIa inhibitors does not seem to be supported by
current evidence, except for high-risk patients. Previous trials
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performed without concomitant use of thienopyridines have
shown a favorable impact on outcome in DM patients, as con-
firmed by a meta-analysis [18, 19]. However, the fact that these
trials did not use regimens of high clopidogrel loading dose,
which are associated with more potent antiplatelet effects and
have become the standard of care in clinical practice, but instead
used ticlopidine or standard-dose clopidogrel has led to questions
about validity of these data in today’s practice [19]. The EARLY-
ACS trial showed that administration of eptifibatide 12 h or more
before angiography in 9,492 NSTEMI patients was not superior
to its provisional use after PCI [20]. Early use of eptifibatide was
associated with an increased risk of non-life-threatening bleeding
and need for transfusion. However, the efficacy of Gp IIb/Illa
inhibitors correlates directly with severity and risk of
ACS. Therefore, the risk-benefit ratio should be always assessed
in an individualized manner [19]. The ISAR-REACT 2 trial
showed a significant reduction in the risk of adverse events with
abciximab treatment compared with placebo in patients with
high-risk ACS undergoing PCI after pretreatment with 600 mg
clopidogrel [21]. Collectively, DM patients with NSTEMI and
high troponin release should be treated with Gp IIb/I1la inhibitors,
if bleeding risk is acceptable [22]. The main problem related to
this class of drugs is the hemorrhagic risk which may significantly
affect the prognosis of ACS patients [19]. In STEMI patients the
benefits of Gp IIb/Illa inhibitors are controversial. Only a few
studies have been conducted in the DM population with conflict-
ing results. A meta-analysis of 16 randomized trials including
10,085 patients showed that Gp IIb-Illa inhibitors did not reduce
30-day mortality (2.8 vs. 2.9 %, P=0.75) or re-infarction (1.5 vs.
1.9 %, P=0.22), but were associated with higher risk of major
bleeding complications (4.1 vs. 2.7 %, P=0.0004) [23]. However,
high-risk ACS were associated with benefits in terms of death
(P=0.008) but not re-infarction (P=0.25). In contrast, the
Controlled Abciximab and Device Investigation to Lower Late
Angioplasty Combinations (CADILLAC) trial conducted in low-
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risk ACS patients with DM (n=346) did not find a benefit in
terms of death, reinfarction, or stroke with the use of abciximab
after balloon angioplasty or stenting [24].

13.4 Anticoagulants

Available evidence indicates that anticoagulation is effective in
addition to platelet inhibition and that the combination of the
two is more effective than either treatment alone [22].
Fondaparinux, an indirect factor Xa inhibitor, has shown to be
not inferior to low weight molecular heparin (LWMH) in reduc-
ing the risk of ischemic events. PENTUA and OASIS-5 and 6
trials have clearly demonstrated that the major advantage of
fondaparinux is the highest safety profile (low risk of major
bleeding) with a consistent reduction of short- and long-term
morbidity and mortality [25, 26]. Very recently, a prospective
registry including 14,791 patients treated with fondaparinux and
25,825 with low molecular weight heparin (LMWH) showed
that the former was associated with significantly less in-hospital
bleeding events (adjusted OR, 0.54; 95 % CI, 0.42-0.70) while
reduction of CV outcome at 30 and 180 days was comparable
among the two groups [27]. Available evidence suggest that
fondaparinux should be considered as a first-line anticoagulant
in ACS patients. Similarly, a subgroup analysis of the ACUITY-
TRIAL performed on the DM cohort (n=3852) showed that
monotherapy with the direct thrombin inhibitor bivalirudin was
associated with a similar rate of composite ischemia (death, MI,
or unplanned ischemic revascularization) compared with Gp
IIb/11Ia plus heparin (7.9 % vs. 8.9 %; P=0.39) and a lower rate
of major bleedings (3.7 % vs. 7.1 %; P<0.001), resulting in
fewer net adverse clinical outcomes (109 % vs. 13.8 %;
P=0.02). This reduction of ischemic risk is of special impor-
tance because DM is a predictor of bleeding complications in
patients with ACS and/or PCI [28].
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Chapter 14
Heart Failure

14.1 Prognosis of Heart Failure in Patients
with Diabetes

Epidemiological analyses have clearly outlined the association
between heart failure (HF) and diabetes (DM) [1]. HF patients
with concomitant DM have a further increase in morbidity and
mortality due to coexistence of several mechanisms including
disturbed neurohormonal axis as well as structural and functional
abnormalities occurring in the diabetic myocardium [2]. About
one fifth of patients with chronic HF has DM, and such preva-
lence reaches 40 % for patients with worsening HF [3, 4]. T2D
individuals are at increased risk for both HF with preserved
(HFPEF) and reduced (HFREF) ejection fraction. Notably, pro-
spective analyses have shown that the prognosis of HFPEF is
comparable to the one reported for HFREF patients, with a
50-60 % mortality rate after 5 years [5, 6]. Recent data show that
diabetic HFPEF patients display increased HF hospitalization or
HF death as compared to non-DM subjects (30.9 % vs. 19.0 %,
respectively), with an estimated 68 % increased risk after adjust-
ing for relevant confounders (adjusted HR 1.68, 95 % confidence
interval 1.26-2.25, p <0.001) [7]. Another important aspect to be
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considered is that the prognosis of DM patients with HF remains
worse even though these patients are receiving care that is similar
to non-DM people [8]. This may be explained by the fact that in
DM patients, hyperglycemia and insulin resistance may signifi-
cantly amplify microvascular disease, defects of intracellular
calcium handling as well as reduced myocardial lipid uptake
leading to metabolic disturbances, mitochondrial insufficiency,
and severe myocyte dysfunction [2]. Beside, patients hospital-
ized for HF are older, have higher systolic blood pressure values,
and have renal dysfunction [4].

14.2 Pharmacological Therapy

Post hoc analyses of different trials have shown that DM
patients have responses similar to those without DM [3]. This is
particularly true among outpatients with stable HF. By contrast,
the efficacy of HF medication in hospitalized DM patients
seems to be hampered by the presence of different comorbidities
clustering in patients with DM. Indeed, HF-related mortality
remains high despite the implementation of guideline-
recommended treatments [9].

14.2.1 RAAS Blockade

Randomized studies have reported unequivocal benefits of
RAAS inhibition in DM patients with HF (Table 14.1). The
SOLVD trial has demonstrated that the addition of the ACE-
inhibitor enalapril to conventional therapy significantly
reduced mortality and hospitalizations in patients with chronic
congestive HF and low EF, and these benefits were reported to
be consistent in the subgroup of patients with DM [10]. A
retrospective analysis performed on high-risk HF patients in
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the Assessment of Treatment with Lisinopril And Survival
(ATLAS) trial showed that DM patients had a beneficial
response to high-dose therapy which was comparable to the
one observed in non-DM [11]. Angiotensin receptor blockers
also represent a valid alternative to ACE-inhibitors. Subgroup
analyses of CHARM and Val-HeFT trials showed that the
ARBs candestartan and valsartan were associated with consis-
tent risk reductions of CV death or HF hospitalization in DM
patients [12, 13]. Similar findings were reported for the aldo-
sterone antagonist eplerenone, which in the EPHESUS trial
showed a beneficial effect on CV morbidity and mortality in
postacute MI patients with LVEF <40 % [14]. However, none
of these three sub-analyses was able to achieve statistical sig-
nificance, likely due to small sample size not powered enough
to detect this effect (Table 14.1). The use of spironolactone
significantly reduced all-cause mortality in DM (HR 0.70, CI
0.52-0.94) as well as in non-DM patients (HR 0.70, CI 0.60—
0.82) with LVEF <35 % and NYHA class III-IV [15]. More
recent evidence has suggested that Aliskiren, a first-class
direct renin inhibitor, might represent a promising therapeutic
approach in diabetic with HF. However, in the ASTRONAUT
trial, which included 41 % of DM patients, the use of aliskiren
in addition to standard therapy did not reduce CV death or HF
rehospitalization at 6 months or 12 months after discharge
[16]. By contrast, aliskiren increased the rates of hyperkale-
mia, hypotension, and renal dysfunction [16]. Based on these
evidence, ACE-inhibitors are the first choice in DM patients
with HFPEF or HFREF to prevent hospitalization and mortal-
ity [17]. ARBs are an alternative to ACE-inhibitors when these
latter drugs are not tolerated. Current guidelines recommend
an aldosterone antagonist for all patients with persisting HF
symptoms (NYHA class II-IV) and LVEF <35 % despite
treatment with an ACE-inhibitor or an ARB [18]. The results
of the ASTRONAUT trial do not support the use of aliskiren in
this setting [16].
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14.2.2 Neprilysin Inhibition

Neprilysin, a neutral endopeptidase, degrades several endoge-
nous vasoactive peptides, including natriuretic peptides, brady-
kinin, and adrenomedullin [19]. Inhibition of neprilysin
increases the levels of these substances, countering the neuro-
hormonal overactivation that contributes to vasoconstriction,
sodium retention, and maladaptive remodeling [20]. Combined
inhibition of RAAS and neprilysin had effects that were supe-
rior to those of either approach alone in experimental studies
[20]. The recent PARADIGM trial tested the efficacy of the
combination neprilysin inhibitor sacubitril (AHU377) with the
ARB valsartan (LCZ696) as compared with enalapril in patients
with HF [21]. This study was stopped early, according to pre-
specified rules, after a median follow-up of 27 months, because
the boundary for an overwhelming benefit with LCZ696 versus
enalapril. Indeed, LCZ696 treatment was associated with a sig-
nificant reduction of death from CV causes or hospitalization
for HF (hazard ratio, 0.80; 95 % CI, 0.71-0.89; p<0.001) [21].
As compared with enalapril, LCZ696 also reduced the risk of
HF hospitalization by 21 % (p<0.001), decreased symptoms
and physical limitations (p=0.001). Notably, these benefits
were consistent in the subgroup of 2,907 DM patients. Neprilysin
inhibition may undoubtedly represent a novel strategy to combat
HF in patients with and without DM [20].

14.2.3 Beta-blockers

Beta-blockers have shown to reduce CV mortality in DM and
non-DM patients with HE. The efficacy of metoprolol, biso-
prolol, and carvedilol has been demonstrated in MERIT-HF
[22], CIBIS II [23], and COPERNICUS [24] trials. However,
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as observed for RAAS blockers, sub-analyses of these trials
including DM subjects showed substantial reduction of
HF-related mortality and hospitalization (37 % in MERIT-HF,
19 % in CIBIS II, and 32 % in COPERNICUS), but in the
absence of statistical significance [4] (Table 14.1). However,
pooling mortality data from CIBIS II, MERIT-HF, and
COPERNICUS showed similar survival benefits in patients
with [0.76 (95 % CI 0.60-0.96)] and without DM [0.64 (95 %
CI 0.56-0.73)] [22]. The main concerns related to the use of
beta-blockers in DM are due to the fact that these drugs
impair insulin sensitivity and blunt symptoms of hypoglyce-
mia [18]. This particularly applies to non selective beta-
blockers such as propanolol [18]. In this regard, the COMET
trial has shown that the combined a- and — blocker carvedilol
was associated with more favorable metabolic profile as well
as with lower incidence of prolonged hypoglycemia [25].
Beta-blockers are recommended in addition to RAAS block-
ade in DM patients with systolic and diastolic HF to reduce
mortality and hospitalization [18]. Carvediol is particularly
indicated in patients with poor glycemic status and high risk
of hypoglycemia [18].

14.2.4 Diuretics

DM patients are over-treated with diuretics and this worsens
their metabolic status with implications on mid-term morbidity
[4]. Thiazide and loop diuretics are indeed associated with poor
glucose metabolism, an association which is stronger with the
formers. However, diuretics remain very useful drugs especially
in DM patients with fluid retention and dyspnea, regardless of
EF [17]. In general, loop diuretics should be preferred to thia-
zide diuretics. There is no evidence that diuretics are more
effective in DM than non-DM patients with HF.
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14.3 Glycemic Control and Risk of Heart
Failure

Several studies have shown that poor glycemic control, as indi-
cated by glycated hemoglobin levels, is associated with an
increased risk of HF [26]. A recent meta-analysis including
seven randomized controlled trials with a total of 37,229
patients showed that the risk of HF-related events did not differ
significantly between intensive glycemic control and standard
treatment (OR 1.20, 95 % CI 0.96—1.48), but the effect estimate
was highly heterogeneous (Fig. 14.1) [27]. Indeed, among the
four trials that had a high rate of thiazolidinediones use (i.e.,
PROactive, ACCORD, VADT, and RECORD), the risk of HF
was elevated in individuals randomized to intensive blood glu-
cose control. On the other hand, among the remaining three
trials (i.e., UKPDS, ADVANCE, and VA-CSDM), the risk ratio
was close to null with a wide CI, highlighting the limitedness of
the available data (risk ratio 0.96, 95 % CI 0.81-1.13) [28].
Hence, it is difficult to conclude that hyperglycemia may not be
relevant in HF patients and further studies are needed to clarify
this important issue. In contrast with this meta-analysis, an ear-
lier cohort study including 25,958 men and 22,900 women with
T2D demonstrated that each 1 % increase in HbA | was associ-
ated with an 8 % increased risk of HF (95 % CI 5-2 %) [29]. In
this study, an HbA > 10, relative to HbA <10 was associated
with 1.56-fold (95 % CI 1.26-1.93) greater risk of HF [29].
Similarly, in the Reykjavik Study, a linear and independent
relationship between increasing fasting plasma glucose and the
development of HF was observed [30]. More recently, in a clini-
cal trial cohort of 531,546 subjects at high CV risk followed-up
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Fig. 14.1 Probability of HF-related events with intensive glucose-lowering
versus standard treatment. The size of the markers (squares) is approxi-
mately proportional to the statistical weight of each trial (Modified from
Castagno et al. [27])

for a mean of 2.4 years, Held et al. showed that dysglycemia
was an independent predictor of hospitalization for HF regard-
less of DM status [31]. Collectively, these data suggest that: (1)
glycemic burden may be important for HF occurrence and hos-
pitalization, and (2) choice of glucose lowering drugs may affect
HF risk in DM patients. Table 14.2 summarizes the effects of
various glucose-lowering drugs in DM patients with HF.
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Table 14.2 Effect of glucose lowering drugs on the risk of heart failure in

patients with diabetes

Glucose-lowering drug

Effects on heart failure

Metformin

Sulfonylureas

Thiazolidinediones

GLP-1 agonists

DPP-4 inhibitors

Metformin reduces mortality rates in DM with HF
[OR 0.65 (0.48-0.87)], even in combination
with other agents [OR 0.72 (0.59-0.90)]

Recent evidence suggests that metformin does
not increase the risk of lactic acidosis

Observational studies do not support a
relationship between sulfonylureas and HF
mortality

TZD have shown to induce sodium retention
and plasma volume expansion, and thus
worsening HF

TZD largely increase incident HF and
HF-related hospitalizations

These drugs should not be used in DM patients
with HF

Cohort studies suggest that GLP-1 agents are
associated with reduced risk of HF
hospitalization (aHR, 0.51, 0.34-0.77; p
=0.002), all-cause hospitalization (aHR 0.54,
95 % CI 0.38-0.74; p =0.001), and death
(aHR 0.31, 95 % CI 0.18-0.53; p=.001)

The ongoing FIGHT trial will clarify whether
treatment with liraglutide affect time to
death, (2) time to HF hospitalization, and
(3) time-averaged proportional change in
NT-proBNP in DM patients with advanced
HF

Sitagliptin use is not associated with an
increased risk of all-cause hospitalizations
or death, but was associated with an
increased risk of HF-related hospitalizations
among 7,620 patients with diabetes and
pre-existing HF

Two recent meta-analyses showed that long-
term treatment with DPP-4 is associated
with increased risk of HF
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Table 14.2 (continued)

Glucose-lowering drug  Effects on heart failure

Insulin The ORIGIN trial has recently shown that
insulin glargin does not affect HF
hospitalization and HF-related death after
6.2 years follow-up

DM diabetes mellitus, HF heart failure, 7ZD thiazolidinediones, OR odds

ratio, aHR adjusted hazard ratio
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Chapter 15
Ischemic Stroke

15.1 Diabetes, Atrial fibrillation, and Stroke

Ischemic stroke is a leading cause of mortality and long-term dis-
ability worldwide. Patients with DM have an increased risk of
stroke and worse outcome [1-3]. This association is explained by
the fact that DM people have both increased susceptibility to
atherosclerosis and increased prevalence of cardiovascular (CV)
risk factors such as arterial hypertension and dyslipidemia [4].
Hyperglycemia, insulin resistance, and low-grade inflammation
also significantly contribute to determine a prothrombotic state
characterized by increased platelet reactivity as well as disturbed
coagulation cascade with increase of prothrombotic factors such
as fibrinogen, thrombin, factor II, and PAI-1 [5]. The occurrence
of atrial fibrillation (AF) is one of the main triggers underlying
ischemic stroke in DM patients [6]. Available evidence indicates
that the association between AF and DM may significantly
amplify morbidity and mortality [7]. However, it remains unclear
whether DM is an independent risk factor for AF. A recently pub-
lished cohort study including 1,921,260 individuals, of whom
34,198 with T2D, showed a positive association of DM with
ischemic stroke (1.72 [1.52—1.95]) but was not associated with
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arrhythmia or sudden cardiac death (0.95 [0.76—-1.19]) [8]. Along
this line, the Manitoba follow-up study showed that AF was asso-
ciated with DM only in univariate analysis whereas the associa-
tion was lost after adjustment for covariates, indicating that other
factors, namely ischemic heart disease and hypertension, may
contribute to AF occurrence in diabetics [9]. By contrast, the
Framingham Heart Study demonstrated that DM per se is associ-
ated with AF in both genders, even after adjustment for age and
other risk factors (OR 1.4 for men and 1.6 for women) [10].
However, DM is not included in the Framingham risk score for
AF, suggesting that other factors may better predict AF occur-
rence. Collectively, these data hint that the prevention of stroke in
DM patients should take into account a multifactorial treatment
including antihypertensive agents, statins, and glucose lowering
drugs (Fig. 15.1) [11, 12]. At present, we dispose of several tools
to stratify stroke risk in DM patients and this clinical information
is invaluable to implement primary prevention strategies. A recent
risk stratification scheme consist in the use of the CHA,DS -
VASc [cardiac failure, hypertension, age >75 years (doubled),
DM, stroke (doubled)-vascular disease, age 65—74, and sex cate-
gory (female)] [13]. This index has shown to be quite specific.
Indeed, a recent study showed that patients with a CHA,DS -
VASc score of 0 had a truly low risk of ischemic stroke, with an
annual stroke rate of approximately 1 % [14].

15.2 Pharmacological Approaches to Prevent
Stroke in DM

15.2.1 Antihypertensive Treatment

Intensive control of blood pressure (BP) significantly reduces
stroke risk in DM patients. In the UKPDS study, mean BP dur-
ing follow up was significantly reduced in the group assigned to
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Fig. 15.1 (a) Multifactorial control of cardiovascular risk factors and (b)
occurrence of cardiovascular outcomes, including stroke (Data from Gaede
etal. [12])

tight BP control (144/82 mmHg) compared with the group
assigned to less tight control (154/87 mmHg) (p <0.0001) [15].
Such BP reduction was associated with a 44 % decrease in the
risk of stroke (CI 11-65, p=0.013). Other studies have shown
that even small BP reduction may be sufficient to reduce stroke
risk. In the HOPE study, BP reduction with ramipril was modest
(3.8 mmHg systolic and 2.8 mmHg diastolic) but the relative
risk of any stroke was reduced by 32 % as compared to placebo
whereas risk of fatal stroke decreased by 61 %. This study did
not clarify whether these benefits represent a specific effect of
ACE inhibitors or were simply the result of BP lowering [16].
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The more recent ADVANCE and ACCORD trials did not con-
firm the benefits of intensive BP reduction on stroke risk in DM
patients [17, 18]. A recent meta-analysis showed that intensive
BP control was associated with a 17 % reduction in stroke, and
a 20 % increase in serious adverse effects as compared with
standard BP control [19]. More intensive BP control
(<130 mmHg) was associated with a greater reduction in stroke,
but did not reduce other events. Based on these evidence, cur-
rent recommendation suggest that people with DM and hyper-
tension should be treated to a systolic blood pressure (SBP) goal
of <40 mmHg and a DBP<85 mmHg [11, 13, 20].

15.2.2 Lipid-Lowering Therapies

Reduction of LDL cholesterol levels reduces the risk of stroke
in DM patients whereas the available evidence does not support
a benefit from drugs targeting triglycerides and HDL cholesterol.
In the CARDS trial (Collaborative Atorvastatin Diabetes Study)
treatment with atorvastatin 10 mg in 2,800 patients with T2D
decreased the risk of stroke by 48 % [21]. In a meta-analysis of
14 randomized controlled trials including more than 18,000
persons with DM, the mean duration of follow-up was 4.3 years,
with 3,247 major vascular events. The study reported a 9 %
reduction in all-cause mortality and a significant reduction in
stroke risk (0.79, 0.67-0.93; p=0.0002) [22]. Interestingly,
these effects were proportional to the mmol/L reduction in LDL
cholesterol. In contrast, fibrate therapy is not associated with a
significant reduction on the risk of stroke (RR, 1.02, 95 % (I,
0.90-1.16, p=0.78), as reported in a recent meta-analysis
including 37,791 patients [23]. However, a subgroup analysis
showed that fibrate therapy may reduce fatal stroke (RR, 0.49,
95 % CI, 0.26-0.93, p=0.03) in patients with previous DM or
CVD [23]. The benefit of HDL raising therapies on stroke risk
is also inconclusive and not supported by evidence. Treatment
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with niacin in the AIM-HIGH trial (Atherothrombosis
Intervention in Metabolic Syndrome with Low HDL/High
Triglycerides) was effective in modulating TG and HDL levels
but not in reducing stroke [24]. Along the same line, treatment
with the CETP inhibitors torcetrapib and dalcetrapib did not
reduce the rates of fatal and nonfatal stroke despite a consistent
increase of HDL levels [25].

15.2.3 Antidiabetic Medications

The recent randomized trial ACCORD, ADVANCE, and VADT
were unable to show that intensive glycemic control targeting
HbA1c<6.5 % or <6 % reduces the risk of stroke in DM patients
[26]. Hence, from these results there is no evidence that reduced
glycemia decreases the mid-term risk of macrovascular events
including stroke [11]. Current recommendation suggest that
HbA = should be reduced<7 % to prevent microvascular
complications, yet it remains unclear whether control to this level
may also reduce the risk of stroke [27]. A recent meta-analysis of
9 randomized trials including 59,197 patients showed that, over-
all, intensive control of glucose as compared to standard care had
no effect on incident stroke (RR, 0.96; 95 %CI 0.88-1.06;
p=0.445) [28]. However, in the stratified analyses, a beneficial
effect was seen in those patients having body mass index
(BMI)>30 (RR, 0.86; 95 %CI: 0.75-0.99; p=0.041), suggesting
a potential benefit among obese individuals [28]. Despite the lack
of convincing support from large trials, there is evidence that
some glucose-lowering drugs may affect stroke risk. A recent
study demonstrated that patients who were on sulfonylureas prior
to stroke and continued to receive these agents during hospitaliza-
tion were more likely to have a better neurological and functional
outcome at discharge [29]. However, a meta-analysis including 33
studies (n=1,325,446 patients) reported that sulphonylureas use
was associated with a significantly increased risk of CV events,
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including stroke [30]. In studies comparing sulphonylureas vs.
metformin, these relative risks were 1.26 (95 % CI 1.17-1.35) and
1.18 (95 % CI 1.13-1.24), respectively [30]. Treatment with met-
formin was associated with a decreased risk of CV mortality
(pooled OR, 0.74; 95 % CI, 0.62-0.89) compared with any other
oral glucose-lowering agent or placebo; however, the results for
CV morbidity, stroke, and all-cause mortality were similar but not
statistically significant [31]. A meta-analysis including 94 trials
enrolling 85,224 patients (median follow-up 29 weeks) showed
that treatment with DPP-4 inhibitors did not affect all-cause and
CV mortality, as well as stroke, in the short and long terms
(<29 weeks and >29 weeks, respectively) [32]. Recent evidence
suggests that GLP-1 receptor agonists were associated with a
significant reduction in the incidence of major CV events (includ-
ing stroke) as compared with placebo and pioglitazone [33].

15.3 Stroke Prevention in Diabetic Patients
With Atrial Fibrillation

15.3.1 Warfarin

Warfarin has generally been the treatment of choice for patients
at high risk for cardioembolic stroke and low risk of hemor-
rhagic complications [34]. This benefit is outlined by primary
and secondary prevention studies including 2,900 patients with
an overall 62 % reduction of relative risk (95 % CI 48-72).
Warfarin is more effective than aspirin alone [RR 39 % (95 %
CI, 22-25)] or aspirin plus clopidrogrel [RR 60 % (95 % CI
18-56), both in patients with and without DM [11]. However,
oral anticoagulation with warfarin increases major extracranial
bleedings by 0.3 % per year [13].
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15.3.2 Dabigatran

In the Randomized Evaluation of Long-Term Anticoagulant
Therapy (RE-LY) study, the direct thrombin inhibitor dabiga-
tran given at a dose of 110 mg was associated with rates of
stroke and systemic embolism that were similar to those
associated with warfarin, as well as lower rates of major
hemorrhage [35]. Moreover, dabigatran administered at a
dose of 150 mg, as compared to warfarin, was associated
with lower rates of stroke and systemic embolism but similar
rates of major hemorrhage (Table 15.1). Of note, the benefits
of dabigatran were more pronounced among DM patients,
although this difference did not achieve significance due to
low statistical power [35].

15.3.3 Apixaban

The factor Xa inhibitor apixaban, administered at the dose
of 5 mg b.i.d. demonstrated a significant benefit when com-
pared to aspirin (81-324 mg) in the The Apixaban VERsus
acetylsalicylic acid to pRevent strOkES (AVERROES) trial
[36]. More recently, the Apixaban for Reduction in Stroke
and Other Thromboembolic Events in Atrial Fibrillation
(ARISTOTLE) trial showed that in patients with AF, apixa-
ban was superior to warfarin in preventing stroke or sys-
temic embolism (0.66-0.95; p<0.001 for noninferiority;
p=0.01 for superiority), caused less bleeding, and resulted
in lower mortality [37]. Apixaban-related benefits were also
observed in the subgroup of 4,547 DM patients with 1.4
events as compared to 1.9 % observed with warfarin.
However, significance was reached only among non-DM
subjects (n=13,654) [37].
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15.3.4 Rivaroxaban

The Rivaroxaban Once Daily Oral Direct Factor Xa Inhibition
Compared with Vitamin K Antagonism for Prevention of Stroke
and Embolism Trial in Atrial Fibrillation (ROCKET) trial, com-
paring warfarin with rivaroxaban, showed the noninferiority of
rivaroxaban to warfarin in preventing stroke, systemic embolism,
or major bleeding among the AF patients with a relatively high
CHADS, score (median 3.5) [38]. In conclusion, these new oral
anticoagulants have the potential to be used as an alternative to
warfarin, especially in patients intolerant to — or unsuitable for —
vitamin K antagonists. In analyses of prespecified subgroups in
the ROCKET trial, patients with DM had a level of protection
similar to the overall study populations (Table 15.1) [11, 39].
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Chapter 16
Peripheral Artery Disease

16.1 Prevalence and Prognosis

Diabetes mellitus (DM) is associated with accelerated athero-
sclerosis occurring at different arterial districts including carotid
arteries, aorta, femoral arteries, and lower extremities [1].
A recent cohort study including almost two million individuals
showed that peripheral artery disease (PAD) is the most com-
mon complication observed among T2D people with a first
cardiovascular presentation, being reported in 992 (16.2 %) of
6,137 patients [2]. Of note, PAD in DM patients was the most
prevalent disorder as compared to heart failure, stroke, stable
angina, and myocardial infarction (Fig. 16.1) [2]. Furthermore,
of 12 cardiovascular disease studied, PAD showed the strongest
association with T2D, with an adjusted HR of 2.98 (95 % CI
2.76-3.22) (Table 16.1) [2]. This observation is in line with the
notion that the incidence of MI and stroke has declined rapidly
during the past few decades [3]. Global estimates report that
prevalence of PAD at age 45-49 years is 5.28 % in women and
5.41 % in men, while reaching 18.38 % in women and 18.83 %
in men at the age 85-89 years [4]. A Health Professionals
Follow-up Study conducted in DM men demonstrated that dura-
tion of DM is a potent predictor of incident PAD (Table 16.2)

F. Paneni, F. Cosentino, Diabetes and Cardiovascular Disease: 203
A Guide to Clinical Management, DOI 10.1007/978-3-319-17762-5_16,
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[l No T2D
W T2D
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16.2

Initial presentation of CVD

PAD HF SA Stroke

Fig. 16.1 Distribution of initial presentations of cardiovascular disease in
participants with and without type 2 diabetes and no history of cardiovas-
cular disease (Data from Shah et al. [2])

Table 16.1 Adjusted hazard ratios (HRs) for different initial presentations
of cardiovascular diseases associated with type 2 diabetes, adjusted for age,
sex, BMI, deprivation, HDL cholesterol, total cholesterol, systolic blood
pressure, smoking status, statin, and antihypertensive drug prescriptions

Number of events

Presentation of CVD NoT2D T2D HR (95 % CIl) p value
Stable angina 12,232 728 1.62 <0.0001
(1.49-1.77)
Nonfatal myocardial 15,191 706 1.54 <0.0001
infarction (1.42-1.67)
Heart failure 15,072 866 1.56 <0.0001
(1.45-1.69)
Arrhythmia or sudden 3,218 100 0.95 0.65
cardiac death (0.76-1.19)
Ischemic stroke 5,643 316 1.72 <0.0001
(1.52-1.95)
Peripheral arterial disease 10,076 992 2.98 <0.0001
(2.76-3.22)

Data from Shah et al. [2]
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Table 16.2 Multivariate adjusted relative risk of peripheral artery disease
according to diabetes duration

Relative risk of PAD (95 % confidence
Duration of diabetes (years) interval)

1-5 1.39 (0.82-2.36)
6-10 3.63 (2.23-5.88)
11-25 2.55 (1.50-4.32)
>25 4.53 (2.39-8.58)

Data from Al-Delaimy et al. [5]

[5]. Moreover, poor glycemic control is an independent risk
factor for PAD. Indeed, every 1 % increase in glycosylated
hemoglobin (HbA, ) increases PAD risk by 28 % [6]. Patients
with DM also tend to present with multisite atherosclerosis as
compared to non-DM, and this affects prognosis [7, 8]. The
location of the disease has been associated with different out-
comes. Older age, male sex, DM, heart failure, and critical limb
ischemia are associated with distal disease, whereas female sex,
smoking, hypertension, dyslipidemia, coronary heart disease,
cerebrovascular disease, and chronic obstructive pulmonary
disease are usually associated with proximal disease [9].
However, proximal disease does not seem to be associated with
mortality, whereas the association of distal disease with death
remains significant even after correction for relevant confound-
ers (HR, 1.2; 95 % CI, 1.1-1.3) [9].

16.2 Diagnosis

Most of atherosclerotic lesions in DM patients are observed in
the popliteal artery or in vessels of the lower leg [10]. Typical
presentation of PAD includes intermittent claudication, fatigue,
arching, cramping, and rest pain, with the location of symptoms
relating to the site of proximal stenosis [11]. For the clinical
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diagnosis, the palpation of pulses and visual inspections of feet
are an essential step. Unfortunately, the majority (90 %) of DM
do not have symptoms and diagnosis is made at an advanced
stage of the disease. In a prospective cohort study including
6,880 patients aged >65 years, 5,392 patients had no PAD, 836
had asymptomatic PAD (ankle brachial index <0.9 without
symptoms), and 593 had symptomatic PAD [12]. Of note, the
risk of mortality was similar in symptomatic and asymptomatic
patients with PAD and was significantly higher than in those
without PAD, suggesting the importance of diagnosing PAD.
PAD can be classified into five stages, according to the clas-
sification proposed by Fontaine: stage I (asymptomatic), stage
IIa (mild claudication), stage IIb (moderate to severe claudica-
tion), stage III (rest pain), and stage IV (ulceration or gangrene)
[13]. The early detection of atherosclerosis in patients with DM
is instrumental for reclassification into different risk categories,
requiring aggressive therapeutic regimens. Therefore, reliable
indicators of PAD are in high demand for the primary preven-
tion of CVD in DM. A reliable indicator of PAD is the ankle
brachial index (ABI) (Table 16.3) [14]. This test is done by
measuring blood pressure at the ankle (posterior tibial or dorsa-
lis pedal level) and in the arm (brachial systolic blood pressure)
while a person is at rest. Several noninvasive techniques are
used to detect limb flow or pulse volume for measuring the ABI,
primarily Doppler ultrasound and oscillometric methods. The
former uses a continuous-wave Doppler probe for the detection
of arterial flow [14]. The overall diagnostic ability is higher for
ABI measured by Doppler than that measured with the oscillo-
metric method [15, 16]. However, lower sensitivities have been
reported in DM patients [14]. An ABI <0.9 indicates PAD with
high probability, whereas an ABI <0.8 is sufficient to diagnose
PAD, regardless of symptoms. Lower ABI values indicate more
severe PAD (Table 16.3) [17]. Patients with symptoms or clau-
dication generally have ABI from 0.5 to 0.8, while in patients
with critical limb ischemia ABI is usually below 0.5. In 6,986
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Table 16.3 ABI values, clinical presentation, and treatment options for
peripheral artery disease in patients with diabetes

Relative risk of PAD Clinical

ABI (95 % CI) presentation Recommendation
1-1.40 Normal Asymptomatic ~ Annual visits to
measure ABI
0.90-1 Borderline value Asymptomatic  Postexercise ABI or
suggestive of other noninvasive
increased CV tests, which may
risk, regardless include imaging,
of PAD should be used
symptoms and
other CV risk
factors
0.80—  Very high Asymptomatic  If uncertainties
0.90 probability of or mild remain,
PAD claudication postexercise ABI
or other

noninvasive tests,
which may include
imaging, should be
used

Supervised exercise
programs,
intensive
multifactorial
management, and
cilostazol/
pentoxifyilline are
encouraged

(continued)
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Table 16.3 (continued)
Relative risk of PAD Clinical

ABI (95 % CI) presentation Recommendation
0.5-0.8 Severe PAD, Moderate to Supervised exercise
claudicatio severe programs,
intermittens claudication intensive
or rest pain multifactorial
management,
cilostazol/

pentoxifylline to
control symptoms
Perform angiography
for further
anatomic definition
if lifestyle limiting
symptoms persist
or there is evidence
of inflow disease
Consider endovascular
therapy or surgical

bypass

<0.4 Advanced PAD, less Severe Multifactorial
than 40 % can claudication management
complete the Rest pain Consider endovascular
6-min walking Ulceration or therapy or surgical
test gangrene bypass

>1.40  Consider PAD. This Asymptomatic Toe-brachial index or
value suggests other noninvasive
increased CV tests, which may
risk, regardless include imaging,
of PAD should be used
symptoms and
other CV risk
factors

ABI ankle brachial index, PAD peripheral artery disease, CV cardiovascular
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participants from the REACH registry, a low ABI was associ-
ated with CV mortality (HR, 1.98, 95 % CI 1.62-2.41) and all-
cause mortality (HR 2.01, 95 % CI 1.72-2.36) [18]. An
ABI> 1.4 indicates arterial stiffness and reduced vessel compli-
ance as the result of medial calcinosis (Table 16.3) [19, 20]. The
latter is frequently observed in DM patients and predicts prog-
nosis. Indeed, high ABI values are associated with higher risk of
all-cause mortality in DM individuals (HR 2.11, 95 % CI
1.16-3.84), but not in persons without DM (HR 0.82, 95 % CI
0.36-1.85) [18]. ABI can also be assessed by an exercise test. In
this case, blood pressure measurements are repeated at both
sites after a few minutes of walking on a treadmill [14].
Postexercise ABI may identify significant PAD even in people
with a normal resting ABI [21]. Current recommendations from
the American Diabetes Association (ADA) suggest that a
screening ABI should be performed in all DM patients>50
years or in anyone with symptoms consistent with PAD [22].

16.3 Pharmacological and Nonpharmacological
Treatment

The firs aim in DM patients with PAD is to aggressively inter-
vene on modifiable CV risk factors to combat atherosclerotic
burden [19]. Smoking cessation is significantly associated with
reduced risk of PAD. However, recent evidence suggest that an
increased occurrence of PAD persists even among former
smokers who maintain abstinence [23]. Physical exercise may
also improve quality of life and symptoms in PAD patients
[24]. Recent evidence indicates that supervised exercise ther-
apy is able to ameliorate physical activity and ambulatory
activities in patients with intermittent claudication [25, 26].
A meta-analysis including both randomized and not random-
ized trials showed that pain-free walking time was improved by
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179 % and maximal walking time was improved by 122 % in
patients with claudication who underwent supervised exercise
training [27]. In PAD patients, a combination therapy including
drugs and exercise is often used. In the Steno-2 Study, where
160 T2D patients with persistent microalbuminuria were
assigned to receive either intensive or conventional therapy, the
risk of amputation was significantly reduced in the intensive
arm (10 vs. 33 events) [28]. Several studies suggest that statins
may improve clinical features of PAD in DM patients.
Simvastatin treatment was associated with improved walking
distance and pain-free survival [29]. Similarly, patients receiv-
ing atorvastatin had an increased pain-free walking distance
and less annual decline in lower-extremity performance [30].
The ABCD trial showed that intensive blood pressure reduction
to a mean of 128/75 mmHg resulted in marked decrease of CV
morbidity and mortality in PAD patients with an ABI <0.9 [31].
However, other studies with beta-blockers or alpha adrenergic
blockers have shown that significant reductions in systolic BP
significantly worsened walking distance. Therefore, BP reduc-
tion should not be too strong in these patients, in accordance
with current guidelines [32]. The benefits of aspirin remain
highly debated in DM patients with PAD. The Aspirin for
Asymptomatic Atherosclerosis trial performed in patients aged
50-70 with an ABI value <0.95 failed to show a benefit of
aspirin after 8.2 years follow-up [33]. Moreover, a meta-analy-
sis including 5,269 patients with PAD showed that treatment
with aspirin alone resulted in a statistically nonsignificant
decrease in the primary end point of CV events and a signifi-
cant reduction in nonfatal stroke [34]. By contrast, data from
the Antithrombotic Trialists’ Collaboration demonstrated that
aspirin reduced CV events in the subgroup of 9,000 patients
with PAD [35]. Based on available evidence, current guidelines
recommend aspirin for symptomatic patients (class I) and
asymptomatic patients with PAD (class II) [19]. Cilostazol,
naftidrofuryl, and pentoxifylline increase walking distance in
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patients with intermittent claudication, but their role remains
uncertain. A recent pooled analysis showed that cilostazol
improves walking distance in people with intermittent claudi-
cation secondary to PAD despite this treatment being associ-
ated with mild adverse side effects, which are generally
treatable [36]. At present, there is insufficient data on whether
taking cilostazol results in a reduction of all-cause mortality
and cardiovascular events or an improvement in quality of life.
Future research into the effect of cilostazol on intermittent
claudication is warranted [19].

16.4 Endovascular and Surgical Management

A large proportion of patients with PAD complain symptoms
despite maximal medical therapy and exercise programs. In
these patients, further imaging is required to better define vas-
cular anatomy before proceeding with revascularization strate-
gies [19]. Two general approaches are being used in PAD
patients: endovascular interventions and open surgical tech-
niques. Medicare claims data from 1996 to 2006 reveal an
almost doubling of lower extremity vascular procedures: the use
of endovascular repair increased more than threefold, bypass
surgery decreased 42 %, and the amputation rate decreased by
29 % [37]. Percutaneous approach is generally the treatment of
choice in patients with focal lesions in arteries above the knee,
with the best results observed for aortoiliac vessels [19, 38].
Surgical revascularization is indicated in patients with accept-
able surgical risk who require a more durable repair, in those
with lesions technically unsuitable for endovascular repair, and
in patients who experienced failure of endovascular repair.
Surgery remains the best approach in DM patients with chronic
limb ischemia with the aim of healing ulcers and preventing
limb loss [38].
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