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Introduction

The International Diabetes Federation produced a very important publica-

tion over a decade ago entitled “Diabetes and Cardiovascular Disease: Time

to Act”. In his introduction the then President of IDF, Prof Sir George Alberti

stated “With the rising tide of diabetes around the globe, the double jeop-

ardy of diabetes and cardiovascular disease is set to result in an explosion of

these and other complications unless preventive action is taken [1]. Indeed

the care of people with diabetes costs two to three fold more than those

without the disease and can amount to up to 15% of national health care

budgets [2].

There is no doubt that diabetes is a significant contributor to the global

burden of chronic non-communicable disease which accounts for over

36 million (63%) of deaths worldwide. Importantly, 80% of these deaths

occur in low and middle income countries. Even in areas of the world

where deaths from infectious disease are higher such as the Africa Region,

the prevalence of NCDs is rising rapidly [3].

The projected increases in the prevalence of diabetes worldwide are sim-

ply staggering. In an important contribution from the Global Burden of

Metabolic Risk Factor of Chronic Disease Collaborating Group [4] national,

regional and global trends in fasting plasma glucose and diabetes preva-

lence since 1980 were studied in a systematic analysis of health exami-

nation surveys involving over two and a half million participants and 370

country-years observations. They estimated that the number of peoplewith

diabetes increased from 153 (95% uncertainty interval 127–182) million

in 1980 to 347 (314382) million in 2008 [4]. Global projections produced

by IDF are shown in Figure 1. The projections are from 2013 to 2035. The

percentage increases are most dramatic in Africa, the Middle East, North

Africa, South East Asia and South andCentral America [5]. Clearly, primary

prevention of diabetes should be high on public health agendas throughout

the world with polices to reduce overweight and increase activity.

As emphasized by Alberti [1] the increasing prevalence of diabetes brings

with it the added burden of cardiovascular disease (CVD). Disease in all

vascular beds is increased and post mortem studies have demonstrated a

particularly aggressive form of atherosclerosis characterised not only by

increased plaque burden but also increased necrotic core and macrophage

and T cell infiltration [6]. The importance of diabetes as a CVD risk factor

ix
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IDF

REGION

2013 

MILLIONS

2035 

MILLIONS

INCREASE 

%

 Africa 19.8 41.4 109%

 Middle East and North Africa 34.6 67.9 96%

 South-East Asia 72.1 123 71%

 South and Central America 24.1 38.5 60%

 Western Pacific 138.2 201.8 46%

 North America and Caribbean 36.7 50.4 37%

 Europe 56.3 68.9 22%

%559.1958.183World

MIDDLE EAST AND 

NORTH AFRICA MENA

SOUTH AND CENTRAL 
AMERICA SACA

WESTERN PACIFIC WP

NORTH AMERICA AND 
CARIBBEAN NAC

EUROPE EUR

AFRICA AFR

ASIA SEA

Figure 1 IDF Regions and global projections of the number of people with diabetes (20–79 years), 2013 and 2035.

(Source: International Diabetes Federation [5]. Reproduced with permission of the International Diabetes Federation (IDF)).



Introduction xi

Table 1 Diabetes mellitus, fasting blood glucose concentration, and risk of vascular disease: a collaborative

meta-analysis of 102 prospective studies. (Source: Emerging Risk Factors Collaboration [9]. Reproduced with

permission of Elsevier.)

The Emerging Risk Factors Collaboration*

HRs for Vascular Outcomes in People with and without Diabetes

698,782 people in 102 prospective studies with 52,765 CVD outcomes

Number
of cases

HR (95% CI) I2
 (95% CI)

Coronary heart disease*

Stroke subtypes*

Other vascular deaths

Coronary death

Ischaemic stroke

Haemorrhagic stroke

Unclassified stroke

Non-fatal mycardinal infarction

26505 2.00 (1.83–2.19)

2.31 (2.05–2.60)

1.82 (1.64–2.03)

64 (54–71)

41 (24–54)

37 (19–51)

1 (0–20)

0 (0–26)

0 (0–26)

33 (12–48)

2.27 (1.95–2.65)

1.56 (1.19–2.05)

1.84 (1.59–2.13)

1.73 (1.51–1.98)

11556

14741

3799

1183

4973

3826

1 2 4
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was acknowledged by the formation of a joint Task Force on Diabetes and

Cardiovascular Diseases by the European Society of Cardiology (ESC) and

the European Association for the Study of Diabetes (EASD) which pub-

lished its evidenced based guidelines on prevention and management in

2007 [7]. The guidelines have recently been updated [8].

The massive data base of the Emerging Risk Factor Collaboration, a col-

laborative meta-analysis of 102 prospective studies including data from

almost 700,000 individuals has provided further robust evidence relating

diabetes to CVD risk after adjusting for age, smoking status, BMI and sys-

tolic blood pressure [9]. The hazard ratios for coronary heart disease, stroke

and other vascular deaths are shown in Table 1. In addition to increased

risk of CVD patients with diabetes and established vascular disease have a

poorer outcome than those without diabetes [7, 8]. Peripheral arterial dis-

ease is increased 2-4 fold in the diabetic population and lower limb ampu-

tations are at least 10 fold more common such that half of non-traumatic

amputations are performed in diabetic patients [3, 7, 8].

The focus of this book is to assist the physician or surgeon in preventing

and managing CVD and CVD risk in diabetic patients. We have been for-

tunate that respected international authorities have agreed to contribute

“state of the art” contributions in their particular area of expertise. We are

grateful to our publishers, John Wiley & Sons, Ltd, for their patience and

encouragement. If this book helps to improve the outcome of the individ-

ual patient and so reduce the huge burden of CVD in diabetes then it will

have achieved its goal.

D. John Betteridge

Stephen Nicholls
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CHAPTER 1

The Vascular Endothelium
in Diabetes
Andrew Lansdown1, Elizabeth Ellins2 and Julian Halcox2
1Cardiff University School of Medicine, Cardiff, UK
2Swansea University College of Medicine, Swansea, UK

Key Points
• The endothelium is a key participant in the homeostasis of the vessel wall.

• Nitric oxide (NO) plays a key role in regulating healthy vascular function.

• Reduced local NO bioavailability is a characteristic hallmark of vascular endothelial
dysfunction.

• Endothelial dysfunction is chiefly driven by oxidative stress and inflammation.

• A number of techniques for assessing endothelial function are available;
flow-mediated dilatation (FMD) is the current noninvasive ‘gold-standard’
methodology.

• A number of circulating markers are also helpful in assessment of endothelial
dysfunction.

• Hyperglycemia, insulin resistance, and dyslipidemia are all important contributors to
endothelial dysfunction.

• Endothelial dysfunction in diabetes is associated with adverse micro- and
macrovascular complications.

• Drug therapies, including statins, insulin sensitizers, and ACE inhibitors, have been
shown to improve endothelial dysfunction in diabetes.

Introduction

The vascular endothelium, the monolayer of thin cells lining the arteries

and veins, serves as the key regulator of arterial homeostasis. It plays a

vital role in regulating vascular tone, cellular adhesion, platelet activity,

vessel wall inflammation, angiogenesis, and vascular smooth muscle cell

proliferation. In order to regulate these functions, a number of important

vasoactive molecules, including nitric oxide (NO), endothelium-derived

hyperpolarizing factor (EDHF), prostacyclin (PGI2), and endothelin (ET-1),

are produced and released by the endothelial cells [1, 2].

Managing Cardiovascular Complications in Diabetes, First Edition.
Edited by D. John Betteridge and Stephen Nicholls.
© 2014 John Wiley & Sons, Ltd. Published 2014 by John Wiley & Sons, Ltd.
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2 Managing Cardiovascular Complications in Diabetes

Normal Endothelial Cell Function

The arterial endothelium is composed of a layer of spindle-shaped endothe-

lial cells that are bound together by tight junctions and communicate

directly with each other and the underlying smooth muscle cells via gap

junctions. This forms a protective barrier between the blood and the rest

of the vessel wall that is relatively impermeable to low-density lipoprotein

(the core component of atherosclerotic lesions), able to sense molecular

cues and interact with cellular components of the circulating blood.

Furchgott and Zawadzki first demonstrated in 1980 that endothelial cells

are essential in order for underlying smooth muscle relaxation to occur in

response to acetylcholine administration in the rabbit aorta [3] and NOwas

subsequently identified as this endothelium-derived relaxing factor [4]. A

healthy endothelium is able to secrete NO, a diatomic molecule generated

from L-arginine, by the action of the enzyme endothelial NO synthase

(eNOS) in the presence of cofactors such as tetrahydrobiopterin [5]. NO

exerts its action by diffusing into vascular smooth muscle cells where it

activates G-protein-bound guanylate cyclase, resulting in c-GMP genera-

tion, smooth muscle relaxation, and vasodilatation [1] (Figure 1.1). eNOS,

in normal physiology, is activated by shear stress from blood flow through

the vessels and also by molecules such as adenosine, bradykinin, serotonin

(in response to platelet aggregation), and vascular endothelial growth fac-

tor (induced by hypoxia; Figure 1.1) [6, 7, 8].

In addition, NO has antiplatelet effects and can down-regulate inflamma-

tory pathways and also decrease the generation of ET-1, a potent vasocon-

strictor polypeptide, which also possesses pro-inflammatory, pro-oxidant,

and pro-proliferative activity [9].

Other endothelial-derived vasodilators exist and act independently of

NO to maintain vasodilator tone. PGI2, produced from the cyclooxygenase

system, and EDHF are such molecules, with the latter able to compensate

for the loss of NO-mediated vasodilator tone when NO bioavailabil-

ity is reduced [10, 11]. Normal health and physiological functioning

of the vascular endothelium are maintained by a balanced release of

endothelial-derived relaxing factors, such as NO and prostacyclin (PGI2),

and vasoconstricting factors like ET-1 and angiotensin II. The dysequilib-

rium of their production, release, and action is the chief characteristic of

endothelial dysfunction [12].

Beyond its function in regulating vessel tone, the vascular endothelium

also serves to play an important role in both mediating and responding to

inflammatory pathways. In addition to its constrictor effects, angiotensin II

generated by the endothelium has effects on vascular smooth muscle cell

contraction, growth, proliferation, and differentiation. A range of selectins

and adhesion molecules are produced, resulting in the binding and
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Coronary artery lumen

acetylcholine

Vascular smooth

muscle cells

Shear stress

Platelet activation
and aggregation

Leukocyte adhesion

Permeability

EC apoptosis

VSMC proliferation

GTP

cGMP

GMP

PKG

Contraction

Ca2+

Ca2+

Ca2+ −

−

−
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−

−

↑
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eNOS

eNOS
caveolin

acetylcholine
Shear
stress

L-arginine NO
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Soluble
guanylyl
cyclase

P13K/Akt

Endothelial cells

Figure 1.1 Illustration of the stimulation of endothelial NO synthase by acetylcholine

and shear stress leading to increased nitric oxide (NO) production in endothelial cells by

receptor and nonreceptor and calcium-dependent and noncalcium-dependent

pathways. (Source: Herrmann J et al. 2010 [8]. Reproduced with permission of Oxford

University Press.) (Color plate 1.1).

transendothelial migration of inflammatory cells [13, 14]. Furthermore,

the endothelium is directly involved in the balance between coagulation

and fibrinolysis, which is mediated by its synthesis of both tissue-type

plasminogen activator (t-PA) and its inhibitor, plasminogen activator

inhibitor-1 (PAI-1) [12, 15].

Measuring Endothelial Function

Following the in vitro work of Furchgott and Zawadzki, Ludmer et al.

demonstrated for the first time in humans that locally administered

acetylcholine caused vasoconstriction of atherosclerotic coronary arteries

and vasodilatation in normal coronary vessels in subjects undergoing

cardiac catheterization [16]. Subsequently, a noninvasive method was

developed for assessing endothelial function in the conduit arteries of the

peripheral circulation. This method used a period of forearm ischemia

followed by reactive hyperemia to increase blood flow through the

brachial artery, increasing local shear stress, mediating NO release and
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brachial artery dilatation [17]. Peripheral endothelial vasodilator function

correlates with coronary endothelial function and cardiovascular risk

factors, including smoking, dyslipidemia, and diabetes, and can predict

incident cardiovascular events in older adults [18, 19, 20, 21].

Various techniques have been developed that use pharmacologic agents

to act on the endothelium or that measure the vasodilator response to

increased shear stress. No one test has been shown to be ideal and indeed

a combination may be required to evaluate fully the various aspects of vas-

cular endothelial biology (Figure 1.2).

Invasive methods for assessing endothelial function include venous

occlusion plethysmography and quantitative coronary angiography with

Doppler flow wire to assess coronary diameter and blood flow.

The original tests of endothelial function used the latter techniques

to assess coronary circulatory physiology. Pharmacologic agents, such

as acetylcholine, are used to induce an endothelium-dependent vaso-

motor response, measuring changes in the epicardial and microvascular

circulation. At the doses traditionally used, a vasodilator response is

usually observed in normal coronary vessels, but in the presence of

endothelial dysfunction, where NO bioavailability is reduced, the action

of acetylcholine on smooth muscle muscarinic receptors predominates,

resulting in vasoconstriction [22]. This method of measuring endothelial

function is limited to patients with more advanced and established arterial

disease who warrant cardiac catheterization, but is helpful in quantifying

the response to potential beneficial therapeutic agents, such as statins, on

endothelial function [23].

A further invasive technique for evaluation of forearm microcirculation

and resistance is by measuring changes in forearm blood flow (FBF) using

venous occlusion strain-gauge plethysmography [24]. The method uses

the contralateral arm as its control, with most studies assessing percentage

differences in FBF and vascular resistance between experimental and

control arm after the administration of endothelium-dependent and

endothelium-independent agonists. By using eNOS antagonists, such as

L-NMMA, the contribution of NO to vasomotor regulation can be inferred;

the technique can also be used in healthy controls and allows other

vasomotor pathways to be studied in detail. Its invasive nature, however,

thus limits its use to smaller studies and its clinical relevance to conduit

vessel atherosclerosis is also questioned.

The noninvasive methods of measuring endothelial function are inher-

ently more practical in that they can be more readily used in large patient

groups. Flow-mediated dilatation (FMD) using ultrasound stands as the

current gold-standard technique for noninvasive assessment of endothelial

function. The rationale is based on the reactive blood flow in the brachial

artery following a five-minute period of forearm ischemia caused by
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Figure 1.2 Methods for assessing human endothelial function. (Color plate 1.2).
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suprasystolic inflation of a blood-pressure cuff. The increased shear stress

during the resulting hyperemia stimulates NO release from the endothe-

lium, causing smooth muscle relaxation and dilatation of the artery. By

imaging the brachial artery with high-resolution 2D ultrasound and using

pulsed-wave Doppler interrogation, changes in arterial diameter and blood

flow can be assessed [17]. When care is paid to methodology, FMD has

been demonstrated to have good reproducibility [25]. Some differences

in techniques, including cuff position and duration of cuff occlusion,

remain areas of controversy in using this method [26, 27, 28], although

guidelines have been produced in an attempt to reduce the variability of

the methodology in research [29, 30]. Despite variations in methodology,

FMD stands as a reliable method of measuring endothelial function and is

associated with coronary endothelial vasodilator function and circulating

markers of endothelial activation, as well as being a predictor of long-term

cardiovascular outcomes [21, 31].

Another useful noninvasive technique that is emerging for measuring

endothelial function is pulse amplitude tonometry (PAT). The same stimu-

lus as FMD is used and the EndoPAT system employs a probe placed on the

fingertip to record changes in arterial pulsatile volume. Both fingertips are

used for recordings in order to have an internal control. Measurements are

made at baseline and following reactive hyperemia (RH) so as to allow an

RH-PAT index (ratio) to be calculated. The RH-PAT signal is decreased with

risk factor expression, has been shown to correlate well with risk factor

burden, and can help to identify coronary vascular dysfunction [32, 33].

Reproducibility has been shown to be similar to that of FMD. Although the

mechanism of vasodilatation is not entirely NO dependent and the auto-

nomic nervous system may also have an influence on the fingertip pulse

waveform [34], RH-PAT is widely considered to be a useful and practical

tool for assessing endothelial dysfunction.

Endothelial function can also be assessed using pulse wave velocity

(PWV) measurement. This method measures the speed of transit of the

arterial pulse-pressure waveform through an artery, thus providing infor-

mation on arterial stiffness and endothelial function. A similar protocol to

that of FMD, with RH stimulus, has been devised by Naka et al. involving

placing one cuff at the wrist and one on the upper arm, with RH induced

following the occlusion of the wrist cuff. The subsequent NO release and

reduction in arterial tone cause a slowing in PWV, reflecting the magnitude

of endothelial NO release [35].

Although these newer methods, particularly RH-PAT, appear promising

in their use for assessing endothelial function, FMD currently remains the

technique of choice and has become widely used in clinical studies.
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Circulating Markers of Endothelial Dysfunction

In addition to invasive and noninvasive methods of assessing endothelial

function, such as coronary angiography or FMD, there are a number of

circulating biomarkers that reflect the degree of endothelial activation and

dysfunction (Table 1.1).

Given that endothelial activation and dysfunction are characterized by

the change in the balance of vasomotor factors released by the endothe-

lium, measuring circulating markers and mediators of this dysfunction

have been shown to provide important pathological insights into the

influence of the endothelium on atherosclerotic disease, although the

systemic levels of these markers may not necessarily represent their true

local effects on the vascular wall.

Endothelial activation results in vascular inflammation. Thus, an array

of inflammatory cytokines, adhesion molecules, regulators of thrombosis,

measures of NO biology, as well as markers of endothelial damage and

repair can be evaluated to inform on these processes. These measures can

be helpful markers of the severity of endothelial activation and dysfunction

in a population and can complement other physiological tests of measuring

endothelial function [36].

No precise circulating marker reflecting local and systemic generation of

NO is available, although levels of nitrite and nitrate have been suggested

as indirect measures. Asymmetric dimethylarginine (ADMA), an endoge-

nously derived competitive antagonist of eNOS, is quantifiable; higher lev-

els are typically present in those patients with cardiovascular risk factors,

such as dyslipidemia and diabetes, and may contribute to the endothelial

dysfunction. Higher levels of ADMA have been associated with reduced

NO bioavailability in animal and clinical studies [37, 38]. Logistical and

financial barriers currently preclude its use in routine clinical practice.

The inflammatory cytokines and adhesion molecules generated by

endothelial activation, reflecting the stimuli to leucocyte migration

into the subendothelium, can also be measured. Vascular cell adhesion

molecule 1, intracellular adhesion molecule 1, and E- and P-selectins are

examples, with E-selectin most specific for vascular endothelial activation.

Circulating levels of such molecules are typically associated with adverse

cardiovascular outcomes [39, 40].

In addition, MicroRNAs (miRNAs), a group of noncoding small RNAs,

are emerging as important molecules in endothelial dysfunction in dia-

betes and may indeed shed light on these underlying disease processes. In

the hyperglycemic environment, for example, miRNAs decrease endothe-

lial cell proliferation and migration, as well as causing cell cycle inhibition,
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Table 1.1 Circulating biomarkers of

endothelial function.

Biomarkers

Nitric oxide

Nitrite ion

Asymmetric dimethyl arginine

Endothelin-1

Interleukins

Chemokines

Adhesion molecules (VCAM-1, ICAM-1)

Selectins (E-selectin, P-selectin)

Plasminogen activator inhibitor- 1

Tissue plasminogen activator

Von Willebrand factor

Endothelial microparticles microRNAs

Circulating endothelial cells

Endothelial progenitor cells

Endothelial microparticles

resulting in vascular endothelial dysfunction [41]. As levels of miRNA in

the serum of humans have been shown to be stable, reproducible, and con-

sistent among healthy individuals, it is thought they may become clinically

useful biomarkers of vascular status in patients with diabetes [42, 43].

Similarly, markers of a prothrombotic state can be measured, which may

reflect endothelial damage and activation; for example, the change in the

balance of tissue plasminogen activator and its endogenous inhibitor, plas-

minogen activation inhibitor-1 [44].

As measures of endothelial cell injury and repair are a reflection of

endothelial activation and dysfunction in the disease process, assays have

been developed to examine the detachment of mature endothelial cells

and microparticles derived from activated endothelial cells, reflecting

damage, and the number and characteristics of circulating endothelial

progenitor cells (EPC), reflecting repair. Assessment of the relationships

between these populations can shed light on the balance between injury

and repair (in diabetes) that may have a future role in clinical practice and

in risk assessment of high-risk patients [45]. Endothelial microparticles

(EMP) result from endothelial plasma membrane blebbing and carry

endothelial proteins such as vascular endothelial cadherin, intercellular

cell adhesion molecule (ICAM)-1, E-selectin, and eNOS [46, 47, 48].

Their shedding from activated or apoptotic endothelial cells reflects their

role in coagulation, inflammation, endothelial function, and vascular

homeostasis. The exact role of EMP in vascular homeostasis remains

unclear. There is evidence that they can actually promote cell survival
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and induce endothelial regeneration [49] and, although promotion of

angiogenic processes by EMP may have beneficial effects in ischemia,

this could be detrimental for plaque stability and in proliferative diabetic

retinopathy [50]. In diabetes it has been shown that higher levels of EMP

are associated with endothelial activation and apoptosis [1, 51]. Further-

more, interventions to treat patients with type 2 diabetes with calcium

channel blockers have shown decreases in EMP, suggesting the latter’s

potential use as biomarkers of vascular endothelial dysfunction in diabetes,

although their specific clinical utility remains to be defined [52, 53].

Endothelial Cell Dysfunction

Endothelial dysfunction results from a loss of the homeostatic balance

between endothelial-derived relaxing factors, such as NO, and contracting

factors, such as ET-1. A number of cardiovascular risk factors have been

implicated including dyslipidemia, diabetes mellitus, hypertension, and

smoking. In these circumstances, the endothelium is activated, with an

increased expression of leucocyte adhesion molecules, release of cytokines,

and inflammatory molecules. The resulting inflammation and arterial

damage continue in a self-promoting fashion, contributing to the initiation

and development of atherosclerotic plaque formation and its clinical

consequences such as myocardial ischemia or infarction [54, 55].

One of the defining characteristics of endothelial activation is reduced

NO bioavailability. This largely occurs in the context of increased oxidative

stress, when the enzyme, eNOS, may switch to generate superoxide (reac-

tive oxygen species or ROS), a process known as “eNOS uncoupling.” This is

thought to occur when the key cofactor tetrahydrobiopterin is not present

or when the substrate, L-arginine, is deficient [56]. In addition, ROS, in

the presence of superoxide dismutase, leads to the production of hydro-

gen peroxide. These molecules can target cellular regulatory proteins, such

as NFκB and phosphatases, promoting inflammatory gene transcription

[1, 57]. The mitochondrion is thought to be an important source of ROS

in which the production of free radicals and mitochondrial superoxide dis-

mutase capacity is carefully regulated during physiological cellular home-

ostasis. During hypoxia, or in disease processes with increased substrate,

such as obesity and type 2 diabetes with hyperglycemia and increased free

fatty acids, this fine balance can be disturbed, resulting in increased free

radical generation. Xanthine oxidase and NADPH oxidase are other impor-

tant sources of oxidative stress in the endothelium, with xanthine oxidase

activity having been shown to be increased by over 200% in patients with

coronary artery disease compared with controls [58].
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A further effect of prolonged exposure to cardiovascular risk factors is

the effect on endothelial damage and repair. Normal endothelial integrity

depends on its ability to repair and on any degree of localized injury.

Endothelial cells are able to replicate locally to replace injured and lost

cells, but also EPC recruited from the bone marrow circulate and are

able to home to areas of injury and promote local repair processes in

the endothelium [59, 60, 61]. It is known that eNOS is important in the

regulation and function of EPC [62], that decreased levels of EPC are

correlated with increased risk of coronary artery disease [63, 64], and that

interventions, such as statin therapy, increase EPC in high-risk patients,

including those with coronary artery disease [65]. In diabetes it has been

shown that levels of EPC and circulating angiogenic cells (CAC) are

reduced in relation to smooth muscle progenitor cells (SMPC), reflecting

damage; this may therefore translate into reduced vascular repair capacity

and promote macrovascular disease in type 2 diabetes [66]. The reduction

in EPC in diabetes may also explain the pathogenesis of microangiopathy,

as clinically significant correlations have been found in nephropathy and

retinopathy [67, 68]. Furthermore, in diabetes EPC have functional defects

such as impaired proliferation and adhesion, which are also likely to be of

importance [69, 70]. Thus EPC are thought to play an important role in

maintaining normal vascular endothelial function in diabetes.

Endothelial Cell Dysfunction in Diabetes

Both micro- and macrovascular complications are the major causes of mor-

bidity and mortality in patients with diabetes, and endothelial cell dysfunc-

tion is believed to be pivotal in the development of associated vascular

injury. There are a number of factors specific to diabetes that contribute

to endothelial dysfunction (Figure 1.3).

Hyperglycemia
Hyperglycemia in both type I and type II diabetes has been implicated

in the pathogenesis of microvascular complications in large clinical trials

[71, 72, 73].

Oxidative stress in endothelial dysfunction in diabetes is chiefly driven

by hyperglycemia. The high glucose levels up-regulate the polypol

pathway, which usually converts excess intracellular glucose into sugar

alcohols by the enzyme aldose reductase. Normally, very little glucose

is utilized by this pathway. In diabetes, an overproduction of ROS by

the mitochondrion leads to increased aldose reductase activation, with

conversion of glucose to sorbitol and then oxidation to fructose. This

results in increased ROS production, subsequent inactivation of NO, and

inhibition of endothelium-dependent dilatation [74, 75, 76]. Intracellular
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 ↑ FFA oxidation
↓ eNOS

↓ NO bioavailability
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Figure 1.3 Mechanisms increasing oxidative stress and resulting in endothelial

dysfunction in diabetes.

hyperglycemia also activates the hexosamine pathway, resulting in

increased expression of PAI-1 [77].

Furthermore, high levels of intracellular glucose activate the enzyme pro-

tein kinase C (PKC), which can result in overexpression of the fibrinolytic

inhibitor PAI-1 and activation of NFκB in endothelial cells, resulting in

an increased propensity to thrombotic and atherogenic occlusion and fur-

ther inflammation [78, 79]. In addition, PKC activation by hyperglycemia

can cause increased vascular permeability and angiogenesis via increased

expression of vascular endothelial growth factor (VEGF) in endothelial and

smooth muscle cells [80].

Hyperglycemia is also causally implicated in the production of AGE, the

circulating and intracellular proteins that have undergone nonenzymatic

glycation. AGE have been linked to vascular inflammation, dysfunction,

and injury through various mechanisms, including overproduction of ROS

[81]. The main mechanism is through the binding of AGE to their receptors

(RAGE), resulting in activation of NFκB and generation of ROS [76, 82, 83].

Raised plasma levels of endogenous RAGE have been noted in patients with

type 2 diabetes and nephropathy [84].

It is through increased oxidative stress, as well as increased intracellu-

lar calcium, mitochondrial dysfunction, and changes in intracellular fatty

acid metabolism, that hyperglycemia is thought to result in endothelial cell

apoptosis [12].

In addition to its influence on oxidative stress and AGE production,

hyperglycemia has also been associated with decreased NO bioavail-

abilty. Kawano et al. showed that hyperglycemia rapidly suppresses

flow-mediated endothelium-dependent vasodilatation of the brachial

artery [85]. Furthermore, in studies of human umbilical vein endothelial

cells, it has been shown that elevated glucose inhibits NO production [86].

In contrast, some studies have demonstrated that NO release is increased
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in hyperglycemic conditions, with eNOS activity increased in the cardiac

endothelium of rats with diabetes [87], leading to the suggestion that eNOS

uncoupling may actually occur secondary to hyperglycemia of diabetes

and explain endothelial dysfunction [88, 89]. Furthermore, endothelial

dysfunction in diabetes is also related to an increase of endothelial-derived

constricting factors (EDCFs), likely secondary to exposure of the endothe-

lial cells to high glucose, causing oxidative stress and overexpression of

COX-1 and COX-2, and thus involvement of COX-derived prostanoids

[90]. ET-1 is also known to be present in higher levels in patients with

type 2 diabetes compared with healthy subjects, and this is accompanied

by increased oxidative stress and proinflammatory markers [91].

Finally, it is worth noting that the severity of hyperglycemia, as measured

by HbA1c, in both type 1 and type 2 diabetes, correlates with lower levels

of circulating EPC, resulting from either impaired proliferation, reduced

mobilization from the bone marrow, or shorter circulating time [92, 93].

This has the potential consequence of reducing the vascular repair capacity

in diabetes.

It should be noted, however, that despite evidence for hyperglycemia

being responsible for these mechanisms leading to endothelial cell dys-

function, some evidence points toward endothelial dysfunction preced-

ing marked hyperglycemia in diabetes. For example, the nonobese dia-

betic (NOD) mouse model for type 1 diabetes has shown that endothelial

dysfunction is present, with evidence of vasoconstriction, prior to devel-

opment of hyperglycemia [88]. Therefore, the cause and consequence of

hyperglycemia and endothelial dysfunction may not be so obvious.

Insulin Resistance
Although hyperglycemia is common to all types of diabetes, insulin resis-

tance is more a characteristic of type 2 diabetes and its role in endothelial

cell dysfunction is important.

Endothelial cells express the cognate insulin receptor (IR) and insulin

plays a vital role in normal endothelial cell homeostasis. In normal health,

insulin stimulates NO release through activation of a cascade involving acti-

vation of the PI3K-Akt axis and phosphorylation of eNOS. It also has oppos-

ing actions that cause vasoconstriction through the endothelial release of

ET-1. In insulin-resistant vessels there is impairment in the expression

and activity of eNOS as well as impairment of the PI3K-dependent sig-

naling, with overexpression of adhesion molecules and an increased secre-

tion of ET-1. This results in an inflammatory endothelial microenviron-

ment with reduced blood supply and deteriorating insulin resistance. Phar-

macological blockade of ET-1 receptors improves endothelial function in

obese patients with insulin resistance and those with diabetes, but not in
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lean, insulin-sensitive patients. It also has been suggested that endothelial

dysfunction itself may be a direct causal factor in insulin resistance [88].

Insulin resistance has also been linked with reduced proliferation and

differentiation of EPC as a consequence of reduced production of NO and

stromal cell-derived factor (SDF)-1α, which plays a role in modulating EPC

mobilization and survival [94, 95, 96].

Dyslipidemia
Both type 1 and type 2 diabetes are associated with dyslipidemia and

increased levels of free fatty acids (FFA). The characteristic lipid profile

associated with obesity, insulin resistance, and diabetes is reduced levels

of high-density lipoprotein (HDL)-cholesterol, small dense low-density

lipoprotein (LDL) particles, hypertriglyceridemia, and increased postpran-

dial FFA flux. Both in vitro and clinical studies suggest that endothelial

dysfunction in noninsulin-dependent diabetes is in part due to diabetic

dyslipidemia, most specifically postprandial lipemia with associated

inflammation and oxidative stress [97, 98].

Clinical Relevance of Endothelial Dysfunction
in Diabetes

Endothelial dysfunction has been shown to be an earlier manifestation of

vascular disease in type 2 diabetes, but is later in the course of type 1 dia-

betes [99]. Various studies have emerged linking endothelial dysfunction

with adverse clinical outcomes of microvascular and macrovascular com-

plications in diabetes.

In patients with type 1 diabetes, endothelial dysfunction precedes and

may predict the development of microalbuminuria [100]. It has been

suggested that endothelial dysfunction in patients with diabetes and

normoalbuminuria could precede microalbuminuria as a risk marker for

cardiovascular disease [101]. Importantly, endothelial dysfunction predicts

the rate of decline in GFR in patients with nephropathy; and biomarkers of

inflammation and endothelial dysfunction are associated with an increased

risk of all-cause mortality and cardiovascular morbidity in patients with

nephropathy [102]. Furthermore, in a cohort of patients with type 2

diabetes and microalbuminuria, endothelial dysfunction was a predictor

of progression to diabetic nephropathy independent of traditional risk

factors [103]. A correlation between endothelial dysfunction and diabetic

retinopathy has also been made [104].

More recently, endothelial dysfunction has been shown to predict car-

diovascular and renal outcome in patients with type 1 diabetes, both inde-

pendently and synergistically with arterial stiffness [105]; it has also been
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Figure 1.4 Kaplan-Meier curves for the composite outcome of death, myocardial

infarction, or stroke comparing the upper tertile of baseline ADMA to the lower two

tertiles combined. At 24 months, the number of patients who had experienced an event

in the upper tertile was 21 (39.6%) compared with 23 (21.5%) in the lower two tertiles

combined (p = 0.0192). (Source: Cavusoglu et al. 2010 [107]. Reproduced with

permission of Elsevier.)

demonstrated that endothelial dysfunction is a determinant of aortic stiff-

ness in hypertensive diabetic patients but not in hypertensive patients with-

out diabetes [106].

The elevated levels of ADMA observed in patients with diabetes mel-

litus are implicated in the pathogenesis of endothelial dysfunction and

atherosclerosis, independently predict diabetes complications, and are a

strong and independent predictor of cardiovascular outcomes (including

all-cause mortality) in men [107] (Figure 1.4).

Therapeutic Interventions for Endothelial
Dysfunction in Diabetes

Given the importance of endothelial dysfunction in the pathogenesis of

diabetes and its vascular complications, the endothelium has emerged as a

compelling therapeutic target. Numerous interventions have been shown

to have an effect on the endothelium. When designing and evaluating

such interventional studies, aspects of themethodology used for measuring

endothelial function should be carefully considered. For example, when

employing FMD, external factors should be minimized (although the con-

tribution of environmental factors to its variability is relatively small), and

image acquisition quality should be considered, as well as probe position
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and cuff location and occlusion time, in order to standardize the method-

ology and analysis [108]. Such measures reduce inter- and intraobserver

variability, and have a beneficial impact on sample size in the clinical trial

setting [109]. The study should be large enough with adequate power to

demonstrate a meaningful effect. Several treatments that have been shown

to reduce cardiovascular risk also improve endothelial function both in the

general population and in diabetes.

Lifestyle Interventions
Both diet and exercise exert beneficial effects on the vascular endothe-

lium in diabetes. In those with type 2 diabetes mellitus, intervention of

exercise training and a hypocaloric diet for six months improves coronary

endothelial function, as assessed by acetylcholine-induced changes in coro-

nary artery blood flow [110]. Furthermore, in patients with type 2 diabetes,

eight weeks of exercise training resulted in an improvement in brachial

artery FMD and forearm blood flow responses to acetylcholine [111]. Cir-

culating markers of endothelial dysfunction have also shown an improve-

ment following a twice-weekly, six-month, progressive aerobic training

program, with decreased levels of P-selectin and ICAM-1 [112]. In those

with impaired glucose tolerance (IGT), a combination of exercise and a

low-calorie diet has been shown to reduce the plasma concentrations of

ET-1 and NO, potentially improving the endothelial dysfunction in this

“pre-diabetes” cohort [113].

Statins
The Hydroxymethylglutaryl-CoA (HMG-CoA) reductase inhibitors have

been the subject of much research regarding their actions apart from

their LDL-lowering effects; that is, their so-called pleiotropic effects.

Particularly with regard to endothelial function, improvement has been

noted following administration of statin therapy in both adults with

coronary artery disease and asymptomatic adults with cardiovascular risk

factors. The effect on endothelial function was independent of the type,

dose, or duration of therapy and was not associated directly with lowering

of cholesterol [114]. It is suggested that eNOS levels and activity are

enhanced in statin therapy, resulting in increased NO bioavailability and

improved FMD. Furthermore, it has been demonstrated that statins reduce

inflammatory and pro-inflammatory cytokines and adhesion molecules,

reduce the production of endothelin and angiotensin 1, and inhibit

macrophage migration and smooth muscle cell proliferation [115, 116].

An improvement in FMD has been demonstrated in patients with diabetes

receiving statin therapy, although it is suggested that the reduction in

LDL cholesterol per se rather than therapeutic pleiotropy is likely to be a

more important determinant of the improvement in endothelial function
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[117, 118]. A recent meta-analysis showed that statins significantly

improved the FMD in patients with diabetes who had better endothelial

functions [119].

Insulin Sensitizers
Metformin is the principle insulin sensitizer used in the treatment of type

2 diabetes and has long been shown to have a beneficial impact on car-

diovascular outcomes in patients with diabetes. Patients receiving met-

formin therapy undergoing coronary intervention have decreased adverse

cardiovascular events, specifically death and myocardial infarction, com-

pared with those patients not treated with insulin sensitizers [120]. Met-

formin is thought to improve endothelial function by reducing leukocyte

interactions with human endothelial cells, and has also been shown to

increase endothelium-dependent vasodilatation in subjects, independent

of glycemic control [121, 122].

Thiazolidinediones, another class of insulin sensitizers, are also rec-

ognized to have beneficial effects on the endothelium via activating

peroxisome proliferator receptor-gamma (PPARγ). This can result in

decreased activation of transcription factors such as NFκB, which can

reduce free radical generation and prevent arterial inflammation [123].

Troglitazone inhibited the expression of vascular cell adhesion molecule-1

and ICAM-1 in endothelial cells in vitro, and also reduced the migration

of inflammatory cells to atherosclerotic plaques [124]. Newer thiazolidne-

diones, such as rosiglitazone and pioglitazone, have also been shown to

improve the number and migration of EPC and the re-endothelization

capacity of EPC in patients with type 2 diabetes [125]. Although the

addition of rosiglitazone in patients with advanced type 2 diabetes treated

with insulin appears to have a beneficial effect on endothelial function

[126], it has also been associated with an increased incidence of myocardial

infarction in patients with type 2 diabetes. Thus, the beneficial effects of

treatments on the endothelium cannot be considered in isolation, and fur-

ther research is needed to investigate why a beneficial effect on endothelial

function with this class of drug does not translate into better cardiovascular

prognosis.

Renin-Angiotensin-Aldosterone System Antagonists,
Calcium Channel Blockers, and Beta Blockers
In patients with both type 1 and type 2 diabetes, studies have shown that

angiotensin-converting enzyme (ACE) inhibitors and angiotensin II recep-

tor antagonists improve endothelial function [127, 128, 129, 130, 131]

(Figure 1.5). Initially the results of TREND (Trial on Reversing ENdothe-

lial Dysfunction) showed that in patients with coronary artery disease,
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Figure 1.5 Flow-mediated dilatation (FMD) of the brachial artery was increased after 4

weeks’ treatment with losartan compared to atenolol (*p = 0.01). (Source: Flammer

et al. 2007 [130]. Reproduced with permission of Lippincott, Williams & Wilkins.)

including those with type 2 diabetes, quinapril improved endothelial dys-

function, as demonstrated by a significant net improvement in response to

acetylcholine using quantitative coronary angiography after six months of

treatment [132]. Other studies have since strengthened these findings. It

is thought that inhibition of angiotensin II-mediated vasoconstricton, ET-1

release, ROS production, and stimulation of cytokine and growth factor

expression all contribute to the benefits of these drugs [133, 134, 135].

Furthermore, a combination of angiotensin II receptor antagonist valsartan

and the calcium channel blocker amlodipine improves FMD, as well as nor-

malizing proteinuria and other markers of endothelial function in diabetic

patients with stage I chronic kidney disease (CKD) and hypertension [136].

The use of beta blockers in diabetes has been cautioned against, as they

can impair glycemic control. However, carvedilol possesses antioxidant

properties that might provide vascular protection. In a head-to-head trial

with metoprolol, carvedilol significantly improved endothelial function in

patients with type 2 diabetes. Changes in glycemic control and oxidative

stress did not appear fully to explain the relative improvement in FMD,

suggesting other mechanisms of action [137]. A further study showed that

metoprolol compared to carvedilol impairs insulin-stimulated endothelial

vasomotion in patients with type 2 diabetes [138]. Therefore, the role,

effects, and mechanisms of beta blockade on endothelial function in type

2 diabetes warrant further clinical evaluation.

Insulin
It has been demonstrated that insulin therapy partly restores insulin-stimu-

lated endothelial function in patients with type 2 diabetes and ischemic
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heart disease [139], and that intensive insulin therapy improves endothe-

lial function in young people with type 1 diabetes, with significantly

greater improvements in E-selectin and vascular responses to acetylcholine

compared with a conventional insulin therapy group [140]. Moreover,

a three-and-a-half-year-study of insulin therapy with insulin glargine

improved in-vivo endothelial function in patients with type 2 diabetes,

improving endothelial-dependent and endothelial-independent dilatation

[141]. However, the large, recently completed ORIGIN trial did not

demonstrate improved clinical outcomes with early initiation of insulin

glargine in patients with insulin resistance or early type 2 diabetes, despite

better glycemic control and reduced progression to diabetes [142].

Other Novel Agents
The use of antioxidants as interventions in patients with diabetes have

yielded conflicting results regarding their effect on endothelial function

and clinical outcomes, despite early promise [143, 144]. For example, in

patients with uncomplicated type 2 diabetes, endothelial dysfunction was

not shown to be improved by treatment with vitamin E [145], and in those

receiving vitamin C therapy, there was a lack of effect on oxidative stress

and endothelial function [146].

However, other more novel agents, acting as antioxidants, are in develop-

ment. Inhibition of ROS production may well be a valid mechanism target-

ing endothelial dysfunction in diabetes. New drugs, such as Nox inhibitors,

superoxide dismutase mimetics, and glutathione peroxidise (GPx1; antiox-

idant enzyme) are all potential therapeutic approaches to reduce oxidative

stress. Therapies that modulate and regulate eNOS are also under develop-

ment [147].

The mitogen-activated protein kinase (MAPK) pathway that reduces NO

production, EPC proliferation, and differentiation, as well as inducing the

pro-inflammatory effects of endothelial cells, may be a further novel target

for intervention [148]. Blockade of the pro-inflammatory vasoconstrictor

endothelin is a further potential therapeutic approach. Indeed, it has been

shown that treatment with an endothelin receptor antagonist results in

improved peripheral endothelial function in patients with type 2 diabetes

and microalbuminuria [149].

Although many of these drugs, including statin therapy and ACE

inhibitors, have clearly demonstrated clinical benefits, questions remain

regarding at what stage to intervene and with what agents in those

with diabetes and subclinical endothelial dysfunction. Further studies are

needed that can translate an improvement in endothelial function into a

direct improvement in clinical outcomes.
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Conclusions

The vascular endothelium in diabetes is the key regulator of blood vessel

health and normal functioning. A loss of NO bioavailability and increased

oxidative stress in diabetes, caused by factors including hyperglycemia,

insulin resistance, and dyslipidemia, can cause activation of the endothe-

lium. The resulting cascade of inflammation leads to the development of

atherosclerosis and subsequent micro- and macrovascular complications.

Various therapies have been associated with an improvement in endothe-

lial function in diabetes, and a number of therapies appear promising in

preventing the progression of endothelial dysfunction.

It is important to remember that endothelial dysfunction, although

important, is only a component of the pathophysiological process of

atherogenesis. Inflammatory, proliferative, and thrombotic pathways also

act independently of the endothelium and have important influences

on plaque development, destabilization, and resultant clinical sequelae.

Given the physiological sensitivity of the endothelium coupled with the

complexity of some of the techniques for assessing its function, it is

unlikely that assessment of endothelium-dependent vasomotion will ever

become a routine tool used to guide clinical decision-making outside of

specialist centers. However, it will remain a core component of the clinical

vascular research assessment portfolio.

Case Study 1

A 25-year-old male smoker with poorly controlled type 1 diabetes for the past five years is
found to have evidence of persistent microalbuminuria at his clinic review. His blood pres-
sure is 140/90mmHg on no antihypertensive treatment and his cholesterol is 3.7mmol/L
(normal).

Multiple-Choice Questions
1 The most significant cause of his microalbuminuria is:

A Hypertension

B Hyperglycemia

C Insulin resistance

D Dyslipidemia

E Smoking

2 The most appropriate option for measuring his vascular endothelial

function would be:

A Invasive coronary angiography

B Venous occlusion strain-gauge plethysmography
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C Circulating markers

D Flow-mediated dilatation

3 The most suitable first-line drug to improve endothelial function and

microalbuminuria is:

A Statin

B Metformin

C ACE inhibitor

D Thiazolidnedione

E Antioxidant

Answers provided after the References

Case Study 2

A 57-year-old woman with a 15-year history of type 2 diabetes, with HbA1c 7.5%
(58mmol/mol) and no evidence of nephropathy or retinopathy, has excellent blood pres-
sure control (135/65mmHg) on an ACE inhibitor alone. Her cholesterol is 3.6mmol/L
(normal). She has a BMI of 34 kg/m2 (obese).

Multiple-Choice Questions
1 A conventional drug that is likely to have the most beneficial effect on

endothelial function and in reducing cardiovascular events in this

patient is:

A Insulin

B Doxazosin

C Vitamin E

D Metformin

E Gliclazide

2 A novel drug to improve her endothelial dysfunction to assess in an

RCT would:

A Block the action of eNOS

B Block ET-1 receptors

C Stimulate ROS production

D Reduce EPC proliferation

E Stimulate the MAPK pathway

Answers provided after the References

Guidelines and Web Links

http://journals.lww.com/jhypertension/pages/articleviewer.aspx?year=2005&issue=
01000&article=00004&type=abstract

http://www.sciencedirect.com/science/article/pii/S0735109701017466
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Endothelial function and dysfunction. Part I: Methodological issues for assessment in

the different vascular beds: A statement by the Working Group on Endothelin and

Endothelial Factors of the European Society of Hypertension.

Guidelines for the ultrasound assessment of endothelial-dependent flow-mediated dilata-

tion of the brachial artery: A report of the International Brachial Artery Reactivity Task

Force.
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Key Points
• Biomarkers can be useful to guide clinical decision-making for individual patients, but

do not replace the need for clinical judgment.

• When evaluating a biomarker, its robustness must be evaluated by independent
association (hazards ratio), AUC (c-statistic), calibration, and reclassification.

• Only a few trials have used the biomarker in question to guide clinical judgment in a
randomized and controlled fashion, which is gold standard.

• The Reynolds risk score incorporates CRP measurement and family history in its
scoring for CVD, components that are not used in the Framingham risk score.

• The National Lipid Association panel recommends that in patients with intermediate
risk, hs-CRP should be measured routinely in men > 50 years of age and women
> 60 years of age given its capacity to enhance risk prediction, especially when used
with the Reynolds risk score.

• The American Diabetes Association and American College of Cardiology have
recommended that apoB be added to risk assessment in patients at elevated
cardiometabolic risk.

• Lp (a), which has a regression dilution ratio of 0.87 suggesting that levels are
remarkably stable over time, is recommended by the EAS for further refining risk in
those with intermediate CVD risk, a FH of premature CHD, or those with progressive
disease despite good risk-factor control.

• The EAS Consensus Panel recommends niacin (nicotinic acid, 1–3 g day) as the
primary treatment for lowering elevated Lp (a) levels, based on its efficacy in reducing
levels by 30–40% and in reducing cardiovascular disease in individuals at risk.

• Coronary artery calcium scoring and carotid intimal thickness may be demonstrating
premature atherosclerosis and hence have a role in guiding treatment decisions in
asymptomatic diabetics who do not fulfill criteria for initiation of primary prevention
medications.

• There is no clear role of genetic biomarkers for guiding treatments for CVD
prevention among diabetic patients.
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Introduction

Diabetes mellitus (DM) is associated with a twofold increase in myocardial

infarction (MI) and a twofold increase in stroke [1]. A study by Wan-

namethee et al. [2] demonstrated that the risk of cardiovascular disease

(CVD) and all-cause mortality was proportional to the duration of diabetes.

In particular, a mean duration of diabetes of about a decade appears to con-

fer an equivalent risk of CVD to a prior history of MI. In addition, recent

work has shown that a history of DM results in six years of life years lost,

mostly from CVD [3]. These data highlight the importance of preventing

diabetes and identifying patients early to modify the atherosclerotic disease

process that is accelerated with duration of diabetes in this population.

To prevent the clinical manifestation of CVD among those with DM,

clinical care focuses on optimizing the control of “traditional” risk factors,

which include lipids, glycemia, blood pressure, smoking, weight, alcohol

consumption, and uptake of exercise. There remains unmodifiable risk

from family history, gender, and age. However, 20% of all vascular events

occur in patients without any traditional risk factors, necessitating the

need for more precise clinical tools that aid clinicians in identifying those

at highest risk [4]. To help achieve this goal, there is growing interest in

the development and exploitation of new biomarkers.

What Is a Biomarker?

A biomarker was defined by a National Institutes of Health (NIH) working

group as “a characteristic that is objectively measured and evaluated as an

indicator of normal biological processes, pathogenic processes, or pharma-

cologic responses to a therapeutic intervention” [5]. Biomarkers are used in

a variety of ways, including screening, diagnosis, staging, prognostication,

and monitoring of disease.

An example of an established biomarker is the use of an elevated tro-

ponin I or T in distinguishing between an acute myocardial infarction and

unstable angina in a patient who presents with chest pain. It is important

to stress that a biomarker is useful as an addition to a thorough clinical

assessment rather than an alternative. All patients with a positive troponin

have not necessarily had an acute myocardial infarction and similarly, a

negative troponin does not mean that the patient does not have significant

coronary artery disease.

A biomarker should meet several criteria to be deemed clinically useful.

This is structured around three fundamental questions [6]:

1 Is the biomarker measurable?

2 Does the biomarker add new information?

3 Will the biomarker help the clinician to manage patients?
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Additional criteria include cost-effectiveness, safety, and replication of the

biomarker in clinical scenarios.

Biomarker discovery is currently undertaken by two complementary pro-

cesses: knowledge based, in which markers for different stages in a known

biological process (e.g., atherosclerosis) are investigated; and an inductive

strategy, which is more labor intensive, involving analysis of thousands of

often unrelated molecules with respect to a disease stage [6].

How Are Biomarkers Evaluated?

An ideal biomarker should enable the clinician to change patient man-

agement and improve outcomes above that of current standard care. To

achieve this goal, ideally, it has to hold true against four criteria: risk asso-

ciation, discrimination, calibration, and reclassification [6].

Risk Association
There has to be a statistically significant association between the biomarker

and the outcome.When defining the outcome, it is probablymore desirable

to use “hard” endpoints such as death or myocardial infarction rather than

“softer” ones such as coronary artery stenosis. Risk association is described

using hazards ratios or odds ratios; however, these do not provide mean-

ingful information for predicting whether or not an individual who is “pos-

itive” or has elevated levels will develop the outcome of interest over and

above other factors. This is partly because the methods used in defining an

abnormal biomarker threshold aim to minimize false-positive rates and as

a consequence sensitivity declines.

There are three main methods for defining abnormal biomarker lev-

els [6]: reference limits (usually arbitrarily chosen between the 95th

and 99th percentiles) of the distribution of the biomarker values in a

healthy population; discrimination limits, which are derived from the

biomarker-level distribution curves in populations with and without

disease; and identifying a threshold above which the risk of disease

escalates significantly. It is clinically attractive to dichotomize biomarkers

into either a “positive” or “negative” result, but it is important to bear in

mind that certain biomarkers have a continuous relationship with risk,

such that the higher the level of biomarker, the higher the risk.

Discrimination
Discrimination is the ability of a test to separate two outcome classes.

It is performed by measuring the area under the receiver-operating-

characteristic curve (AUC), which plots sensitivity (proportion of patients

with the disease with a positive result) on the y-axis against 1-specificity
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(proportion of patients without the disease with a negative result) on the

x-axis. The AUC is normally used in case-control studies and is similar to

the c-statistic employed in prospective studies. A value of 0.5 suggests that

the biomarker does not help to discriminate between individuals who will

and will not develop the disease, whereas a value of 1.0 indicates perfect

discrimination.

To put a novel biomarker into perspective, the Framingham risk scores

for coronary heart disease give a c-statistic of approximately 0.75. The AUC

method is dependent on sensitivity and specificity, so factors that affect

these values will influence discrimination; for example, whether the sam-

ple population includes a predominantly high- or low-risk cohort.

Calibration
A biomarker should give an indication of predicted future risk that

should agree with the actual observed outcome. A good model will have

a goodness-of-fit statistic (e.g., Hosmer-Lemeshow) p value of >0.05.

Clinically, this is useful as the model can be used to give an estimated

10-year risk for an event and hence identify higher-risk patients who

would benefit from interventions in a cost-effective manner.

Reclassification
This is a relatively new concept, but potentially the most clinically rele-

vant as it assesses the ability of a test to reclassify individuals correctly into

a different risk category; for example, an intermediate-risk subject into

a high-risk subject, or a low-risk subject into an intermediate-risk sub-

ject. If this results in a change in clinical decision-making as somebody

moves into a category requiring treatment or one that does not, then this

is referred to as net clinical reclassification. The ability of the new test to

achieve reclassification can be statistically examined by net reclassification

improvement (NRI) or integrated discrimination improvement (IDI). The

NRI method, which is determined by the proportion of individuals whose

risk is correctly escalated or de-escalated, is more useful in primary pre-

vention, where well-accepted categories of risk exist. The IDI estimates the

change in predicted probability of an outcome between those with and

without the outcome after the biomarker is added to the prediction model.

The larger the value of the NRI or the IDI, the better the biomarker.

Categories of Biomarkers of Cardiovascular Disease

The three main subtypes of biomarkers can be summarized as circulating,

imaging, or genetic biomarkers, as in Figure 2.1, by linking them to differ-

ent stages in the disease processes [7].
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Figure 2.1 Progression from risk factors to cardiovascular disease. (Source: Wang 2011

[7]. Reproduced with permission of Wolters Kluwer Health.)

This chapter does not intend to be a comprehensive overview of all

biomarkers in cardiovascular disease, but instead to provide a summary

of the key ones that have the support of a large body of evidence and are

hence more likely to have a clinical utility. We will discuss in turn each

biomarker subtype briefly described above and present the evidence base

for use of these novel biomarkers in cardiovascular disease, relating this as

much as possible to the diabetic population.

Circulating Biomarkers

The National Lipid Association evaluated the use of selected biomarkers

in clinical practice as either tools to improve risk assessment or markers

to adjust therapy once a decision to treat had been made [8]. During the

course of this chapter we will discuss some of the key biomarkers from

Table 2.1 as well as other novel and emerging biomarkers that may be used

in clinical practice.

CRP
Pathophysiology
Considerable in vitro and clinical data link inflammation to cardiovascular

disease. Hence, there has been considerable interest in a blood-based test

that provides information on subclinical inflammation. CRP is a nonspe-

cific acute phase protein produced by hepatocytes and is the most studied

biomarker of inflammation and CVD risk. It is a downstream marker of

inflammation with levels largely derived from Interleukin-6 mediated hep-

atic production, and recent genetic studies [9] do not suggest a causal role

for CRP. In most cases, CRP indicates high-sensitivity CRP (hs-CRP), which

detects levels of low-grade inflammation below the level of standard assays

and is the assay that is recommended for use in clinical practice. Hs-CRP can

be elevated in other inflammatory states, so its clinical utility is debatable

in the setting of an active infection, malignancy, or chronic inflammatory

disease for CVD risk prediction. In addition, although it is widely accepted
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Table 2.1 Summary and recommendations for measurement of inflammatory markers

and advanced lipoprotein/subfraction testing in initial clinical assessment and

on-treatment management decisions. (Source: Davidson et al. 2011 [8]. Reproduced

with permission of Elsevier.)

HDL or LDL
Subfractions

Lp(a)LDL-PApo BLp-PLA2CRP

Not
recommended

Not
recommended

Not
recommended

Not
recommended

Not
recommended

Not
recommended

Not
recommended

Not
recommended

Not
recommended

Not
recommended

Family History

Recurrent
Events

lnitial Clinical Assessment

Low risk
(<5% 10-year
CHD event risk)

Intermediate risk
(5-20% 10-year
CHD event risk)

CHD or
CHD Equivalent

Recommended
for routine

measurement

Consider
for selected

patients

Consider
for selected

patients

Reasonable
for many
patients

Reasonable
for many
patients

Reasonable
for many
patients

Reasonable
for many
patients

Reasonable
for many
patients

Reasonable
for many
patients

Reasonable
for many
patients

Reasonable
for many
patients

Reasonable
for many
patients

Reasonable
for many
patients

Consider
for selected

patients

Consider
for selected

patients

Consider
for selected

patients

Consider
for selected

patients

Consider
for selected

patients

Consider
for selected

patients

Consider
for selected

patients

HDL or LDL
Subfractions

Lp(a)LDL-PApo BLp-PLA2CRP

Not
recommended

Not
recommended

Not
recommended

Not
recommended

Not
recommended

Not
recommended

Not
recommended

Not
recommended

Not
recommended

Not
recommended

Not
recommended

Not
recommended

Not
recommended

Not
recommended

Not
recommended

Family History

Recurrent
Events

On-Treatment Management Decisions

Low risk
(<5% 10-year
CHD event risk)

Intermediate risk
(5-20% 10-year
CHD event risk)

CHD or
CHD Equivalent

Reasonable
for many
patients

Reasonable
for many
patients

Reasonable
for many
patients

Consider
for selected

patients

Reasonable
for many
patients

Reasonable
for many
patients

Reasonable
for many
patients

Consider
for selected

patients

Reasonable
for many
patients

Reasonable
for many
patients

Reasonable
for many
patients

Consider
for selected

patients

Consider
for selected

patients

Consider
for selected

patients

Consider
for selected

patients

Apo, apolipoprotein; CHD,coronary heart disease; CRP, C-reactive protein; HDL, high-density lipoprotein; Lp-PLA2,
lipoprotein-associated phospholipase A2; LDL, low-density lipoprotein; LDL-P, LDL particle number/concentration;
Lp(a), lipoprotein (a).

that inflammation plays a role in atherosclerosis, there is little evidence

from randomized clinical trials to suggest that CRP itself is directly a con-

tributor to the atherogenic process. This being said, CRP via activation of

complement may increase infarct size during ischemia. Studies suggest that

CRP inhibitors used in animal models of ischemia may reduce infarct size,

which is the only direct evidence to date for a direct causal role of CRP [10].

Technique and Measurement
Hs-CRP assays detect concentrations of CRP below 3mg/L [11]. They

are the assays used to assess cardiovascular risk because they are able

to quantitate CRP within the range normally seen in asymptomatic
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patients (<3mg/L). A statement from the Centers for Disease Control and

Prevention and the American Heart Association (CDC/AHA) provides

some guidance on the use of serum hs-CRP to estimate CVD risk [12]:

• Low-, average-, and high-risk values can be defined as <1, 1 to 3, and

>3mg/L, which also correspond to approximate tertile risk values.

• A value above 10mg/L should initiate a search for a source of infection

or inflammation.

• Due to the variability of measurements in an individual, the average

of two assays, fasting or nonfasting, and optimally obtained two weeks

apart provides a more stable estimate than a single value.

Population Studies
One of the earliest studies to demonstrate an association between hs-CRP

and cardiovascular disease was the Women’s Health Study (WHS) [13],

which had 28,263 apparently healthy postmenopausal women enrolled in

it. The cohort was monitored prospectively for future risk of incident vas-

cular events. In this study, several putative markers of risk were assessed

and hs-CRP was found to be more predictive of CVD events, outperforming

homocysteine, lipoprotein(a), and LDL-C. However, establishing an inde-

pendent association does not necessarily improve clinical decision-making

or target people more appropriately as likely to benefit from therapeu-

tic interventions. The value of hs-CRP with regard to reclassification is

uncertain. Addition of hs-CRP to standard risk models in the WHS reclassi-

fied 20% of intermediate-risk individuals. Approximately three-quarters of

these individuals were reclassified down to low risk. Only 4% of the inter-

mediate risk groupwere reclassified from intermediate to high risk. TheNRI

in this study was of modest magnitude (5.7%). This has been incorporated

into the Reynolds risk score.

In the largest study to date, the Emerging Risk Factors Collaboration

(ERFC) meta-analysed individual records of 160,309 people without a his-

tory of vascular disease from 54 long-term worldwide prospective studies,

comprising 1.31million person-years at risk and nearly 28,000 fatal or non-

fatal coronary heart disease (CHD) outcomes [14]. Log-transformed hs-CRP

concentrations were linearly associated with most established risk factors

and several inflammatory markers, including interleukin-6. Log hs-CRP

concentrations once adjusted for age and sex were also strongly associ-

ated with the risk of coronary heart disease (risk ratio [RR] 1.37, 95% CI

1.27–1.48), ischemic stroke (RR 1.44, 95% CI 1.32–1.57), vascular mor-

tality (RR 1.71, 95% CI 1.53–1.91), and even nonvascular mortality (RR

1.55,95%CI1.41–1.69).However, adjustment for several conventional risk

factors and plasma fibrinogen resulted in considerable weakening of associ-

ations of hs-CRP concentrationwith risk of coronary heart disease (RR 1.23,

95%CI1.07–1.42). Suchadjustment also attenuated associations of hs-CRP
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concentrationwith ischemic stroke (RR1.32, 95%CI1.18–1.49) anddeaths

fromnonvascular diseases (RR 1.34, 95%CI 1.20–1.50). It can therefore be

concluded from this study that hs-CRP associations with ischemic vascular

disease depend considerably on conventional risk factors and other mark-

ers of inflammation (Figure 2.2). Furthermore, the nonspecific associations

between CRP and a range of vascular and nonvascular endpoints make it

unlikely that CRP is a causal factor for CHD.

Hs-CRP may also be a useful measure of residual risk among those who

are aggressively treated with contemporary therapy. In the Pravastatin or

Atorvastatin Evaluation and Infection Therapy-Thrombolysis in Myocar-

dial Infarction (PROVE-IT-TIMI) trial, 4,162 ACS patients randomly

assigned to intensive (Atorvastatin 80mg) therapy had a lower risk of

CVD compared to standard (Pravastatin 40mg) statin therapy by virtue of

having achieved a lower LDL-C level [15]. However, observational data

from that study suggested that even among those subjects achieving a very

low LDL-C level of <70mg/dl, risk varied considerably in part based on

hs-CRP levels, with those <2mg/L having a lower risk of CVD than those

>2mg/L, and with the lowest rates observed among those with hs-CRP

levels <1mg/L. Based on this study, monitoring of CRP might offer a way

to identify high-risk individuals for more intensive risk-factor control.

A study by Ray et al. [16] in the same population showed that in both

statin groups “on treatment CRP levels” correlated with the number of

uncontrolled risk factors present, therefore among those with elevations

in CRP, more intensive control of weight, blood pressure, triglycerides,

glucose, raising HDL, and stopping smoking would be expected to lower

CRP and potentially used as a motivational tool for patients.

Clinical Use
The Reynolds risk score (http://www.reynoldsriskscore.org) incorporates

CRP measurement and family history in its scoring for CVD, components

that are not used in the Framingham risk score. In studies by Ridker et al.,

the Reynolds risk score reclassified 40% to 50% of women [17] at inter-

mediate risk into higher- or lower-risk categories and similarly, for men

[18], reclassified approximately 20% of men into higher- or lower-risk

categories when compared with the traditional Framingham risk score.

Therefore, both of these studies show that a prediction model that incorpo-

rates hs-CRP and family history modestly improves global cardiovascular

risk prediction. However, among high-risk individuals such as those with

diabetes who are already candidates for treatment, it is unclear what these

additional measurements would offer.

Currently, the ESC and the AHA offer no official recommendation with

regard to the routine measurement of hs-CRP. However, the National Lipid

Association panel recommends that in patients with intermediate risk
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Figure 2.2 Risk ratios for coronary artery disease, stroke, and nonvascular outcomes by

quantiles of C-reactive protein (CRP) concentration, with different degree of

adjustment for potential confounders. Adjusted study-specific loge risk ratios were

combined by use of multivariate random-effects meta-analysis. The adjustments were

age, sex, and study only (a); age, sex, study, systolic blood pressure, smoking, history of

diabetes, body-mass index, concentrations of loge triglycerides, non-HDL cholesterol,

and HDL cholesterol, and alcohol consumption (b); and (a) plus (b) plus fibrinogen (c).

Studies with fewer than 10 cases of any outcome were excluded from the analysis of

that outcome. Error bars represent the 95% CIs, calculated using floating absolute risk

technique. The sizes of the boxes are proportional to the inverse of the variance of the

risk ratios. (Source: ERFC 2010 [14]. Reproduced with permission of Elsevier.)
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(520% 10-year risk), hs-CRP should be measured routinely in men >50

years of age and women >60 years of age, given its capacity to enhance

risk prediction, especially when used with the Reynolds risk score [8].

Apolipoproteins
Pathophysiology
Apolipoproteins are multifunctional proteins that serve as templates for

the assembly of lipoprotein particles. They also maintain the structure and

direct metabolism of lipoproteins by binding to membrane receptors and

the regulation of enzyme activity. The most important clinical application

of apolipoprotein measurements is in the assessment of those individuals

where atherogenic risk may not be accurately captured by LDL-C alone;

for example, in genetic dyslipidemia and for cardiovascular risk assessment

among those with insulin resistance. Most of the data relating to cardiovas-

cular risk revolves around ApoB and ApoAI.

The plasma concentration of ApoB is positively associated and that of

ApoAI inversely associated with cardiovascular risk [19]. The ApoB/ApoAI

ratio has been interpreted similarly to that for TC/HDL-C as a reflection

of the pro-atherogenic potential of the fractions in total cholesterol ver-

sus the anti-atherogenic properties of HDL, although more accurately this

ratio reflects the non-HDL-C/HDL-C ratio. There is evidence that ApoB is a

better marker of cardiovascular risk than TC or LDL-C. This is in part intu-

itive, as TC includes HDL-C, which has an inverse relationship with CHD

risk. LDL-C incompletely captures CHD risk in particular among those with

insulin resistance syndromes where VLDL-C and IDL-C levels are high with

relatively normal levels of LDL-C.

Technique and Measurement
Tests for either ApoB or ApoAI do not require fasting samples. The refer-

ence range for Apo B is 60–120mg/dL and for ApoAI, 90–200mg/dL. The

ranges for both assays are age and sex dependent.

Population studies
The Apolipoprotein-Related Mortality Risk Study (AMORIS) [20] included

175,553 individuals followed up for approximately 65 months. The rela-

tive risk of fatal myocardial infarction associated with 1 standard deviation

(SD) increase in ApoB concentration was approximately 2.7, which

increased to 3.6 in individuals younger than 70 years. The ApoB/AI ratio

was associated with an even higher relative risk of almost 4. However, this

study only adjusted for age and sex and HDL-C levels were estimated from

ApoA levels.

Since then, several individual studies of subjects free from CVD at base-

line have failed to show a superiority of Apo B over non-HDL-C or Apo
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A over HDL-C. These include the MONICA/KORA Augsburg study of men

and women followed up for 13 years, which demonstrated that the pre-

dictive power of ApoB/AI and TC/HDL-C was comparable [21]. Similar

findings were observed in the Framingham cohort [22] and the WHS [23].

The largest prospective study to date included individual participant data

on 302,430 subjects without initial vascular disease from 68 long-term

prospective studies with 2.7million person-years of follow-up (ERFC) [24].

This study standardized a range of lipid parameters and compared the val-

ues of non-HDL-C and HDL-C with ApoB and ApoAI in the assessment of

vascular risk. After adjustment for standard CV risk factors, in fully adjusted

models the associations with risk were similar for both the groups. The

hazard ratios for CHD were 1.50 (95% CI, 1.38–1.62) with the ratio of

non-HDL-C/HDL-C and 1.49 (95% CI, 1.39–1.60) with the ratio of Apo

B/Apo AI. The group concluded that lipid assessment in vascular disease

can be measured by either cholesterol levels or apolipoproteins, depend-

ing on what is cost-effective or more efficient to obtain. More recently,

work from the same group showed that the addition of apolipoproteins

to traditional risk parameters for CVD risk prediction only yielded mod-

est improvement in the model’s discrimination, with C-index change of

0.0006 (95% CI, 0.0002–0.0009) for the combination of ApoB and A-I.

There was also a modest change in net reclassification. Additional testing

with a combination of ApoB and A-I reclassified 1.1% of people to a 20%or

higher predicted CVD risk category and, therefore, in need of statin treat-

ment under Adult Treatment Panel (ATP) III guidelines [25].

In the Air Force/Texas Coronary Prevention Study, on treatment

apolipoproteins were also shown to predict cardiovascular risk in patients

treated with statins [26]. This showed that on treatment, ApoB rather

than LDL-C was the best predictor of the first acute event. However, this

study did not evaluate all lipoprotein variables, for example, non HDL-C.

In the PROVE IT trial [27], non-HDL-C and ApoB provided similar risk

associations with CVD. The Treat to New Target (TNT) and Incremental

Decrease in End Points through Aggressive Lipid Lowering (IDEAL)

studies directly compared the strength of the relationships with CVD

event occurrence for LDL-C, non-HDL-C, and ApoB, as well as ratios of

total/HDL cholesterol, LDL/HDL-C, and ApoB/A-I in patients receiving

statin therapy [28]. The study demonstrated that in patients receiving

statin therapy, on-treatment levels of non-HDL-C and ApoB were more

closely associated with CVD outcome than were levels of LDL-C. More

recently, a meta-analysis of 62,154 patients enrolled in 8 statin trials

published between 1994 and 2008 has shown that of the lipid parameters,

non HDL-C is the best parameter for assessing on-treatment risk of CVD,

being slightly superior to ApoB, and both being superior to LDL-C [29].
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Clinical Use

The American Diabetes Association and American College of Cardiology

have recommended that ApoB be added to risk assessment in patients at

elevated cardiometabolic risk [30]. In high-risk patients – i.e. patients with

at least two or more major CVD risk factors – an Apo B target <90mg/dl is

recommended. In patients categorized as being at the greatest risk, includ-

ing those with established CVD or diabetes, and at least one other car-

diometabolic risk factor, an ApoB concentration of <80mg/dl is recom-

mended. The Canadian guidelines recommend an ApoB level of <80mg/dl

in moderate to-high risk patients as a secondary optional treatment target

once LDL-C is at goal. Based on the lack of clinical data for specific targets,

it therefore remains uncertain on what basis these recommendations have

been made. Further iterations in ATP IV should help clarify this further.

Lp (a)
Pathophysiology
Lipoprotein (a) is a plasma lipoprotein consisting of a cholesterol-rich LDL

particle with one molecule of apoB100 and apo (a) attached via a disul-

fide bond. The apo (a) chain is comprised of cysteine-rich domains called

kringles. The fourth kringle is homologous with the fibrin-binding domain

of plasminogen. In vitro Lp (a) may act as a carrier for cholesterol esters,

which by virtue of its size are deposited in the subendothelial space. Ele-

vated Lp (a) levels can potentially increase the risk of CVD through the

homology of Lp (a) with plasminogen increasing the thrombotic tendency

of those individuals with elevated levels, and through accelerated athero-

genesis as a result of intimal deposition of Lp (a) cholesterol.

Plasma levels of Lp (a) are similar in men and women and are skewed in

the population with a tail toward the highest levels [31]. The distribution

of Lp (a) also varies between racial groups. Levels are lowest in Caucasians,

Eastern Asian, and Asian Indian populations, slightly higher in Hispanics,

and even higher in the black population [32].

Serum Lp (a) levels are primarily genetically determined. In families

without familial hypercholesterolemia, greater than 90% of the variability

in Lp (a) levels can be explained by polymorphisms at the apo (a) gene

locus (isoforms), also referred to as the LPA gene [27]. Genetic data

from mendelian randomization studies [33] have suggested that those

individuals with genetically higher levels of Lp (a) have a higher risk of

CHD, in keeping with the expected risk from plasma levels.

Technique and Measurement
Several types of Lp (a) assays are currently available, the most promi-

nent among them enzyme-linked immunosorbent assays (ELISAs),
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noncompetitive ELISAs, latex immunoassays, immunoturbidometric and

fluorescence assays [34].

Population Studies
In one of the earliest studies, Danesh et al. [35] reported a meta-analysis of

18 prospective studies of the association between the plasma concentration

of Lp (a) and 4000 CHD cases before the year 2000. Overall, in the 18

population-based cohorts, the combined risk ratio for the comparison of

CHD rates in the top third of baseline Lp (a) measurement versus those in

the bottom third was 1.7 (95% CI 1.4–1.9, 2P<0.00001).

The largest epidemiological study to date on Lp (a) and CVD assessed indi-

vidual records of 126,634 participants in 36 prospective studies [36], com-

prising 1.3 million years of follow-up. Associations of Lp (a) with CHD risk

were broadly continuous in shape. In 24 cohort studies, the rate of CHD in

the top and bottom thirds of baseline Lp (a) distributions, respectively, were

5.6 (95% CI, 5.4–5.9) per 1,000 person-years and 4.4 (4.2–4.6) per 1,000

person-years. The risk ratio (RR) for CHD, adjusted for age and sex only,

was 1.16 (1.09–1.18) per 3.5-fold higher usual Lp (a) concentration and

1.13 (1.09–1.18) following further adjustments for lipids and other con-

ventional risk factors. The adjusted RR were 1.10 (1.02–1.18) for ischemic

stroke, 1.01 (0.98–1.05) for the aggregate of nonvascular mortality, 1.00

(0.97–1.04) for all cancer deaths, 1.03 (0.97–1.09) for smoking-related

cancer deaths, and 1.00 (0.95–1.06) for nonvascular deaths other than can-

cer. This study provided large-scale evidence of a continuous, independent,

and modest association of Lp (a) concentration with risk of CHD and stroke

that appeared exclusive to vascular outcomes independent of levels of LDL

or non-HDL cholesterol.

These data are supported by studies that investigated genetic variation in

Lp (a) and risk for heart disease [31, 37]. Two variants of Lp (a), present in

one in six people, together explained about 36% of the variation in plasma

Lp (a) levels. Individuals with two or more of these variants had more than

2.5-fold increase in heart disease risk [38].

Clinical Use
The European Atherosclerosis Society (EAS) suggests that Lp (a) should be

measured once in the following groups as knowledge of Lp (a) levels may

alter clinical risk management [37]:

• Premature CVD.

• Familial hypercholesterolaemia.

• A family history of premature CVD and/or elevated Lp (a).

• Recurrent CVD despite statin treatment.
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• ≥3% 10-year risk of fatal CVD according to the risk-prediction tools that

use SCORE.

• ≥10% 10-year risk of fatal and/or nonfatal CHD according to

risk-prediction tools that use Framingham, but below the conventional

risk for statin therapy.

The EAS suggests that repeat measurement is only necessary if treatment

for high Lp (a) levels is initiated in order to evaluate therapeutic response,

as levels have a correlation of 0.87 over time, known as the regression

dilution ratio. This is considerably higher than that for total cholesterol

(0.65), suggesting that Lp (a) levels are remarkably stable over time.

The EAS Consensus Panel recommends niacin (nicotinic acid, 1–3 g

daily) as the primary treatment for lowering elevated Lp (a) levels, based

on its efficacy in reducing levels by 30–40% and in reducing cardiovas-

cular disease in individuals at risk (see Table 2.2) [39]. However, there

is a need for further studies in both primary and secondary prevention

settings to better define who to treat and to what targets.

Althoughmany observational studies have found a significant association

between Lp (a) and cardiovascular events, there is little data to demonstrate

whether measurement of Lp (a) improves discrimination, calibration, or

classification. Recently, work from ERFC showed that the addition of Lp

(a) to traditional risk parameters for CVD risk yielded a modest improve-

ment in the model’s discrimination, with a C-index change of 0.0016 (95%

CI, 0.00090.0023) for Lp (a). Lp (a) also reclassified 4.1% of people to a

20% or higher predicted CVD risk category and, therefore, in need of statin

treatment under Adult Treatment Panel III guidelines.

Table 2.2 Desirable levels for low-density lipoprotein cholesterol and lipoprotein

(a) levels in the fasting or nonfasting state. (Source: Nordestgaard et al. 2010 [37].

Reproduced with permission of Oxford University Press.)

Patients with CVD

and/or diabetes

Patients with CVD

and/or diabetes

Other patients

and individuals

Highest level of

evidence for treatment

LDL cholesterol <2mmol/L

(<77mg/dL)

<3mmol/L

(116mg/dL)

la: meta-analysis of

randomized, controlled

trials of statin treatment

Lp (a) <80th percentile

(<∼50mg/dLb)

<80th percentile

(<∼50mg/dLb)

la: meta-analysis of

randomized, controlled

trials of niacin treatment

Notes:
a According to the 2007 European guidelines.
b The 80th percentile roughly corresponds to 50mg/dL in Caucasians.
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Imaging Biomarkers

Imaging tests offer an advantage in that they provide a measure of the

presence or absence of the atherosclerotic disease process itself, in contrast

to some circulating and all genetic biomarkers. This has an advantage in the

short to medium term, as individuals with subclinical atherosclerosis may

be more likely to have an acute cardiovascular event compared with those

who do not have evidence of subclinical atherosclerotic disease, merely

a predisposition by virtue of risk factors. Examples of imaging modalities

include coronary calcium scoring and carotid ultrasound.

Coronary Artery Calcium Score (CACS)
Pathophysiology
Vascular calcification in part reflects an age-related phenomenon secondary

to precipitation of calcium and phosphate within the vascular intima, and

has been indentified in up to 93%ofmen and 75%ofwomen above the age

of 70 [40]. However, there is growing evidence that vascular calcification

is an active process that in part reflects inflammatory processes and that

shares pathways that are similar to bone calcification [41].

Coronary artery calcification is an index of the burden of atherosclerosis

and does not occur in the absence of atherosclerosis in otherwise nor-

mal arteries [42, 43]. Individuals with CAC are also more likely to have

noncalcified or “soft” plaque (which cannot be identified on X-ray-based

imaging), which is more likely to rupture and cause an acute coronary

syndrome [44].

CAC occurs via two distinct mechanisms: atherosclerotic and medial

artery calcification [45]. The former pathway takes place in plaque with

initial cartilage formation followed by lamellar bone formation. Medial

artery calcification (Monckeberg’s sclerosis) progresses to intramem-

branous bone formation without the need for the intermediate step

of cartilage formation. It is common in the diabetic and renal failure

population and can cause a distinct “railroad” outline of the relevant

artery on a standard radiograph.

Technique
Electron-beamcomputedtomography(EBCT)andthenewermultidetector-

computed tomography (MDCT) are the currently available modalities of

quantifying CACS. They both employ fast imaging protocols that take

thin cuts through the heart. A typical scan takes less than 15 minutes

to complete with no need for contrast agents. No clinically meaningful

difference between EBCT and MDCT has been shown. However, MDCT is

likely to be more available and can also be used to perform a CT coronary

angiogram. The average cost of the scan is between US $300 and $400.
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The detected calcium can be summarized either into the Agatston score

[46] (based on plaque size and density at a fixed slice thickness of 3mm) or

the volumemethod [47] (less dependent on slice thickness). The results can

be generated for a specific coronary artery or for the entire coronary tree.

The Agastson score, which has been used in a large number of databases

and outcomes-based research, is still widely quoted by most interpreting

physicians. A score <0 suggests minimal risk of plaque, whereas a score

>400 suggests significant risk [48].

With respect to radiation exposure, EBCT (up to 1.3 millisievert [mSv])

is associated with less exposure than prospective MDCT (up to 1.8mSv).

This compares well to the average annual background radiation exposure

in the United States, which is 3.-3.6mSv [49].

Clinical Use
The two main indications being proposed for CACS are in CHD risk assess-

ment of asymptomatic patients at intermediate or low 10-year CVD risk,

and in patients who are otherwise at low risk for CHD but who present with

atypical stable chest pain symptoms that may ormay not represent myocar-

dial ischemia. For the latter group, CACS is unlikely to offer a change in

clinical decision-making, as diabetic patients are often classified as a CHD

risk equivalent. The utility of CACS to predict risk of CVD events in the dia-

betic population has been relatively well researched and four key studies

are discussed below.

The PREDICT study [50] examined the utility of CACS in predicting the

risk of cardiovascular death, angina, or stroke in 589 patients with type

2 diabetes but without CVD, compared to traditional risk factors. During

the 4-year (median) follow-up, 66 (11.2%) of patients experienced pri-

mary events. The study showed that CACS was an independent predic-

tor of CVD endpoints above and beyond the more traditional risk factors.

When added to either the UKPDS CVD or FraminghamCHD risk prediction

model, CACS significantly increased the ROC area under the curve from

0.63 to 0.73. For every doubling in CACS, CVD risk increased by 29%. Of

the 23% of patients who had a low calcium score (Agatston units <10),

only two experienced a significant event over the follow-up period.

Anand et al. [51] similarly had shown a few years earlier an improved

ROC AUC curve for cardiovascular event prediction with CACS over Fram-

ingham and UKPDS models (Figure 2.3). These authors undertook a study

in 510 asymptomatic patients with T2DM to see whether CACS could pre-

dict silent myocardial ischemia by nuclear myocardial perfusion scanning.

All patients with a CACS>100 (n = 136) underwent perfusion scanning

as well as a random selection of 53 from those with a score <100 (n =
374). In total, 57 patients had perfusion abnormalities suggestive of silent

ischemia. In their short 2.2-year follow-up, 20 patients had CVD events,
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Figure 2.3 ROC analysis comparing the value of Framingham risk function, UKPDS

risk engine, and the CAC score for predicting cardiovascular events. AUC, area under

the curve. (Source: Anand et al. 2006 [51]. Reproduced with permission of Oxford

University Press.)

82% of whom had a calcium score of >400 AU. None of the patients (n

= 15) with a CACS of <10 had a perfusion abnormality. On multivariable

logistic regression analysis, only CACS was a predictor of myocardial per-

fusion abnormality.

The Diabetes Heart Study [52] was a longitudinal cohort study of 1,051

patients with type 2 DM that assessed the relationship between CACS and

all-cause mortality. During 7.4 years of follow-up, 178 (17%) of partici-

pants died. Subjects with a CACS of 0 had an estimated annual mortality

of only 0.9% compared to 2.7% per annum in patients where the score was

1,000. Individuals with a score of >1,000 were also 58 times more likely to

suffer a CVD event. These findings were further supported in a cohort of

low-risk patients in theMulti-Ethnic Study of Atherosclerosis (MESA) [53].

Here, 6,814 patients (883 with diabetes) were followed up for a median of

6.4 years. The annual CHD rate in the diabetic population was 1.5% and

in the nondiabetic cohort was 0.5%. When CACS was added to traditional

risk factors, the AUC for CVD and CHD events increased significantly from

0.72 to 0.78. Patients with diabetes and a low CACS (<100) had similar

hazard ratios for a CVD event compared to patients without diabetes and a

similar calcium score (2.9 vs 2.6).

In summary, CACS improves risk prediction for cardiovascular mortal-

ity and events in patients (including those with DM) above and beyond
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traditional risk models. The data that exist so far show good discrimination,

but there is little statistical interpretation for the more day-to-day clinically

meaningful reclassification. There is also little evidence that widespread

implementation of therapies in these high-risk diabetics would further

improve outcomes based on a given CACS, nor is there any evidence from

randomized controlled trials that reducing the intensity of therapy in low

CACS individuals would not worsen outcomes. In part reflecting the lack

of adequate randomized controlled trials using this modality, the American

Heart Association (AHA) has given CACS a Class Iia recommendation

(level of evidence B) in the risk assessment of asymptomatic diabetic

patients above the age of 40 [54]. However, in an editorial, Budoff has

identified three possible roles of the usage of CACS [55]:

1 In patients with type 1 diabetes, as at least 50% of them could be iden-

tified as low risk after a negative scan (score=0).
2 Noncompliant patients who can get visual incentives to take the

medicines if they have an elevated score.

3 Screening younger type 2 diabetics in particular to identify those who

would benefit from earlier statin and ACE inhibitor treatment.

Carotid Intimal Thickness (CIMT) and Carotid Plaque (CP)
Pathophysiology
Symptomatic CVD occurs when atherosclerotic plaque progresses to a

flow-limiting stenosis or becomes unstable and causes an acute occlusion.

Hence, there is considerable interest in techniques that visualize the

process of arterial injury or atherosclerosis, such as CIMT and CP imaging.

While it may be difficult to visualize the coronary atheroma noninvasively,

thickening of the intima-medial portion of the carotid arteries is easily

visualized and appears to predate plaque formation as a general measure of

atherosclerotic tendency. Hence, CIMT is likely to be an earlier biomarker

of atherosclerosis than coronary artery calcium, which tends to reflect

healed plaque [56].

Technique
Thickness of the far wall of the intima and media of the common carotid

artery, as well as visualization of plaque in the common and internal carotid

artery, can be assessed by B-mode ultrasound. Standardized techniques

have been reported by the American Society of Echocardiography that

include imaging at least a 1 cm length of artery at at least three different

angles [57]. As the testing is noninvasive and leads to no radiation expo-

sure, it can be repeated easily to assess the progression of subclinical disease.

Ultrasound machines to undertake this investigation are widely available

and this test can be performed with minimal expense, making it attractive

as the noninvasive technique of choice.
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Clinical Use
In the largest study to date [58], Nambi et al investigated 13,145 patients in

a prospective study (ARIC) assessing the clinical utility of CIMT and CP in

predicting risk for CVD. Patients with a prior history of CVD were excluded

and approximately 10% of the population had diabetes. The AUC, NRI, and

calibration were calculated for a 10-year follow-up. Using traditional risk

factors the AUC was 0.742 and this was significantly increased to 0.755 by

the addition of CIMT and CP. There was good calibration between expected

outcomes and observed outcomes when the CIMT and CP were used on

top of the classical Framingham risk score. Using the carotid ultrasound

data, 21.7% of subjects at intermediate risk were reclassified either into the

high-risk or low-risk group; 62% of these intermediate-risk patients were

reclassified into the low-risk group, with the remainder into the high-risk

group. This analysis from ARIC suggested that the addition of CIMT and CP

estimation to the traditional risk model improved risk estimation for future

CVD events as assessed by discrimination, calibration, and reclassification.

While there are data in cohort studies that CIMT or CP predict risk, it

remains unclear based on these observational data whether changes in

CIMT or CP are useful measures of risk or of response to therapy on a

large scale. Several studies have used CIMT as a measure of efficacy of

different therapeutic regimens such as statins or niacin. Surrogate mark-

ers of atherosclerosis have been used to obtain a licensed indication for

atherosclerosis regression. For instance, the METEOR (Measuring Effects

on Intima-Media Thickness: An Evaluation of Rosuvastatin) study ran-

domly assigned statin therapy to individuals with <10% 10-year Fram-

ingham risk scores whose only risk factor was either age or hypercholes-

terolemia (i.e., a group that would not normally qualify for treatment) [59].

They showed that those patients who were randomized to statin therapy

had a lower rate of CIMT progression. Even though METEOR did not show

that lowering CIMT progression reduced CV events (it was not powered to

do so), other trials have shown that a reduction in CIMT progression is

congruent with a reduction in CV events [60].

As individuals with diabetes are more prone to diffuse atherosclerosis and

are at high risk of CVD, ultrasound techniques may offer an initial and

useful screening tool in this population. In an asymptomatic population of

individuals with diabetes consisting of 98 consecutive patients, CIMT was

significantly related tomyocardial perfusion abnormalities (SPECT) onmul-

tivariable analysis. Only 3% of patients with a normal CIMT were found to

have severely abnormalperfusion, compared to28%of thosewith increased

CIMT.While no correlation with outcome data are available, this study cor-

related CIMT with myocardial perfusion abnormalities, which have been

shown to be prognostically relevant in the diabetic population [61].

The American Society of Echocardiography published a consensus state-

ment in 2008 [57]. It suggested that a CIMT thickness above the 75th
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centile was associated with a high CVD risk, as was the presence of CP.

It recommended CIMT measurement in the following scenarios:

• Patients with an intermediate CVD risk without established disease or

diabetes.

• Patients with a family history of premature CVD.

• Patients less than 60 years in age with a severe abnormality in just one

risk factor (e.g., hypercholesterolemia) who otherwise do not qualify for

treatment.

The 2010 ACC/AHA has given CIMT measurement a Class IIa recom-

mendation with a level of evidence of B for cardiovascular risk assessment

in intermediate risk cohorts.

Genetic Markers

Pathophysiology
Cardiovascular disease is a complex process involving multiple genes and

multiple environmental factors. The strongest evidence of a role for genetic

factors in CVD arises from twin studies. In a cohort study of 21,004 twins

born in Sweden and followed for 26 years, where one twin died from CAD

(male <55 years, female <65 years), the hazard ratio of the remaining twin

dying from CAD was approximately 8 for monozygotes and 3 for dizygotes

[62]. Having at least one parent (father <55 years, mother <65 years) with

premature coronary artery disease is associated with a doubling of the mul-

tivariate odds ratio of CV events in the offspring [63].

Family history (a surrogate for inherited genes) of premature cardio-

vascular disease has an independent association with cardiovascular

events. However, the clinical utility of family history was questioned

in the EPIC-Norfolk study, a prospective cohort study of at least 25,000

individuals aged 40–79 [64]. This showed that in the intermediate-risk

group, the addition of family history to the model resulted in a modest

increase in the NRI by 2%. This study included a large cohort of patients

greater than 60 years of age, which is relevant as the effect of genes on

CVD risk prediction declines with age.

Searching for genetic biomarkers as opposed to merely relying on family

history to predict CVD is clinically appealing, as it can be tested for from

birth, allowing for theoretically better risk prediction, diagnosis, and disease

management, particularly with respect to lifetime risk.

Technique
In cardiac disease there are two approaches that can be used to investigate

genetic markers: candidate gene studies, in which individual genes that

are responsible for monogenic diseases (e.g., Brugada syndrome) are iden-

tified; and genomic studies, which are ideal for polygenic conditions as the
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whole genome is studied. The complex genetics of CVD and diabetes lend

themselves to genomic studies. Markers such as single nucleotide polymor-

phisms (SNP) are investigated by either linkage or association studies. SNP

are variants at a single DNA base pair and can be easily exploited as a genetic

biomarker due to their high frequency in the genome and the relative tech-

nological ease of identifying them [65].

In linkage studies, family data is required to identify nonrandomly inher-

ited segments of the genome in relation to the studied disease process. With

association studies, the whole genome is studied in a cohort of cases and

controls to find an association between certain genetic loci and the cases

(this usually requires a large number of individuals) [65]. A big concern

with association studies is the lack of reproducibility of results, with a large

amount of type-1 errors (false positives) [66]. However, with the more

recently developed, large-scale, genome-wide association studies (GWAS)

some of these concerns have been addressed.

Genetic biomarkers are tested only in specialist laboratories. The investi-

gation can be undertaken on both blood and tissue samples.

Clinical Use
One of the first identified genetic biomarkers for CVD was the 9p21 loci.

In a meta-analysis of 4,645 patients with CAD and 5,177 controls, a SNP

at chromosome 9p21 was associated with an odd ratio for CAD of 1.3 per

copy of risk allele [67]. However, in observational studies the clinical utility

of 9p21 loci SNP has been questioned. In two large studies, one involv-

ing only men [68] and the other women as well [69], 9p21 SNP did not

discriminate well (nonsignificant change in the c-statistic). However, the

c-statistic, which has been broadly used to evaluate diagnostic tests, may

not be the best tool for risk-prediction models. Talmud et al. [68] did find

that the 9p21 loci SNP improved calibration (predicted risk corresponds

better to observed risk) and that genetic marker moved 13.5% of patients

into a more accurate risk category; in particular, 3.3% of intermediate-risk

patients were moved to a high-risk category. At present there is no reli-

able large-scale evidence that genetic testing will improve risk prediction.

Currently, genetic testing for this loci is not routinely undertaken.

The most recent summary suggests there are now 27 loci that confer risk

for CAD [70]. Herder et al. [70] have summarized the key studies related

to genetic risk models for the prediction of coronary artery disease. The

studies reviewed showed only minimal improvement in the AUC of less

than <0.04 for each chromosomal loci and only a few of these allowed

clinically usefully reclassification [70]. There is a great theoretical hope

for genetic biomarkers, but much more research needs to be undertaken.



New Biomarkers of Cardiovascular Disease in Diabetes 51

Genetic biomarkers reflect disease susceptibility, but only provide static

information. They do not provide any information as to whether or not

the individual has actually developed risk factors or indeed cardiovascular

disease.

The AHA has given genomic testing in risk assessment in asymptomatic

adults a Class III recommendation (no benefit) with a level of evidence

of B, highlighting the current lack of clear clinical role [71].

Conclusions

In patients with diabetes, biomarkers may be useful for screening asymp-

tomatic patients for indolent atherosclerosis (e.g., CIMT), or for prognosis

(e.g., CACS, BNP, hSCRP). Perhaps the greatest potential clinical utility for

both clinicians and patients is for biomarkers in primary prevention. The

burden of cardiovascular disease is high in patients with diabetes; while

biomarkers may offer clinical utility in this field, there is scant data on

cost-effectiveness or differential benefit from specific treatments. Nonethe-

less, there has been progress in this field over the last few years such that

a few biomarkers have been included in national guidelines.

It is logical to assume that if one biomarker measure gives a small

incremental gain in risk prediction, multiple biomarkers would result in

a larger one. However, trials of multiple biomarkers have disappointingly

only shown at best a moderate improvement in usefulness when compared

to standard risk factors [72]. It has been suggested that the multimarker

model could be improved if it included biomarkers that were unrelated;

for example, in a model that included hs-CRP (which is a marker of

inflammation), one would expect little incremental value in adding other

markers of inflammation, but the value might be higher if NTproBNP

were added. Currently, genomic studies are being undertaken to identify

biomarkers involved in differing pathways, and these raise the possibility

that biomarkers may play a more central role in primary prevention.

Ultimately, all emerging biomarkers should have a valid, reproducible

assay with a small coefficient of variation and be standardized. Beyond

independent association, they should perform well under biostatistical

analysis, which may include discrimination, calibration, and reclassi-

fication. However, before it is fully adopted into clinical practice, the

biomarker should be incorporated into a randomized controlled trial that

demonstrates that a treatment reduces clinical events in cohorts identified

using a high-risk biomarker phenotype. These data are largely lacking for

most of the novel biomarkers.
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Case Study 1

A 62-year-old asymptomatic female smoker with a background of treated hypertension
and a family history of coronary artery disease presents to her family practitioner for a
routine check-up. She has some blood tests that show her to have a total cholesterol level
of 5.3mmol/L, LDL cholesterol of 3.5mmol/L, and a HDL cholesterol of 0.9mmol/L. Her
Framingham 10-year risk score for future coronary events is 10%. She does not currently
meet the criteria for lipid-lowering therapy.

Multiple-Choice Question
1 Which biomarker would help further risk stratify her as well as guiding

the need for lipid-lowering therapy?

A BNP

B Echocardiography

C HbA1C

D HsCRP

E Troponin

Answer provided after the References

Case Study 2

A 42-year-old man is reviewed in clinic. He has type 2 diabetes. His blood pressure is
125/75. His total cholesterol is 5.1mmol/L and LDL-cholesterol is 2.2mmol/L. He smokes
and at this stage is not willing to give up. His HBA1C is 6.8%. His drug history consists only
of metformin 500mg three times a day. His father recently had a heart attack at the age
of 67; the man is concerned about his risk and wants to know if any other tablets would
help. His UKPDS 10-year risk for coronary heart disease puts him at intermediate risk.

Multiple-Choice Question
1 Which one of the following in the most appropriate next step in his

management?

A ACE inhibitor

B Carotid intimal thickness measurement

C Coronary calcium score

D Genetic profiling

E Statin therapy

Answer provided after the References

Guidelines and Web Links

http://content.onlinejacc.org/article.aspx?articleid=1143998
http://content.onlinejacc.org/article.aspx?articleid=1188641
http://www.escardio.org/guidelines-surveys/esc-guidelines/guidelinesdocuments

/guidelines-dyslipidemias-ft.pdf
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2010 ACCF/AHA Guideline for Assessment of Cardiovascular Risk in Asymptomatic

Adults: Executive Summary.

ACCF/AHA 2007 Clinical Expert Consensus Document on Coronary Artery Calcium

Scoring By Computed Tomography in Global Cardiovascular Risk Assessment and in

Evaluation of Patients With Chest Pain.

ESC/EAS guidelines for the management of dyslipidemias.
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Answer to Multiple-Choice Question for Case Study 1
1 D

HsCRP would be recommended in this situation since this patient has

intermediate risk for CHD and is above 60 years of age (National Lipid

Association recommendation). Consistent with the JUPITER trial, a

hsCRP level >2.0mg/L might warrant intensive risk-factor control in

the form of statin therapy.

Answer to Multiple-Choice Question for Case Study 2
1 E

According to the ADA guidelines, this patient fulfills the criteria for

statin therapy as he is above 40 years of age and has other risk factors.

No further investigation is required for risk stratification.
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Key Points
• Diabetic kidney disease is a complication of diabetes and affects 20–40% of people

with diabetes.

• Diabetic kidney disease is characterized by increased urine albumin excretion (micro-
or macroalbuminuria) and/or reduced kidney function in the absence of other causes
for kidney disease.

• Hyperglycemia, hypertension, a genetic predisposition, smoking, and dyslipidemia are
major risk factors for diabetic kidney disease.

• Early detection of diabetic kidney disease is crucial. Annual screening tests for urine
albumin excretion and kidney function are recommended. Micro- and
macro-albuminuria are risk factors for cardiovascular events, kidney failure, and death
in people with diabetes.

• Reduced kidney function (glomerular filtration rate) is also a separate and
independent risk factor for cardiovascular events, kidney failure, and death, and the
additional risk is additive to that associated with increased urine albumin excretion.

• Coexisting hypertension accelerates the development of renal failure.

• Multifactorial approaches including optimization of blood glucose and blood pressure
control, management of risk factors, and lifestyle modification can slow the
progression of the kidney disease.

• Reno-protective agents targeting the renin-angiotensin-aldosterone system are the
first-line therapy for reduction of microalbuminuria and blood pressure control.

• Glucose-lowering therapy should be tailored for individuals with diabetic kidney
disease. Dose adjustment is required for most agents.

• Timely referral of CKD patients to a nephrologist is important for those with
advanced or deteriorating diabetic kidney disease.

Definition

Kidney disease in diabetic patients can be caused by diabetes itself or

other coexisting conditions such as hypertension or vascular disease.

Diabetic kidney disease (or diabetes-associated chronic kidney disease)
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is a clinical diagnosis and is defined by the presence of albuminuria,

often with associated abnormal kidney function (an increase in creatinine

or a decrease in creatinine clearance or estimated glomerular filtration

rate [eGFR]), in an appropriate clinical setting. A classic case would be

a person with longstanding diabetes and coexistent diabetic retinopathy

and/or neuropathy. Diabetic nephropathy is a histological diagnosis,

characterized by typical histopathological features including mesangial

expansion, glomerular basement membrane thickening, and glomeru-

losclerosis with Kimmelstiel–Wilson lesions. Diabetic kidney disease

is most commonly caused by diabetic nephropathy, but other kidney

pathologies may be present such as nephroangiosclerosis, atheromatous

embolism, atherosclerotic renal artery disease, or glomerulonephritis.

As people with diabetic kidney disease are uncommonly biopsied unless

there are clinical features suggesting a different diagnosis, most patients will

not have a diagnosis of diabetic nephropathy confirmed. In this chapter, we

will therefore focus on diabetic kidney disease.

Natural History and Courses of Diabetic Kidney
Disease

Diabetic kidney disease is a chronic complication of diabetes and affects

approximately one third of all diabetic patients [1, 2]. It is the most

common cause of kidney failure requiring renal replacement therapy in

Western countries [3] and can occur in both type 1 and type 2 diabetes

with equivalent risks [4]. The natural history and prognosis of diabetic

kidney disease differ somewhat based on the type of diabetes and whether

microalbuminuria is present (Figure 3.1) [5]. In people with type 1 diabetes

who have microalbuminuria, if left untreated, approximately 80% will

develop macroalbuminuria (also called overt nephropathy) within 6–14

years [6, 7]. Subsequently, half of these will develop end-stage kidney

disease (ESKD) over 10 years if there is still a lack of specific intervention.

In contrast, approximately 20–40% of people with type 2 diabetes and

microalbuminuria develop macroalbuminuria without intervention,

and ESKD has been reported to develop in 20% of patients with overt

nephropathy within 20 years [8]. Some of these differences may relate to

the older age and greater burden of comorbidity experienced by people

with type 2 diabetes for a given duration of diabetes, meaning that more of

them will die of cardiovascular and other complications before developing

kidney disease.

There are five stages of diabetic kidney disease: stage one has only func-

tional changes and maintains normal glomerular structures, while stage
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GFR:
Normal

Albuminuria:
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End stage
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Figure 3.1 Natural history of nephropathy in diabetes. Microalbuminuria generally

develops after between 5 and 15 years’ duration of diabetes. There is a high chance of

progression to macro albuminuria over the next 10 years. Sometime after the onset of

clinical albuminuria, the GFR begins to fall, and a large proportion of patients reach

ESKD by 20 years after the onset of clinical albuminuria.

Time (Years) 0 5 15 20 25 30

Stages 1 2 3 4 5

Features Hyper-
perfusion
& hyper-
trophy

Silent
stage

Incipient
stage

Overt diabetic
nephropathy

ESKD

AER Usually no proteinuria Microalbuminuria Macroalbuminuria

GFR Preservation of GFR Begins to fall Below normal <15 ml/min

Figure 3.2 The course of diabetic nephropathy. (Source: Kidney Check Australia

Taskforce, Chronic Kidney Disease and Diabetes, Workshop Module, 2013. Reproduced

with permission of Kidney Health Australia.) (Color plate 3.1).

five is ESKD (Figure 3.2). Patients with diabetic kidney disease have a

markedly increased risk of cardiovascular events and mortality [9].

Pathophysiology of Diabetic Nephropathy

Both hemodynamic and metabolic factors play important roles in

the development of diabetic nephropathy. The early signs of diabetic

nephropathy are glomerular hyperperfusion due to decreased resistance

of afferent and efferent arterioles of the glomerulus. This functional

change further leads to an activation of the renin-angiotensin-aldosterone

system and endothelin, causing structural abnormalities in the kidneys.
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Figure 3.3 Metabolic factors in the pathogenesis of diabetic nephropathy. AGE:

advanced glycation end product; CTGF: connective tissue growth factor; GBM:

glomerular basement membrane; IL: interleukin; NF: nuclear factor; PKC: protein

kinase C; RAAS: renin-angiotensin-aldosterone system; TGF: transforming growth

factor; TNF: tumor necrosis factor; VEGF: vascular endothelial growth factor. (Source:

Turgut 2010 [10]. Reproduced with permission of Elsevier.)

In addition, long-standing hyperglycemia directly induces mesangial

expansion, thickening of the glomerular basement membrane (GBM),

and an increase in podocyte vascular endothelial growth factor (VEGF)

expression. Meanwhile, an activation of advanced glycation, protein

kinase C, hexosamine, and polyol also contributes to the development

of diabetic nephropathy. Damage to the glomerular filtration barrier

(GFB) subsequently occurs, leading to increasing urinary protein levels,

inflammation, fibrosis, and eventually glomerular filtration rate (GFR)

reduction and kidney failure (Figure 3.3) [10].

Risk Factors for Diabetic Kidney Disease

The main risk factors for the development of diabetic kidney disease

include hyperglycemia, arterial hypertension, smoking, dyslipidemia, race,

and genetic predisposition.
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Glycemic Control
Hyperglycemia is a significant risk factor for the development of microal-

buminuria in both type 1 and type 2 diabetes [11, 12]. Patients with worse

glycemic control are more likely to develop diabetic kidney disease, while a

reduction of HbA1c by 1% is associated with a 37% decrease in microvas-

cular endpoints [13, 14]. More recently, data from the ADVANCE trial

[2] have suggested that intensive glucose control based on a sulfonylurea

reduces the risk of kidney failure by two-thirds [15].

Hypertension
Prospective studies have noted an association between the development

of diabetic kidney disease and higher blood pressures [16, 17]. UKPDS

analysis demonstrated that every 10mmHg reduction in systolic blood

pressure (BP) is associated with a 13% decrease in the risk of microvascular

complications, with the smallest risk among those patients with systolic

BP <120mmHg [18].

Smoking
Smoking increases albuminuria and might contribute to the progression

of diabetic kidney disease [19]. It is also associated with an increased risk

for cardiovascular events, including a decreased survival for people with

kidney failure requiring dialysis.

Dyslipidemia
Dyslipidemia, as a well-established risk factor for cardiovascular disease, is

strikingly common in patients with type 2 DM, affecting almost 50% of

this population [20]. Dyslipidemia is associated with the development of

diabetic kidney disease in both type 1 and type 2 diabetes. In type 1 DM,

increased serum triglycerides, total and LDL-cholesterol were associated

with micro- and macroalbuminuria [21, 22], and high serum cholesterol

also appears to contribute to GFR loss [23]. In type 2 DM, dyslipidemia is

mainly attributed to insulin resistance [24] and its presence increases the

risk of renal impairment [12, 16].

Genetic Predisposition
Genetic factors also play a role in diabetic kidney disease. A number of stud-

ies have shown that the angiotensin-converting enzyme (ACE) gene geno-

type is a potential genetic risk factor. However, definitive genetic markers

have yet to be identified.

Race
The incidence of diabetic kidney disease is three- to sixfold higher in black

people compared to Caucasians.MexicanAmericans and Pima Indianswith

type 2 diabetes are also more likely to develop diabetic kidney disease.
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Clinical Manifestation

Diabetic kidney disease has a heterogeneous presentation. Early stages

are often asymptomatic and only detected by abnormal laboratory tests

(albuminuria and changes in GFR). Albuminuria is one of the earliest

detectable features of diabetic kidney disease, with a prevalence of 25%

after 10 years of diabetes [25], although reduced GFR in the absence of

albuminuria/proteinuria is also recognized in an increasing proportion of

type 2 diabetic patients [26]. Patients with diabetic kidney disease become

symptomatic once the kidney disease is severe enough, causing uremic

symptoms and hypertension [26].

As diabetes manifests as a systemic disease, patients with type 1 DM

almost always have other signs of diabetic microvascular complications,

such as retinopathy and neuropathy. Diabetic retinopathy usually precedes

the onset of overt nephropathy, while the relationship between diabetic

kidney disease and retinopathy is less predictable in type 2 diabetes.

Type 2 diabetics with marked proteinuria and retinopathy most likely

have diabetic nephropathy, while those without retinopathy have a high

frequency of nondiabetic glomerular disease. Therefore, the K/DOQI

guidelines suggest that chronic kidney disease should be attributed to

diabetic nephropathies in most patients with diabetes if albuminuria and

diabetic retinopathy are both present [27].

Screening and Diagnosis of Diabetic Kidney Disease
(Algorithm 3.1)

As diabetic kidney disease is associated with poor outcomes, early diagno-

sis and subsequent intervention are essential to improve prognosis. Cur-

rent guidelines recommended that diabetic patients should be screened for

albuminuria and GFR at least annually. Both are used as independent but

additive risk factors for CKD [28, 29, 30].

Urinary Albumin Excretion (UAE)
Microalbuminuria is the earliest marker of diabetic kidney disease [31, 32]

detectable with widely available laboratory tests, and the presence of

microalbuminuria is associated with increased risk of cardiovascular mor-

bidity andmortality, as well as kidney failure, in both type 1 and type 2 dia-

betes. Patients with proteinuria have a 2.5-fold higher mortality rate than

those without proteinuria [33], and hence current guidelines suggest that

albuminuria changes are an importantmarker of CKD progression [34, 35].

There are three ways to screen for increased urine albumin excretion

(UAE): measurement of the albumin to creatinine ratio (ACR) in a random
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History of diabetes with no history of kidney disease

Annual screening for kidney disease

Measure urine albumin excretion

Repeat test for micro albuminuria
twice within 3-6 months

ACR ≥30 μg/mg

Measure eGFR

2 of 3 tests positive?

Micro/macroalbuminuria

Screen for other causes
of increased UACR

Treat for underlying
causes

Begin treatment Treat for underlying
causes

Diabetic kidney
disease

Rescreen
in 1 year Screen for other causes

of kidney disease

eGFR <90 ml/min

No

No No

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Algorithm 3.1 Screening for kidney function in people with diabetes.

spot urine collection, 24-hour urine collection, and timed (e.g., 4-hour

or overnight) urine collection [36]. UAE is most easily assessed using a

spot urine ACR, preferably a first morning void spot specimen, which has

been shown to correlate well with more complicated urine collections. For

people with type 1 diabetes, approximately 20–30% will have microal-

buminuria after a mean duration of diabetes of 15 years [37, 38]. Simi-

larly, 25% of individuals with type 2 diabetes have microalbuminuria after
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Table 3.1 Classification of abnormal urinary albumin excretion. [31, 41, 42]

24-hr urine

albumin

(mg/24 hr)

Overnight

urine albumin

(μg/24 hr)

Spot urine Recommended

follow-up
Albumin:creatinine ratio

Gender mg/mmol mg/g

Normal < 15 < 10 M < 1.25 < 10 Every 1–2 years

and annually for

people with

diabetes or

hypertension

F < 1.75 < 15

High normal 15 to < 30 10 to < 20 M 1.25 to < 2.5 10 to < 20

F 1.75 to < 3.5 15 to < 30

Microalbu-

minuria

30 to < 300 20 to < 200 M 2.5 to < 25 20 to < 200 Repeat 2 times

over 3–6

months

Confirm microal-

buminuria if 2

out of 3 tests

are positiveF 3.5 to < 35 30 to < 300

Macroalbu-

minuria

> 300 > 200 M > 25 > 200 Quantify urine

protein

excretion by 24

hours urine

protein

10 years, according to UKPDS [25]. Transient elevation of UAE can be

seen in hyperglycemia, vigorous physical exercise, urinary tract infections,

marked hypertension, heart failure, acute febrile illnesses or systemic dis-

eases, and hematuria [39]. Therefore, abnormal albuminuria tests should

be confirmed in two of three samples collected at a three- to six-month

interval [40] (Table 3.1).

Kidney function
The first manifestation of diabetic kidney disease is an increase in GFR

due to hyperfiltration; however, this is difficult to detect using eGFR esti-

mated from serum creatinine levels. People with diabetic kidney disease

often develop reduced kidney function and, in fact, it can occur in the

absence of albuminuria. Therefore, routine measurement of kidney func-

tion assessed by eGFR is also recommended as part of screening for diabetic

kidney disease. The eGFR is derived from an estimating equation, taking

serum creatinine, age, gender, body weight, and race into consideration.

Normal GFR values for young individuals are 90 to 130ml/min/l.73m2,

with a steady fall with increasing age, in the order of 10ml/min/decade

after the age of 50 years [43]. Current guidelines classify chronic kidney
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Table 3.2 Stages of chronic kidney disease. (Source: Levey et al. 2011 [42].

Reproduced with permission of Nature Publishing Group.)

Stage Description eGFR (mL/min/1.73m2)

1 Kidney damage with normal or ↑ eGFR plus persistent

albuminuria

≥ 90

2 Kidney damage with mild ↓ eGFR plus persistent albuminuria 60–89

3 Moderate ↓ eGFR 30–59

4 Severe ↓ eGFR 15–29

5 Kidney failure < 15 (or dialysis)

GFR
stages,
descrip-
tion and
range

(ml/min
per

1.73 m2)

G1

A1Composite ranking for
relative risks by GFR

and albuminuria
(KDIGO 2009)

Albuminuria stages,
description and range (mg/g)

Optimal and
high-normal

High

<10 ≥200010–29 30–299
300–
1999

Very high and
nephrotic

A2 A3

High and
optimal

>105

90–104

75–89

60–74

45–59

30–44

15–29

<15

Mild

Mild-
moderate

Moderate-
severe

Severe

Kidney
failure

G2

G3a

G3b

G4

G5

Figure 3.4 New classification of chronic kidney disease. Colors reflect the ranking of

adjusted relative risk. The ranks were averaged across all five outcomes for the 28 GFR

and albuminuria categories. The categories with mean rank numbers 1–8 are green,

mean rank numbers 9–14 are yellow, mean rank numbers 15–21 are orange, and

mean rank numbers 22–28 are red. Color for twelve additional cells with diagonal hash

marks is extrapolated based on results from the meta-analysis of chronic kidney disease

cohorts. The highest level of albuminuria is termed ‘nephrotic’ to correspond with

nephrotic range albuminuria and is expressed here as > 2000 mg/g. column and row

labels are combined to be consistent with the numbers of estimated GFR (eGFR) and

albuminuria stages agreed on at the conference. (Source: Levey et al. 2011 [42].

Reproduced with permission of Nature Publishing Group.) (Color plate 3.2).

disease into five stages according to eGFR level and othermarkers of kidney

disease, specifically albuminuria (Table 3.2 and Figure 3.4).

Decline of eGFR usually occurs in people with macroalbuminuria, but

is less common in those with microalbuminuria. The eGFR may remain
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stable for years [44], but often declines with more advanced diabetic

kidney disease [45].

Diabetic kidney disease is diagnosed by the presence of micro- or

macro-albuminuria and/or reduced kidney function in the absence of

other causes for kidney disease. Renal biopsy is usually not necessary, but

may be considered in some situations to rule out important nondiabetic

kidney diseases. Nondiabetic kidney disease was reported to occur in

12–38% of people with type 2 diabetes [46, 47] and should be considered

in people with recent onset diabetes, acute onset of kidney disease, or

clinical features suggesting another renal or systemic diagnosis.

Prognosis of Diabetic Kidney Disease

Proteinuria and abnormal kidney function are independent risk factors for

renal outcomes in diabetes [28]. Diabetic kidney disease is the leading cause

of ESKD requiring renal replacement therapy.

There is also an increasing recognition that diabetic kidney disease is

a potent risk factor for cardiovascular disease, and is associated with an

increased risk of cardiovascular morbidity andmortality [9]. Kidney disease

also predicts a worse prognosis after a cardiovascular event. The US Renal

Data System reported that the two-year mortality rate after a myocardial

infarction (MI) was 44% among patients without CKD, compared with

58% in patients with stage 3 CKD and 68% in those with stage 4–5 CKD.

Survival of patients with diabetic kidney disease is to a large extent deter-

mined by cardiovascular comorbidities.

Management of Diabetic Kidney Disease

The goal of managing diabetic kidney disease is not only to slow the

progression of albuminuria and the decline of kidney function, but

also to reduce the risk of cardiovascular complications. The treatment

principle is a holistic approach, involving multiple and intensive strategies

(Algorithm 3.2).

Lifestyle Modification
Weight reduction, dietary salt restriction, DASH diet (fruits, vegetables,

low-fat and low-calorie diet) [48], physical activity, and moderate alcohol

consumption all have been shown to reduce systolic blood pressure by

5–20mmHg. Weight loss has also been associated with a significant reduc-

tion in microalbuminuria in obese diabetic patients [49]. These lifestyle

changes should therefore be recommended to all people with diabetic kid-

ney disease.
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Diagnosis of diabetic kidney disease

Lifestyle modification

Satisfactory glycemic control?

Optimize glycemic control

with the target HbA1c of <7%

Satisfactory BP control?

Satisfactory lipids control?

ACEI/ARB if no contraindication with the

target BP <130/80 mmHg; Titrate

ACEI/ARB ± additional antihypertensives

Control of dyslipidemia with

Statins +/− fibrates

Management of risk

factors

Cessation of smoking Weight loss DASH Exercise

 Regular follow-up and consider specialist referral if:

- Advanced CKD (CKD stage 4 and 5 with eGFR <30 mL/min/1.73 m
2
) 

- Persistent significant albuminuria develops

- Rapid deterioration of renal function (a decline of >5 mL/min/1.73 m
2

 over a six-month period, which is confirmed on at least three separate

 readings)

- Difficult BP control

- Glomerular hematuria with macroalbuminuria

No

No

No

Yes

Yes

Yes

Algorithm 3.2 Management of diabetic kidney disease.

Glycemic Control
An accumulative body of literature has shown that intensive glycemic

control reduces the risk of microalbuminuria, and slows the progression

of diabetic retinopathy and neuropathy in both type 1 and type 2 DM

(Table 3.3) [13, 50, 51, 52]. For example, the DCCT and UKPDS illustrated

that lower HbA1c values were associated with a lower risk of developing

microvascular complications, including CKD [13, 52]. Furthermore, the

UKPDS follow-up study found that the risk reduction for microvascular

and macrovascular complications associated with tight glycemic control
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Table 3.3 Clinical trials for effect of glycemic control on diabetic nephropathy.

Name Abbreviation Conclusion

Type 1 DM

The Diabetes Control

and Complications

Trial

DCCT [53] Intensive diabetes therapy can significantly reduce the

risk of the development of microalbuminuria and

overt nephropathy in people with diabetes.

The Stockholm

Diabetes

Intervention Study

SDIS [54] Compared with regular treatment, intensified

conventional treatment significantly reduced HbA1c

level. Less retinopathy and progression of

microalbuminuria was observed in ICT group, but at

the expense of an increased frequency of serious

hypoglycemia.

Type 2 DM

The United Kingdom

Prospective

Diabetes Study

UKPDS [51] Intensive glucose control can significantly reduce the risk

of the development of microalbuminuria and overt

nephropathy in people with diabetes.

The Kumatomo Study Ohkubo [55] Intensive glycemic control by administering multiple

insulin injection delayed the onset of diabetic

retinopathy, nephropathy, and neuropathy in

Japanese patients with type 2 diabetes.

Action in Diabetes

and Vascular

Disease: Preterax

and Diamicron

Modified-Release

Controlled

Evaluation

ADVANCE [14] There were clinical benefits (reduced microvascular

outcomes and ESKD) with no harm (with respect to

CVD or mortality) of intensive control (HbA1c target

of ≤6.5%) versus conventional control (HbA1c target

defined by local guidelines).

The Veterans Affairs

Diabetes Trial

VADT [56] The incidence of CVD events was not significantly lower

in the intensive arm. Post hoc subgroup analyses

suggested that duration of diabetes interacted with

randomization such that participants with duration of

diabetes less than about 12 years appeared to have a

CVD benefit of intensive glycemic control, while those

with longer duration of disease before study entry

had a neutral or even adverse effect of intensive

glycemic control.

Action to Control

Cardiovascular Risk

in Diabetes

ACCORD [57] The primary outcome (MI, stroke, or cardiovascular

death) was reduced in the intensive glycemic control

group due to a reduction in nonfatal MI, although this

finding was not statistically significant. However, the

study was terminated early due to increased mortality

in the intensive arm caused by severe hypoglycemia.
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in T2DM patients extended beyond the period of intensive therapy.

Most recently, the Action in Diabetes and Vascular Disease: Preterax

and Diamicron Modified-Release Controlled Evaluation (ADVANCE)

trial [2] compared the effect of an intensive glucose-lowering strategy

based on gliclazide MR (HbA1c target ≤6.5%) versus standard glucose

control on renal outcome. After a median of five years, intensive glucose

control reduced the risk of ESRD by 65%, microalbuminuria by 9%,

macroalbuminuria by 30%, and progression of albuminuria. These results

suggest that improved glucose control will prevent major kidney outcomes

in people with type 2 diabetes.

In addition, patients with diabetic kidney disease are at increased risk

of hypoglycemia. Hypoglycemia can lead to serious outcomes including

coronary ischemia, cardiac arrhythmia, and sudden death [58]. The causes

for the increased risk of Hypoglycemia in people with diabetic kidney

disease are likely to be multifactorial, including decreased clearance of

medications, prolonged half-life of insulin, and impaired kidney gluco-

neogenesis. New classes of antihyperglycemic agents, such as dipeptidyl

peptidase 4 (DPP-4) inhibitors, are likely to require dose reduction in

patients with renal impairment due to accumulation and possibly an

increased risk of hypoglycemia, although linagliptin is hepatically excreted

and does not require dose adjustment. Therefore, greater care with

monitoring and selection of glucose-lowering agents is necessary in this

group of patients [59].

Selection of Glucose-Lowering Agents in Patients
with Diabetic Kidney Disease
Some of the most widely used oral glucose-lowering agents, including

metformin (due to an increased risk of lactic acidosis) and some sulfony-

lureas, are not suitable in patients with moderate to severe chronic kidney

disease. A proposed recommendation for use of metformin based on

eGFR [60] stated that metformin can be used if eGFR is between 45 and

60mL/min per 1.73m2, but renal function should be monitored closely

(every three to six months). Dose reduction for metformin is considered

if eGFR is 30–45mL/min per 1.73m2, and renal function should be

monitored closely (every three months). Metformin should be stopped

once eGFR is below 30mL/min per 1.73m2.

An individualized approach to treatment should be adopted, taking into

account the degree of renal impairment and the need for dose adjustment

[61, 61, 63]. Insulin is themainstay of treatment in type 2 DMpatients with

advanced CKD. Several of the meglitinides can be used in mild to moderate

CKD, andmitiglinide does not need dose adjustment formoderate to severe

CKD [64]. Newer agents, dipeptidyl peptidase 4 (DPP-4) inhibitors, most

notably linagliptin, may have a role to play in the management of type 2
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Table 3.4 Recommendations for noninsulin hyperglycemic drug therapy for patients

with moderate to severe CKD. [66, 67, 68, 69, 70]

Class Drug Dosing recommendation in

moderate to severe CKD

Complication

Second generation of

sulfonylurea

Glipizide

Gliclazide

Contraindicated when GFR

<30ml/min

Hypoglycemia

Biguanide Metformin Contraindicated when GFR

<30ml/min

Lactic acidosis

𝛼-glucosidase

inhibitors

Acarbose Not recommended when serum

Creatinine >2mg/dl

Hepatic toxicity

Thiazolidinediones Rosiglitazone

Pioglitazone

No dose adjustment Volume retention,

CHF

Meglitinides Mitiglinides No dose adjustment Hypoglycemia

Incretin mimetics

(GLP1 analogue)

Exenatide Contraindicated when GFR

<30ml/min

Gastrointestinal

discomfort,

hypoglycemia

DPP4 inhibitors Sitagliptin Reduce dose by 50% when GFR

<50mL/min; by 75% (25mg/day)

when GFR <30mL/min

? Nil

DM in patients with renal impairment (Table 3.4). A recent randomized

clinical trial showed that linagliptin has antiproteinuric efficacy in people

with type 2 diabetes and proteinuria [65]. Linagliptin significantly lowered

adjusted UACR by 33% with no significant short-term effect on kidney

function and blood pressure. Detailed information on the management of

glycemia in diabetes is covered in Chapter 7.

Blood Pressure Control in Diabetic Kidney Disease [71, 72]
Blood pressure control in patients with diabetes and CKD may reduce the

risk of progressive loss of kidney function, CVD, and progression of diabetic

retinopathy. In the United Kingdom Prospective Diabetes Study (UKPDS)

[51] comparing intensive with less intensive blood pressure control,

intensive control led to a 32% reduction in mortality, predominantly

from cardiovascular disease but also from a decrease in microalbuminuria.

The effect of lowering blood pressure on delaying the progression of

renal failure was investigated in the ADVANCE study [73]. Compared

with placebo, the combination of perindopril and indapamide reduced

the risk for renal events by 21% in type 2 diabetic patients, which was

attributed to a reduction in risks for developing microalbuminuria and

macroalbuminuria.

A recent systematic review [71] showed that intensive blood pressure

control reduced the risk of albuminuria progression by approximately

10% and kidney failure by 27%, and there is also a trend toward benefit
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for retinopathy (Figure 3.5). Therefore, current Kidney Disease-Improving

Global Outcomes (KDIGO) guidelines recommended that blood

pressure-lowering therapy should be commenced if BP>140/90mmHg in

people with diabetes and coexisting CKD who have a urine albumin excre-

tion <30mg per 24 hours, with a target blood pressure of <140mmHg

systolic and <90mmHg diastolic (1B) [27]. More intensive blood pres-

sure control is required for patients with micro- or macro-albuminuria

of >30mg per 24 hours; blood pressure-lowering therapy should be

commenced at a blood pressure above 130/80mmHg with a target blood

pressure of <130mmHg systolic and <80mmHg diastolic (2D). BP should

be monitored at least six-monthly in all people with diabetes, and more

frequent follow-up is recommended if micro- or macro-albuminuria

develops [74].

Blood pressure control in diabetes often requires multiple blood

pressure-lowering agents. The KDIGO guidelines recommend an ARB or

ACEI be used as first-line therapy in adults with CKD and diabetes with

high blood pressure [27]. RAAS blockade has reno-protective effects and

provides additional benefits in diabetes with micro- or macro-albuminuria.

Captopril [75], when used in microalbuminuric type 1 diabetic patients,

can slow the progression of CKD. More pronounced beneficial effects were

observed in overt nephropathy, especially with baseline creatinine levels

above 132umol/L. The effect of ACEI in type 2 diabetic patients has been

less well studied. A recent systematic review found that ACEI prevented

new-onset diabetic kidney disease and death in normoalbuminuric people

with diabetes [72]. Compared with placebo, ACEI reduced the risk of new

onset of microalbuminuria, macroalbuminuria, or both.

Control of Albuminuria in Diabetes
The presence of micro- or macro-albuminuria in diabetes is associated with

increased risk of kidney failure and cardiovascular events. The KDIGO

guidelines recommend ACEIs and ARBs as first-line therapy in patients

with diabetic and CKD with urine albumin excretion of 30 to 300mg

per 24 hours (2D). A systematic review [76] assessed the effects of ACEI

or ARB on mortality and renal outcomes in diabetic kidney disease, and

showed survival benefits for ACEI but not ARB for patients with diabetic

kidney disease (Figure 3.6). There is also strong evidence that ACEI and

ARB prevent the progression of microalbuminuria to macroalbuminuria

and kidney failure (Figure 3.7). Furthermore, a systematic review [77]

including 85 randomized controlled trials demonstrated that ACEI and

ARB both reduced the progression of microalbuminuria to macroalbumin-

uria and the development of end-stage kidney disease, as well as nonfatal

cardiovascular mortality. However, the effects of combining ACEI and

ARB with each other or with renin inhibitors remain uncertain, with the
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Patients with baseline proteinuria

Overall

JATOS

AASK 2010

ESCAPE 2009

MDRD 2010

0.51 (0.09, 2.78)

0.76 (0.58, 0.99)

0.53 (0.33, 0.87)

1.00 (0.61, 1.64)

0.73 (0.62, 0.86), p<0.001

(I2=0.0%, p=0.490)

2 5

Overall

MDRD 2007

AASK 2010

ESCAPE 2009

0.77 (0.58, 1.02)

1.39 (1.04, 1.86)

1.78 (0.62, 5.14)

1.12 (0.67, 1.87), p=0.679

(I2=78.2%, p=0.010)

P=0.006

128/210 133/201

98/357 83/376

34/169 38/169

178/221 177/207

114/181 126/176

2/224 4/230

NA/33 NA/41

NA/67 NA/59

NA: not available

328/862 345/841

Patients without baseline proteinuria

0.67 (0.53, 0.84)

Subgroup
 standard treat

HR (95% CI)

Favors intensive treatment

.2 .5 1

Favors standard treatment

Intensive treat
Number of events/patients

Heterogeneity for subgroup
with and without proteinuria

REIN-2 2005

Figure 3.5 The effect of intensive blood pressure lowering on kidney failure between patients with or without proteinuria.

(Source: Lv et al. 2012 [71].)
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No of patients with event/total No of patients

Angiotensin converting enzyme inhibitors

All cause mortality Agent Placebo or no treatment
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Figure 3.6 Effect of angiotensin-converting enzyme inhibitors or angiotensin II

receptor antagonists compared with placebo or no treatment on overall mortality.

(Source: Strippoli et al. 2004 [76]. Reproduced with permission of BMJ Publishing

Group Ltd.)

balance of currently available evidence suggesting likely harm [78]. At

this time, single-agent RAAS blockade is therefore recommended.

Dyslipidemia
Statins
Both statin and fibrates therapy have been investigated for potential

reno-protective effects (Table 3.5). A systematic review demonstrated that

statin therapy significantly reduced lipid concentrations and cardiovascular

endpoints in patients with chronic kidney disease [79].

Post hoc analyses demonstrated beneficial effects of statin therapy on

renal function in diabetic patients with CKD and CVD [80, 83]. In the Heart

Protection Study, simvastatin improved renal function in patients with type

2 diabetes [80]. However, its mechanism of action remains unclear [80].

The SHARP trial [84] investigated the lipid-lowering effect of a combina-

tion of simvastatin and ezetimibe versus placebo in patients with chronic
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Figure 3.7 Effect of angiotensin-converting enzyme inhibitors compared with placebo

or no treatment on risk of progression from microalbuminuria to macroalbuminuria.

(Source: Strippoli et al. 2004 [76]. Reproduced with permission of BMJ Publishing

Group Ltd.)

kidney disease, including people with diabetes. It demonstrated that com-

bined therapy reduced average LDL cholesterol with no excess side effects,

and lowered the risk of major cardiovascular events by 17%, with similar

effects in people with and without diabetes, but had no effect on kidney

function. As a result, lipid lowering is now routinely recommended in peo-

ple with kidney disease.

Fibrates
The Diabetes Atherosclerosis Intervention Study (DAIS) [82] studied the

effect of fibrates. Compared with placebo, fenofibrate significantly reduced

microalbuminuria in addition to improving the lipid profile in type 2

diabetes. The effect of fenofibrate on reduction in microalbuminuria might

be attributed to suppression of inflammation, decreased production of

type 1 collagen in mesangial cells, and increased activity of peroxisome

proliferator-activated receptor (PPAR)-alpha [85, 86]. The FIELD study

[87] assessed the long-term effect of fenofibrates on cardiovascular events

in patients with type 2 diabetes. Fenofibrate therapy was associated with

a reduction in total cardiovascular events, less albuminuria progression,

and less retinopathy needing laser treatment. A recent systematic review

examined the effect of fibrates on kidney disease [88]. Overall, fibrate

therapy reduced total cholesterol and triglycerides, and increased HDL

level in patients with mild to moderate chronic kidney disease. In addition,
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Table 3.5 Clinical trials for effect of lipid-lowering agents on diabetic nephropathy.

Name Abbreviation Conclusion

Study of Heart and

Renal protection

SHARP Compared with either placebo or simvastatin alone,

ezetimibe in combination with simvastatin was not

associated with any excess of myopathy, hepatic

toxicity, or biliary complications during the first year

of follow-up. Compared with placebo, combination

therapy reduced average LDL cholesterol by

43mg/dL (1.10mmol/L) at 1 year and 33mg/dL

(0.85mmol/L) at 2.5 years.

The Scandinavian

Simvastatin Survival

Study

4S The lipid-lowering effects were similar in diabetic and

nondiabetic groups. Simvastatin improves the

prognosis of diabetic patients with CHD.

Fenofibrate

Intervention and

Event Lowering in

Diabetes

FIELD Fenofibrate therapy was associated with a reduction in

total cardiovascular events, less albuminuria

progression, and less retinopathy needing laser

treatment.

Heart Protection Study HPS [80] Simvastatin 40mg daily decreased vascular event rates

and GFR decline in diabetic patients by 25%,

independent of baseline cholesterol levels.

Collaborative

Atorvastatin

Diabetes Study

CARDS [81] Statins reduced cardiovascular events in DM patients,

and atorvastatin showed a moderate beneficial

effect on eGFR, particular in those with albuminuria.

Diabetes

Atherosclerosis

Intervention Study

DAIS [82] Compared with placebo, fenofibrate significantly

reduced microalbuminutia in addition to lower lipid

profile in type 2 diabetes.

fibrates reduced the risk of major cardiovascular events and cardiovascular

death, but not all-cause mortality. Subgroup analysis showed that in

people with diabetes, fibrates reduced the risk of albuminuria progression

at the expense of an elevation in serum creatinine and a reduction in

calculated GFR. However, no effect on the risk of end-stage kidney disease

was detected.

Multifactorial Approach
The Steno-2 study showed that in type 2 DM, intensive combined therapy,

including BSL and BP control as well as lipid lowering, is likely to be the

optimal therapeutic approach to patients with diabetes, demonstrating a

reduction in cardiovascular but not renal events (Table 3.6).

Referral to a Nephrologist
The early stage of diabetic kidney disease can be managed by a primary

care physician; however, referral to a nephrologist is recommended when

advanced CKD (CKD stage 4 and 5 with eGFR <30mL/min/1.73m2)

and/or persistent macro-albuminuria develops. Nephrological input is
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Table 3.6 Clinical trials on multifactorial approaches for diabetic nephropathy.

Name Conclusion

Steno type 2 trial [89, 90] The intensive regimen consisted of behavioral therapy

(including advice concerning diet, exercise, and smoking

cessation) and pharmacologic intervention (consisting of

the administration of an ACE inhibitor and multiple other

agents to attain several aggressive therapeutic goals).

Intensive therapy reduced both microvascular and

macrovascular disease. Significant improvements in

albumin excretion (−20 versus +30mg/day) and in

progression to overt nephropathy.

Manto A [91] Treatment consisted of an intensive insulin regimen (which

lowered the hemoglobin A1c concentration from 8.7 to

6.5%), dietary protein restriction, and antihypertensive

therapy with an ACE inhibitor (which lowered the blood

pressure to 120/75). At the end of three years, the

glomerular filtration rate had increased to 84mL/min and

albumin excretion had fallen to 92mg/day.

also recommended for patients with rapid deterioration of renal function

(a decline of >5mL/min/1.73m2 over a six-month period, which is

confirmed on at least three separate readings), difficult BP control, or

glomerular hematuria.

Treatment Options for ESKD Caused by Diabetic Kidney
Disease
As with treatment strategies for end-stage kidney disease secondary

to other causes, dialysis and renal transplantation are both options for

treatment for ESKD caused by diabetes. Lower survival rates have been

observed for people with ESKD caused by diabetic kidney disease, with five

years’ survival of 30%, according to USRDS data. Cardiovascular disease

remains the most common cause of death, accounting for 50% of cases.

Conclusion

Diabetic kidney disease is a common complication of diabetes mellitus

and is associated with increased cardiovascular morbidity and mortality.

Its early detection with regular surveillance of albuminuria and GFR and

prompt intervention is crucial to retard the progression and reduce the

risk of renal and cardiovascular complications. Multifaceted approaches

including lifestyle modification, optimizing blood glucose and blood

pressure levels, and lipid lowering are recommended to minimize

cardiovascular risk, slow the progression of kidney disease, and reduce
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mortality. Renin-angiotensin-aldosterone blockade provides additional

reno-protective effects and should be first-line therapy for diabetic

kidney disease.

Case Study 1

A 70-year-old Caucasian male was referred by his family doctor for further investigation
of proteinuria and renal impairment. His medical history includes type 2 diabetes (10
years), transient ischemic attack, gastro-oesophageal reflux disease, and osteoarthritis of
the knees. The patient is currently receiving Glargine 10 units daily, Metformin 500mg
three times a day, aspirin 100mg daily, Pantoprazole 40mg daily, and paracetamol 1 g
three times a day. His family history is significant for type 2 diabetes on his paternal side.
His father died of heart attack at age of 65. He is a retired businessman who has lived
with his wife for 46 years. He is an ex-smoker and stopped smoking 20 years ago. He
consumes two standard drinks a day.

On examination, he was alert and orientated, and obese with a BMI of 31. His BP was
150/80mmHg and pulse was 75 beats per minute. The respiratory and cardiovascular
examination was unremarkable. The abdomen was soft and nontender. There was
no peripheral edema. Neurological examination revealed glove-stoking sensory loss.
Fundoscopy showed moderate nonproliferative retinopathy, consistent with diabetic
retinopathy.

Laboratory parameters showed normal electrolytes. The urea was 12mmol/L and
serum creatinine was 130mmol/L, corresponding to an eGFR of 52ml/min. Urine analysis
showed protein +++, with an inactive sediment. Urine albumin/creatinine ratio (ACR)
was 35mg/g, consistent with microalbuminuria. The renal tract ultrasound showed
kidney sizes of 11 cm bilaterally and there was no urinary tract obstruction. HbA1c was
8.0%, fasting blood sugar level (BSL) was 9.5mmol/L, and two hours postprandial BSL
was 14mmol/L.

Multiple-Choice Questions
1 The most likely diagnosis for the kidney disease in this patient is:

A He has hypertensive glomerulosclerosis

B He has confirmed diabetic nephropathy

C He has diabetic kidney disease, most likely due to diabetic

nephropathy

D A kidney biopsy is essential

E The most likely diagnosis is focal segmental glomerulonephritis

2 What is the most appropriate treatment? (There can be more than one

option.)

A Optimize glycemic control

B Optimize blood pressure control

C Commence corticosteroids

D Refer to a hematologist

E Monitor renal function and refer to a nephrologist if kidney

function declines

Answers provided after the References
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Case Study 2

A 65-year-old Chinese woman was brought into the hospital by ambulance after being
found unconscious at home. Her Glasgow Coma Score (GCS) was 3 on arrival. She was
afebrile, BP was 90/60mmHg, and pulse rate was 60 per minute. She appeared dehy-
drated. The physical examination was unremarkable except for bronchial breath sounds
and crackles at the right lower lobe.

Her past medical history was significant for type 2 diabetes mellitus (15 years) and
asthma (20 years). Her regular medications were Gliclazide MR 120mg daily, Metformin
500mg tds, Fluticasone propionate/salmeterol xinafoate inhaler 250/25mg twice a day,
and Salbutamol inhaler as prn. She is single and lives alone at home, independently man-
aging her activities of daily living. She is a nonsmoker and a social drinker. She has not
visited her general practitioner for about five years; the last blood and urine tests were
performed five years ago, and were unremarkable.

Her blood gas showed profound metabolic acidosis with PH 7.25, PaO2 90mmHg
and PaCO2 40mmHg. Her serum bicarbonate was 13mmol/L with a base excess of
-10mmol/L. The lactate was 5mmol/L. The blood biochemistry showed a sodium of
150mmol/L and potassium of 6.5mmol/L. The urea was 34mmol/L and creatinine was
515mmol/L. The blood glucose was 4.5mmol/L and creatinine kinase was normal. Her
hematological parameters were unremarkable except for leukocytosis with a white cell
count of 18×109/ml. Chest X-ray demonstrated right lower lobe consolidation.

She was intubated and Metformin and Perindopril were ceased on admission. She was
hydrated with intravenous normal saline and treated with Ceftriaxone and Azithromycin
for presumed community-acquired pneumonia. Hyperkalemia was treated with medical
therapy including glucose and insulin, and calcium gluconate. However, she was anuric
and therefore continuous venous-venous hemodialysis (CVVHD) was commenced at the
intensive care unit. She was clinically progressing well and was extubated on day 3 ICU
admission. She was successfully able to come off CVVHD on day 5 and started urinating
thereafter.

Multiple-Choice Questions
1 The most likely diagnosis for the kidney disease in this patient is:

A Acute renal injury due to metformin induced nephrotoxicity

B Rapid progressive glomerulonephritis (RPGN)

C Acute on chronic kidney disease secondary to underlying diabetic

kidney disease

D Acute kidney injury due to dehydration

E Acute kidney injury due to sepsis

2 In order to confirm the diagnosis, what would you do next? (There can

be more than one option.)

A Serum and urine electrophoresis

B 24 hours’ urine protein measurement and urine albumin/creatinine

ratio (ACR)

C Bone marrow biopsy

D Renal biopsy if renal function rapidly deteriorates

E Light chain assay

Answers provided after the References
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Guidelines and Web Links

http://www.kidney.org/professionals/kdoqi/guideline_diabetes

European guidelines for diabetes and chronic kidney disease.

Inzucchi SE, Bergenstal RM, Buse JB et al. Management of hyperglycemia in type 2

diabetes: A patient-centered approach: Position statement of the American Diabetes

Association (ADA) and the European Association for the Study of Diabetes (EASD).

Diabetes Care 2012; 35(6): 1364–79. Epub Apri 21.

KDOQI Clinical Practice Guidelines and Clinical Practice Recommendations for Diabetes

and Chronic Kidney Disease.
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Answers to Multiple-Choice Questions For Case Study 1
1 C

Diabetic kidney disease usually has an insidious onset and is clinically

asymptomatic at the early phase. Its diagnosis is usually made based on

the presence of micro- or macro-albuminuria and reduced kidney

function in the setting of diabetes, after excluding other causes of

chronic kidney disease. While definitive diagnosis requires a kidney

biopsy, this is uncommonly undertaken in a patient presenting with

typical clinical features.
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2 A, B, E

Treatment requires a multidisciplinary approach. Optimization of blood

glucose and blood pressure control, as well as lifestyle modification, are

the key treatment strategies. Reno-protective agents targeting the

renin-angiotensin-aldosterone system, either angiotensin-converting

enzyme inhibitor (ACEI) or angiotensin receptor blocker (ARB), are

the first-line therapy of choice.

Answers to Multiple-Choice Questions For Case Study 2
1 C

This woman presented with kidney failure in the setting of

long-standing type 2 diabetes mellitus. She was likely to have acute on

chronic kidney failure, which was aggravated by sepsis

(community-acquired pneumonia) and dehydration. She had lactic

acidosis likely secondary to use of Metformin in the context of renal

impairment.

2 B, D

Diabetic kidney disease increases the risk of both acute and chronic

kidney failure requiring renal replacement therapy (RRT). People with

diabetes should undergo regular surveillance in order to diagnose

diabetic kidney disease early. Metformin needs to be used with caution

in people with diabetes and reduced kidney function.

Her urine ACR was 12mg/g and 24-hour urine protein excretion was

1 g/day. The urine sediment was inactive. The blood tests were

negative for other secondary causes of kidney disease, including

vasculitis, hepatitis, and hematological disorders. She underwent renal

biopsy, which showed mesangial expansion, glomerular basement

membrane thickening, and glomerular sclerosis.

She was diagnosed with diabetic kidney disease and was commenced

on insulin therapy. Perindopril was recommenced, and nephrologist

follow-up was organized.
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Key Points
• Artery wall imaging permits visualization of the full burden of atherosclerotic disease.

• Imaging demonstrates greater disease burden and progression in the patient with
diabetes.

• There is impaired compensatory remodeling of the vessel wall in diabetes.

• Targeting metabolic risk factors has a favorable impact on disease progression.

• The impact of imaging in the clinical evaluation of the patient with diabetes remains
to be determined.

Introduction

The ability of vascular imaging to characterize atherosclerotic disease

within the artery wall permits greater understanding of the atherosclerotic

disease process and its influence by clinical and pharmacological factors.

Diabetic patients demonstrate the same risk of cardiovascular disease

(CVD) associated mortality as nondiabetic patients with a prior history of

myocardial infarction [1]. Pathological studies have demonstrated diffuse

atherosclerotic disease in patients with diabetes, in contrast to the more

localized involvement often seen in nondiabetic individuals [2]. Symptoms

of myocardial ischemia are often absent or atypical in diabetic patients,

and CVD is frequently detected at an advanced stage, characterized by

extensive atherosclerotic obstructive disease [3, 4]. Considering these

findings, the role of vascular imaging in diabetic patients on risk stratifi-

cation, early detection, and evaluation of current severity is potentially of

great importance in clinical practice.

Noninvasive imaging techniques can be used as markers of atheroscle-

rosis in individuals with atherogenic risk factors, including asymptomatic

diabetic patients [5]. These imaging techniques are most likely to be
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useful for early detection and risk stratification during the early stage of

atherosclerotic disease [6, 7]. Meanwhile, the widespread clinical use of

invasive imaging techniques, including coronary angiography, permits

the establishment of revascularization strategies [8]. The relative ease

of its use in clinical trials also allows for a standardized approach for

image acquisition and analysis. However, the requirement for an invasive

procedure limits its use to patients who require cardiac catheterization for

a clinical indication. Invasive techniques are normally justified in individ-

uals with a strong clinical suspicion of advanced CVD. Furthermore, the

current notion that inflammation and immune response may contribute

to the development of plaque rupture has garnered increased interest

in imaging vulnerable plaques. In both noninvasive and invasive, novel

imaging techniques have shown the possibility of visually characterizing

the components of plaque. According to patients’ clinical stages and

requirements, clinicians need to choose the appropriate imaging modality.

Vascular imaging is also being utilized in the development of new treat-

ment strategies to reduce cardiovascular risks [9]. Given that background

therapy will include a greater number of established medial therapies

(statins, aspirin, antihypertensive agents), it is likely that the placebo

event rate in clinical trials will continue to decline. As a result, future

clinical trials are likely to require larger cohorts of patients who are

followed for longer periods of time to demonstrate efficacy. In order to

evaluate the efficacy of medical therapies in clinical trials, there has been

an increased interest in using surrogate markers for clinical events. These

surrogate markers will be modified by experimental therapies and reflect

stages in the pathological pathways leading to clinical events. Accordingly,

vascular imaging has been increasingly employed in risk assessment and

the evaluation of novel anti-atherosclerotic therapies.

This chapter summarizes the imaging modalities currently available, their

findings in relation to diabetes, and their potential role in clinical settings.

There is a summary in Table 4.1.

Vascular Imaging Modalities and Findings in Relation
to Diabetes

Noninvasive Imaging Techniques
Carotid Ultrasound
Measuring carotid intima-media thickness (CIMT) and identifying carotid

plaque with B-mode ultrasound is a noninvasive, sensitive, and repro-

ducible technique for identifying and quantifying subclinical vascular
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disease and for evaluating cardiovascular risk (Figure 4.1). Using this

approach, it has been well established that increasing CIMT is associated

with a greater prevalence of cardiovascular risk factors and the presence of

atherosclerotic plaque within various vascular territories. Studies of large

population cohorts have demonstrated that increasing CIMT provides

additional prognostic information to that of conventional risk factors. The

finding that therapies that slow the progression of CIMT also prevent

cardiovascular events supports the use of carotid ultrasonic imaging in the

evaluation of anti-atherosclerotic therapies [10].

Meanwhile, it is also important to recognize that CIMT is not a

pre-atherosclerotic stage of the disease process. There is no evidence to

suggest that plaque develops in the region where increasing CIMT is

detected. Rather, it appears to be a systemic barometer of the presence of

atherosclerosis throughout the arterial tree. The main predictors of medial

hypertrophy or intimal thickening of common carotid arteries are age and

hypertension, which do not necessarily reflect the atherosclerotic process.

In contrast, carotid plaque, defined as the presence of focal wall thick-

ening, is suggested as associated with the development of atherosclerotic

1 cm

Figure 4.1 Noninvasive arterial wall imaging modalities. Clockwise from upper left:

computed tomography calcium scoring, computed tomography coronary angiography,

molecular imaging of vascular cell adhesion molecule-1 (VCAM-1) in plaque,

fluorodeoxyglucose (FDG) positron emission tomography (PET) imaging of plaque

inflammation, magnetic resonance imaging, and carotid intima-medial thickness

evaluation on B-mode ultrasound. (Color plate 4.1)



Vascular Imaging 91

disease [11]. Carotid plaque predominantly occurs at sites of nonlaminar

turbulent flow such as in the bifurcation of carotid artery, but rarely in the

common carotid artery except in advanced atherosclerotic disease.

The presence of CIMT greater than or equal to the 75th percentile for the

patient’s age, sex, and ethnicity, or carotid plaque, is indicative of increased

CVD risk andmay signify the need for more aggressive risk-reduction inter-

ventions.

Carotid Ultrasound in Diabetes

Numerous cross-sectional studies have continuously reported increased

CIMT in patients with diabetes or even a prediabetic state compared

with those without [12, 13]. In a report from the Atherosclerotic Risk In

Communities (ARIC) cohort, CIMT was 0.07mm thicker in patients with

diabetes compared to those without. Mean common CIMT in middle-aged

individuals is reported to range from 0.71–0.98mm in diabetic patients vs.

0.66–0.85mm in nondiabetic populations. In diabetic individuals without

a history of myocardial infarction, CIMT is similar to that in nondiabetic

individuals with a history of myocardial infarction [14]. In a meta-analysis

of 21 clinical studies from 1995 to 2004 including 4,019 diabetic and

1,110 impaired glucose tolerance (IGT) patients, both type 2 diabetes

(T2DM) and IGT demonstrated thicker CIMT compared with control

subjects at 0.13 (95% CI 0.12–0.14) mm and 0.04 (95% CI 0.01–0.07)

mm, respectively. Additional risk factors including age, gender, obesity,

hypertension, increase of LDL cholesterol, and decrease of HDL cholesterol

have been reported to accelerate the increase in CIMT. A longer duration

of diabetes and an increase of urinary albumin excretion are also indicated

as determinants of an increase in CIMT [15].

The prediabetic state has not been consistently associated with increased

CIMT. In the prediabetic population, postprandial glucose levels have been

suggested to be more strongly associated with CIMT than levels of fast-

ing glucose and HbA1c [16]. It is likely that postprandial glucose eleva-

tion is associated with a clustering of standard risk factors. Consequently,

postprandial hypertriglyceridemia, which could be induced by postprandial

hyperglycemia, was closely associated with increased CIMT despite normal

levels of fasting triglycerides [17].

Accelerated progression of CIMT has also been reported in diabetic

patients. In the ARIC study, mean annual CIMT increases were greater

by 3–10 μm/y in the patients with diabetes compared with those without

[18]. The Insulin Resistance Atherosclerosis Study (IRAS) compared CIMT

in CCA and ICA by a range of glucose tolerance at a five-year interval.

The rate of CIMT progression was 3.8 μm/y in CCA and 17.7 μm/y in

ICA in the normal glucose tolerance group, and both progression rates

were approximately two times greater than in the patients with diabetes.
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Furthermore, the patients who were diagnosed as diabetic at the time of

enrollment showed a greater progression of CIMT in ICA than the patients

with known diabetes (33.9 μm/y vs. 26.6 μm/y) [19]. This emphasizes the

importance of early identification of diabetes and risk-factor control to

reduce atherosclerotic change.

In patients with diabetes, CIMT was reported as an independent predic-

tor of cardiovascular events [20]. In a prospective study with 229T2DM

patients free of any cardiovascular complication with at least one additional

cardiovascular risk factor, the predictive value of increased CIMT, thicker

than the median value of 0.835mm, was similar to Framingham scores

after a five-year follow-up. The addition of CIMT on Framingham scores

showed further improvement of the risk-prediction value. CIMTwas found

to have a predictive value for future coronary events in combination with

several other novel risk factors in the ARIC cohort, which included 1,500

diabetic participants [21].

A number of small studies have reported the effects of medical interven-

tions on CIMT in diabetes, particularly with peroxisome proliferation acti-

vated receptor (PPAR-𝛾) agonists. The largest of these studies, the Carotid

Intima-Media Thickness in Atherosclerosis Using Pioglitazone (CHICAGO)

trial, directly compared the impact of two glucose-lowering strategies, the

PPAR-𝛾 agonist poiglitazone and the sulphonylurea glymepiride. Raising

HDL-C and lowering both tryglycerides and CRP, in addition to improving

glycemic control, were associated with halting of CIMT progression with

pioglitazone [22]. Subsequent analysis revealed that raising HDL-C was

the strongest independent predictor of the ability of pioglitazone to slow

CIMT progression. A meta-analysis of five randomized controlled trials,

which included four Japanese and 1 German study, examined the effect

of alpha-glucosidase inhibitors on CIMT progression and suggested a ben-

eficial impact. Significant increase of HDL-C was observed in the patients

treated with alpha-glucosidase [23].

The Stop Atherosclerosis in Native Diabetics Study (SANDS) examined

the effects of intensive lipid and blood pressure modifications on the pro-

gression of CIMT compared with the standard treatments in the patients

with diabetes; target levels of LDL-C below 70mg/dL and systolic blood

pressure below 115mmHg. After a three-year follow-up, CIMT showed

regression in the intensive treatment group in comparison with progres-

sion in the standard treatment group (−0.012mm vs. 0.038mm; P<0.001).

Adverse events related to blood pressure medications were observed more

in the intensive treatment group, but clinical event rates did not differ sig-

nificantly between groups [24]. Subsequently, several subanalyses of the

SANDS data have been reported [25]. In the assessment of the additional

effects of ezetimibe on statins within the aggressive treatment group, no

difference was observed in the progression of CIMT between the statins
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plus ezetimibe and the statins alone groups. While a significant increase

of arterial mass, calculated as the common carotid artery cross-sectional

area, was observed in the whole cohort, it decreased in the association

with achieved intensive target levels of LDL-C and systolic blood pressure

[26]. In a recent analysis, HbA1 levels were negatively associated with the

achievement of target levels, yet no relationship was observed between

HbA1c and treatment-associated changes in CIMT [27].

The noninvasive CIMT measurement is a well-established technique for

early detection of atherosclerosis or risk management in asymptomatic

younger patients with type 1 diabetes (T1DM) [28]. Meanwhile, the evi-

dence for increased CIMT seems to be weaker in T1DM patients compared

to other conventional risk factors, including obesity, dyslipidemia, and

hypertension [28]. A Japanese study showed a significant increase of

CIMT related to T1DM in the older generation, 10–19 years old, and a

not significant but greater increase in the younger generation, 4–9 years

old. In a recent systematic review of CIMT measurements in children and

adolescent patients, 6 out of 14 studies examining CIMT in association

with T1DM did not show a significant increase of CIMT compared with

the control group [29].

Similarly, in a larger study examining T1DM patients, the Epidemiology

of Diabetes Interventions and Complications (EDIC) study, CIMT in T1DM

did not show a difference between age- and sex-matched nondiabetic sub-

jects, except in ICA among men [30, 31]. The EDIC study further extended

its observations and measured CIMT at 1, 6, and 12 years after enrollment

in combination with the long-term follow-up of the Diabetes Control and

Complications Trial (DCCT) study, which compared the effects of intensive

glycemic control on CIMT progression for 6 years [32]. The initial cohort

was enrolled between 1983 and 1989, as 13 to 39 years old, had T1DM for 1

to 15 years, and was in generally good health at baseline. While there was

no difference in the CIMT between the matched T1DM and nondiabetic

population 1 year after enrollment ended, greater CIMT was observed after

6 years. During the DCCT study, CIMT progression was 0.019mm less in

the intensive glycemic control groupwith HbA1c target by 7.2% than in the

standard glycemic control group with HbA1c target by 9%. This beneficial

effect of intensive glycemic control was still evident 6 years after the DCCT

study ended, but did not have an effect on the CIMT progression between

6 and 12 years [32]. This finding supports early and continued intensive

glycemic control in T1DM to retard subclinical atherosclerotic changes.

Studies also showed a presence of more carotid plaques in patients

with diabetes compared to those without [33]. In 738 Japanese subjects

with normal fasting glucose and normal glucose tolerance, higher insulin

resistance calculated as HOMA-IR showed a positive association with the

presence of carotid plaque, with an odds ratio of 1.19 (95% CI 1.00-1.41).
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Carotid plaque is shown as a predictor of cardiovascular events, especially

associated with stroke, which supports the identification of carotid plaques

for risk stratification [34]. Meanwhile, the evaluations of carotid plaque

are usually cross-sectional in middle-aged or older subjects. To detect early

atherosclerotic change and evaluate disease progression, combined use

with CIMT is recommended.

The assessment of plaque echogenicity has been suggested to be useful

in evaluating plaque vulnerability. Echolucent plaques, indicating prone-

ness to rupture, were detected more in the patients with diabetes [35]. By

using integrated backscatter (IBS), a Japanese group suggested an increase

of echogenicity in carotid plaque due to treatment with poiglitazone in

patients with acute coronary syndrome [36]. However, these studies are

performed in a relatively small number of patients. Plaque characteriza-

tion with carotid ultrasound requires standardized measuring methods and

needs further investigation.

Computed Tomography
Multiple population studies have reported that calculation of a coronary

artery calcium (CAC) score, measured in computed tomography (CT), is an

independent predictor of cardiovascular events, even after controlling for

risk factors. Without a requirement for contrast administration, CT imaging

of the coronary arteries can detect calcification, defined as a hyperattenu-

ating lesion exceeding a threshold of 130 Hounsfield units (HU) with an

area of at least three adjacent pixels [37]. Agatston et al. developed a CAC

scoring algorithm, based on calcification volume and density, that is now

widely used in clinical practice [38]. Statin therapy in patients with a CAC

score above 400 showed a reduction in coronary events.

The application of multislice computed tomography (MSCT) scanners for

noninvasive coronary angiography has developed rapidly in recent years.

Employment of more than 16-row systems have demonstrated a sensitivity

ranging from 88% to 95% and a specificity of between 90% and 96% com-

pared with intravascular ultrasound (IVUS) [39]. Since CT angiography has

a high negative predictive value of 99% on average, the technique is cur-

rently most suited to exclude coronary artery disease. Plaque can be classi-

fied as noncalcified, mixed, or calcified. Compared to IVUS, sensitivity and

specificity in coronary artery plaque diagnosis were 93% (84–97%) and

98% (96–99%) for calcified plaque; 88% (81–93%) and 92% (89–95%)

for noncalcified plaque. Initial comparisons have shown that calcification

may represent the duration of atherosclerosis, whereas noncalcified and

mixed lesions are more frequently observed in patients with an acute coro-

nary syndrome. Meanwhile, MSCT is subject to a number of limitations,

including exposure to a relatively high dose of radiation, currently in the

range of 9–12mSv, lower accuracy in the presence of severe calcification
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and movement artifacts, and limited application possibilities in cases with

irregular heart rate. Taking the radiation exposure and the high negative

predictive value of MSCT angiography into consideration, this technique is

recommended for excluding CVD in patients of intermediate risk.

Computed Tomography in Diabetes

Studies with CT continuously show the presence of extensive calcifica-

tion in diabetic coronary arteries comparedwith nondiabetic. Furthermore,

the association between CAC and future cardiovascular events has been

observed particularly in patients with diabetes [40]. Raggi et al. followed

10,377 patients (903 with diabetes) for five years after CAC evaluations by

CT. There was a significant interaction of CAC scores with diabetes even

after adjusting for other risk factors. Mortality increased with increasing

baseline CAC scores for both diabetic and nondiabetic individuals, and dia-

betic patients had a greater increase in mortality than nondiabetic patients

for every increase in CAC scores. However, the study examined CAC scores

in 269 diabetic patients and did not find a relationship between CAC scores

and coronary events during a six-year follow-up [41]. Meanwhile, a recent

study, the Diabetes Heart Study (DHS), showed an increase of mortality

with increasing levels of CAC in 1,051 diabetic patients. Overall, a greater

CAC score may increase the risk of CVD events in the diabetic popula-

tion [42].

Serial observation of T2DM without prior coronary disease showed the

progression of CAC in 30% of subjects after a 2.5-year follow-up in asso-

ciation with a higher baseline CAC score and suboptimal glycemic control.

In the EDIC/DCCT study with a type 1 diabetes cohort, prior intensive

glycemic control correlated with a lower CAC score in the subjects with-

out retinopathy or microalbuminuria in association with reduced levels of

HbA1c. These studies implicate intensive glycemic control as having bene-

ficial impacts on CAC progression. However, it is not known whether the

reduction in the prevalence of CAC can be translated into a reduction in the

incidence of coronary artery disease. Other than the effects of glycemic con-

trol, the effects of statin use on CAC progression have also been reported.

However, their results are not consistent. The different severities of diabetes

and atherosclerosis in each cohort may cause this inconsistency.

In an evaluation of the diagnostic accuracy of CT angiography, there were

no statistically significant differences observed between the diabetic and

nondiabetic individuals with 85% sensitivity and 98% specificity compared

with coronary angiography. The evidence for the prognostic value of CT

angiography in the diabetic population is currently emerging. A small study

examining a cohort of 49 diabetics and 49 matched nondiabetics showed

that event-free survival was lower in the diabetic patients in association

with the presence of coronary artery disease identified on CT.
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In the patients who underwent CT angiography for recurrent chest

pain, diabetic patients showed more diseased coronary segments than

nondiabetic patients, with more nonobstructive (<50% luminal narrow-

ing) plaques. In addition, diabetic patients demonstrated relatively more

noncalcified (28% vs. 19%) and calcified (49% vs. 43%), and less mixed

(23% vs. 38%) plaques. These observations were confirmed in a smaller

population undergoing an invasive evaluation using virtual histology

intravascular ultrasound (VH-IVUS) in addition to CT angiography. Fur-

thermore, in asymptomatic T2DM patients, Scholte et al. showed a high

prevalence of coronary artery disease in asymptomatic diabetic patients.

In a total of 70 patients, 54% had nonobstructive and 26% obstructive

(at least one significant ≥50% stenosis) coronary artery disease, and 55%

patients had a calcium score greater than 10. These studies indicate the

usefulness of noninvasive CT angiography to screen for coronary artery

disease in the diabetic population.

Magnetic Resonance Imaging
Magnetic resonance imaging (MRI) of the artery wall has been developed

in parallel to its potential in characterizing cardiac structure and function

[43]. Early validation studies in animalmodels and human subjects demon-

strated the ability of MRI not only to quantify the extent of disease, but

also to provide a characterization of its individual components. These find-

ings, in addition to the potential to assess pathological pathways within

the plaque in a noninvasive fashion, suggest that MRI has considerable

potential as a tool to evaluate novel anti-atherosclerotic agents. This is

also supported by observations that the composition of plaque within the

carotid artery onMRI correlatedwith a likelihood of cerebrovascular events

[44]. A number of reports have demonstrated that statin therapy has a ben-

eficial impact on disease progression within the carotid arteries and aorta.

It is important to note that in each of the studies, areas containing rela-

tively bulky disease were selected for evaluation, potentially limiting the

findings of these studies to these areas. Imaging resolution currently limits

this technique to larger arteries.

MRI in Diabetes

An MRI plaque-imaging study in carotid arteries showed overexpression

of high-risk lesions in the patients with diabetes, characterized by a lipid or

necrotic core surrounded by fibrous tissue with possible calcification (Types

IV–V) or a complex plaque with possible surface defect, hemorrhage, or

thrombus (Type VI), comparedwith the patients without diabetes [45]. This

suggests a higher risk of carotid plaque rupture in patients with diabetes.

In a study by Kwong et al., MRI showed myocardial scar and delayed

gadolinium enhancement in 28% of DM patients who had no known
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history of myocardial infarction. In this study, the presence of delayed

gadolinium enhancement was a strong independent predictor of future

major adverse cardiovascular events and death [46].

Fluorodeoxyglucose (FDG) PET/CT
FDG PET is a molecular imaging technique that is highly sensitive to

metabolically active processes that use glucose as a fuel, such as tumors

and inflamed lesions. The increased uptake of FDG was suggested to

be secondary to macrophage accumulation. Macrophages are reliant on

external glucose for metabolism because they are unable to store glycogen,

have glycolytic activity five- to twentyfold higher than background

tissues, and can increase fiftyfold further when activated. Studies have

demonstrated FDG uptake in balloon-injured arteries in an animal model

and in human atherosclerotic arteries. Imaging on a combination of

PET/CT systems enables localization of F-FDG uptakes to the vascular

tree with anatomical information. Clinical studies showed the feasibility

of FDG-PET/CT to assess coronary FDG uptake. Retrospective studies

with the images obtained for tumor staging showed the FDG uptake in

a noncalcified plaque in the left main coronary artery. A recent study in

patients with recent acute coronary syndrome reported the increase of

FDG uptake in the culprit lesion as well as in the ascending aorta and the

left main coronary artery compared to the patients with stable angina.

While it was thought that FDG uptake might reflect inflammatory activa-

tion of plaque macrophages, the mechanism that produces the FDG signal

in association with atherosclerotic plaques was not clear. A recent study by

Folco using cells in pro-atherogenic conditions demonstrated interesting

results. In this study, smooth muscle cells, but not macrophages, increased

glucose uptake when exposed to pro-inflammatory cytokines. In contrast,

macrophages or foam cells, abundant constituents of inflamed human

atheroma exposed to hypoxia, responded with a greatly increased rate

of glucose uptake [47]. These findings suggest that FDG uptake signals

in atherosclerotic lesions may reflect intraplaque hypoxia rather than

inflammatory burden. This is an important issue and this report has raised

caution for the interpretation of clinical trials that use FDG signals to

monitor responses to interventions.

FDG-PET/CT in Diabetes

There have been a few studies investigating FDG uptake in rela-

tion to diabetes, in which higher FDG uptake was found in patients

with diabetes compared with those without [48]. A recent study by

Bucerius et al. measured FDG uptake in carotid arteries in patients with

known or suspected CVD. It found a significant independent correlation

between glucose-corrected values of FDG uptake and the presence of
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diabetes, despite the fact that these associations were not observed with

nonglucose-corrected values [49]. The role of glucose correction of FDG

uptake in the evaluation of atherosclerotic arteries has not been well

understood. Whether to correct for fasting blood glucose is a matter of the

glucose-utilization rate in the tissue being considered. Glycolytic activity

is heterogeneous and glucose utilization varies among tissues. No data

are yet available in vivo on glucose utilization in macrophage-induced

inflammation, and further investigations are needed to better understand

the use of FDG-PET in the assessment of atherosclerotic disease.

Additionally, the study by Bucerius et al. found an increase of FDG uptake

in association with higher bodymass index and alcohol intake [49]. A small

study in Japan comparing the effects of piogitazone and glimepiride on

FDG uptake in patients with diabetes or impaired glucose tolerance demon-

strated a significant decrease of FDG uptake in the pioglitazone-treated

patients. Also of interest is that it showed an inverse relationship between

FDG uptake and levels of HDL cholesterol [50].

Myocardial Perfusion Imaging (MPI)
Stress perfusion imaging can detect heterogenous flow distribution due

to decreased coronary flow reserve during exercise or pharmacological

vasodilatation such as adenosine, dipyridamole, and dobutamine. The

dimensions of the left ventricle and ejection fraction can also be deter-

mined. In a pooled analysis of 79 studies, stress testing combined with

nuclear imaging has a sensitivity of 86% and a specificity of 74% to detect

obstructive coronary artery disease (≥50% stenosis) in the general pop-

ulation. With pharmacologically induced stress, sensitivity and specificity

are 89% and 75%, respectively [51].

MPI in Diabetes

The study by Kang et al. showed comparable diagnostic accuracy of MPI in

diabetic and nondiabetic patients with suspected coronary artery disease.

Mean sensitivity and specificity were 86% and 56%, respectively, for≥50%

coronary stenosis, and 90% and 50% for ≥70% coronary stenosis [52].

Studies in asymptomatic diabetic patients reveal a high incidence of

patients with silent ischemia [53]. Rajagoplan et al. performed stress MPI

imaging in 1,427 asymptomatic diabetic patients without known coronary

artery disease, in which 58% of patients showed some abnormalities at

any level and 18% were diagnosed as high risk. In the high-risk patient

group, 49% underwent coronary angiography, and 61% of them had

angiographic coronary artery disease. Furthermore, a higher annual

mortality rate was observed in this high-risk patient group [54]. In recent

research, the Detection of Ischemia in Asymptomatic Diabetes (DIAD)

study, 1,123 asymptomatic diabetic patients were randomly assigned to be
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screened with adenosine-stress radionuclide MPI or not to be screened;

6% of those who were screened demonstrated moderate or large perfusion

defects (≥5% of left ventricle), which were significantly associated with

a greater incidence of cardiac events (hazard ratio 6.3) during 4.8-year

follow-up [55]. Microangiopathy or endothelial dysfunction in diabetic

patients may cause the discrepancy in the results between MPI and

coronary angiograms. Studies suggest the benefit of risk stratification by

abnormal findings in MPI in asymptomatic diabetic patients [56, 57].

Catheter-Based Imaging Techniques
Coronary Angiography
Formore than 50 years, angiography has served as the gold standard for the

clinical detection and quantitation of obstructive disease within the coro-

nary arteries (Figure 4.2) Accordingly, coronary angiography has become

an essential tool in clinical practice for the triage of patients to a range of

medical and revascularization strategies. Early studies in the era demon-

strated that the extent and progression of coronary artery disease, mea-

sured by quantitative coronary arteriography (QCA) on angiography, cor-

related with clinical outcome. Meanwhile, angiography is a lumen-based

approach, generating a two-dimensional silhouette of the arterial lumen

containing contrast. The degree of stenosis is defined in relation to a ref-

erence segment judged to be “normal.” The observation that artery walls

change their size and shape, termed remodeling, in response to the accu-

mulation of plaque is likely to cause “normal” or “minimally diseased”

appearance on angiography despite considerable atherosclerosis in the ves-

sel wall. In addition, it is likely that the apparent reference segment used

Figure 4.2 Invasive arterial wall imaging modalities. Clockwise from left: coronary

angiography, intravascular ultrasound, ultrasound radiofrequency plaque composition

analysis, near-infrared spectroscopy, and optical coherence tomography. (Color

plate 4.2).
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in this quantitative technique contains substantial disease and will not be

“normal” at all.

Angiography in Diabetes

A number of small studies have compared angiographically determined

coronary disease in diabetic patients and matched nondiabetic patients

[58]. The results are controversial. While an early study did not find any

differences in the angiographical findings between T2DM and nondiabetic

patients with similar disease severity [59], most of the other studies

demonstrated more extensive coronary artery disease in both type 1 and

type 2 diabetic patients. Left main artery and multivessel disease are likely

to be more common in diabetic patients. In a recent study comparing

angiographic disease severity according to insulin resistance in nondiabetic

patients, a severe degree of insulin resistance was associated with more

severe, extensive, and distal types of coronary artery disease [60].

Very few studies employed serial evaluation of quantitative coronary

angiography to assess therapies in diabetic patients. The most com-

pelling evidence of benefit was observed in the Diabetes Atherosclerosis

Intervention Study (DAIS). In subjects with relatively good glycemic

control (mean hemoglobin A1c 7.5%), who had mild dyslipidemia and

at least one visible coronary lesion, fenofibrate slowed the progression of

lumen stenosis in this study [61]. In-stent restenosis quantitated with QCA

was examined in association with rosiglitazone treatment. An early small

study showed significant reduction of in-stent restenosis in the patients

treated with rosiglitazone, one of the thiazolidinediones (TZD) [62].

Currently, angiography is more likely to be used for the evaluation of

revascularization effects. With simple measurements of lumen diameter

and with or without restenosis (≥50% diameter stenosis at follow-up)

in angiography, West et al. demonstrated more restenosis after stent

deployment in diabetic patients compared to nondiabetic patients (31%

vs. 21%). Smaller lumen diameter and greater stented length of vessel

were revealed as predictors of restenosis in this diabetic cohort [63]. The

diabetes and drug-eluting stent (DiabeDES) study, a Danish multicenter

randomized trial, compared angiographical in-stent lumen loss between

sirolimus-eluting Cypher stent (SES) and paclitaxel-eluting stens (PES).

The primary endpoint, angiographic in-stent lumen loss, calculated with

minimal luminal diameter in the stent and in the reference segments,

was reduced in the SES-treated group compared to the PES-treated group

[64]. In the DiabeDES III study, angiographic in-stent lumen loss was

reduced and minimum lumen diameter in the stent was higher in the

SES as compared to the zotarolimus-eluting Endeavor stent at 10-month

follow-up [65].
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Intravascular Ultrasound (IVUS)
Technological advances in ultrasound have permitted the placement of

high-frequency (20–45MHz) transducers on the tips of catheters within

the coronary arteries. The application of IVUS generates high-resolution

imaging of the entire thickness of the arterial wall within coronary vascu-

lature. While IVUS has been employed for plaque progression/regression

analysis, it is important to recognize that IVUS is a useful technique in

the detection of vulnerable plaques associated with positive remodeling.

However, conventional ultrasonic imaging within the coronary artery

walls provides a suboptimal assessment of plaque composition. The

study of plaque morphology regarding vessel remodeling showed that

inflammation and medial thinning are primary determinants of expansive

remodeling, which supports the link between expansive remodeling

and vulnerable plaque. Serial evaluation of statin treatments in animals

showed the relationship between fibrous-cap thickening and constrictive

negative remodeling, suggesting that the constrictive negative remodel-

ing may indicate arterial wall stabilization according to plaque volume

regression and plaque stabilization by anti-atherosclerotic treatments.

Serial IVUS studies with statins demonstrated constrictive remodeling of

the arterial wall by using a remodeling index. The grayscale images that

are generated permit a very broad classification of plaque components as

echolucent, echodense, and calcific.

The ability of IVUS to image atherosclerosis burden within the artery wall

in a serial fashion permits assessment of the impact of anti-atherosclerotic

therapies on the natural history of coronary atherosclerosis. Subsequently,

serial IVUS measurements have been widely employed to examine the

effects of anti-atherosclerotic treatments on the rate of progression of

coronary atherosclerosis, and contributed to the establishment of the

current anti-atherosclerotic treatment strategy. A recent pooled analysis

of six clinical IVUS trials demonstrated a direct relationship between

the burden of coronary atherosclerosis, its progression, and adverse

cardiovascular events. This supports the importance of using atheroma

progression/regression analysis with IVUS in the evaluation of novel

anti-atherosclerotic therapies.

Furthermore, IVUS is also a useful tool for coronary revascularization.

Vessel remodeling is commonly observed in the atherosclerotic lesion site,

which has been suggested to cause a larger reference diameter compared

to the diameter measured in angiography. The group in Denmark com-

pared the accumulated cost following the procedure and major adverse

cardiac events between IVUS-guided and conventional revascularization

strategies. In their study, IVUS-guided groups resulted in continued

improvement of clinical outcome during 2.5-year follow-up, with lower
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repeated revascularization, hospitalization, and cumulative costs in the

IVUS-guided group.

IVUS in Diabetes

IVUS has revealed the natural history of atherosclerotic plaque in patients

with diabetes. (Figure 4.3). Several early IVUS studies showed that

diabetes was characterized by diffuse atherosclerosis, with a predilection

for involvement of distal segments in relatively small vessels. Another

early study examined restenosis after revascularization demonstrated

the increased risk of restenosis with intimal hyperplasia in both stented
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Figure 4.3 Characterization of plaque burden, arterial wall remodeling, and disease

progression in patients with diabetes. Patients with diabetes harbor more extensive

plaque (a), but similar vessel volumes suggest impaired arterial wall remodeling (b) and

greater plaque progression (c). Slowing of disease progression is observed with lowering

low-density lipoprotein cholesterol (LDL-C (d)), the triglyceride/high-density

lipoprotein cholesterol ratio (TG/HDL-C (e)), and multiple metabolic risk factors (f).
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and nonstented lesions in diabetic patients compared with nondiabetic

patients [66]. Subsequently, a pooled analysis of five serial IVUS studies

demonstrated more extensive atherosclerosis and inadequate compen-

satory remodeling in diabetic patients compared to nondiabetic patients.

Inadequate compensatory remodeling, which shows a smaller lumen

volume but no difference in vessel volume, was significantly observed in

insulin-treated patients. Despite the use of anti-atherosclerotic treatments,

an accelerated increase in coronary plaque volume was observed in this

diabetic cohort. In another study with 45 diabetic patients, higher glycated

hemoglobin, insulin requirements, hypertension, multivessel disease, and

prior revascularization history were associated with smaller vessel size.

While intensively lowering LDL cholesterol slowed disease progression,

it was evident that diabetic patients continue to demonstrate an increase

in plaque burden, suggesting the need for additional therapeutic strategies

to arrest disease progression. The Pioglitazone Effect on Regression of

Intravascular Sonographic Coronary Obstruction Prospective Evalua-

tion (PERISCOPE) study involved the comparison of pioglitazone vs.

glimepiride on the progression of coronary atherosclerosis. While marked

disease progression was observed in patients treated with glimepiride,

no increase in plaque burden was found in pioglitazone-treated patients.

This finding suggests that changing the triglyceride/HDL cholesterol ratio

predicts the benefit of pioglitazone in slowing dyslipidemia in promoting

cardiovascular risk in patients with diabetes. In the combined population

of normoglycemic, impaired fasting glucose, and diabetes, Berry et al.

suggested the association between glycemic controls and the severity and

progression of coronary atherosclerosis [67]. Further analysis of diabetic

patients who participated in serial IVUS studies demonstrated greater slow-

ing of disease progression in association with achieving optimal control of

increasing numbers of risk factors, including atherogenic lipids, blood pres-

sure, glycemic control, and inflammation. This highlights the multifactorial

nature of influences on cardiovascular risk in diabetic patients.

In the Assessment on the Prevention of Progression by Rosiglitazone

on Atherosclerosis in Diabetes Patients with Cardiovascular History

(APPROACH) study, rosiglitazone did not significantly decrease the pri-

mary endpoint of the progression of percentage atheroma compared with

glipizide. The secondary endpoint of normalized total atheroma volume

was significantly reduced by rosiglitazone compared with glipizide [68].

IVUS studies have also demonstrated the characteristics in diabetic coro-

nary arteries regarding their revascularization strategies. While patients

with diabetes showed less favorable outcomes after coronary interventions

with balloon or bare-metal stents (BMS) than those without diabetes,

the revascularization strategy with drug-eluting stent (DES) started

showing similar benefits in reducing in-stent restenosis in patients with
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and without diabetes. In a serial IVUS study evaluating the effects of PES

stents on in-stent neointima formation, diabetic patients treated with BMS

showed greater intimal hyperplasia volume compared to the nondiabetic

patients treated with BMS; those treated with PES demonstrated similar

intimal hyperplasia volume to nondiabetic patients [69]. Another IVUS

observation of plaque prolapse after stent deployment in diabetic patient

coronary arteries was that lumen volume after plaque prolapse remained

high in the lesions treated with DES compared to those treated with BMS.

These findings support the benefit of using DES in diabetic coronary artery

diseases. With 130 diabetic patients, the DiabeDES study compared neoin-

timal hyperplasia after coronary artery stenting with SES and PES. After

eight-month follow-up, neointimal hyperplasia was significantly reduced,

including less involvement of the stent edges, in the SES- compared to the

PES-treated coronary arteries [70]. The subanalysis of the DiabeDES study

demonstrated less of an increase in peri-stent plaque volume and less

expansion of external elastic membrane volume in SES- than PES-treated

coronary arteries.

A multicenter randomized trial used angiography and IVUS to evaluate

the effect of pioglitazone on in-stent neointimal hyperplasia after revascu-

larization with BMS stents. Despite the fact that risk factor modifications

were similar in both groups, including glycemic control during six-month

follow-up, a significantly smaller in-stent neointimal index (neointimal

volume/stent volume) was observed in the pioglitazone group than in the

control group in IVUS. A small angiographic lumen diameter showed a

trend toward larger diameters in the pioglitazone group than in the con-

trol group (p = 0.08). The frequency of binary restenosis was 17% in the

pioglitazone group and 35% in the control group (p = 0.06). This suggests

the beneficial impacts of pioglitazone treatment on in-stent neointimal pro-

liferation. Meanwhile, in the study comparing the effects of rosiglitazone

and glipizide on in-stent restenosis, no significant difference was observed

in both angiographic and IVUS measurements.

Ultrasonic Radiofrequency Evaluation
Advances in analysis of the ultrasonic backscatter signal that returns from

tissue to the transducer permit the opportunity to generate a tissue map

of spectral radiofrequency. Given that different components of plaque emit

different radiofrequencies, this approach has been demonstrated in ex vivo

studies to have a positive correlation with histological findings in the artery

wall. Virtual histology (VH)-IVUS uses an electronic catheter that acquires

electrocardiogram-gated data. VH-IVUS feeds the spectra that are obtained

from the radiofrequency data using autoregressive models into a classifica-

tion tree that has reported diagnostic accuracies of over 90% of each plaque
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component as compared to histology, which identifies the four basic plaque

compositions, fibrous, fibro-fatty, dense calcium, and necrotic core.

Several serial VH-IVUS clinical trials demonstrated the change in plaque

components according to anti-atherosclerotic treatment. Statin treatment

demonstrated an increase of calcium and fibrous volumes, and a reduction

of the necrotic core. Meanwhile, a recent report assessing necrotic core

size in porcine coronary arteries demonstrated no correlation between

histology and VH-IVUS. A multicenter trial showed the differences

in VH-IVUS assessments between different European IVUS centers. A

recent study examining the accuracy of plaque classification by VH-IVUS

showed a small but significant difference in border correction performed

in different centers. VH-IVUS plaque classification is dependent on

cross-sectional area rather than volumetric compositional analysis. This

caused the greater differences in multi-center volumetric analysis of the

entire diseased plaque segments in plaque volume components than for

the cross-sectional areas of single frames. These factors reduce the use

of VH-IVUS plaque classification to guide intervention in a live clinical

setting, and also affect the comparison of diagnostic accuracy and natural

history of plaques between studies. Studies have raised caution about

interpreting the results in different studies.

VH-IVUS in Diabetes

Hong et al. performed grayscale IVUS and VH-IVUS in culprit lesions

of patients with acute coronary syndrome. Multivessel disease, greater

plaque burden, more plaque ruptures, and thrombus were more common

in diabetic patients associated with higher sensitivity levels. In VH-IVUS,

a greater volume of necrotic core and multiple TCFAs were observed

in the diabetic coronary arteries [71]. Ogita et al. performed VH-IVUS

in nonculprit lesion of stable angina pectoris. Compared to nondiabetic

patients, there was no significant difference in plaque composition except

for the percentage of dense calcium in diabetic patients. Within the

diabetic patients, a higher percentage of necrotic core was observed in the

patients with lower renal function [72]. Lindsey et al. performed IVUS

and VH-IVUS in the most diseased 10mm segment of a single coronary

artery in patients undergoing diagnostic coronary angiography. A longer

duration of diabetes was associated with greater plaque burden and TCFAs

[73]. In a recent study by Zheng et al. characterizing VH-IVUS features

in a three-vessel pre-intervention cohort, diabetes was associated with

a larger plaque burden, higher necrotic core ratio, and more frequent

VH-TCFA [74]. In the prospective multinational registry examining IVUS

and VH-IVUS in the most diseased 10mm segment of a single coronary

artery in patients with clinical indication of cardiac catheterization, diabetic

patients also showed a greater proportion of TCFA.
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Recently, a serial integrated backscatter (IB)-IVUS evaluation in diabetic

patients was reported. Nonculprit 20mm coronary segments with mild

to moderate stenosis were examined with IB-IVUS in 42 diabetic and

48 nondiabetic patients undergoing percutaneous coronary intervention.

Greater progression of total plaque volume and total lipid volume was

observed in diabetic patients. The increase in total lipid volume was

blunted in diabetic patients who achieved an HbA1c level of less than

6.5%. Ogasawara et al. reported the significant reduction of necrotic core

in VH-IVUS after a six-month treatment with pioglitazone compared to

controls in association with improved blood sugar, high-sensitivity CRP,

and adiponectine levels [75].

Optical Coherence Tomography
Optical coherence tomography (OCT) involves the use of light, in contrast

to sound waves with ultrasound, to image tissues. Catheter-based OCT

applications permit high-resolution imaging of the coronary artery wall.

Unlike ultrasound, light can penetrate calcified plaques. Coronary OCT

has a unique capacity in the volumetric quantification of calcium and pro-

duces high-quality imaging at the level of the lumen surface and potentially

below the level of the fibrous cap. On the other hand, the increase in imag-

ing resolution is accompanied by poor tissue penetration. The low penetra-

tion depth is the limitation of OCT, which hinders studying large vessels or

remodeling. As a result, the major interest in the development of OCT has

been stimulated by its potential to evaluate apposition and the endothelial

overgrowth of stents [76]. This approach will also be able to detect early

neointimal hyperplasia within stented regions with great precision.

The ability of OCT to image the superficial aspects of the atherosclerotic

plaque with high resolution provides the opportunity to assess thin-cap

fibroatheroma (TCFA), accumulation of lipid, macrophages, and hemor-

rhage below the endothelial surface. In a series of more than 200 sudden

death cases, approximately 60% of acute thrombi resulted from rupture of

TCFA. OCT also has a potential role to assess vasa vasorum. Proliferation of

vasa vasorum is thought to link with intraplaque hemorrhage and inflam-

mation, and suggest the development and destabilization of atherosclerotic

plaque [77]. The serial evaluation of vasa vasorum may provide infor-

mation regarding plaque stabilization by anti-atherosclerotic treatments.

Meanwhile, the diagnosis of those features is based on subjective evalua-

tion. Quantitative methods remain to be established.

OCT in Diabetes

A few studies have reported the findings of OCT imaging related to

diabetes. A study examining patients with unstable angina pectoris

demonstrated a higher presence of OCT-evaluated calcification and
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dissection in diabetic compared with nondiabetic patients [78]. Mean-

while, a small study comparing 19 diabetic and 63 nondiabetic patients

characterized coronary plaques by OCT, and did not find any differences

in frequency of lipid-rich plaques and TCFA, and minimum fibrous cap

thickness in culprit lesions [79]. OCT has emerged as a powerful tool

for stent assessment in revascularization. The study evaluating vascular

response in nonrestenotic lesions nine months after SES implantation

showed greater neointimal coverage and thickness in diabetic compared

with nondiabetic patients.

Role of Vascular Imaging in Clinical Settings

In all patients with diabetes, annual evaluation of cardiovascular risk

factors is required [80, 81, 82]. These risk factors include dyslipidemia,

hypertension, smoking, a positive family history of premature coro-

nary disease, and the presence of micro- or macroalbuminuria. While

vascular-imaging studies have revealed a higher prevalence of cardiovas-

cular disease in asymptomatic diabetic patients, the benefit of routine use

of vascular imaging beyond risk stratification remains controversial. In dia-

betic patients, considering that symptoms of myocardial ischemia are often

absent or atypical, screeningwith noninvasive imaging techniques to deter-

minewhether or not to perform further assessment becomes significant [3].

Measuring CIMT and identifying carotid plaque is considered to be use-

ful for refining CVD risk assessment in patients at intermediate CVD risk;

that is, Framingham risk score 6%–20%without established CVD. Patients

with the following clinical circumstances are also considered for this screen-

ing test: (1) family history of premature CVD; (2) younger than 60 years old

with severe abnormalities in a single risk factor who otherwise would not

be candidates for pharmacotherapy; or (3) women younger than 60 years

old with at least two CVD risk factors. Carotid vascular ultrasound is consid-

ered if the required level of aggressive medical treatment is uncertain and

additional information about the burden of subclinical atherosclerotic dis-

ease or future CVD risk is needed. Carotid vascular ultrasound can reclassify

patients at intermediate risk, discriminate between patients with and with-

out prevalent CVD, and predict major adverse CVD events.

Noninvasive coronary imaging techniques including CAC score, CT

angiography, and stress MPI test can be used as a pre-examination of

coronary angiography. With those tests, clinicians can evaluate the need

to perform further invasive examinations. According to the guidelines,

CAC evaluation with CT is considered appropriate in asymptomatic

individuals at intermediate risk or at low risk with family history of

premature coronary artery disease. CAC score is deemed inappropriate
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in asymptomatic individuals at low risk and of uncertain appropriateness

in individuals at high risk. Meanwhile, the presence of CAC, regardless

of severity, is not considered as an indication for coronary angiography.

CT angiography is stated as inappropriate in asymptomatic individuals at

low or moderate risk and of uncertain appropriateness in those at high

risk. While there is no certain appropriate indication for CT angiography,

suspicious obstructive disease (≥50% stenosis) in symptomatic patients

and a suspicious left main lesion in both symptomatic and asymptomatic

patients in CT angiography are the indications of coronary angiography.

Stress MPI is considered appropriate in asymptomatic patients at high risk

or its equivalent who have specific comorbidities such as LV dysfunction or

ventricular tachycardia, and inappropriate in those at low or intermediate

risk. Therefore, asymptomatic patients at intermediate risk would undergo

CAC evaluations with CT, and those at high risk would undergo stress MPI

examinations for screening of coronary artery disease. In symptomatic

patients, CT angiography or stress MPI tests will be considered, with an

exception for primary intervention cases.

With intermediate- or high-risk findings for coronary artery disease in

those pre-examinations, symptomatic patients are considered appropriate

to undergo coronary angiography. While invasive imaging modalities

should be performed in patients with definite or suspected coronary artery

disease, the images in those invasive imaging techniques provide valuable

information for clinical decision-making, especially related to revascular-

ization. Furthermore, novel imaging techniques have demonstrated the

possibility of imaging plaque characteristics in association with greater

CVD events. This supports the establishment of more effective treatment

strategies with the guidance of those imaging modalities.

Conclusion

Subsequent to the pathological findings, vascular imaging continuously

provides information regarding the atherosclerotic disease process in

relation to diabetes. Carotid ultrasound demonstrated the presence of

subclinical atherosclerotic change in the early stage of diabetes, which

was shown as a risk for future cardiovascular events. Noninvasive

coronary artery-imaging studies including CT, MPI, and FDG-PET/CT

revealed the high prevalence of coronary artery disease in asymptomatic

diabetic patients. Invasive imaging techniques provided anatomically pre-

cise images for revascularization. Furthermore, the findings regarding the

effects of medical interventions on atherosclerotic disease progression have

contributed to the establishment of disease management strategies. The

worldwide increased prevalence of diabetes and the associated increased
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cardiovascular risk requires comprehensive disease management in dia-

betes to be addressed. A better understanding is required of the features of

each imaging technique, and the strategy for using them effectively.

Case Study 1

A 61-year-old male with poorly controlled type 2 diabetes for the past eight years presents
for coronary angiography to investigate ischemic chest pain. His angiogram revealed
three-vessel coronary artery disease with mild left ventricular systolic dysfunction. His
blood pressure is 135/80mmHg and his LDL cholesterol is 2.4mmol/L. He is currently
treated with atorvastatin 20mg daily.

Multiple-Choice Questions
1 The most appropriate type of management is:

A Medical management

B Coronary artery bypass grafting

C Percutaneous coronary intervention

2 The most appropriate option for management of his LDL cholesterol is:

A Addition of fibric acid derivative

B Addition of ezetimibe

C No change to management, he is at goal

D Increase statin dose aiming for a LDL cholesterol less than

1.8mmol/L

3 The diabetic medication that has been demonstrated to have a

beneficial impact on atherosclerosis progression is:

A Insulin

B Metformin

C Pioglitazone

D Sitagliptin

E Glibenclamide

Answers provided after the References

Case Study 2

A 55-year-old woman with a history of type 2 diabetes for six years and no known clinical
atherosclerotic disease presents for an annual check-up.

Multiple-Choice Questions
1 The best option for noninvasive evaluation of atherosclerotic burden is:

A Coronary angiography

B Near-infrared spectroscopy
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C Magnetic resonance imaging

D Carotid ultrasound

E Optical coherence tomography

2 In the setting of optimal LDL cholesterol lowering, the factor that most

strongly associates with disease progression is:

A High-sensitivity C-reactive protein

B Triglyceride/HDL cholesterol ratio

C Blood pressure

D Glycemic control

E Smoking

Answers provided after the References

Guidelines and Web Links

http://www.escardio.org/guidelines-surveys/esc-guidelines/GuidelinesDocuments

/guidelines-dyslipidemias-addenda.pdf

Guidelines for the management of dyslipidemia.
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Key Points
• Hyperglycemia (fasting, postprandial glucose, and elevated HBA1c) is associated with

increased cardiovascular risk, independently of other risk factors.

• Impaired fasting glycemia and impaired glucose tolerance are associated with
increased CVD risk.

• Hyperglycemia increases CVD risk through oxidative and inflammatory mechanisms.

• The aggressive treatment of plasma glucose is associated with hypoglycemia and
increased CVD risk.

• All novel therapeutic agents targeting glucose control are subject to clinical trials
examining cardiovascular safety.

• The target range for HBA1c should be tailored according to the patient’s risk of
hypoglycemia.

• The current treatment algorithms include the use of newer therapies (GLP-1 analogs
and DPP-IV inhibitors) that are associated with a lower risk of
hypoglycemia-associated complications.

Diabetes, Glucose and Cardiovascular Disease

Cardiovascular disease (CVD) including coronary heart disease (CHD) is the

major cause of mortality in patients with diabetes [1, 2, 3]. In patients with-

out diabetes several well-studied environmental and physiological factors

are now documented for CVD. These include hypercholesterolemia, hyper-

tension, age, cigarette smoking, and obesity. Patients with diabetes are at

a considerably higher risk [4] than those without and there are additive

effects of other risk factors [5]. Of interest is that no more than 25% of

the excess CHD risk in diabetes can be accounted for by established risk

factors [6]. This illustrates the complexity of CVD, particularly in high-risk
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states such as diabetes, and may explain the inaccuracy of methods such as

the Framingham equation and the PROCAM calculation to predict CHD

risk in diabetes [7]. Until recently, the contribution of fluctuations and

changes in glucose levels to CVD risk was relatively ignored. It should be

noted that many of the CVD risk-prediction tools do not take into account

glycemic control or fluctuations in glucose excursions. Our understanding

of the direct and indirect effects of glucose on vascular dysfunction has

grown over the past decade and basic scientific, epidemiological and clin-

ical research has now demonstrated an independent association between

glucose and CVD risk. For example, glucose-mediated oxidative stress is an

important mediator of endothelial dysfunction [7]. Recent epidemiological

data has confirmed associations between plasma glucose and CVD risk [3].

In recent years, there has been evidence to suggest that not only hyper-

glycemia contributes to CVD risk, but also hypoglycemia. As a result, guide-

lines relating to the therapeutic targets of glucose control have been under

revision. Furthermore, some of the oral hypoglycemic therapies have come

under scrutiny as they have been associated with increased CVD outcomes.

As a result, all newer therapies have also been subject to intensive CVD

evaluation to ensure CVD safety. Newer therapies targeting hyperglycemia

with lower risks of hypoglycemia have also emerged.

This chapter will examine the role of glucose in the etiology and patho-

physiology of CVD in diabetes. It will also explore some of the current

controversies relating to plasma glucose and CVD risk and will describe

the current guidance and evidence relating to the role of current glucose-

lowering therapies and their effects on CVD risk.

Epidemiological Evidence for a Causal Role
of Hyperglycemia in Cardiovascular Disease

Hyperglycemia as a risk factor for CVD has been established for many years.

Mortality from CVD accounts for more than 60% of deaths in patients

with type 2 diabetes mellitus and clearly accounts for this ultimate com-

plication of diabetes [3, 8]. The association between differing degrees of

hyperglycemia and CVD risk has been an area of debate. The United King-

dom Prospective Diabetes Study (UKPDS) demonstrated that the incidence

of myocardial infarction rose by 14% per 1% rise in HBA1c [9]. This is in

line with other studies showing that glucose is a continuous risk factor in

people with both type 1 and type 2 diabetes.

Excess CVD risk is also observed in subjects with impaired glucose

tolerance. The Bedford survey [10], the Whitehall study [11, 12, 13], and

others [14, 15] have shown an increased mortality at the upper end of

the blood glucose distribution before type 2 diabetes becomes apparent.
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Furthermore, differing associations have been observed along the spectrum

of impaired fasting glycemia (IFG) and impaired glucose tolerance (IGT)

in relation to CVD risk. In the Japanese Funagata Diabetes Study [16],

survival analysis concluded that IGT and not IFG was associated with

CVD outcome. Within this sample of approximately 2,500 subjects, IGT

was associated with a doubling of CVD events relative to subjects with

normoglycemia. The Diabetes Epidemiology: Collaborative Analysis of

Diagnostic Criteria in Europe (DECODE) study jointly analyzed data from

more than 10 prospective European cohort studies and included more

than 22,000 subjects [17]. Death rates from all causes, cardiovascular and

CHD, were higher in subjects with diabetes diagnosed by the two-hour

postload plasma glucose than in those who did not meet these criteria.

Significant increase in mortality was also observed in patients with IGT,

whereas there was no difference in mortality between subjects with IFG

and normal fasting glucose. In the recently published Emerging Risk Factor

Collaboration study [3], a fasting plasma glucose greater than 5.6mmol/L

(100mg/dL) was associated with increased mortality.

Other evidence supporting the role of hyperglycemia as a causative factor

for CVD comes from studies where CVD risk has changed as a result of

intensive treatment. As previously described in the UKPDS [18] of type 2

diabetes there was a 16% reduction in CVD (combined fatal or nonfatal MI

and sudden death) in the intensive glycemic control arm (P = 0.052). In the

Diabetes Control and Complications Trial (DCCT) there was a trend toward

lowerCVD riskwith intensive control (risk reduction 41%), but the number

of events was small [19]. In a nine-year post-DCCT study, follow-up of the

cohort participants previously randomized to the intensive arm had a 42%

reduction (P = 0.02) in CVD outcomes and a 57% reduction (P = 0.02) in

the risk of nonfatal myocardial infarction, stroke, or CVD death compared

with those in the standard arm [1].

While the above discussion demonstrates a causative association between

hyperglycemia and CVD risk, debate also exists on the role of postprandial

hyperglycemia versus fasting hyperglycemia to CVD risk. In Western soci-

ety only a small amount of time is spent fasting and a far greater proportion

of the day is spent in the postprandial state. Thus, it is not surprising that

postprandial hyperglycemia is a greater contributor to blood glucose control

than fasting glucose concentration [20]. The importance of the postprandial

state also becomes apparent from the observation that therapies used to tar-

get postprandial glucose are more effective at lowering HBA1c than those

aimed at lowering fasting glucose [21]. Several studies provide evidence

supporting the suggestion that postprandial glucose levels are more closely

associated with CVD risk than HBA1c or fasting glucose [22]. This has been

observed in the DECODE study, described above [23], and by Bonora et al.

[24]. In the latter, a cohort of 1,121 patients were followed for a mean of
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52 months, with plasma glucose being assessed two hours after breakfast

or lunch. It was observed that postprandial glucose was able to predict the

onset of CVD, even after adjusting for other risk factors. Other studies such

as the Hoorn study [25], the Honolulu Heart study [26], and the Chicago

Heart study [27] have also shown that plasma glucose two hours after oral

challenge is a powerful predictor of CVD risk.

To conclude, there is sufficient evidence to support the role of hyper-

glycemia in relation to CVD risk. Later in the chapter we will explore

the effects of glucose variability and fluctuations on CVD risk and the

underlying pathophysiological mechanisms by which these changes are

brought about.

Glucose Fluctuations and Cardiovascular Risk

There is considerable evidence showing a link between postprandial hyper-

glycemia and cardiovascular risk [25, 27, 28, 29]. Furthermore, two-hour

postprandial glucose is a better predictor of mortality in diabetes than is

HBA1c [22, 25]. Later in this chapter, we will discuss the role that oxida-

tive stress related to hyperglycemia plays in diabetes-related cardiovascu-

lar risk. There is also evidence that glucose fluctuations (the highs and

lows) are associated with increased oxidative stress [30, 31]. Of interest is

that postprandial glucose control with a short-acting insulin secretagogue

(repaglinide v glibenclamide) is observed to result in regression of carotid

artery intima-media thickness [32]. Similarly, the reduction of postmeal

glucose excursions with a premeal bolus of a rapid insulin analog (aspart)

is associated with a decrease in plasma markers of oxidative stress [33].

This provides direct evidence for a link with acute rather than chronic

hyperglycemia. An increase in postprandial glucose is usually the major

contributor of glucose variability; however, downward fluctuations are also

important. For example, urinary markers of oxidative stress are associated

with the mean amplitude of glycemic excursions [31]. Furthermore, in

a study in which episodes of symptomatic angina were recorded in the

presence of continuous glucose monitoring and a holter cardiac monitor,

sudden changes in glucose levels (100mg/dL/hr or 5.5mmol/L/hr) were

associated with more episodes of angina [34].

Important Physiological Mechanisms
of Glucose-Mediated Cardiovascular Risk

In this section we will discuss the mechanisms of glucose-mediated CVD

risk, focusing on the three areas of oxidative stress, autonomic dysfunction,

and hypoglycemia.
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Oxidative Stress, Advanced Glycosylation End Products,
and Endothelial Dysfunction
Considerable interest has developed in the role of free radical-mediated

damage in many chronic disorders, in particular CVD, diabetes, and cancer

[30, 35]. Free radicals are atoms or molecules that have one or more

unpaired electrons in their atomic structure and are therefore highly

reactive. Oxygen is the most ubiquitous of all biologically important

chemical species and is a major source of reactive oxygen species (ROS).

Increased oxidative stress results from an imbalance between oxidant pro-

duction and antioxidant defenses [36]. Diabetes mellitus, obesity, micro-

and macrovascular complications have been consistently associated with

increased oxidative stress [37, 38, 39] and several studies have demon-

strated that hyperglycemia per se is associated with increased oxidative

stress [39, 40]. Furthermore, increased biomarkers of oxidative stress are

independently associated with future CVD risk [41]. Possible mechanisms

[36, 42] by which hyperglycemia may induce ROS formations are shown

in Figure 5.1. As shown, hyperglycemiamay result in the glucose-mediated

nonenzymatic glycosylation of proteins (the Maillard reaction). The result

of this is the formation of advanced glycosylation end products (AGEs).

These not only increase ROS production but may also initiate a cascade

of events which have harmful effects on the vascular system and are

important in the etiology of both micro- and macrovascular complications

relating to diabetes. Alternatively, glucose may undergo auto-oxidation to

form a highly reactive enendiol radical. This may catalyze the conversion

of molecular oxygen to O2
.− (and hence increase ROS).

There is also an important direct mitochondrial mechanism that increases

ROS [42] as a result of excess energy substrate (typically glucose and free

fatty acids) entering into the citric acid cycle. The mitochondria of the

endothelial cells of the vasculature may be particularly affected by “over-

feeding,” as these cells are not dependent on insulin for glucose uptake

and therefore take up glucose freely in the setting of hyperglycemia. As

shown in Figure 5.2, increasedOS is associatedwithmany of the risk factors

implicated in the pathophysiology of atherosclerosis [43]. All molecules

are potential targets for ROS (proteins, lipids, and DNA), but because of

their ubiquitous distribution within cell membranes, and their propen-

sity to contain double bonds, unsaturated lipids are often targeted [42].

Increased oxidative stress is associated with the increased expression of

cell adhesion molecules [44], important in the initiation of atherosclerosis

[45]. Apart from the global effects associated with increased oxidative stress

described above, more specific effects also occur. Low-density lipoprotein

(LDL) is an important target of oxidation, and oxidative modification of

LDL is a key step in the pathogenesis of atherosclerosis [46]. Elevated lev-

els of oxidized LDL (Ox-LDL) are independently associated with increased
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Figure 5.1 Causes and consequences of oxidative stress. ROS, Reactive oxygen species;
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atherosclerotic burden and increased CHD risk [47, 48, 49]. It is now clear

that Ox-LDL, with its many oxidatively modified lipids and degradation

products, contributes to the pathophysiology of both the initiation and pro-

gression of atherosclerosis.

Autonomic Dysfunction
Both cardiac and noncardiac autonomic neuropathy are risk factors for

CVD in patients with diabetes [50]. These are associated with poor glycemic

control and duration of diabetes [51, 52]. Of interest is that a hyperactive

sympathetic system and a hypoactive parasympathetic system have been

associated with CVD in subjects with diabetes [53]. Furthermore, in

vitro studies suggest that hyperglycemia has an effect on postganglionic

sympathetic neurons, resulting in functional changes in the perivascular

sympathetic nerves due to changes in norepinephrine release [54]. This

effect may partly be related to oxidative stress; however, hyperglycemia

also has a direct inhibitory effect on ATP-sensitive potassium channels

[55], which depolarize neuronal tissue and alter norepinephrine release

[56]. There remains uncertainty on the underlying mechanisms relating

to autonomic dysfunction, diabetes, and CVD risk. Recent studies suggest

that adipokines such as leptin and tumour necrosis factor-alpha influence

autonomic function [57]. Cardiac autonomic neuropathy is associated

with multiple risk factors including duration of diabetes, severity of

hyperglycemia, and the presence of coronary artery disease, but the

precise contribution to CVD risk is difficult to ascertain. Nevertheless,

recent analysis in the Action to Control Cardiovascular Risk in Diabetes

(ACCORD) study participants shows that cardiac autonomic neuropathy

predicts all-cause and CVD mortality independently of baseline CVD,

diabetes duration, and multiple other important CVD risk factors [42].

Hypoglycemia
Hypoglycemia is also associated with increased cardiovascular mortality

[58, 59], although the mechanisms behind this remain unclear. A decrease

in myocardial blood flow reserve during hypoglycemia may be a possi-

ble mechanism [60]. Alternatively, in vivo studies have demonstrated that

acute hypoglycemia is associated with an increase in the concentration of a

potent vasoconstrictor, Endothelin-1 [61]. As well as being associated with

increased oxidative stress [62], hypoglycemia also has pro-inflammatory

effects on the vasculature. These include increased neutrophil numbers and

elevated neutrophil elastase [63]. These changes contribute to a hyperco-

agulable state associated with increased platelet aggregation and plasma

concentrations of coagulation factors [29, 64]. Acute hypoglycemia has

also been associated with long QT syndrome, which is associated with an

increased risk of sudden cardiac death [65]. This may be related to sudden
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changes in catecholamine levels. Prolonged hypoglycemia may also have a

direct detrimental effect on cardiac function because of the inability of the

heart to utilize glucose, the preferred substrate instead of fatty acids (dur-

ing acute myocardial ischemia), after exhaustion of myocardial glycogen

reserves [66].

The Controversy of Intensive Glucose Management
and Cardiovascular Risk

Intensive Glucose Control and Cardiovascular Mortality
in the Action to Control Cardiovascular Risk in Diabetes
(ACCORD) Study
Previously, several studies [67, 68] have clearly shown a direct relation-

ship between HBA1c and CVD risk; however, the role of intensive glycemic

control in reducing CVD events has not beenwell demonstrated. In the Dia-

betes Control and Complications Trial (DCCT) there was a trend toward a

lower CVD risk with intensive control (risk reduction 41%), but the num-

ber of events was small [19]. In a nine-year post-DCCT study, follow-up of

the cohort participants previously randomized to the intensive arm had a

42% reduction (P= 0.02) in CVD outcomes and a 57% reduction (P= 0.02)

in the risk of nonfatal myocardial infarction, stroke, or CVD death com-

pared with those in the standard arm [1]. In the UKPDS study [18], there

was a 16% reduction in CVD (combined fatal or nonfatal MI and sudden

death) in the intensive glycemic control arm (P = 0.052). However, further

analysis showed a continuous association such that for every percentage

point of lower median on-study HBA1c, there was a statistically significant

18% reduction in CVD events, again with no glycemic threshold.

In 2008, two studies (Table 5.1) – namely, the Action in Diabetes and

Vascular Disease–Preterax and Diamicron Modified Release Controlled

Evaluation (ADVANCE) [69] and the Veterans Affairs Diabetes Trial

(VADT) [70] – were published that showed no significant reduction in

CVD outcomes with intensive glycemic control. Another trial, the Action

to Control Cardiovascular Risk in Diabetes (ACCORD) [71], terminated

prematurely due to the finding of increased mortality in participants

randomized to intensive glycemic control with a target HBA1c <6%. The

ACCORD trial was designed to examine the hypothesis that reducing

blood glucose concentrations to near-normal levels in adults with type 2

diabetes at high risk of a CVD event would result in a reduction in nonfatal

and fatal CVD. The participants were randomly assigned to receive therapy

for intensive glycemia control (HBA1c <6.0%) or therapy for standard

glycaemia control (HBA1c 7.0–7.9%). As stated, the ACCORD intensive

glycemia control intervention was stopped early, after 3.5 years, because
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Table 5.1 Comparison of ACCORD, ADVANCE, and VADT

ACCORD ADVANCE VADT

Number recruited 10,251 11,140 1,791

Median HBA1c (%) 8.1 7.2 9.4

HBA1c target (%)

Intensive vs. standard

<6.0 vs. 7.0–7.9 ≤6.5 vs. local

guidelines

<6.0 (action if >6.5)

vs. planned

separation of 1.5

Median follow-up

(years)

3.5 (terminated) 5 5.6

Median HBA1c (%)

Intensive vs. standard

6.4 vs. 7.5 6.3 vs. 7.0 6.9 vs. 8.5

Primary outcome Nonfatal MI, nonfatal

stroke, CVD death

Microvascular plus

macrovascular

(nonfatal MI,

nonfatal stroke,

CVD death)

Nonfatal MI, nonfatal

stroke, CVD death,

hospitalization for

heart failure,

revascularization

HR for primary

outcome

0.90 (0.78–1.04) 0.90 (0.82–0.98)

macrovascular 0.94

(0.84–1.06)

0.88 (0.74–1.05)

HR for mortality 1.22 (1.01–1.46) 0.93 (0.83–1.06) 1.07 (0.81–1.42)

Reference [71] [69] [70]

of higher mortality in this study arm (1.42% of patients died each year

compared with 1.14% a year in the standard intervention arm; hazard

ratio 1.22 [1.01–1.46]; P = 0.04) [71]. This increase in mortality was

initially thought to be related to intensive-treatment-associated hypo-

glycemia. However, subsequent analysis of the ACCORD data suggests

that this is not the case [72]. The later study showed that symptomatic

hypoglycemia did not differ between the two groups and did not account

for the difference in mortality between the two study arms.

Another study examined the ACCORD data to examine whether

on-treatment HBA1c itself had an independent relationship with mortality

[73]. This study found no evidence to suggest that lower average HBA1c

was associated with higher mortality, which would have been the case

if hypoglycemia had been the cause of death. Of interest is that a higher

mortality rate was observed in both the intensive and standard therapy

arms for individuals with a higher average and last HBA1c. This result was

statistically significant in the intensive treatment arm only where a linear

relationship was observed between HBA1c and mortality for an HBA1c

between 6.0% and 9.0%.

The evidence for a cardiovascular benefit of intensive glycemic control

remains strongest for those patients with type 1 diabetes. In a recent review,

Skyler et al. [74] suggest that subset analyses of ACCORD, ADVANCE, and
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VADT support the hypothesis that patients with a shorter duration of type

2 diabetes and without established atherosclerosis might gain CVD benefit

from intensive glycemic control. Conversely, it is possible that the poten-

tial risks of intensive glycemic control may outweigh the benefits in other

patients, such as those with a very long duration of diabetes, known his-

tory of severe hypoglycemia, advanced atherosclerosis, and advanced age.

There has led to the recommendation that care providers should be vigi-

lant in preventing severe hypoglycemia in patients with advanced disease,

and should not aggressively attempt to achieve near-normal HBA1c levels

in patients in whom such a target cannot be reasonably easily and safely

achieved.

HBA1c: The U-Shaped Curve and Cardiovascular Outcomes
A U-shaped curve has previously been described with respect to serum

cholesterol [75] and blood pressure [76] measurements in relation to

mortality. A recent publication by Currie et al. suggests that a U-shaped

curve also exists between HBA1c and all-cause mortality and CVD events

in patients with type 2 diabetes [77]. This study is contradictory to others

[78]. However, Currie et al. examined 27,000 patients retrospectively

within a UK General Practice Research Database. Compared to the HBA1c

decile with the lowest hazard (median HBA1c 7.5%, IQR 7.5–7.6), the

adjusted hazard ratio of all-cause mortality in the lowest HBA1c decile

(6.4%, 6.1–6.6) was 1.52 (95% CI 1.32–1.76), and in the highest HBA1c

decile (median 10⋅5%, IQR 10.1–11.2) was 1.79 (95% CI 1.56–2.06).

There was a U-shaped association, with the lowest risk at an HBA1c of

7.5%. There was also an increase in all-cause mortality (1.49 [95% CI

1.39–1.59]) in patients treated with insulin (2,834 deaths) compared to

those given combination oral agents (2,035 deaths). This is in line with

the ACCORD study findings described above. Furthermore, Johnstone

et al. have also reported hypoglycemia to be associated with acute CVD

events in a retrospective study of 860,845 patients [79]. Within this study,

patients with hypoglycemic episodes had a 79% higher risk of events

compared to those without hypoglycemia, which was independent of age.

Glucose-Lowering Medication and the Risk
of Cardiovascular Disease

The management of CVD risk in patients with diabetes requires a multifac-

torial approach and, clearly, all CVD risk factors need to be addressed. The

intensive management of each CVD risk factor (e.g., HBA1c, cholesterol,

systolic blood pressure) additively reduces CVD risk [5]. An interesting

observation was made in a follow-up study of the UKPDS cohort [80, 81].
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Within the cohort, the difference in HBA1c was lost after the first year,

but within the initial intensively treated glycemic arm after ten years’

follow-up, there was a lower incidence of complications. These included

a 21% reduction in any diabetes-related endpoint (P = 0.01), a 33%

reduction in myocardial infarction (P = 0.005), and a 27% reduction in

death from any cause (P = 0.002). Therefore, there was a “legacy” effect

of intensive early glycemic control that was associated with benefits late

on. Within this section we will briefly examine the associations between

different glucose-lowering therapies and CVD outcome.

Metformin
Metformin is generally accepted as the first-line agent for the treatment

of type 2 diabetes when not satisfactory controlled by lifestyle alone. Met-

formin has no adverse effects on CVD risk factors and furthermore may

be associated with weight reduction and has a low risk of hypoglycemia

[82]. Within the UKPDS, early improved glycemic control with metformin

in overweight patients with type 2 diabetes was associated with a reduc-

tion in the risk of CVD events [18]. The use of metformin was associated

with a 39% reduction in myocardial infarction (P = 0.01). Patients with

established CVD may also have coexisting renal (creatinine >150 μmol/L

[1.97mg/dL] or eGFR <30), hepatic, and cardiac impairment, and current

guidance should be followed in relation to the use of metformin in these

circumstances.

Sulfonylurea and Insulin
Within the UKPDS, intensive blood glucose control by either sulfonylureas

or insulin substantially decreases the risk of microvascular complications,

but not macrovascular disease in patients with type 2 diabetes [83]. Treat-

ment with sulfonylurea and insulin was also associated with weight gain

and increased risk of hypoglycemia. Sulfonylureas act by binding to spe-

cific sulfonylurea-ATP-sensitive K+ channels/receptors. Since these agents

reduce hyperglycemia and hence glucose-mediated oxidative stress and

endothelial dysfunction, they should also reduce CVD risk. During 10 years

of UKPDS post-trial follow-up, a risk reduction in myocardial infarction

and all-cause mortality emerged in patients treated with sulfonylureas or

insulin [80, 83].

Interest has also focused on whether short-acting postprandial

glucose-regulator drugs (e.g., repaglinide) may have different bene-

fits in relation to CVD risk compared to longer-acting sulfonylureas (e.g.,

glibenclamide). The rationale behind this is that the postprandial regulators

are typically administered with meals and act to reduce the postmeal glu-

cose fluctuation. This may also influence postprandial changes in oxidative

stress, which may be associated with CVD risk. Mazella et al. demonstrated
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in a small sample of 16 patients with type 2 diabetes treated with diet

alone and poor glucose control that repaglinide was associated with a

significant reduction in two-hour plasma glucose levels, plasma markers

of total antioxidant status and brachial reactivity, which was not observed

when treated with glibenclamide [84]. A similar postprandial reduction in

plasma total antioxidant status was also observed in a previous study by

Tankova et al. [85], but not by Stephens et al. [86].

Glitazones
In recent years, the glitazones have had a troubled time with respect to

CVD. They are associated with increased risk of heart failure and contro-

versy exists on the effect of these agents on acute coronary events. Previ-

ously, rosiglitazone has been associated with a reduction in stent restenosis

rate [87] and improvements in cardiovascular risk factors [88, 89, 90].

However, in ameta-analysis of 42 studies in a sample of patients with type 2

diabetes with amean age of 57 years, the use of rosiglitazonewas associated

with an increased risk of myocardial infarction and death from CVD [91].

While this study was open to criticisms and limitations, the manuscript

led to a series of studies exploring this association and eventually led to

the removal of rosiglitazone from routine use on the advice of the FDA

and MHRA. Of interest is that in a subsequent paper [92], an increase

in CVD risk was not observed. The prospective pioglitazone clinical trial

in macrovascular events (PROACTIVE) study examined the risk of CVD

events associated with pioglitazone. This showed that pioglitazone reduces

the composite of all-cause mortality, nonfatal myocardial infarction, and

stroke in patients with type 2 diabetes who have a high risk of macrovascu-

lar events [93]. Despite the continued use of pioglitazone, caution is often

practiced, especially in patients with a history of acute coronary syndrome

and heart failure.

DPP-IV Inhibitors and GLP-1 Analogues
DPP-IV inhibitors are a relatively new treatment choice for the man-

agement of type 2 diabetes. These agents benefit from a low risk of

hypoglycemia and no weight gain. To date, short-term and cross-sectional

studies have raised no concerns in relation to CVD risk. In fact, a recent

meta-analysis [94] of 53 trials enrolling 20,312 and 13,569 patients for

DPP-IV and comparators respectively showed a significant reduction in

major CV events (OR 0.689 [0.528–0.899], P= 0.006).With respect to CVD

outcome, ongoing studies are currently underway, as shown in Table 5.2.

These studies will clarify the long-term cardiovascular safety of the agents.

With respect to GLP-1 analogs, long-term safety evaluations are

underway: the Liraglutide Effect and Action in Diabetes: Evaluation of

Cardiovascular Outcome Results (LEADER) study and the Exenatide Study
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Table 5.2 Summary of long-term cardiovascular outcome studies underway for

linagliptin, sitagliptin, saxagliptin, and alogliptin

Study CAROLINA TECOS SAVOR-TIMI53 EXAMINE

DPP-4 inhibitor Linagliptin Sitagliptin Saxagliptin Alogliptin

Comparator SU (Active) Placebo Placebo Placebo

Number of patients 6,000 14,000 16,500 5,400

Trial initiation Oct 2010 Nov 2008 May 2010 Sept 2009

Expected diabetes disease

stage

Early Advanced Advanced All, but limited to

CV events

of Cardiovascular Event Lowering (EXSCEL) study. At present, no harmful

cardiovascular signal has been reported, and preclinical data and effects on

risk markers suggest a potential for benefit [95]. Both exenatide [96, 97]

and liraglutide [98, 99] have been associated with mild reductions in both

systolic and diastolic blood pressure, which appear to be independent of

weight loss and improvements in lipid parameters. Animal studies have

also shown that exenatide improves recovery from ischemic-reperfusion

injury and improves survival in dilated cardiomyopathy. At present, no

long-term cardiovascular outcome studies have been completed for any

of the GLP-1 receptor agonists. There is a post hoc analysis of exenatide

exposure in the ACCORD trial, which showed a relative reduction in

cardiovascular events and morbidity [71]. Another meta-analysis [100]

showed a reduction in cardiovascular events associated with exenatide

performed on data from 12 randomized trials.

Current Practice Guidance for Glucose Management
in Relation to Cardiovascular Disease

As emphasized in this chapter, diabetes is an independent risk factor for

CVD and a linear association exists between rising HBA1c and CVD events.

For this reason, previous guidelines relating to glycemic control argued

for the aggressive lowering of HBA1c levels in patients with established

vascular disease (e.g., National Institute of Clinical Excellence [NICE]

2002 guidelines for the management of type 2 diabetes). However, the

ADVANCE [69], VADT [70], and ACCORD [71] trials demonstrated that

the evidence for intensive glycemic control preventing cardiovascular

complications in type 2 diabetes mellitus was not robust, and in particular

that the ACCORD trial was associated with an increase in CVD in the

intensive glycemic control arm. The impact of these randomized controlled

trials, along with observational data from routinely collected data sets [77],
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has been profound. First, it has halted the continual lowering of HBA1c

targets in type 2 diabetes, previously led by key opinion leaders, such

that it is unusual to find a guideline advocating an HBA1c lower than

6.5% (ACCORD aimed for <6.0%). Second, in the UK there has actually

been a relaxation of HBA1c targets, with the primary care general medical

services (GMS) target rising from <7.0% to <7.5%. The NICE guideline

in the UK for glycemic management of patients with type 2 diabetes,

published in 2009, also advocates an HBA1c target of less than 7.5% when

patients are prescribed more than two hypoglycemic agents.

In relation to the use of specific hypoglycemic therapies, there is a lack of

consensus in relation to the choice of agents with respect to CVD outcome.

However, all guidelines are consistent in the primary role of metformin as

first-line therapy for patients with type 2 diabetes not controlled by diet and

lifestyle alone. As already discussed, metformin is the only hypoglycemic

agent to have shown a cardiovascular mortality benefit [18]. However, a

recent meta-analysis pointed out that this is the only study that has shown

such an impact [101], and the small cohort size plus an increased cardiovas-

cular risk of metformin when used with a sulfonylurea in the same study

must cast some doubt. It is likely that the low acquisition cost of metformin

is at least partly responsible for its popularity.

After metformin, the guidelines are highly variable in their recommen-

dations. In the UK, the NICE guidance advocates the use of a sulfonylurea

(with options of pioglitazone and/or gliptins in some groups). Thereafter,

the use of triple oral therapy regimes comes into play, as well as insulin

or the use of GLP-1 analogs. However, the National Health Service QIPP

agenda (Quality, Innovation, Productivity, and Prevention), currently

being pursued in the UK, strongly promotes the sequential use of met-

formin and sulfonylurea followed by human intermediate-acting insulin.

The well-established side effects of weight gain and hypoglycemia (and

their potential effects on cardiovascular risk) are underplayed, along with

any specific cardiovascular safety concerns that have previously been

raised with both sulfonylureas and insulin.

The most recent joint position statement from the American Diabetes

Association (ADA) and European Association of Specialist Diabetologists

(EASD) in relation to the management of type 2 diabetes advocates a much

more “patient-centered approach” [102]. In the consensus document, the

second-line therapy after metformin monotherapy failure can be any one

of five combinations, which include both GLP-1 analogs and insulin. Triple

therapy combinations of all of those drugs licensed for such use then forms

the third-line option. Although the newer classes of hypoglycemic drugs

are acknowledged to have the potential to reduce cardiovascular risk, this

has little impact on their recommendation. Similarly, the PROACTIVE
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study, which showed reduced cardiovascular events with pioglitazone, is

effectively ignored [93].

One area where cardiovascular risk has certainly influenced the develop-

ment of diabetes therapies is in the increased amount of safety data needed

to achieve a license for the use of new drugs. The European withdrawal of

rosiglitazone in 2010, ten years after launch, followed a controversy over

whether it increased the risk of myocardial infarction in patients with type

2 diabetes [91]. This is a controversial topic but, nevertheless, the debate

has altered the way in which the Food and Drug Administration (FDA) in

the United States and the European Medicines Agency (EMA) assess new

hypoglycemic agents. The FDA issued guidance for industry in 2008 stating,

“To establish the safety of a new antidiabetic therapy to treat type 2 dia-

betes, sponsors should demonstrate that the therapy will not result in an

unacceptable increase in cardiovascular risk.” The methodology by which

this was to be achieved was to compare the incidence of cardiovascular

events occurring with the investigational agent to the incidence of the same

types of events occurring with the control group, noting that these would

inevitably be short-term studies in relatively small cohorts of patients (and

thus have very low rates of cardiovascular events). If such analyses could

not show that the upper bound of the 95% confidence interval is less

than 1.8, then license would be delayed pending the conduct of a ran-

domized controlled trial (typically placebo control) to demonstrate safety.

If the premarketing application contained data showing that the upper

bound of the 95% confidence interval is between 1.3 and 1.8, then a post-

marketing cardiovascular trial would typically be needed, once again with

placebo control.

Case Study 1

A 48-year-old man with type 2 diabetes of 20 years’ duration attends for his annual
diabetes review. He had an acute myocardial infarction six months ago. He is unable to
lose weight and claims to walk for 30 minutes on three occasions per week. His cur-
rent therapy consists of metformin 1 g BD, aspirin 75mg OD, simvastatin 40mg OD,
ramipril 10mg OD and atenolol 50mg OD. On review he has a BMI of 37 kg/m2, HBA1c
8.0%, Creatinine 120 μmol/L, eGFR 60ml/min, ACR 10, total cholesterol of 3.2mmol/L
(123.4mg/dL). His blood pressure is 110/70mmHg.

Multiple-Choice Questions
1 Which one of the following therapeutic strategies would be the best

option to improve his glycaemic control?

A Make no change

B Commence basal insulin therapy in addition to his current

medication
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C Commence a GLP-1 analog

D Commence rosiglitazone

E Commence a sulfonylurea (e.g., glibenclamide or gliclazide)

2 During the subsequent consultation his wife also attends the clinic. She

is in good health and informs you that she has been diagnosed with

impaired glucose tolerance. She asks if she is at higher risk of ischemic

heart disease. Which one of the following would be the best answer?

A She is at no higher risk than a person without diabetes

B She is at the same risk as a patient with diabetes

C She is at an intermediate risk between that of a patient without

diabetes and one with diabetes

D She is at a higher cardiovascular risk than someone with impaired

fasting glycemia

E She is at an intermediate risk between that of a patient without

diabetes and one with diabetes, but more information and

assessment are required to assess her risk accurately

Answers provided after the References

Case Study 2

A 73-year-old woman with unstable angina and a recent forearm fracture following
an accidental fall is noted to have highly variable home glucose values ranging from
2.7–16.6mmol/L (48.6–298.8mg/dL). On several occasions her husband has been
woken at night to find her in an agitated state with a low capillary glucose measurement.
Her eating habits are erratic and she misses meals frequently. Her current medication
consists of glibenclamide 10mg OD, metformin 1 g BD, ramipril 10mg OD, aspirin
75mg OD and amlodipine 5mg OD. She has background retinopathy, suffers with
distal symmetrical sensory loss in both feet, and occasionally complains of dizziness on
standing. She rarely measures her home blood glucose and will not have insulin therapy.
She has an HBA1c of 10.0% (86mmol/mol), BP 160/100mmHg, creatinine 185 μmol/L
(2.10mg/dL), eGFR 25ml/min, ACR 10.

Multiple-Choice Questions
1 Which of the following risk factors would predispose to further

cardiovascular events in this case? (There can be more than one

option.)

A Hypoglycemia

B Peripheral and autonomic neuropathy

C Erratic glucose fluctuations

D Hypertension

E Impaired renal function

2 She subsequently agrees to insulin therapy and to monitor her home

glucose capillary readings. She is commenced on a premixed insulin at
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a total daily dose of 40 units. She is well and has home glucose values

ranging from 4.1–10.2mmol/L (73.8–183.6mg/dL). Her HBA1c is

9.5% (80mmol/mol). What would be the target HBA1c?

A 6.0% (42mmol/mol)

B 6.5% (48mmol/mol)

C 7.0% (53mmol/mol)

D 8.0% (64mmol/mol)

E 9.0% (75mmol/mol)

Answers provided after the References

Guidelines and Web Links

guidance.nice.org.uk/cg87

www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/

Guidances/ucm071627.pdf

Guidance for Industry. DiabetesMellitus – Evaluating Cardiovascular Risk in NewAntidi-

abetic Therapies to Treat Type 2 Diabetes. U.S. Department of Health and Human

Services. Food and Drug Administration. Center for Drug Evaluation and Research

(CDER).

Type 2 diabetes: The management of type 2 diabetes. Issued May 2009, last modified

March 2010. NICE clinical guideline 87.
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Answers

The answers to these cases are debatable and the aim is to provoke discus-

sion and thought for the reader. During the course of the chapter the ratio-

nale for the answers will have become clear (but may remain for debate).

Answers to Multiple-Choice Questions for Case Study 1
1 C

This young obese male with CVD has suboptimal glycemic control

(HBA1c of 8.0%) with satisfactory blood pressure and cholesterol

levels. He is already prescribed a variety of agents for the secondary

cardiovascular prevention of CVD. Rosiglitazone is no longer licensed

for use in the treatment of type 2 diabetes and doing nothing would

not be an option. Insulin or sulfonylurea therapies are options but (as

described in this chapter) would be associated with weight gain and

hypoglycemia risk. The use of a GLP-1 analog would be associated with

an improvement in glycemia control and weight reduction. While

these agents appear to be safe from a cardiovascular viewpoint,

long-term studies examining this are not complete at present.

2 E

She is at an intermediate risk between that of a patient without

diabetes and one with diabetes, but more information and assessment

are required to assess her risk accurately. This should include the

measurement of cholesterol, blood pressure, and so on. During the

course of this chapter the cardiovascular glycemic risk associated with

impaired fasting glycemia, impaired glucose tolerance, and diabetes is

discussed.

Answers to Multiple-Choice Questions for Case Study 2
1 A, B, C, D, and E

This 73-year-old woman with a previous history of CVD has numerous

cardiovascular risk factors in the setting of variable glucose control.

Hypoglycemia, fluctuations in glucose levels, microvascular

complications, peripheral and autonomic neuropathy, and chronic

kidney disease would also increase the risk of subsequent

cardiovascular events.
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2 C

The HBA1c should be tailored to the patient. Clearly, the aim would be

to control the blood glucose without precipitating

hypoglycemia-associated complications. An HBA1c of 7% would be a

reasonable target (American Diabetes Association, European

Association of Specialist Diabetologists). Targeting the HBA1c below

this level may result in increased morbidity and mortality and

therefore caution would be required in a middle-aged patient already

with complications resulting from diabetes and a previous

cardiovascular history.
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Key Points
• The increasing prevalence of diabetes mellitus worldwide is increasing global

cardiovascular morbidity and mortality.

• Arterial hypertension occurs in more than 75% of diabetics.

• Optimal management of hypertensive diabetics needs to prevent and regress, if
developed, cardio-renal and cerebrovascular damage.

• Management in this population is continuously being reevaluated based on the
newest evidence from randomized controlled trials.

Introduction

The world’s health authorities are warning about the global epidemic of

diabetes mellitus (DM) [1, 2]. The increasing number of people at risk of

glycemic abnormalities is directly related to the obesity pandemic in both

developed and developing countries [3, 4, 5]. Millions of these people are

not aware that they have or may have type 2 DM. The number of individ-

uals with prediabetes is also quite alarming, corresponding to more than

a third of adults older than 20; this is a condition that raises the risk of

rather morbid complications, including microvascular and macrovascular

disease (in particular kidney disease), retinopathy, blindness, amputation,

and cardiovascular disease (CVD) [6, 7, 8, 9, 10]. The majority of people

with type 2 DM are hypertensives, which gives them a two to four times

greater probability of developing ischemic cardiomyopathy, kidney failure,

cerebrovascular disease, and/or peripheral disease compared to patients

without diabetes [11]. Hypertension may either precede or appear follow-

ing type 2 DM; furthermore, the etiological factors linking diabetes and

hypertension are not fully clear. Genetic factors, insulin resistance (IR),
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inflammation, the renin-angiotensin-aldosterone system (RAAS), sodium

retention, and hyperglycemia are implicated [12, 13, 14]. The activation

of the RAAS system and IR may trigger the production of reactive oxy-

gen species and increased oxidative stress, which may lead to endothelial

dysfunction and atherogenesis [12]. The macrovascular and microvascu-

lar complications are more common in type 2 diabetics with preexisting

hypertension, with the RAAS emerging as a likely unifying mechanism.

Epidemiological studies have clearly shown a direct relationship between

the levels of blood pressure (BP), glycemia and lipids, and the complications

of diabetes [15, 16, 17]. Although “lower should be better,” the results

of recent clinical trials examining the benefits of normalizing risk-factor

levels have been counter-intuitive and, sometimes, disconcerting, and have

called into question this belief [18, 19]. This review focuses on patients

with type 2 diabetes, arterial hypertension, its association with target organ

damage, and its management; it aims to provide a clear interpretation of

recent trials and guidelines to help clinicians set targets for CV risk factors

in individual patients.

Interaction between Type 2 Diabetes and
Hypertension

The closing years of the twentieth century were marked by a series of

trials highlighting the importance, and potentially large benefits, of effec-

tive hypertension treatment in patients with type 2 DM. Reduction of BP

in patients with hypertension and type 2 DM is known to reduce the risk of

CV events. Importantly, baseline age, percentage of patients with previous

CVD, and mean BP varied substantially across the studies. This important

variation in baseline characteristics could explain some of the observed

differences in long-term outcomes. Additionally, new risk-lowering treat-

ments and therapy for vascular disease have emerged over that period,

such as aspirin, statins, and RAAS inhibitors; these therapeutic develop-

ments, along with temporal changes in the disease such as the increasing

prevalence of obesity have well-established effects on outcomes [20, 21].

Early Trials Including Hypertensive Diabetics
The UK Prospective Diabetes Study (UKPDS) was first regarded as a corner-

stone trial, with several reports comparing the effects of tight BP control on

macrovascular and microvascular diabetic complications in patients with

recently diagnosed type 2 diabetes [22]. A total of 758 patients were ran-

domized to a tight control group with a BP target of <150/85mmHg to be

achieved using either captopril (400 patients) or atenolol (358 patients),

with other agents added if required. A further 390 patients were allocated
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to less tight control (target <180/105mmHg) using treatments other than

beta-blockers and angiotensin-converting-enzyme (ACE) inhibitors. After

a median follow-up of 8.4 years, the achieved BP levels in both groups

differed by less than their targets, being 144/82mmHg and 154/87mmHg

in the tight and less tight control groups, respectively. However, the differ-

ences in outcomewere striking, with a reduction of 32% in the risk of death

related to diabetes in the tight control group, accompanied by reductions

of 44% in stroke and 34% in all macrovascular diseases. By six years of

follow-up, the risk of microalbuminuria (urinary albumin ≥50mg/L) was

reduced by 29%, and fewer patients showed deterioration in retinopathy in

the tight control group. The study clearly showed the benefits of BP control

in preventing vascular diabetic complications when using ACE inhibitors,

and the authors concluded that management of BP should have a high pri-

ority in the treatment of type 2 diabetes. Interestingly, 29% of patients in

the tight control group required three or more antihypertensive treatments

to achieve the BP target. A subsequent analysis revealed no significant dif-

ferences in any clinical endpoint between the captopril- and atenolol-based

groups [23].

Soon after the UKPDS came the Captopril Prevention Project (CAPPP), in

which 10,985 patients were randomized to receive either the ACE inhibitor

captopril or conventional treatment with diuretics and beta-blockers. Dur-

ing 6.1 years of follow-up, captopril and conventional treatment did not

differ in preventing CV morbidity and mortality [24]. However, in the rel-

atively small subgroup of 572 patients with diabetes at baseline (4.9% of

the overall patient sample), the primary composite endpoint of myocardial

infarction, stroke, and CV death was substantially lower in the captopril

group (relative risk 0.59), and total mortality was also significantly reduced

(relative risk 0.54). In this trial, the differences in outcome could not be

explained by differences in BP reductions; if anything, the achieved BP

levels were slightly lower with conventional treatment than with captopril

in diabetic patients [25]. What these studies had in common was a clear

demonstration of the very considerable benefits in terms of CV morbidity

and mortality that could be achieved by antihypertensive therapies such as

ACE inhibitors in patients with diabetes. However, they also gave an early

indication of the controversies to come relating to specific benefits of dif-

ferent classes of antihypertensive drug and their combinations, and of the

difficulties of clinical trial design whenmany effective treatments are avail-

able and optimum treatment for many patients will involve combinations

of two or more drugs.

January 2000 saw the publication of the hugely influential Heart Out-

comes Prevention Evaluation (HOPE) study [26]. A total of 9,297 high-risk

patients with a history of vascular disease or diabetes plus one other CV risk

factor were randomized to receive the ACE inhibitor ramipril or placebo

for approximately 4.5 years. Study drugs were given on top of usual CV
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medications, except for RAAS inhibitors, which were not allowed unless

required by patients’ clinical condition during the study. Ramipril reduced

the incidence of the primary outcome – the composite ofmyocardial infarc-

tion, stroke, and CV death – by 22%, CV death by 26%, and all-cause

death by 16%. An important finding was that the reduction in BP with

ramipril, relative to placebo, was small (approximately 3/2mmHg), which

the authors arguedwas too small to account for the observed benefits. A fur-

ther result was that the incidence of new-onset diabetes during the study

was markedly lower in the ramipril group, with a relative risk of 0.66.

There soon followed a subgroup analysis in the 3,577 patients with dia-

betes at baseline [27]. The BP reduction with ramipril was even smaller in

this subgroup (2.4/1.0mmHg), but the risk reductions tended to be slightly

larger than in the full study population, with reductions in the primary out-

come of 25%, CV death by 37%, and all-cause death by 24%. There was

also a reduction in the incidence of overt nephropathy of 24%. A further

analysis in patients with mild renal insufficiency [28] showed that such

patients were at markedly increased risk of CV and all-cause mortality, and

the relative risk reductions with ramipril were larger in patients with renal

insufficiency (41% for both) than in those without (22% for CV and 10%

for all-cause death).

This somewhat influential trial was soon followed by PROGRESS [29],

which was primarily a study in the secondary prevention of stroke, but

which had important implications for subsequent trial design, especially

regarding combination therapies. Patients (n= 6,105) with history of stroke

or transient ischemic attack were randomized to active treatment with

perindopril, with or without the addition of the diuretic indapamide, or

placebo, and mean follow-up was 3.9 years. Overall, active treatment pro-

duced a reduction of 28% in stroke and 26% in major vascular events;

the benefits were similar in hypertensive and nonhypertensive patients.

Approximately 42% of patients were treated with perindopril alone and

58% with the perindopril plus indapamide combination. BP was reduced

by 5/3mmHg by perindopril alone, and by 12/5mmHg by the combination.

Results in patients receiving the perindopril plus indapamide combination

were dramatic, with risk reductions of 43% in stroke and 40% in major

vascular events. Subsequent analysis in the 761 patients with diabetes at

baseline indicated a nonsignificantly larger treatment effect in diabetic com-

pared with nondiabetic patients, with risk reductions for stroke of 38% and

28%, respectively [30], and diabetic patients who received perindopril plus

indapamide showed a dramatic 46% reduction in stroke risk.

Intensive versus Less-Intensive BP Goals
The Hypertension Optimal Treatment (HOT) study [31] and the above-

mentioned UKPDS [22] were the first to assign patients randomly to

less-intensive or more-intensive BP goals. The HOT study investigators
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randomly assigned patients to three different diastolic BP target groups

(≤90mmHg, ≤85mmHg, and ≤80mmHg). In the cohort of HOT partic-

ipants with diabetes (n = 1,501), those in the ≤80mmHg target group

had a 51% reduced risk of CV events and 70% reduced risk of CV-related

mortality compared with those in the ≤90mmHg group after four years

of follow-up. Notably, patients randomly assigned to the ≤80mmHg

target group achieved a mean BP of 144/81mmHg, whereas those in the

≤90mmHg target group achieved a mean BP of 148/85mmHg.

Investigators of the Appropriate Blood Pressure Control in Diabetes

(ABCD) trial [32] randomly assigned patients with diabetes and high BP

[33] (mean baseline diastolic BP ≥90mmHg) or who were normotensive

[34] (mean baseline diastolic BP 80–89mmHg) to more-intense and

less-intense diastolic BP goals. Patients with hypertension enrolled in the

ABCD trial were randomly assigned to a diastolic BP goal of 75mmHg

(intense control) or 80–89mmHg (less-intense control), whereas nor-

motensive patients were randomly assigned to a 10mmHg decrease in dias-

tolic BP (intense control) or no intended change in diastolic BP (less-intense

control). At five years, a significant 49% decrease in risk of all-cause mor-

tality was observed in the population with hypertension in favour of

intense BP control, although this risk was a secondary outcome. No differ-

ence was observed in the primary outcome, a change in 24-hour creatinine

clearance. In the normotensive population, a significant 70% reduction

in relative risk of stroke was seen, although this risk was also a secondary

outcome, and only 17 strokes occurred during the five years of follow-up.

The Action to Control Cardiovascular Risk in Diabetes (ACCORD) trial

[35, 36] investigators randomly assigned patients with hypertension and

diabetes (n = 4,733) to antihypertensive therapy considered intensive

(targeting a systolic BP of <120mmHg) or standard (targeting a systolic

BP of <140mmHg). The risk of nonfatal MI, nonfatal stroke, or death

from causes over a mean follow-up of 4.7 years was evaluated. ACCORD

is the first large randomized trial that provides the opportunity to assess

the effects of lower achieved systolic BP (<120mmHg) in patients with

diabetes. Patients randomly assigned to the intensive therapy group

achieved a mean BP of 119/64mmHg, whereas those in the standard

therapy group achieved a mean BP of 134/71mmHg. The therapeutical

needing’s to attain BP control in the two groups are depicted in Figure 6.2.

No significant difference in risk of nonfatal MI or MI-related death was

observed when comparing the intensive therapy and standard therapy

groups. However, a significant 42% reduced risk of total stroke and 38%

reduced risk of nonfatal stroke were seen, although the overall annual

stroke rate was very low (0.32% and 0.53% in the intensive therapy and

standard therapy groups, respectively). A significantly increased incidence

of serious adverse events was also seen in the intensive therapy group,

including hypotension, bradycardia, and arrhythmia, all of which are



Hypertension Cardiovascular Disease and Its Management 145

known to be associated with poor outcomes. The ACCORD investigators

concluded that their results provide no evidence that intensive BP control

reduces the rate of a composite of major events.

Although it may be surprising that significant reductions in the rate of

events were not observed in ACCORD, it is important to note that patients

in ACCORD had lower systolic BP at baseline than that achieved in the

intense control groups of either HOT [31] or UKPDS [22]. This factor

suggests that the benefit observed in the intense control groups of HOT

and UKPDS was likely to be based on reducing systolic BP from a mean

≥160mmHg at baseline to 144mmHg, and that the benefit of reducing

systolic BP from an average baseline value of 139mmHg to 119mmHg,

as was observed in ACCORD, is smaller. The normotensive population in

ABCD [32] is, among the patient groups studied in these trials, the one

most similar to the ACCORD population, in factors such as BP, age, and

percentage of patients with CVD at baseline. In both of these studies, a

small, though significant, reduction in the risk of stroke was observed in

the intense therapy groups.

Clinical Interpretation of Trials
The Irbesartan Diabetic Nephropathy Trial (IDNT) [37] offers the chance

to assess the effects of achieved BP on outcomes in a diabetic hyperten-

sive population with nephropathy who were followed for three years. Pro-

gressively lower achieved systolic BP to 120mmHg predicted a decrease

in related mortality and congestive heart failure, but not of MI. When

patients were categorized according to achieved systolic BP of ≤120mmHg

(n = 53) or systolic BP >120mmHg (n = 1,537), a significant increase in rel-

ative risk of all-cause mortality as well as related mortality was seen in the

small group that achieved systolic BP of ≤120mmHg. Achieving diastolic

BP <85mmHg was associated with a trend to increased all-cause mortal-

ity, a significant increase in risk of MI, but a decrease in risk of stroke.

Although only 29% of IDNT participants had CVD at baseline, when cat-

egorized according to achieved systolic BP, a higher fraction of patients in

the ≤120mmHg group had a history of CVD or congestive heart failure at

baseline compared with those in the >120mmHg group [38].

The International Verapamil SR/Trandolapril (INVEST) study [39] also

offers the opportunity to assess the influence of achieved systolic BP on CV

outcomes in a unique population of patients with hypertension and dia-

betes (n = 6,400), all of whom had documented coronary artery disease at

baseline and were followed for three years. INVEST participants were cat-

egorized according to achievement of a systolic BP <130mmHg (tight con-

trol) or 130mmHg to <140mmHg (usual control). No difference was seen

when comparing the tight control and usual control groups with regard to

the rate of the primary outcome (first occurrence of all-cause death, non-

fatal MI, or nonfatal stroke), nor was there any difference in the rates of
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nonfatal MI or nonfatal stroke when evaluated separately. However, a sig-

nificant 8% increase was seen in the relative risk of all-cause mortality in

the group with tight systolic control BP (p = 0.04). Extended follow-up

of US participants in INVEST, using information from the National Death

Index, revealed that over a total of 10 years patients in the tight systolic

control BP group had a 15% excess risk of all-cause mortality compared

with those in the usual systolic control BP group. This excess risk was con-

centrated among those with systolic BP <120mmHg.

Available Data on Microvascular Endpoints
Some studies have also evaluated microvascular endpoints in patients with

diabetes. In those receiving active treatment (perindopril and indapamide),

ADVANCE investigators found a significant reduction in the development

of microalbuminuria (P < 0.0001), and a borderline significant reduction

in the rate of new or worsening nephropathy (p = 0.055) [40]. However,

no difference between the active and control groups was found in the

rate of new or worsening retinopathy, visual deterioration, or new or

worsening neuropathy [41]. In UKPDS, patients in the tight control group

had a 34% reduction in risk of deterioration of retinopathy (p = 0.0004),

and a 47% reduction in risk of deterioration in visual acuity by three lines

according to the Early Treatment of Diabetic Retinopathy Study vision

chart (p = 0.004) [22], although these microvascular benefits were not

sustained during UKPDS posttrial follow-up [42]. In those patients with

normoalbuminuria or microalbuminuria enrolled in ABCD, BP lowering

stabilized renal function in both groups; however, patients with overt

albuminuria at baseline had a steady decline in creatinine clearance

throughout the study regardless of BP reduction [33]. In ACCORD,

patients in the intensive control group had a significantly lower estimated

glomerular filtration rate (P < 0.001), more cases of elevated serum

creatinine (P < 0.001), and more cases of estimated glomerular filtration

rate <30ml/min/1.73m2 (P < 0.001), although significantly fewer cases

of macroalbuminuria (p = 0.009) [35]. In a substudy of ACCORD on

retinopathy, intensive BP lowering was not associated with a reduction in

the rate of progression of diabetic retinopathy [43].

Renal Outcomes in Hypertensive Diabetics

Nephropathy has long been recognized as an important complication of

diabetes, and diabetes and hypertension are the most common causes of

chronic kidney disease (CKD) [44, 45]. Worsening renal disease carries

a steeply increasing risk of CV death [46] (Figure 6.1), and the complex

interactions between CV disease, CKD, and diabetes are becoming more
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Figure 6.1 Annual risk of cardiovascular (CV) death in patients with type 2 diabetes

mellitus and different degrees of nephropathy in the UKPDS. Micro: microalbuminuria;

Macro: macroalbuminuria; Elev creat: elevated plasma creatinine or renal replacement

therapy. (Source: Adler et al. 2003 [47]. Reproduced with permission of Nature

Publishing Group.)

widely appreciated, if not fully understood [45, 47]. Blockade of the

renin–angiotensin system is widely accepted as beneficial in terms of

renal outcomes, and a series of meta-analyses have indicated that ACE

inhibitors can prevent new-onset microalbuminuria and progression to

macroalbuminuria, and reduce all-cause mortality in patients with diabetic

nephropathy, and that angiotensin receptor blockers (ARB) have only

renoprotective properties [48]. During the last 10 years, there has been

a series of placebo-controlled, randomized trials of ARB in patient popu-

lations comprising or including patients with diabetes, with and without

nephropathy. Characteristics of these trials are summarized in Table 6.1,

including the total number of deaths that occurred in each study, as an indi-

cation of its likely power to detect a mortality benefit of active treatment,

and the approximate mortality rate in the placebo group, as an indication

of the risk status of the patient population. Full trial names are given in the

footnote to Table 6.1, and the main results are summarized in Table 6.2.

The IDNT [37] and RENAAL [49] trials included patients with type 2 dia-

betes and nephropathy. In both trials, randomized treatments were given in

addition to standard hypertensive therapy, which excluded ACE inhibitors,

ARB, and, in the case of IDNT, calcium-channel blockers. In the IDNT

trial, irbesartan treatment was associated with a 20% reduction, relative to

placebo, in the primary renal endpoint (the composite of doubling of serum

creatinine, end-stage renal disease, and all-cause death), mainly due to a

33% reduction in the doubling of serum creatinine (Table 6.2). End-stage

renal disease was reduced by 23%, but the difference just failed to reach

significance (p = 0.07). Renal outcomes in the amlodipine group were sim-

ilar to placebo. The RENAAL trial was stopped early on ethical grounds due

to the exclusion of ACE inhibitors from the permitted background thera-

pies in the study design. During the mean 3.4 years of follow-up, losartan
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Figure 6.2 Main classes of antihypertensive drugs prescribed at the last study visit in

patients in the intensive and standard treatment groups in the ACCORD trial. Alpha

blockers, reserpine, and other antihypertensives were also prescribed in <25% of

patients in either group. ACEI: angiotensin-converting-enzyme inhibitor; ARB:

angiotensin-II receptor blocker; BB: beta-blocker; CCB: calcium channel blocker.

(Source: Data from ACCORD Study Group (2010) [36].)

produced a significant 16% reduction in the primary renal endpoint (the

same composite as in IDNT), with significant reductions in both doubling

of serum creatinine and end-stage renal disease (Table 6.2). Losartan also

led to an average reduction in the level of proteinuria (measured as uri-

nary albumin to creatinine ratio) of 35% from baseline, while the ratio

tended to increase in the placebo group (p < 0.001 for treatment effect).

Despite the renal benefits in both trials, ARB treatment did not produce

any substantial or significant improvement in the risk of all CV events or

in all-cause or CVmortality. In the IDNT trial, irbesartan produced a signifi-

cant reduction of 28% in heart failure, but no improvement in myocardial

infarction, stroke, or all-cause or CV death (which actually increased by

8%). This may be contrasted with the effect of amlodipine, which produced

a significant reduction of 42% inmyocardial infarction, and non-significant

reductions in stroke and CV death of 35% and 21%, respectively, despite

no discernible benefit in renal endpoints [50].

IRMA 2 [51] was a smaller study, which compared two doses of

irbesartan with placebo in patients with type 2 diabetes and persistent

microalbuminuria, who could receive other antihypertensive drugs apart

from ARB and ACE inhibitors. The primary efficacy endpoint was onset of

overt nephropathy, defined as urinary albumin excretion rate >200 μg per

minute and ≥30% higher than at baseline, and this endpoint was reached

by 30 patients in the placebo group, compared with 19 in the irbesartan

150mg group and 10 in the 300mg group, corresponding to hazard ratios

of 0.61 (NS) and 0.30 (p < 0.001), respectively. The level of urinary albu-

min excretion reduced by 38% in the irbesartan 300mg group compared
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with a reduction of 2% in the placebo group (p < 0.001). The number of

deaths was 8 in the irbesartan 300mg group, versus 5 in the placebo group.

The publication of the renal outcome results from the ACCOMPLISH

study confirmed the need for future hypertension trials to consider CV

and renal outcomes jointly [52]. The study results showed that the com-

bination of the ACE inhibitor benazepril and the calcium-channel blocker

amlodipinewas superior to benazepril and the diuretic hydrochlorothiazide

in terms of both CV protection and slowing the progression of nephropa-

thy to a greater extent in patients with hypertension at high risk of CV

events. These results indicate that the mechanisms that facilitate the pro-

gression of CV disease have similarities to those that lead to the progres-

sion of renal disease. A subgroup of analysis of patients with diabetes in

the ACCOMPLISH study, also published in 2010, showed that the com-

bination of renin–angiotensin system suppression with amlodipine was

superior to the combination of renin–angiotensin system suppression with

hydrochlorothiazide in reducing CV events in the diabetic subgroup [53].

In contrast to the previous three trials, patients in the TRANSCEND study

[54, 55] had either established CV disease or diabetes with end-organ

damage, but without macroalbuminuria or heart failure. Intolerance of

ACE inhibitors was an inclusion requirement; other antihypertensive

drugs were allowed, including nonstudy ARB, although these were only

taken by <10% of patients. The primary renal endpoint was the composite

of dialysis, renal transplantation, doubling of serum creatinine, and death,

and this occurred with similar incidence in the two groups. However,

doubling of serum creatinine occurred significantly more frequently with

telmisartan than with placebo (hazard ratio 1.59, p = 0.031), and signif-

icantly more patients experienced a reduction in estimated glomerular

filtration rate with telmisartan. On the other hand, among patients

with microalbuminuria at baseline, progression to macroalbuminuria

was markedly reduced by 42% by telmisartan (p = 0.018). However,

telmisartan had no significant effect on the main composite CV endpoint,

or on all-cause or CV death. The authors concluded that ARB offer no

renal benefit in ACE-intolerant people at high vascular risk but without

macroalbuminuria [54].

The final study in this category is a combined analysis of renal endpoints

in the three DIRECT trials, which were designed primarily to evaluate

the effect of candesartan on the incidence and progression of retinopathy

in normoalbuminuric patients with type 1 or type 2 diabetes [56, 57,

58]. The primary renal endpoint was development of microalbuminuria,

with rate of change in urinary albumin excretion rate as a secondary

endpoint. Similar numbers of patients in the candesartan and placebo

groups developed microalbuminuria in each of the three studies, with a

hazard ratio (candesartan vs. placebo) of 0.95 in the combined analysis
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(p = 0.60). The annual rate of change in urinary albumin excretion rate

was 5.5% lower with candesartan (p = 0.024); this corresponds to an

absolute reduction of 0.11 μg/min, which the authors describe as modest

and of uncertain clinical significance. However, it must be remembered

that the study was not powered for a renal endpoint. The number of deaths

was similar in the candesartan (51 deaths) and placebo (48 deaths) groups.

The studies considered in this section suggest that treatment with ARB

can delay progression to macroalbuminuria, and reduce the incidence of

manifestations of more severe renal disease such as doubling of serum

creatinine and need for dialysis, although there were inconsistencies

between different renal endpoints. However, none of the trials showed

a significant benefit of ARB on mortality. The lack of significant effect

might be expected in trials with relatively small numbers of deaths, such

as IRMA 2 and DIRECT, but is of more concern for those trials that, due

to their large size and/or the high-risk nature of their patients, involved

substantial numbers of deaths. A recent analysis of 16 randomized trials in

predominantly hypertensive patients since 2000 [59] indicated that only

three trials (ASCOT-BPLA [60], ADVANCE [41], and HYVET [61]) showed

a significant reduction in all-cause mortality. The successful treatments

in these three studies were amlodipine (± perindopril), perindopril plus

indapamide, and indapamide (± perindopril), respectively. The other

13 studies, individually and when pooled, showed no significant mortality

benefit (odds ratio 0.996 for the pooled analysis).

Cerebrovascular Outcomes in Hypertensive Diabetics

There is no question about the need to treat hypertension in either the

primary prevention or secondary prevention settings for cerebrovascular

disease, irrespective of the presence of diabetes. A systematic review of the

effects of different BP-lowering drug regimens in peoplewith hypertension,

diabetes, or vascular disease found that the relative risks of stroke and other

major vascular outcomes were proportional to the BP reduction achieved

[62]. However, as discussed above, there is a general consensus that ACE

inhibitors or ARB are the first-line drugs of choice in both diabetes and

metabolic syndrome. In primary prevention, the only question is the level

of BP abovewhich treatment is indicated. Observational studies have found

no evidence of a threshold of systolic or diastolic BP (at least down as far

as about 115/75mmHg) below which there was no reduction in stroke

[63]. The recommended threshold for treatment in primary prevention is

currently under discussion in both diabetics and nondiabetics. Moreover,

there is increasing uncertainty about the use of absolute thresholds of BP to

determine the need for treatment, and there is a developing consensus that
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the need for treatment decisions should be based on the predicted absolute

risks of CV events [64].

BP reduction is indicated inmost people with a prior stroke or TIA, partic-

ularly among diabetics. A systematic review of nine randomized controlled

trials in 6,753 people with a prior stroke or TIA found that antihyperten-

sive treatment significantly reduced the risk of stroke (RR = 0.72, 95% CI

0.61–0.85) and major CV events (RR = 0.79, 95% CI 0.68–0.91) during

follow-up [65]. However, there is evidence that stroke risk is increased at

lower levels of systolic BP in patients with bilateral severe carotid stenosis,

in whom cerebral perfusion is frequently impaired, particularly if systolic

BP is <130mmHg [66]. BP should be lowered cautiously in this group and

endarterectomy may be necessary in order to allow proper control of BP.

The above mentioned PROGRESS trial, in 6,105 people with a prior

stroke or TIA, compared four years of the ACE inhibitor perindopril

plus indapamide (added at the discretion of the treating physician)

versus placebo [29]. Active treatment reduced BP by 9/4mmHg and

reduced stroke (RR = 0.72, 95% CI 0.62–0.83) and major vascular events

(RR = 0.74, 95% CI 0.66–0.84) compared with placebo. Relative risks

were similar irrespective of baseline BP and the type of qualifying cere-

brovascular event (ischemic or hemorrhagic). PROGRESS included 761

(14.2%) patients with diabetes. The overall reduction in BP with treatment

in the diabetes group was 9.5/4.6mmHg compared with 8.9/3.9mmHg

in nondiabetics and the relative reductions in the risk of stroke were

38% (95% CI 8–58%) and 28% (95% CI 16–39%), respectively. Since

the absolute risk of ischemic stroke during follow-up was also higher in

patients with diabetes (hazard ratio = 1.53, 95% CI 1.23–1.90), the RR

with treatment was higher. The same pattern was reported in the HOPE

trial, in which 9,297 people at high risk of vascular disease (1,013 with

a prior stroke or TIA) were randomized to the ACE inhibitor ramipril,

versus placebo. Ramipril reduced stroke (RR = 0.68, 95% CI 0.56–0.84)

and major vascular events (RR = 0.78, 95% CI 0.70–0.86) at 4.5 years

compared with placebo [26]. Subsequent analysis found that relative risks

were similar in people with and without a prior stroke or TIA [67], and

slightly greater in diabetics than nondiabetics. The absolute risk of stroke

in the placebo group was again higher in diabetics than in nondiabetics

(6.1 vs. 4.1%), and so the absolute benefit of treatment was also about

50% greater [27].

Combination Therapy in Hypertensive Diabetics

Many hypertensive patients in clinical practice receive more than one

antihypertensive drug, and the use of combination therapy is widely
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recommended in hypertension guidelines. Combinations may be espe-

cially important for patients with diabetes, for whom recommended BP

targets are challenging. It should be pointed out that in most large recent

hypertension trials the study drug is given on top of the usual antihyper-

tensive therapy, which is often left to the discretion of the investigator.

Thus, most trials evaluate the efficacy of combinations of drugs, but the

type and dose of the components other than the randomized study drug

are not standardized. However, three large recent trials have explicitly

studied specific combinations, with striking results.

First, the initial questions must be when to initiate pharmacological treat-

ment and which should be the chosen drug. This issue seems to be clarified

with recent concluding data that confirms that ACE-I and/or ARB are ben-

eficial even in normotensive high-risk patients, supporting calls to base

decisions about the prescription of these agents on each patient’s CV risk

rather than just their BP level [68].

In the very large ONTARGET trial [69], telmisartan and the combination

of telmisartan and ramipril were compared with ramipril alone in patients

with CV disease or diabetes with end-organ damage. There were no signifi-

cant differences between the telmisartan and ramipril groups for any renal,

CV, or mortality endpoint (Table 6.2). However, the comparison between

the combination and ramipril revealed important differences.

The combination was more effective than ramipril alone in preventing

new-onset microalbuminuria and progression of preexisting microalbu-

minuria, with hazard ratios of 0.88 (p = 0.003) and 0.76 (p = 0.019) respec-

tively. On the other hand, the primary renal endpoint, the composite of

doubling of serum creatinine, dialysis, or death, occurred significantlymore

frequently with the combination than with ramipril (hazard ratio 1.09, p =
0.037); each componentwas numericallymore frequentwith the combina-

tion, by 20%, 33%, and 7%, respectively. Declines in estimated glomerular

filtration rate were greater with the combination than with ramipril (p <

0.0001). Rates of CV endpoints and mortality were similar in the combi-

nation and ramipril groups. Renal abnormalities were reported as adverse

events in significantly more patients in the combination group than with

ramipril (relative risk 1.33, p < 0.0001), and more patients stopped medi-

cation due to renal abnormalities with the combination than with ramipril

(relative risk 1.58, p < 0.005). Thus, the addition of telmisartan to ramipril

reduced the incidence of proteinuria, but caused a more rapid decline in

glomerular filtration rate, increased the incidence of major renal events,

and showed no benefit in terms of CV events or mortality. This may be one

of the reasons guidelines do not recommend this association.

The ADVANCE trial is the largest trial performed in diabetics, involving

11,140 patients. It compared a fixed-dose combination of perindopril

and the original diuretic indapamide with placebo in patients with type
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2 diabetes and a history of major CV disease or at least one other CV

risk factor [70]. Combination therapy reduced the composite renal end-

point (new-onset microalbuminuria, new-onset nephropathy, doubling

of serum creatinine, or end-stage renal disease) by 21% (hazard ratio

0.79, p < 0.0001). There were also significant reductions in new-onset

microalbuminuria (21%) and progression from microalbuminuria to

macroalbuminuria (31%). Later-stage renal events were infrequent in

this population; end-stage renal disease occurred with similar frequency

in the combination and placebo groups. In contrast to the trials of ARBs

described in the previous section, the renal benefits of the perindopril plus

indapamide combination were accompanied by significant reductions in

all-cause mortality (by 14%, p = 0.025), CV death (by 18%, p = 0.027),

and coronary events (by 14%, p = 0.020).

At least three further features of the ADVANCE trial are notable. First,

almost all other antihypertensive treatments were allowed (including

RAAS inhibitors in 73% of patients in the control group, a first in these

trials), except that thiazide diuretics were not permitted. The effectiveness

of the permitted treatments was illustrated by the fact that regression of

albuminuria by at least one stage was observed in 50.2% of patients in the

placebo group; nonetheless, active treatment provided a further benefit

of 16% in the incidence of regression (p = 0.0017). Second, significant

reductions in renal events were seen in all subgroups of patients defined by

baseline BP, including those with starting BP below 125/75mmHg. Indeed,

the lowest risk for renal events was observed in patients with achieved

BP levels below 110mmHg systolic or 65mmHg diastolic. Third, a recent

analysis has shown that the relative risk of all-cause mortality was reduced

to a similar extent in patients with or without nephropathy, and whatever

their CKD stage at baseline [71]. One issue not resolved by ADVANCE was

whether the observed benefits were independent of BP reduction, because

the BP achieved was lower in the active treatment group by an average of

5.6mmHg systolic and 2.2mmHg diastolic. However, since the majority of

diabetic patients with hypertension in clinical practice do not reach their

target BP [72], the greater antihypertensive efficacy of the perindopril plus

indapamide combination could be regarded as an additional positive result.

The third trial in this group is ACCOMPLISH [52, 73], which compared

two fixed-dose combinations, benazepril plus amlodipine and benazepril

plus hydrochlorothiazide, in patients with hypertension and a history of

CV disease or diabetes; approximately 60% of randomized patients had dia-

betes. The primary endpoint was the composite of CV events and CV death,

and the trial was halted prematurely due to a significant reduction in this

endpoint in the benazepril plus amlodipine group (hazard ratio 0.80, p <

0.001). There was a significant reduction in the composite of all CV events

(17%, p = 0.002), but the reductions in all-cause death (10%), CV death
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(20%), and stroke (16%) did not reach significance. The primary renal end-

point, the composite of doubling of serum creatinine and end-stage renal

disease, was almost halved in the benazepril plus amlodipine group (haz-

ard ratio 0.52, p < 0.0001), due mainly to a 49% reduction in doubling

of serum creatinine (p < 0.0001). As in the ADVANCE trial, dialysis was

infrequent, occurring in 7 patients in the benazepril plus amlodipine group

and 13 patients in the benazepril plus hydrochlorothiazide group (NS).

Despite the marked reduction in later-stage renal events with benazepril

plus amlodipine, the proportion of patients with baseline microalbumin-

uria who regressed to normoalbuminuria was substantially lower in this

group (41.7%) than with benazepril plus hydrochlorothiazide (68.3%, p =
0.0016). The systolic BP level in the two treatment groups differed by less

than 1mmHg.

Case Study 1

A 56-year-old women attends the Hypertension Unit as a periodic consultation. She has
essential hypertension and type 2 diabetes mellitus since 2000, hypercholesterolemia
since 2004, global and abdominal obesity since 20 years old, with no history of
smoking, toxic habits, surgeries, or complications during her pregnancies. Her treatment
is olmesartan 40mg/day and simvastatin 20mg/day. Her blood pressure control is
128/78mmHg (office); 130/80mmHg (home). Her current serum and urine analytics
shows fasting glucose 158mg/dl; Hb A1C 7.5%; potassium 5.1mEq/, uric acid
7.8mg/dl, total cholesterol 219mg/dl; triglycerides 189mg/dl; HDL-c 41mg/dl; LDL-c
140mg/dl; creatinine 1.2mg/dl; glomerular filtration rate (MDRD-4) 49ml/min; albumin
to creatinine ratio 56mg/g. The remaining values are normal.

Multiple-Choice Questions
1 These results can affirm that the glycemic status of the patient is:

A Type 2 diabetes

B Prediabetes. Abnormal fasting glucose

C Prediabetes. Carbohydrate intolerance

D Normoglycemia

2 The optimal management for the glycemic status of this patient

should be:

A Lifestyle counselling

B Start metformin

C Start a combination of metformin and sulfonylurea

D Insulin

3 The lipid profile of this patient is out of goal range. Which objective for

LDL-c is desirable?

A <130mg/dl

B <100mg/dl
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C <70mg/dl

D <50mg/dl

4 The renal function of this patient can de considered as:

A Normal

B Chronic kidney disease stage 3 with albuminuria

C Chronic kidney disease stage 3 without albuminuria

D Chronic kidney disease stage 4

5 Her blood pressure levels should be considered as:

A Adequate

B Suboptimal. The goal is <120/80mmHg

C Suboptimal. The goal is <115/75mmHg

D Ambulatory blood pressure monitoring is needed to respond the

question

Answers provided after the References

Guidelines and Web Links

http://eurheartj.oxfordjournals.org/content/28/12/1462.full.pdf

http://www.eshonline.org/

http://www.nice.org.uk/CG034

2007 Guidelines for the Management of Arterial Hypertension, European Society of

Cardiology.

Guideline on the Management of Hypertension, NICE and the British Hypertension

Society.

Website of the European Society of Hypertension.
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Answers to Multiple-Choice Questions for Case Study 1
1 A

2 B

3 B

4 B

5 A



CHAPTER 7

Dyslipidemia and Its
Management in Type 2 Diabetes
D. John Betteridge
University College London Hospital, London, UK

Key Points
• Dyslipidemia is an integral component of metabolic syndrome and type 2 diabetes.

• Dyslipidemia involves both quantitative and qualitative lipid and lipoprotein
abnormalities: moderate hypertriglyceridemia, low HDL-cholesterol, small dense LDL
particles, and accumulation of cholesterol-rich remnant particles.

• Dyslipidemia is a major independent risk predictor for atherosclerosis-related disease.

• Increasing LDL-cholesterol concentrations and decreasing HDL-cholesterol
concentrations were the strongest risk predictors for myocardial infarction observed
in UKPDS.

• Patients with type 2 diabetes are at high risk of CVD events and the majority will
fulfill criteria for pharmacotherapy to lower LDL-cholesterol.

• Statins are the cornerstone of therapy and their use is based on a wealth of data from
well-conducted robust RCT.

• Some patients are statin intolerant and other drug classes such as ezetimibe, fibrates,
nicotinic acid, and colesevalam may be required.

• New LDL-cholesterol-lowering strategies are in development that should ensure, if
proved to be effective and safe, that more patients achieve LDL-cholesterol goals.

• Low HDL-cholesterol remains a significant risk predictor even when low
LDL-cholesterol levels are achieved in the statin trials.

• To date no evidence is available from RCT to support measures to increase HDL-
cholesterol to lower CVD events.

• Intensive management of dyslipidemia should be part of a global approach to CVD
risk reduction in the diabetic population.

Introduction

Atherosclerosis-related disease, coronary heart disease (CHD), peripheral

vascular disease (PVD), and thrombotic stroke are major complications in
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people with type 2 diabetes mellitus [1]. A recent meta-analysis of 102

prospective studies demonstrated a hazard ratio of 2 for coronary death

and non-fatal myocardial infarction (MI) and 2.5 for ischemic stroke [2].

In the United Kingdom Prospective Diabetes Study (UKPDS), for each 1%

increase in HbA1c there was a 28% inc rease in PVD [3].

The main focus for CVD risk management relates to patients with type

2 diabetes, but the increased lifetime risk for those with type 1 diabetes

should be remembered when considering lipid lowering, particularly those

with albuminuria, hypertension, and chronic kidney disease [4].

The pathogenesis of atherosclerosis in diabetes is multifactorial and

the task for the physician is to manage all modifiable risk factors to

prevent CVD events. However, it is clear from prospective studies that

plasma cholesterol and low-density lipoprotein (LDL)-cholesterol in

particular are major independent risk factors. In the United Kingdom

Prospective Diabetes Study (UKPDS) of newly presenting patients with

type 2 diabetes, LDL-cholesterol was the strongest predictor of MI. The

second strongest predictor of MI was low levels of high-density lipoprotein

(HDL)-cholesterol ahead of glycated hemoglobin, systolic blood pressure,

and cigarette smoking [5].

Diabetic Dyslipidemia

The dyslipidemia of metabolic syndrome, insulin resistance, and type 2

diabetes consists of both quantitative and qualitative lipid and lipoprotein

abnormalities [6]. Moderate hypertriglyceridemia is accompanied by low

levels of HDL-cholesterol and an increase in cholesterol-rich remnant parti-

cles of chylomicrons and very low-density lipoprotein (VLDL) metabolism.

LDL-cholesterol concentrations reflect those of the background population.

However, important qualitative changes are present in the LDL particle

distribution, with the accumulation of smaller, denser particles that are

thought to be more atherogenic [7].

This complex phenotype is present at the time of diabetes diagnosis as it is

part of the metabolic syndrome and prediabetes. In an individual patient it

will be influenced by gender and lifestyle factors, particularly central obe-

sity, the degree of physical activity, poor glycemic control, cigarette smok-

ing, and alcohol intake. In addition, other secondary causes including renal

and hepatic dysfunction, hypothyroidism, and concurrent medication may

have a significant effect. Concurrent primary dyslipidemias such as famil-

ial hypercholesterolemia, familial combined hyperlipidemia, and type III

dyslipidemia should be identified and managed appropriately.

Although understanding of the impact of insulin resistance on lipid and

lipoprotein metabolism has increased enormously, much remains to be
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learned. A basic abnormality is the overproduction of large VLDL from the

liver, partly as a result of an increased flux of fatty acids from adipose tissue

combined with lack of inhibition of VLDL assembly [8]. In the postprandial

state, hepatic VLDL production is not suppressed and this, together with

exogenous fat absorbed in the form of chylomicrons, saturates activity of

the enzyme lipoprotein lipase (LPL). LPL activity itself can also be reduced

by increased levels of apoprotein C-III, apoprotein A-V, excess levels of fatty

acids, low adiponectin levels, and insulin resistance.

Prolongation of the postprandial phase of lipid metabolism is associated

with increased cholesterol and triglyceride exchange through the activity of

cholesterol ester transport protein (CETP). CETP facilitates a mole-for-mole

transfer of cholesterol esters from HDL to VLDL, IDL and chylomicron rem-

nants, and LDL in exchange for triglycerides. As a result, LDL and HDL are

triglyceride enriched and become substrates for the enzyme hepatic lipase,

the activity of which is increased in diabetes. As a result of the triglyc-

eride hydrolysis by this enzyme, LDL and HDL become smaller and denser.

Smaller, denser HDL particles are cleared more rapidly, contributing to the

low plasma levels observed [7, 9].

Dyslipidemia and CVD Risk

It is those patients with diabetes and concomitant metabolic syndrome

including dyslipidemia that are at highest risk. In the National Health

and Nutrition Examination (NHANES III) performed in the USA, the

prevalence of metabolic syndrome in diabetes was 86%. The prevalence

of CHD in this group was 19.2%. In those with diabetes and no evidence

of metabolic syndrome, CHD prevalence was 7.5%, which is comparable

to those without diabetes or metabolic syndrome [10].

Many studies in different populations have confirmed that dyslipi-

demia is a common finding in type 2 diabetes. The prevalence of low

HDL-cholesterol (<0.9mmol/l in men; <1.0mmol/l in women) and/or

raised triglycerides (>1.7mmo/l) was increased about threefold compared

to the background population in the Botnia study from Finland [11]. In a

Canadian study, the prevalence of dyslipidemia ranged from 55% to 66%

depending on the duration of disease: the longer the diabetes duration,

the higher the prevalence of dyslipidemia [12].

LDL-cholesterol concentrations are generally similar to those of the back-

ground population. However, LDL-cholesterol remains a major risk factor

and was indeed the best predictor of risk of MI in the UKPDS [5]. Qualita-

tive changes in LDL particles increase their atherogenicity. The particles are

smaller and denser with less lipid core. Parts of the apoprotein B molecule

are exposed which have increased affinity to glycosaminoglycans. As a
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result, the particles are more likely to be retained in the subintimal space

of the artery. Small, dense LDL are also more susceptible to oxidation, and

it is oxidized LDL that is central to the development of atherosclerosis.

Glycation of apoprotein Bmay also contribute to the increased atherogenic-

ity [6].

HDL-cholesterol concentrations are inversely related to the risk of CVD

events. In UKPDS, low HDL was the second best predictor of MI risk

[5]. Baseline HDL concentrations remain a significant risk predictor in

the major CVD outcome trials with statins, even in those subjects who

achieved LDL-cholesterol concentrations <1.8mmol/l [13]. The mecha-

nism(s) by which HDL protects remains to be fully understood, although

its role in reverse cholesterol transport has received considerable attention.

Other potential mechanisms include antioxidant, anti-inflammatory, and

antithrombotic effects [14].

The relationship of plasma triglycerides to CVD risk remains unresolved.

Present in univariate analyses, the relationship is not maintained after

other factors are adjusted for, particularly non-HDL-cholesterol [15]. Rem-

nants of triglyceride-rich lipoproteins, enriched in cholesterol through

lipid exchange mediated by CETP in prolonged postprandial lipemia, are

atherogenic, as they are rapidly taken up by arterial wall macrophages

to form foam cells. In several studies including the more recent FIELD

and ACCORD studies, subjects with raised triglyceride (>2.3mmol/l) and

low HDL-cholesterol (<0.9mmo/l) have been shown to be at higher CVD

risk. Clearly, these parameters are intimately linked through postprandial

lipemia [16, 17]. In the Copenhagen General Population Study, which

included over 2,000 subjects with diabetes, nonfasting triglyceride concen-

trations were highly predictive of CVD events independent of other factors

[18]. This relationship probably reflects the link between nonfasting

triglycerides and remnant lipoprotein cholesterol.

Management of Diabetic Dyslipidemia

Management of dyslipidemia should be part of overall CVD risk preven-

tion, with attention to all modifiable risk factors. A lipid profile including

total cholesterol and triglycerides, HDL-cholesterol with calculation of

LDL-cholesterol by the Friedwald formula generally provides sufficient

information for clinical management. Non-HDL-cholesterol is an impor-

tant measure readily calculated by subtracting HDL-cholesterol from

total cholesterol; this value is closely correlated with measurements of

apoprotein B and therefore the number of atherogenic particles. It is often

inconvenient for patients to fast for these measurements and this is not

crucial, as apart from triglycerides, nonfasting concentrations do not differ
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significantly. Furthermore, as has been discussed, nonfasting triglycerides

appear to be a strong CVD predictor.

As already discussed, the lipid phenotype may be influenced by other

primary and secondary dyslipidemias [19].These other conditions should

be diagnosed and treated appropriately. In the individual patient poor

glycemic control, central obesity, excess alcohol intake, suboptimal diet

and lack of physical activity are common and open to lifestyle interven-

tion. It cannot be overemphasized that lifestyle measures should be the

cornerstone of therapy in the management of vascular risk. The reader is

referred to a comprehensive review of the topic [20].

Are all patients with type 2 diabetes at sufficient CVD risk (20% 10-year

CVD risk) to receive pharmacotherapy for dyslipidemia? In the author’s

opinion, risk calculation is not necessary, as most patients above the

age of 40 years will fulfill this risk criterion. However, risk engines such

as the one based on the UKPDS epidemiology data are available [21].

In the recent European Society of Cardiology/European Atherosclero-

sis Society guidelines for the management of dyslipidaemias [19], in

patients with type 2 diabetes and CVD or chronic kidney disease (CKD),

and those without CVD who are over the age of 40 years with one or

more other CVD risk factors or markers of target organ damage, the

recommended goal for LDL-cholesterol is <1.8mmo/l and the secondary

goal for non-HDL-cholesterol is <2.6mmo/l. These guidelines also give

a target for apoprotein B of less than <0.8 g/L. This, in the author’s

opinion, is forward thinking and particularly helpful (if available) in

diabetic dyslipidemia, as potentially atherogenic cholesterol is carried on

lipoproteins other than LDL. There is one molecule of apoprotein B per

particle of the VLDL, IDL, LDL cascade and its concentration therefore

gives important information on particle numbers. For all other people with

type 2 diabetes, an LDL-cholesterol <2.5mmol/l is the primary target.

The non-HDL-cholesterol target is below 3.3mmol/l and apoprotein B

<1.0 g/L. In this and other guidelines, different targets are set depending

on the risk. The author fails to see the rationale for this and in his practice,

once the decision to introduce pharmacotherapy has been taken, the more

intensive target is applied to all.

Secondary Prevention

Statins are first-line pharmacotherapy for diabetic dyslipidemia. Their use is

based on a wealth of data from robust, randomized trials for both primary

and secondary prevention of CVD events. First discovered in the 1970s

by the Japanese scientist Dr. Akiro Endo, the introduction of these drugs
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into clinical practice in the 1980s enabled the first definitive CVD end-

point trials of cholesterol lowering to be performed. They act by decreas-

ing hepatic cholesterol synthesis (by about 40%) by specific competitive

inhibition of the rate-determining enzyme, HMG-CoA reductase, which

catalyzes the first committed step in cholesterol synthesis. As a result, the

expression of hepatic LDL receptors is increased, which bind and take up

more plasma LDL, thereby decreasing plasma LDL. The Scandinavian Sim-

vastatin Survival Study (4S) was the first landmark statin trial [22] per-

formed in patients with established CHD (n = 4,444, 827 females). The pri-

mary endpoint was overall mortality. Simvastatin reduced LDL-cholesterol

concentration by 35% and, after a mean follow-up of 5.4 years, there were

182 deaths in the treated group compared to 256 in the placebo group (HR

0.7; 95% CI 0.59–0.85; p < 0.0003). In addition, there were highly signif-

icant reductions in all coronary events.

In 4S 202 known diabetic patients (age 60 years, 78% male) were

included and approximately half of those on placebo suffered a major

coronary event during the study period [23]. In the simvastatin group,

CVD events were reduced by 55% (p = 0.002). Numbers were too small to

assess the effect on overall mortality, although there was a 47%, nonsignif-

icant reduction. In a further analysis, additional diabetic patients (n = 483)

were identified on the basis of a baseline fasting glucose >7.0mmol/l [24].

In addition, 678 patients were identified with impaired fasting glucose

(IFT) with glucose levels between 6.1 and 6.9mmol/l. Major CHD events

were reduced by simvastatin (HR 0.58; 95% CI 0.42–0.81, p < 0.001).

The 28% reduction in overall mortality did not reach significance. In the

IFT group there was a significant reduction in overall mortality (HR 0.57;

95% CI 0.31–0.91, p < 0.02) [24].

The results of 4S have been confirmed in further subgroup analyses from

several large RCT (Table 7.1), including The Heart Protection Study (HPS),

which incorporated a large diabetes subgroup and its analysis was prespeci-

fied [25]. It is clear that patients with diabetes and CHD respond in a similar

way to the nondiabetic population. However, a substantial residual vascular

risk persists, as demonstrated by the HPS study. The residual risk of suffer-

ing a major CVD event in diabetic patients with CHD receiving 40mg/day

simvastatin remained higher than in nondiabetic patients with CHD on

placebo (Figure 7.1).

The question arose as to whether more intensive statin therapy would

result in further risk reduction. This has been tested in formal RCT in both

acute coronary syndromes and stable coronary disease. In the Treat to New

Targets (TNT) trial, more intensive therapy with atorvastatin 80mg/day

was compared to atorvastatin 10mg/day in 10,001 patients with stable

CHD [26]. In the diabetic subgroup (n = 1,501), LDL-cholesterol was

2.0mmol/l compared to 2.55mmol/l in the standard treatment group,



Dyslipidemia and Its Management in Type 2 Diabetes 171

Ta
b
le

7
.1

Im
p
a
ct

o
f
st
a
ti
n
th
e
ra
p
y
in

su
b
g
ro
u
p
s
o
f
d
ia
b
e
ti
c
p
a
ti
e
n
ts

in
th
e
m
a
jo
r
st
a
ti
n
tr
ia
ls
.
D
ia
b
e
ti
c
p
a
ti
e
n
ts

sh
o
w

th
e
sa
m
e
b
e
n
e
fi
t
in

te
rm

s
o
f
C
V
D

re
d
u
ct
io
n
to

th
o
se

w
it
h
o
u
t
d
ia
b
e
te
s.

Va
ria

bl
es

Pr
op

or
tio

n
of

ev
en

ts
(%

)
Re

la
tiv
e
ris
k
re
du

ct
io
n
(%

)

Tr
ia
l

Ty
pe

of
ev
en

t
Tr
ea

tm
en

t
D
ia
be

te
s

Pa
tie

nt
gr
ou

p

N
o

Ye
s

A
ll

D
ia
be

te
s

4S
D
ia
be

te
s
n
=
20

2
C
H
D
de

at
h
or

no
n-
fa
ta
lM

I
Si
m
va
st
at
in

19
23

32
55

Pl
ac
eb

o
27

45

4S
Re

an
al
ys
is
D
ia
be

te
s
n
=
48

3
C
H
D
de

at
h
or

no
n-
fa
ta
lM

I
Si
m
va
st
at
in

19
24

32
42

Pl
ac
eb

o
26

38

H
PS

D
ia
be

te
s
n
=
30

50
M
aj
or

co
ro
na

ry
ev
en

t,
st
ro
ke

,o
r

re
va
sc
ul
ar
iz
at
io
n

Si
m
va
st
at
in

20
31

24
18

Pl
ac
eb

o
25

36

C
A
RE

D
ia
be

te
s
n
=
58

6
C
H
D
de

at
h,

no
n-
fa
ta
lM

I
Pr
av
as
ta
tin

12
19

23
25

Pl
ac
eb

o
15

23

LI
PI
D
D
ia
be

te
s
n
=
78

2
C
H
D
de

at
h,

no
n-
fa
ta
lM

I,
re
va
sc
ul
ar
iz
at
io
n

Pr
av
as
ta
tin

19
29

24
19

Pl
ac
eb

o
25

37

LI
PS

D
ia
be

te
s
n
=
20

2
C
H
D
de

at
h,

no
n-
fa
ta
lM

I,
re
va
sc
ul
ar
iz
at
io
n

Fl
uv

as
ta
tin

21
22

22
47

Pl
ac
eb

o
25

38

G
RE

A
C
E
D
ia
be

te
s
n
=
31

3
C
H
D
,d

ea
th
,n

on
-f
at
al

M
I,
U
A
P,
C
H
F,

re
va
sc
ul
ar
iz
at
io
n,

st
ro
ke

A
to
rv
as
ta
tin

12
12

51
58

St
an

da
rd

ca
re

25
30

–
–

4S
,
Sc
an

di
na

vi
an

Si
m
va
st
at
in

Su
rv
iv
al

St
ud

y;
H
PS
,
H
ea
rt

Pr
ot
ec
tio

n
St
ud

y;
C
A
RE

,
C
ho

le
st
er
ol

an
d
Re

cu
rr
en

t
Ev
en

ts
Tr
ia
l;
LI
PI
D
,
Lo
ng

-T
er
m

In
te
rv
en

tio
n
w
ith

Pr
av
as
ta
tin

in

Is
ch

ae
m
ic
D
is
ea

se
St
ud

y;
LI
PS

,L
es
co

lI
nt
er
ve
nt
io
n
Pr
ev
en

tio
n
St
ud

y;
G
RE

A
C
E,

G
re
ek

A
to
rv
as
ta
tin

an
d
C
H
D
Ev
al
ua

tio
n
St
ud

y.

C
H
D
,c
or
on

ar
y
he

ar
t
di
se
as
e;

C
H
F,
co

ng
es
tiv
e
he

ar
t
fa
ilu

re
;M

I,
m
yo

ca
rd
ia
li
nf
ar
ct
io
n;

re
va
sc
,r
ev
as
cu

la
riz
at
io
n;

U
A
P,
un

st
ab

le
an

gi
na

pe
ct
or
is
.

(S
ou

rc
e:

R
yd

én
L
et

al
.
G
ui
de

lin
es

on
di
ab

et
es
,
pr
e-
di
ab

et
es
,
an

d
ca
rd
io
va
sc
ul
ar

di
se
as
es
:
ex
ec
ut
iv
e
su
m
m
ar
y.
Th

e
Ta
sk

Fo
rc
e
on

D
ia
be

te
s
an

d
C
ar
di
ov
as
cu

la
r
D
is
ea

se
s
of

th
e

Eu
ro
pe

an
So

ci
et
y
of

C
ar
di
ol
og

y
(E
SC

)a
nd

of
th
e
Eu

ro
pe

an
A
ss
oc

ia
tio

n
fo
r
th
e
St
ud

y
of

D
ia
be

te
s
(E
A
SD

).
Eu
r
H
ea
rt
J.
20

07
Ja
n;
28

(1
):8

8
–
13

6.
Re

pr
od

uc
ed

w
ith

pe
rm

is
si
on

of

O
xf
or
d
U
ni
ve
rs
ity

Pr
es
s.
)



172 Managing Cardiovascular Complications in Diabetes

Diabetes
+ CHD

In
c
id

e
n

c
e

 o
f 

m
a

jo
r 

va
s
c
u

la
r 

e
ve

n
ts

 (
%

)

No diabetes
+ CHD

Diabetes
+ other CVD

No diabetes
+ other CVD

Diabetes
+ no CVD

1009 972 5683 5722 519 551 1481 1449 1455 1457
0

10

20

30

40 RRR
12%

Placebo

Simvastatin 40 mg

RRR
23%

RRR
22%

RRR
19%

RRR
31%

50

Figure 7.1 Residual CVD risk in nondiabetes with CVD. Those patients in the 4S study

with diabetes and established CVD on statin therapy remained at higher risk than those

nondiabeteic patients with CVD on placebo. RRR, relative risk reduction. (Source: HPS

Collaborative Group 2003 [25]. Reproduced with permission of Elsevier.)

and this was associated with a significant reduction in major CVD events

(HR 0.75, 95% CI 0.58–0.97, p = 0.026). 5584 patients (56%) were

identified with metabolic syndrome; in this subgroup intensive therapy

was associated with a 29% risk reduction in the primary endpoint (HR

0.71, 95% CI 0.61–0.84, p < 0.0001) [27].

A meta-analysis has examined data from four trials of intensive versus

conventional statin therapy in 27,584 patients with acute coronary

syndromes or with stable coronary disease involving [28]. Intensive statin

therapy (higher dose or more potent drug) was associated with a further

16% reduction in coronary death and MI (HR 0.84; 955CI 0.77–0.91;

p < 0.0001; Figure 7.2). This large database supports results from individual

trials showing the benefit from more intensive therapy. This finding has

been confirmed by an analysis from the Cholesterol Treatment Trialists’

Collaboration [29, 30]. Given the high risk in the diabetic patient with

established CVD disease, intensive LDL-lowering therapy should become

part of routine clinical practice.

The only trial to recruit a specific population of stroke or transient

ischemic attack survivors (n = 4,731) with time to subsequent stroke as

the primary endpoint was SPARCL [31]. High-intensity statin therapy with

atorvastatin 80mg/day was associated with a reduction in subsequent

stroke of 16% (HR 0.84 95% CI 0.71–0.99, p < 0.03). As might be

predicted, secondary endpoints of major coronary events showed highly

significant reductions. In the diabetes subgroup of 794 patients, there was

a 30% reduction in stroke and a 51% reduction in major coronary events.
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27, 548 patients with
stable CVD in TNT and
IDEAL or acute coronary
syndrome, PROVE-IT-
TIMI-22, and A-to-Z

Population:

Results:
16% odds reduction in
coronary death or
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p<0.0001  
No difference in total or
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Figure 7.2 The impact of more intensive stain therapy compared with conventional

therapy in a meta-analysis of four major trials in patients with stable coronary disease

and patients post acute coronary syndrome. More intensive therapy produced a further

16% reduction in coronary events. (Source: Cannon et al. 2006 [28]. Reproduced with

permission of Elsevier.)

Primary Prevention

Higher case fatality in diabetes with the first CVD event points to the

importance of primary CVD prevention. A large number of diabetic

patients (n = 2,912) was included in HPS. Simvastatin, which reduced

LDL-cholesterol by 0.9mmol/l, was associated with a 33% relative risk

reduction in major CVD events (p = 0.0003). This benefit was independent

of baseline lipids, diabetes duration, glycemic control, and age. The authors

calculated that simvastatin therapy over five years should prevent a first

major cardiovascular event in about 45 people per 1,000 treated [25].

Support for the HPS findings came from the Collaborative Atorvastatin

Diabetes Study (CARDS): 2,838 type 2 diabetic patients, aged 40–75 years,

without clinical CVD but with one other risk factor (hypertension, current

cigarette smoking, retinopathy, or albuminuria), received atorvastatin

10mg/day or matching placebo [32]. Patients were excluded if baseline

LDL-cholesterol was >4.14mmol/l, the treatment threshold at the time,

and baseline triglyceride levels up to 6.78mmol/l were permitted. The trial

was terminated two years earlier than expected because the prespecified

early stopping rule for efficacy had been met. Atorvastatin reduced

LDL-cholesterol by 40% compared to placebo, representing an absolute

reduction of 1.2mmol/l; this reduction was associated with a 37% (95%

CI −52 to −17, p = 0.001) relative risk reduction in major CVD events

(Figure 7.3). CARDs was not powered for overall mortality; however,

there was a 27% reduction of borderline statistical significance (p =
0.059). Stroke was reduced by 48%. There was no heterogeneity of effect

in relation to baseline lipids, age, diabetes duration, glycemic control,
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Figure 7.3 Main results from the Collaborative Atorvastatin Diabetes study (CARDS),

which demonstrated that atorvastatin 10mg/day reduced first major CVD events by

37% in patients with type 2 diabetes. (Source: Colhoun et al. 2004 [32]. Reproduced

with permission of Elsevier.)

systolic blood pressure, smoking, or albuminuria. The authors concluded

that atorvastatin was safe and effective in reducing the risk of first CVD

events in patients without high LDL-cholesterol levels, mean baseline

3mmol/l [32]. On the basis of this trial together with HPS, there seems

to be no justification for a particular threshold level of LDL to determine

which patients should receive statin therapy; rather, their absolute CVD

risk should be the primary determinant.

The diabetes subgroup (n = 2,532) from the Anglo Scandinavian Cardiac

Outcomes Trial Lipid-Lowering Arm (ASCOT-LLA) showed a similar trend

(test for heterogeneity not significant) to reduction of CVD events as seen in

those without diabetes. This trial is of particular interest because the bene-

fits of statin therapy with atorvastatin 10mg/day were seen in well-treated

hypertensive patients [33].

Cholesterol Goal Achievement in Practice

The availability of the highly effective and well-tolerated statin class of

drugs for LDL-cholesterol lowering should ensure that most patients

with diabetes achieve their therapeutic goals. However, much still needs

to be done to translate the findings from well-conducted RCT to the

benefit of the individual patient. The EUROASPIRE epidemiology surveys

performed across many European countries have certainly demonstrated

improvement in risk-factor management in those with symptomatic
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coronary disease over recent years. However, in the most recent survey

from 2009, over 40% of patients remained with cholesterol >4.5mmol/l.

Of interest is that the number of patients with diabetes among the sample

of CHD patients is about 35% [34].

A contributory factor to the failure to achieve therapeutic goals is statin

intolerance.Meta-analysis of the RCT of statin trials involving over 100,000

participants has confirmed the safety of this drug class [35]. However,

in practice there is a significant minority of patients who cannot tolerate

statins at all, or can only tolerate a small dose, insufficient to achieve the

LDL goal. The main reported side effects are muscle aches and pains, often

with a normal creatine phosphokinase level [36]. In addition, concurrent

medication with drugs that can increase statin concentrations because

they interfere with their metabolism may preclude an effective dose.

In patients who complain of perceived statin side effects, it is impor-

tant to reiterate the benefits of the statins and to exclude other problems.

In the patient with myalgia, the author measures vitamin D levels and

corrects low levels, often with benefit. It is of course also important to

exclude hypothyroidism. Some patients have reported benefit by taking

Co-Enzyme Q 10 supplements, although the evidence base for this is not

robust. In the author’s clinic, the fallback position is to give a long-acting

statin such as atorvastatin or rosuvastatin in low dose once or twice weekly,

plus the specific cholesterol absorption inhibitor ezetimibe.

Recently, an analysis of a large database of ezetimibe studies has been

reported [37]. Notably, people with diabetes appeared to respond better to

a statin/ezetimibe combination than those without diabetes (Figure 7.4).

Is this likely to be a true finding and if so, what is the explanation? When

ezetimibe was first introduced, its mechanism of action was not under-

stood. However, subsequently it became clear that its action is to block

Niemann-Pick C1-Like 1 (NPC1L1), which is a transmembrane receptor

found at the apical membranes of enterocytes that mediates cholesterol

absorption [38]. Subsequently, experiments in NPC1L1 knockout and

ezetimibe-fed experimental animals have shown that NPC1L1 deficiency

prevents diet-induced hepatic fatty liver and obesity development [39].

Ezetimibe has also been shown to reduce hepatic fat in humans [40, 41].

The mechanism(s) of these effects remains to be fully explained. As

hepatic fat is a central feature of metabolic syndrome and type 2 diabetes,

it is possible that modulation of this by ezetimibe may have an impact on

hepatic insulin resistance and lipoprotein output.

The combination of simvastatin and ezetimibe was the treatment arm

of a large study of patients with chronic end-stage kidney disease, which

included a significant number of patients with diabetes. This trial showed

significant reductions in CVD events with the combination therapy, which

correlated with the degree of LDL-cholesterol reduction [42].
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A not uncommon situation when managing diabetic dyslipidemia relates

to the persistence of modest hypertriglyceridemia, despite achievement

of the LDL-cholesterol goal. The author’s approach here is to look at the

important secondary goal of non-HDL-cholesterol, which is set 0.8mmol/l

above the LDL goal. This measures potentially atherogenic cholesterol

carried on lipoproteins (remnant particles and IDL) other than LDL.

Another possibility is to add a fibrate such as fenofibrate or bezafibrate.

Although recent RCT of fenofibrate, FIELD, and ACCORD [43, 17] in

diabetic patients have disappointed in terms of the primary endpoint, a

consistent finding from these and other fibrate trials has been the apparent

CVD benefit in those patients with hypertriglyceridemia and low HDL

[44]. In addition, in both FIELD and ACCORD significant reductions in

development of retinopathy were reported [45, 46].

Severe Hypertriglyceridemia

Diabetic patients may develop severe hypertriglyceridemia, with fasting

serum triglyceride concentrations over 11mmol/l and sometimes in the

20–60mmol/l range or higher. Increased hepatic output of VLDL from

the liver, together with postprandial absorption of chylomicrons, swamps
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the clearance pathway through the enzyme lipoprotein lipase. Diabetes

alone does not result in such high triglyceride levels and there is usually an

underlying lipid disorder such as familial combined hyperlipidemia. Other

secondary causes – for example, hypothyroidism, high alcohol intake, cen-

tral obesity and renal disease – should be excluded.

Severe hypertriglyceridemia (fasting levels >11mmol/l) may be associ-

ated with recurrent attacks of abdominal pain and sometimes pancreati-

tis. Hepatosplenomegaly due to accumulation of lipid-laden macrophages

may occur. Rarely, there may be memory disturbances and lack of concen-

tration. Some patients develop spectacular skin eruptions, eruptive xan-

thomata, which appear as crops of raised pinkish, yellow spots over elbows,

knees, and buttocks.

Massive hypertriglyceridemia may interfere with the measurement of

other analytes such as hemoglobin, bilirubin, and liver transaminases and,

by decreasing water volume in plasma, can lead to artificially low sodium

measurement.

Treatment is of some urgency given the risk of pancreatitis. It is important

that the patient is counseled to follow a low total fat diet together with

reductions in alcohol and refined carbohydrate. In addition, high doses of

omega 3 fish oils are beneficial, combinedwith a fibrate or nicotinic acid. As

diet and lifestyle measures progress, it is often possible to stop the fish oils.

If significant mixed lipemia persists, a statin is indicated with the possible

addition of a fibrate.

A Look to the Future

It was the study of cultured cells from a rare inborn error of metabolism,

homozygous familial hypercholesterolemia (FH), by the Nobel laureates

Brown and Goldstein that led to the discovery of the LDL receptor and

ultimately drugs to target its expression [47]. It is the activity of hepatic

LDL receptors that is the major determinant of plasma LDL concentration.

Subsequently, the study of other families with a severe FH phenotype

has identified a previously unknown cellular process important for LDL

receptor activity [48, 49]. Proprotein convertase subtilisin/kexin type 9

(PCSK9), a serine protease synthesized in the liver, reduces the number of

LDL receptors. The circulating enzyme binds to the receptor on the hepatic

cell surface, is internalized with it, and promotes its lysosomal degradation;

so as a result of the action of PCSK9, LDL receptor numbers are reduced

and plasma LDL increases. Mutations in the PCSK9 gene resulting in

overactivity produce a severe FH phenotype. Monoclonal antibodies have

been developed that bind to and inactivate PCSK9, leading to increased

LDL receptor activity and reduction of plasma LDL. The monoclonal
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antibodies, which need to be administered subcutaneously every two or

four weeks, produce plasma LDL reductions of around 60% on top of

statin therapy [50, 51]. If this new approach proves to be effective and

safe in the long term, it will facilitate LDL goal attainment in the majority

of patients.

Increasing HDL-cholesterol is an attractive lipoprotein target following

the reduction of LDL. HDL-cholesterol concentrations remain predictors

of risk in the statin trials, even when intensive LDL reduction has been

achieved. However, as yet there is no evidence from definitive RCT of the

benefit of increasing HDL for CVD reduction. Nicotinic acid will increase

HDL-cholesterol by around 20%, but the AIM HIGH study, which was

designed to test the benefit of statin/nicotinic acid combination compared

to statin alone, was terminated prematurely for futility [52]. The design,

conduct, and power of this trial have been subject to much criticism;

however, at the end of 2012 it was announced that HPS2Thrive, a much

larger trial involving over 25,000 subjects and a high number of people

with diabetes, comparing the nicotinic acid/laropiprant combination

product and statin therapy to intensive LDL-cholesterol lowering with

statin (± ezetimibe) alone, did not show added benefit (www.ctsu.ox.ac

.uk/research/megatrials/hps-thrive). Following the results of HPS3Thrive,

the nicotinic acid/laropiprant combination is to be withdrawn.

Inhibitors of cholesterol ester transfer protein (CETP) can increase

HDL-cholesterol much more than nicotinic acid, but initial experience

has been profoundly disappointing, either because of off-target toxic

effects with torceptrapib or futility with dalcetrapib [53, 54]. However

anacetrapib [55] and evacetrapib [56] are in ongoing CVD outcome trials.

These drugs lead to large increases in HDL-cholesterol (>100%), but also

lower LDL-cholesterol and apoprotein B. If positive, these trials will not

answer the HDL hypothesis, however, as benefit may accrue from their

other lipid effects.

The PPAR gamma agonist pioglitazone, in use as an oral hypoglycemia

agent, consistently increases HDL-cholesterol by approximately 10%.

Of interest is its apparent benefit in delaying the progression of coro-

nary atheroma, as demonstrated by intravascular ultrasound in the

PERISCOPE study, and carotid artery intima-media thickness, as demon-

strated by high-resolution ultrasound in the CHICAGO study and clinical

events in the PROACTIVE study; this appears to relate to its increase in

HDL-cholesterol rather than the reduction in HbA1c [57, 58, 59]. The

author uses this agent extensively, but is mindful of potential adverse

effects, including fluid retention, the possibility of increased fracture

incidence, and bladder cancer, although the latter is by no means certain.
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Conclusions

Dyslipidemia is an important component of metabolic syndrome, insulin

resistance, and type 2 diabetes. It is a major risk factor for CVD, the most

important cause of premature morbidity and mortality in this high-risk

population. It is open to therapeutic intervention principally with statins,

which have been subject to well-conducted RCT in both primary and sec-

ondary CVD prevention. It is important that the benefits demonstrated in

these RCT are transferred to everyday clinical practice for the benefit of

individual patients. Survey data suggest that much still needs to be done to

ensure that all patients at high risk receive effective lipid-lowering therapy.

Case Study 1

A 58-year-old businessman attends the clinic for annual review of diabetes. He was diag-
nosed with type 2 diabetes at the age of 49 years. His sister and mother also have type 2
diabetes. His mother had a myocardial infarction at 65 years. He is a nonsmoker and does
not drink excess alcohol. He has no relevant past medical history apart from hypertension
diagnosed at the age of 53 years. He is asymptomatic. His current medication consists
of metformin modified release 500mg twice daily, sitagliptin 100mg daily, simvastatin
40mg daily, losartan 100mg daily, amlodipine 5mg daily, and indapamide 1.25mg daily.
Concordance with therapy was excellent. His BMI was 27. There were no abnormal find-
ings on examination, BP 133/83. His HbA1c was 7.1%, estimated GFR 78, liver function
normal apart from alanine transferase of 57 (<50), thyroid function normal, urine albu-
min/creatinine ratio slightly raised at 3.6, cholesterol 5.3mmol/l, triglycerides 3.9mmol/l,
HDL-cholesterol 0.9mol/l, calculated LDL-cholesterol 2.56mmol/l.

His glycemic control is pretty good and there would be general agreement that an
HbA1c of 7% is a reasonable goal for him. His oral agents are unlikely to precipitate
hypoglycemia. Rather than adding additional medication, he was advised to tighten up
on his diet and lifestyle measures, which had been somewhat relaxed over the holiday
period.

His hypertension appears reasonable in the clinic and his home-monitored readings
show an average systolic pressure of around 126mmHg. However, he does have microal-
buminuria, although this is less than on previous visits when his antihypertensive regimen
was increased.

His lipid profile is reasonable, but not optimal. His non-HDL-cholesterol of 4.4mmol/l
indicates a significant residual cholesterol burden despite the calculated LDL. This
patient should be treated more intensively given his age and additional risk factors of
hypertension and microalbuminuria. In addition, his mother developed symptomatic
ischemic heart disease at 65 years. The target is LDL-cholesterol <1.8mmol/l and
non-HDL-cholesterol <2.6mmol/l.

There are several options, but my preferred one would be to switch to atorvastatin
40mg daily in the first instance. His alanine transferase is slightly raised. This probably
represents a degree of fatty liver (this was confirmed with abdominal ultrasound),
which is not a contraindication to statin therapy. It is likely that the more effective
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statin together with his improved diet and lifestyle efforts will produce a significant
improvement, although they may not fully achieve the intensive goal. In that case, I
would add ezetimibe 10mg/day, which has a more than additive effect in lowering
cholesterol when added to statin therapy.

Multiple-Choice Questions
1 Are the following statements true or false?

A Statins lower LDL-cholesterol by reducing hepatic lipoprotein

output

B Ezetimibe reduces the absorption of bile salt in the terminal ileum.

C Fibrates are effective if reducing plasma triglyceride concentrations.

D Statins should not be combined with other lipid-lowering drugs.

E Triglyceride concentrations are the best independent predictor of

cardiovascular events in type 2 diabetes.

2 Are the following statements true or false?

A Non-HDL-cholesterol concentrations correlate well with apoprotein

B levels.

B Consistent evidence from randomized controlled clinical trials

demonstrates that raising HDL-cholesterol by pharmacotherapy is

associated with a significant reduction in CVD events.

C Statin therapy is contradicted in patients with fatty liver.

D The addition of ezetimibe to statin therapy leads to a more than an

additive effect in reducing plasma LDL-cholesterol concentrations.

E Fenofibrate has been shown to reduce the progression of

retinopathy in type 2 diabetes.

3 Are the following statements true or false?

A Insulin resistance is associated with increased activity of the enzyme

lipoprotein lipase.

B LDL receptor activity is directly related to hepatic cholesterol

concentrations.

C Low-density lipoprotein particles are smaller, denser, and potentially

more atherogenic in type 2 diabetes.

D Remnant lipoprotein particles are important carriers of potentially

atherogenic cholesterol.

E The flux of free fatty acids from visceral fat to the liver is decreased

in type 2 diabetes.
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Answers to Multiple-Choice Questions for Case Study 1
1 A, B, D, E – False

C – True

2 A, D, E – True

B, C – False

3 A, B, E – False

C, D – True
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Key Points
• Longstanding diabetes is frequently accompanied by the development of a

prothrombotic state.

• Thrombotic changes include an increase in some clotting factors, inhibition of
fibrinolysis, posttranslational modifications to fibrin(ogen), and platelet activation.

• Therapeutics have been developed that inhibit platelet activation (aspirin, P2Y12
inhibitors) and coagulation processes (heparins, bivalirudin).

• In the primary prevention of cardiovascular disease in low-risk diabetes, the use of
aspirin is not recommended as the risk of side effects outweighs any potential
beneficial effects.

• In high-risk diabetes (those with end-organ damage) aspirin is recommended for
primary prevention.

• In the acute setting, combinations of aspirin, P2Y12 inhibitors, and anticoagulants are
used to protect the myocardium against the effects of occlusive arterial thrombosis.

• Post-ACS, a combination of aspirin and a P2Y12 inhibitor is recommended for 12
months after the acute event.

• Cessation of P2Y12 inhibitors earlier than 12 months post-ACS is not recommended
as there is a higher incidence of recurrent events in this group.

• Aspirin is effective in secondary prevention of ACS in subjects with diabetes and
should be continued after cessation of P2Y12 inhibition at 12 months post-ACS.

Introduction

The development of occlusive thrombotic vascular disease has become

one of the major causes of morbidity and mortality in the modern world.

Subjects with both type 1 and type 2 diabetes are at increased risk of

developing cardiovascular disease, with approximately three-quarters
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of patients with diabetes ultimately dying from vascular causes. In the

arterial system, subjects with diabetes have an increased prevalence of

stroke, acute coronary syndromes, and peripheral vascular disease, while

in the venous system a small increase in venous thrombotic disease has

been observed, much of which may be related to associated comorbidities.

Arterial disease is a chronic process characterized by the early development

of endothelial dysfunction and fatty streaks followed by plaque formation,

plaque instability, and occlusive thrombus formation on a ruptured

plaque. Diabetes can affect all aspects of these processes, and clinical

studies indicate that coronary artery plaques from subjects with diabetes

have increased plaque thrombus and monocyte/macrophage infiltration

compared to nondiabetes controls [1]. This, together with more extensive

disease affecting both the proximal and distal coronary vasculature,

describes a situation in which the circulation supplying the heart has more

lesions, with a greater propensity to rupture and to produce more throm-

bus. The arterial clot is characterized by the development of a platelet-rich

fibrin mesh, the fibrin being generated by activation of the fluid phase

of coagulation, while venous thrombosis is characterized by a fibrin-rich,

platelet-poor thrombus. Type 2 diabetes is associated with increased

platelet activation [2], and with a range of abnormalities in coagulation

and fibrinolysis related to the metabolic abnormalities associated with

insulin resistance and hyperglycemia [3]. These prothrombotic changes

contribute to the increased prevalence of acute coronary syndromes and

other arterial disorders; increased platelet reactivity in particular has been

reported to prospectively predict risk of major adverse cardiovascular

events in type 2 diabetes patients with stable coronary artery disease

[4]. Most evidence seems to indicate that thrombotic disorders start to

appear with the development of insulin resistance and in the presence of

advanced complications such as chronic kidney disease. Glycemia has an

additional effect on many of these processes, which tend to deteriorate

as the chronic nature of diabetes unfolds. Clinical studies suggest that as

a consequence, uncomplicated type 1 diabetes has relatively minor alter-

ations in thrombotic profile, while nondiabetes insulin-resistant relatives

of subjects with diabetes have clustering of inflammatory thrombotic risk

prior to the appearance of frank hyperglycemia [5, 6, 7]; and in both

groups further changes occur as the disorder progresses.

The recognition that myocardial infarction usually results from throm-

bus formation on a ruptured plaque led to a revolution in therapeutic

approaches that has improved primary and secondary prevention of cardio-

vascular disease as well as the management of acute coronary syndromes.

Among these, the development of increasingly sophisticated inhibitors of

platelet activation, direct thrombin inhibitors, and heparin-like molecules
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have transformed care of both diabetes and nondiabetes subjects with

coronary artery disease. In this chapter we will describe the mechanisms

that underpin abnormalities in platelet function and the fluid phases of

coagulation and fibrinolysis in subjects with diabetes, the way in which

these changes relate to cardiovascular disease, and how antiplatelet

agents and anticoagulants ameliorate cardiovascular outcomes in subjects

with diabetes.

Mechanisms of Thrombosis

The hemostatic system consists of a fluid phase of activators and inhibitors

of coagulation and fibrinolysis that regulate the formation and breakdown

of fibrin and a cellular, platelet phase that interacts with sites of vascular

damage and fibrin to release a range of procoagulant and inflammatory

mediators. Thrombin is the pivotal enzyme in the coagulation pathway,

having a crucial role in both fibrin formation and platelet activation. Throm-

bin is generated by the cleavage of prothrombin by a Factor Xase complex,

which occurs as the result of interactions between tissue factor-activated

Factor VII and Factor X secondary to vascular damage. Thrombin, while

having major procoagulant and pro-inflammatory effects, can express an

anticoagulant effect when thrombin binds to the cell-associated receptor

thrombomodulin to change thrombin’s substrate [8].

Fibrinogen Cleavage
Fibrinogen is a large protein produced by the liver that consists of two sets

of three 𝛼, 𝛽, and 𝛾 chains linked by disulfide bonds [9]. Thrombin cleaves

fibrinogen by cutting small fibrinopeptides from each of the fibrinogen 𝛼

chains, allowing the 𝛼 chains to open out and interact with other cleaved

fibrinogen molecules, leading to the formation of double-stranded fibrils

that branch out to create a complex fibrin network. Cleavage of fibrinopep-

tide B allows lateral aggregation of the developing fibrin structure.

Factor XIII Activation and Fibrin Cross-linking
Coagulation FXIII is a transglutaminase that circulates in plasma in a

heterodimeric structure consisting of two A and two B subunits. Thrombin

activates Factor XIII by cleaving a 37 amino acid peptide from the A

subunit, which promotes separation of the A and B subunits and permits

exposure of the active site on FXIIIA. Activated Factor XIIIA covalently

cross-links fibrin fibrils, which creates a fibrin structure that is insoluble,

with altered mechanical properties and increased resistance to fibrinolytic

activity [10].
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Fibrinolysis
Analogous to thrombin, plasmin is the pivotal enzyme in the fibrinolytic

cascade. Plasmin is generated by the cleavage of plasminogen by tissue plas-

minogen activator (tPA), and this reaction occurs 1,000-fold faster in the

presence of fibrin. A lysine binding site on plasmin binds plasmin to fib-

rin, which facilitates fibrin breakdown and also protects plasmin from local

inhibition by antiplasmin. Plasmin cleaves arginine and lysine sites on a

range of molecules and its activity is tightly controlled by antiplasmin to

prevent systemic proteolysis [11]. Cleavage of fibrin by plasmin leads to

the generation of fibrin degradation products, which can be measured in

plasma, and one of which, D-dimer, is used as an indicator of the presence

of venous thrombotic disease. In addition to antiplasmin, other inhibitors of

this pathway include plasminogen activator inhibitor-1 (PAI-1) and throm-

bin activatable fibrinolysis inhibitor (TAFI). PAI-1 is the fast-acting inhibitor

of tPA that binds to and inhibits tPA activity. PAI-1 is produced by endothe-

lial cells and platelets and circulates in plasma in excess over tPA, and is also

found in fairly high concentrations in thrombus. TAFI is found in large

quantities in platelets and plasma, and is activated by thrombin, a cleavage

event that is much enhanced when thrombin is bound to thrombomod-

ulin. Activated TAFI cleaves the N-terminal lysine residues from degrading

fibrin to prevent binding of plasminogen and tPA to fibrin, which results

in inhibition of plasmin generation and clot lysis [12].

Platelet Activation
Damage to the vascular wall leads to two key events in platelet associated

clot formation: 1) receptor-mediated platelet adherence and aggregation;

and 2) thrombin-mediated platelet activation. Adherence to the suben-

dothelial matrix is facilitated by a range of glycoprotein receptors (GP Ib/IX,

GPVI, and GPIa), which interact with von Willebrand factor to promote

platelet adhesion. This interaction leads to activation of platelet GPIIb/IIIa,

which binds fibrinogen and promotes platelet aggregation. Thrombin is the

most potent platelet activator, which exerts its effects through binding to

protease-activated receptor 1 (PAR-1) on the platelet surface. This leads

to a cascade of signaling processes, culminating in the release of a range

of inflammatory and thrombotic mediators, which further promote clot

formation. In addition to thrombin, a range of other mediators, includ-

ing ADP, collagen, and thromboxane, can activate the platelet through a

receptor-binding event. These receptors provide some of the novel targets

for therapeutic approaches described later and are discussed in a number

of excellent reviews [13, 14, 15]. The main steps in clot formation and lysis

are summarized in Figure 8.1.
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Figure 8.1 Clot formation and fibrinolysis. Rupture of an atherosclerotic plaque

exposes a prothrombotic core, resulting in activation of platelets and coagulation

proteins. Thrombin is formed with subsequent conversion of soluble fibrinogen to

insoluble fibrin, which is further strengthened by thrombin-activated FXIII. Thrombin

further activates platelets, enhancing the thrombotic process. Tissue plasminogen

activator mediates conversion of plasminogen to plasmin, which lyzes the clot,

generating D-dimers. Fibrinolysis is inhibited by a number of proteins, including

plasminogen activator inhibitor (PAI)-1.

Summary of the Mechanisms of Thrombosis
In describing the individual components of these processes, it is easy to

lose sight of the exquisite control that is exerted at all levels of clot for-

mation. In addition to platelets, thrombosis involves binding events on

endothelium, subendothelial layers, macrophages, and leukocytes, with

the balance between thrombosis and clot lysis and the localization of clot

formation depending on these interactions. Emerging evidence demon-

strates the importance of thrombotic inflammatory interactions, both at the

cellular level where platelet/macrophage binding initiates the release of a

range of soluble procoagulant and inflammatorymolecules, and in the fluid

phase where, for example, complement C3 binds fibrin to inhibit fibrinol-

ysis [16]. As these events cycle toward fibrin formation and fibrin/platelet
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interactions, further levels of control are exerted by the interaction of acti-

vators and inhibitors of lysis on fibrin itself. All of these levels of control

direct and limit thrombus formation and fibrinolysis to the site of need to

prevent systemic thrombus formation and proteolysis.

Mechanisms of Thrombosis in Diabetes

Coagulation and Fibrinolysis
The major consistent hemostatic abnormality observed in insulin-resistant

type 2 diabetes is marked suppression of fibrinolysis associated with

increased levels of both PAI-1 and tPA [17]. Studies of euglycemic

first-degree relatives of subjects with type 2 diabetes indicate that such

individuals tend to be insulin resistant and have raised triglyceride, tPA,

and PAI-1 before a diagnosis of diabetes is made; there is little evidence

to suggest that glycemia influences this pattern. Several studies have

reported strong associations between insulin resistance, triglyceride, and

PAI-1 levels, and it appears that the severity of suppression of fibrinolysis

clusters with an increasing number of conventional risk factors. The PAI-1

gene has a 4G/5G polymorphism 675 bp from the start site, and the 4G

allele has been associated with both higher PAI-1 levels and increased risk

of acute coronary syndrome [18]. Additionally, there are indications that

interactions between the 4G/5G genotype and features of the metabolic

syndrome regulate circulating PAI-1 levels, providing a path for increasing

cardiovascular risk [19]. TAFI levels seem to be unaffected by insulin

resistance or hyperglycemia, although there are indications that levels

are increased in type 2 diabetes with microalbuminuria [20]. Coagulation

Factor VII levels show a similar association with insulin resistance and type

2 diabetes is also associated with elevated fibrinogen and Factor XII levels

[17]. The importance of insulin resistance in these early manifestations

of thrombotic risk is emphasized by studies of insulin-sensitizing agents,

which consistently demonstrate that metformin and thiazolidinedione

use is associated with reductions in PAI-1 and tPA, while metformin

has additionally been reported to lower levels of Factors VII and

XIIIA [17].

Clot Structure
Jörneskog reported changes in clot structure in type 1 diabetes subjects

showing reduced permeability to indicate a more compact structure

[21]. Other studies have made similar observations using plasma-purified

fibrinogen from type 2 diabetes patients [22]. The evidence indicates that

posttranslational modifications to fibrin(ogen) are promoting structural

alterations to fibrin [23]. However, such changes facilitate decreased
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plasmin generation on the clot surface and increased antiplasmin binding,

with an overall effect on fibrinolysis rather than clot formation [24].

Compact structures have been associated with increased cardiovascular

risk and poorer cardiovascular outcome in nondiabetes populations, and

it is likely that a range of metabolic influences affect this phenotype.

Platelet Activation
The circulating platelet is sensitive to a wide range of metabolic changes

associated with diabetes, of which hyperglycemia is the most clinically

apparent. Short-term exposure to hyperglycemia increases platelet reac-

tivity and improvements in glycemic control ameliorate these effects. It

has been proposed that hyperglycemia may have osmotic effects on the

platelet, alter protein kinase C expression, and/or have indirect effects

through exposure to glycated proteins. In this respect, recent evidence

indicates that AGE proteins induce a prothrombotic state through interac-

tions with the platelet CD36 receptor mediated by a JNK2 pathway [25].

Oxidized LDL is reported to activate platelets in insulin-resistant subjects

[26], and CD36 is involved in platelet activation through interactions with

dyslipidemia and oxidative stress, effects that are absent in CD36 null mice

[27]. It is interesting to note that the macrophage CD36 receptor is well

established as having a role in the formation of early fatty streaks through

interactions with oxidized LDL leading to increased foam cell formation.

This response in macrophages is accentuated in insulin-resistant states

and is ameliorated by thiazolidinediones. Thiazolidinediones are reported

to possess antiplatelet effects, although it is not known whether this

effect on platelets is mediated to any extent through effects on CD36.

Other potential influences include effects of insulin resistance. Insulin has

anti-aggregatory effects in platelets from insulin-sensitive subjects and

emerging data indicate that IGF-1 may have prothrombotic effects on

the platelet through interaction with the hetrodimerized insulin/IGF-1

receptor in insulin-resistant states. In a population of 208 type 2 diabetes

patients with stable coronary artery disease followed up for 24 months,

carriers of a particular insulin receptor substrate-1 (IRS-1) genotype

exhibited both increased platelet reactivity and a significantly higher risk

of major adverse cardiovascular events [28]. These findings both implicate

the insulin-signaling pathway in cardiovascular outcomes and provide

a potential mechanism for inter-individual differences between subjects

with diabetes.

Overall, the available data indicate that diabetes is associated with a range

of metabolic abnormalities that adversely influence platelet function. Man-

agement of the platelet aspect of this prothrombotic state should involve

normalization of the metabolic changes seen in diabetes and the appropri-

ate use of antiplatelet therapy, as discussed below.
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Management and Prevention of Thrombotic Events
in Diabetes

Individuals with diabetes are at increased risk of cardiovascular events and

their prognosis following vascular ischemia is worse than the nondiabetes

population. This increase in mortality is related to a combination of more

extensive vascular pathology associated with increased thrombotic milieu,

secondary to enhanced platelet activation and quantitative/qualitative

changes in procoagulant and antifibrinolytic factors. The detailed discus-

sion of the management of vascular ischemic events is covered elsewhere

in this book; we will concentrate on highlighting diabetes-specific

antithrombotic therapy.

Antiplatelet Agents

There are a number of antiplatelet agents in use for the treatment and

prevention of cardiovascular disease in diabetes, which mainly affect three

pathways of platelet activation, although agents are under development

that target additional pathways. In this section the various antiplatelet

agents used in the treatment and prevention of cardiovascular disease are

discussed, with an emphasis on the role of these agents in diabetes.

Aspirin
Aspirin acetylates serine residue 529 in cyclo-oxygenase (COX)-1, irre-

versibly inhibiting enzyme activity and blocking the production of throm-

boxane A2, resulting in diminished platelet aggregation. Another mode of

action that we and others have shown is that aspirin acetylates fibrino-

gen, altering fibrin network characteristics, making the clot easier to lyze

[29, 30, 31, 32]. Also, aspirin may influence clot lysis indirectly through

a nitric oxide-dependent mechanism [33, 34]. These platelet-independent

fibrinolytic properties of aspirin are potentially important clinically, and

may explain the enhanced fibrinolytic effects of streptokinase when used

with aspirin in the ISIS-2 study [35].

Aspirin is regularly used in the setting of acute coronary syndrome (ACS),

the benefit of which has been repeatedly demonstrated in individuals with

or without diabetes [35, 36, 37]. Aspirin should be given as early as possi-

ble in ACS, regardless of whether the diagnosis is unstable angina/NSTEMI

(non-ST-elevation myocardial infarction) or STEMI (ST-elevation myocar-

dial infarction), at an initial dose of 162–325mg (300mg is used in the UK)

with a combination of other anti-thrombotic agents (detailed below). This

is followed by a maintenance dose of 75–162mg/day (75mg/day in the

UK) in those with proven vascular pathology. In the longer term, aspirin is
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used for secondary cardiovascular protection in diabetes [38, 39], a practice

supported by two largemeta-analyses [40, 41]. The percentage reduction in

vascular ischemia with the use of aspirin for secondary prevention is 17%

(from 22.3 to 18.5%; p < 0.01) and 22% (from 16.4 to 12.8%; p < 0.00001)

in subjects with and without diabetes respectively. These data indicate that

aspirin may be less effective in secondary cardiovascular protection in dia-

betes, a concept supported by a relatively recent observational study failing

to show a benefit for aspirin in secondary prevention [42].

The use of aspirin for primary cardiovascular protection in diabetes is

more controversial. Until recently, aspirin has been regularly used in these

circumstances, although the evidence supporting such practice was surpris-

ingly scarce. Indeed, several pieces of evidence suggest that aspirin should

not be used in all diabetes subjects for primary prevention. In the Primary

Prevention Project (PPP) trial, aspirin treatment failed to offer significant

cardiovascular protection in diabetes patients, in contrast to individuals

with no diabetes [43]. A meta-analysis of more than 140,000 subjects has

shown that the use of antiplatelet agents (mainly aspirin) resulted in a

22% reduction in cardiovascular events, but in a subgroup of around 5,000

diabetic subjects the risk reduction was only 7%, which was not statisti-

cally significant [41]. Moreover, two recent primary prevention studies,

JPAD and POPADAD, failed to show an impact of aspirin on cardiovascular

events in individuals with diabetes [44, 45]. However, JPAD demonstrated

an overall benefit in the older population, suggesting that a subgroup

of patients may benefit from this therapy. A longitudinal observational

study of 651 diabetes individuals over 11.6 years’ follow-up period (7,537

patient-years) has shown a reduction in CV events in aspirin-treated sub-

jects after adjustment for significant CV variables (HR 0.30 CI 0.09–0.95),

indicating that aspirin may be beneficial in some patients with diabetes

[46]. In contrast, an increase in cardiovascular events was reported in

aspirin-treated Chinese diabetes subjects with no history of ischemic heart

disease [47]. Similar results were documented in the Swedish record

linkage study, although again, a beneficial effect was observed in the

older population [48]. A meta-analysis of seven studies, including 11,618

diabetes individuals, reported a 9% reduction in overall major adverse

cardiovascular events (MACE) without an effect on mortality, which may

be due to the relatively short period of follow-up [49].

Data indicate that the efficacy of aspirin in primary prevention in diabetes

is compromised and should not be used in all patients. However, it appears

that some individuals with diabetes, perhaps those at high cardiovascular

risk, benefit from aspirin therapy for primary prevention. Given this situa-

tion, current national and international guidelines limit the use of aspirin

for primary prevention in diabetes to individuals at “high cardiovascular

risk” without clearly categorizing this group and leaving the decision at
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the discretion of the attending physician. There are two ongoing outcome

studies investigating the appropriate use of aspirin for primary cardiovas-

cular protection in diabetes (ASCEND and ACCEPT-D, clinical trial regis-

tration number NCT00135226 and IS-RCTN48110081 respectively), which

are expected to report in the next three to four years.

In summary, 1) aspirin continues to be used in ACS (inclusive of unstable

angina, NSTEMI, and STEMI), in combination with other antiplatelet

agents in both diabetes and nondiabetes subjects; 2) aspirin is used as

monotherapy for secondary cardiovascular protection, but may be less effi-

cacious in subjects with diabetes; 3) there is no convincing evidence for the

use of aspirin monotherapy for primary cardiovascular protection in dia-

betes, although some guidelines recommend its use in high-risk subjects.

Clopidogrel
Clopidogrel, a thienopyridine agent, is an irreversible antagonist of the

platelet P2Y12 receptor. Clopidogrel is a pro-drug and is converted to the

activemetabolite by the P450 system in the liver; the onset of actionmay be

delayed by CYP genetic polymorphisms. Clopidogrel is used in combination

with aspirin in subjects with acute coronary syndrome and asmonotherapy

in those intolerant to aspirin or in patients with symptomatic cerebrovas-

cular disease despite aspirin therapy [50, 51].

The combination of aspirin and clopidogrel in the setting of ACS (usu-

ally 300–600mg loading dose of clopidogrel followed by maintenance of

75mg/day) has been established through a number of large-scale clinical

trials, with benefits shown in diabetes and nondiabetes subjects [52, 53, 54,

55]. However, newer agents have recently shown superior efficacy (detailed

below), and dual therapy with clopidogrel is now used less frequently in

some centers, where the cost of the newer agents can be absorbed. Com-

bination aspirin and clopidogrel is usually given for a year following ACS

(clopidogrel at 75mg/day) and aspirinmonotherapy continued beyond this

period.However, routine combination therapy inhigh-risk diabetes individ-

uals with no recent ACS is not recommended due to the absence of clinical

benefit, supported by data from the CHARISMA trial [56].

There is evidence to suggest that clopidogrel monotherapy is superior to

aspirin when used for secondary cardiovascular prevention in diabetes. The

CAPRIE study enrolled 19,185 subjects with established cardiovascular dis-

ease and randomized to aspirin 325mg/day or clopidogrel 75mg/day. In

the post hoc analysis of the diabetes group, a 12% reduction in vascular

ischemia was documented comparing aspirin with clopidogrel users (from

17.7% to 15.6%, respectively; p = 0.04); the difference was even more

pronounced in insulin users [57]. However, as this was an unspecified post

hoc analysis, it has largely gone unnoticed and the data failed to find their

way into clinical practice.
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It should be noted that variability in the biochemical efficacy of clopi-

dogrel is largely due to variability in drug metabolism. The prevalence of

clopidogrel low responsiveness varies widely between studies (5–40%),

related to the test used, definition of resistance, and population studied

[58]. Diabetes is one factor accounting for the reduced response to clopi-

dogrel, particularly in the presence of poor diabetes control, microvascular

complications, or in those having insulin treatment [59]. Some of the

suggested mechanisms for the reduced efficacy of clopidogrel in diabetes

include insulin resistance resulting in diminished platelet response to

insulin, upregulation of P2Y12 receptor signaling, and higher platelet

turnover.

In summary, 1) clopidogrel is used in combination with aspirin for dia-

betes subjects with ACS, although it is gradually being replaced in some

centers by newer P2Y12 antagonists; 2) clopidogrel monotherapy is used

for secondary cardiovascular prevention in diabetes in individuals intol-

erant to aspirin and in those with symptomatic cerebroavascular disease

despite aspirin therapy; 3) there is no evidence to suggest that use of clopi-

dogrel monotherapy for primary prevention in diabetes is beneficial. It is

worth noting that some clinicians use clopidogrel instead of aspirin therapy

for secondary cardiovascular protection in very high-risk diabetes subjects,

although the evidence supporting such practice is limited.

Prasugrel
Prasugrel, a third-generation thienopyridine, is a pro-drug requiring

metabolism to the active compound that irreversibly blocks the P2Y12

receptor. A key difference between clopidogrel and prasugrel is related

to the quicker metabolism of prasugrel to the active compound, resulting

in faster action. This translated clinically in the TRITON-TIMI 38 trial

into an 18% reduction in primary endpoint (cardiovascular death or

vascular events) when prasugrel (60mg loading followed by 10mg/day

maintenance) was used instead of clopidogrel (300mg loading followed

by 75mg/day maintenance) in combination with aspirin in 13,608 ACS

subjects undergoing PCI (9.9% and 12.1%, respectively; p < 0.001),

over a 15-month follow-up [60]. This clinical benefit was canceled out

by a significant increase in bleeding in the prasugrel group (2.4% vs.

1.8% respectively, p = 0.03), and the use of prasugrel over clopidogrel

could not be recommended in all ACS patients. Interestingly, subgroup

analysis of the diabetes group yielded somewhat different results. There

was an impressive 30% reduction in the primary endpoint comparing the

prasugrel with the clopidogrel group (12.2% and 17.0%, respectively; p <

0.001), an effect that was particularly pronounced in insulin users (a 37%

reduction). In contrast to the nondiabetic population, the reduction in pri-

mary endpoint was not associated with an increased risk of bleeding (2.6%
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and 2.5% for the prasugrel and clopidogrel groups, respectively; p > 0.1).

Although the results for the diabetes subgroup are impressive, this study

has attracted a number of criticisms mainly related to the “modest” loading

dose of clopidogrel. However, OPTIMUS-3 has shown that prasugrel 60mg

loading and 10mg/day maintenance achieved better inhibition of platelet

function than clopidogrel 600mg loading and 150mg/day maintenance

dose in subjects with diabetes who were on long-term aspirin treatment,

suggesting superior efficacy to clopidogrel when used in combination with

aspirin [61]. Further trials are currently ongoing investigating prasugrel in

unstable angina and NSTEMI [62].

Prasugrel is not licensed asmonotherapy and there are no large-scale clin-

ical trials investigating its use in this context. It remains unclear whether

prasugrel is superior to clopidogrel when used as monotherapy for primary

or secondary cardiovascular protection.

Therefore, current evidence suggests that 1) prasugrel in combination

with aspirin is superior to clopidogrel and aspirin in diabetes individuals

with ACS, a finding that has led some centers to use prasugrel instead of

clopidogrel in this group of patients; 2) prasugrel is not licensed or recom-

mended for monotherapy either in secondary or primary cardiovascular

protection in diabetes.

Ticagrelol
Ticagrelol, an agent of the cyclopentyltriazolopyrimidine class, blocks the

platelet P2Y12 receptor; however, it differs from the thienopyridines by

being an active drug (no metabolism necessary), with reversibility of action

and a shorter half-life, necessitating twice-daily administration. The PLATO

trial showed the superior efficacy of ticagrelol compared with clopidogrel

when used in combination with aspirin in 18,642 ACS patients treated

medically or following PCI [63]. The primary endpoint of vascular event or

cardiovascular death was reduced at 12 months in the ticagrelol group by

16% (10.2% and 12.3% in ticagrelol and clopidogrel groups, respectively;

p < 0.0001), with no associated increase in the study’s predefined bleeding

rate (11.6% and 11.2%, respectively; p = 0.43). In a predefined subgroup

analysis of diabetes patients, a similar pattern emerged (risk reduction of

12%), although this failed to reach statistical significance, probably due to

the relatively limited number of diabetes subjects.

Results of the PLATO study are certainly impressive given that patients

were aggressively treated for cardiovascular risk factors, and some centers

adopted the use of this agent instead of clopidogrel without differentiating

between diabetes and nondiabetes subjects. It is worth noting that ticagrelol

is not without drawbacks, as it has to be administered twice daily and can

be associated with shortness of breath and cardiac rhythm disturbances.



Thrombosis in Diabetes and Its Clinical Management 197

Clinical use of this agent outside the randomized controlled trial setting

will clarify whether compliance is an issue and whether the additional side

effects have clinical consequences.

There are no studies on the use of ticagrelol monotherapy for primary or

secondary cardiovascular protection, and to our knowledge no studies are

planned in this area.

In summary, ticagrelol is an interesting alternative to clopidogrel with

superior efficacy when used in combinationwith aspirin in the ACS setting,

in both diabetes and nondiabetes subjects.

Dipyridamol and Cilostazol
These agents modulate the phosphodiesterase pathway to reduce platelet

activation. On their own, these are very weak agents and are always

used in combination with other antiplatelets. Dipyridamol has no role in

coronary artery disease, but has been recommended in combination with

aspirin in individuals with recurrent cerebrovascular ischemia [64, 65].

However, others have demonstrated that this combination is not superior

to monotherapy with clopidogrel [50]. Given the absence of an indication

for dipyridamol in coronary artery disease and the questionable efficacy in

cerebrovascular disease, this agent is not used frequently in clinical practice.

In contrast to dipyridamol, the use of cilostazol appears to be gaining

momentum in diabetes. This agent is primarily indicated for the treatment

of symptomatic peripheral vascular disease, but recent work suggests that

this agent has additional benefits in diabetes, which may be partly related

to enhanced P2Y12 inhibition [66]. Triple therapy with cilostazol has been

shown to reduce coronary artery restenosis following PCI in diabetes sub-

jects [67, 68], and long-term outcome studies are needed to assess further

the clinical efficacy of cilostazol in diabetes. One limitation of cilostazol use

may prove to be the side-effect profile and increased mortality in those

with heart failure.

Inhibitors of Platelet–Fibrinogen Interaction

Platelets interact with fibrinogen through the GPIIb/IIIa receptor, with the

protein forming a bridge between platelets, resulting in platelet aggrega-

tion. There are three inhibitors of the receptor currently in use, including

abciximab, eptifibatide, and tirofiban. These agents are used intravenously

and are only suitable in acute clinical settings. Evidence from studies

conducted more than a decade ago suggests that GPIIb/IIIa inhibitors have

superior efficacy in subjects with diabetes with a reduction in 30-day

mortality following ACS, particularly in those undergoing PCI [69].
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However, these data were derived during an era when antiplatelet therapy

was less effective; indeed, a more recent trial (ISAR-SWEET) showed that

use of abciximab and high-loading-dose clopidogrel (600mg), compared

with clopidogrel alone, was not associated with a reduction of one-year

mortality in 701 diabetes subjects with ACS undergoing PCI [70]. In

contrast, ISAR-REACT2, which had a similar design except that patients

with NSTEMI were enrolled, showed a reduction in vascular events/death

in abciximab-treated individuals, and this applied to both diabetes and

nondiabetes subjects. Studies using eptifibatide and tirofiban showed

mixed results in the populations studied and did not demonstrate superior

efficacy in subjects with diabetes [71]. Furthermore, recent evidence

suggests that bivalirudin is superior to abciximab and enoxaparin in

diabetes, with reduced bleeding rate, limiting GPIIb/IIIa inhibitor use in

diabetes. Overall, however, there is still a role for these agents in diabetes

patients with ACS, depending on the individual needs of the patient and

the clinical decision of the attending physician.

Agents Affecting the Coagulation Pathway

The main agents currently in use include thrombin and Factor X (FX)

inhibitors. Their use in diabetes is briefly discussed below.

Heparin
Agents in this family are indirect inhibitors of FX and prothrombin, through

modulation of antithrombin III activity. Fractionated heparin is regularly

used in individuals with ACS, including those with diabetes. These agents

are indirect thrombin inhibitors and enoxaparin is the main low molec-

ular weight heparin (LMWH) used due to its predictive anticoagulation

effect, ease of injections, and lower risk of thrombocytopenia. A recent

meta-analysis showed that enoxaparin is superior to unfractionated hep-

arin at reducing mortality and bleeding complications, particularly when

used in subjects with STEMI undergoing primary PCI [72]. Therefore,

enoxaparin remains a cornerstone in the management of subjects with

ACS, regardless of whether the diagnosis is STEMI or NSTEMI and irrespec-

tive of planned conservative therapy or invasive coronary intervention.

Bivalirudin
This agent is a direct thrombin inhibitor. Compared with the combination

of GPIIa/bIII and heparin, bivalirudin showed similar protection from

vascular ischemia following ACS, but with fewer bleeding complica-

tions [73]. In the Acute Catheterization and Urgent Intervention Triage
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Strategy (ACUITY) trial, subgroup analysis of diabetes subjects showed

that bivalirudin use was associated with similar ischemic events compared

with the combination of GPIIb/IIIa inhibitors (GPI) plus heparin (7.9%

and 8.9% respectively; p = 0.40), but with far less major bleeding (3.7%

and 7.1%, respectively; p < 0.001), resulting in a clear net clinical benefit

[74]. Similar data were obtained from Harmonizing Outcomes with Revas-

cularization and Stents in Acute Myocardial Infarction (HORIZONS-AMI),

which enrolled 3,602 patients, 593 of whom had diabetes. This study

showed that diabetes subjects treated with bivalirudin had reduced mor-

tality at 30 days compared with the combination of GPIIb/IIIa inhibitors

and unfractionated heparin (2.1% and 5.5%, respectively; p = 0.04),

and this benefit was also evident in insulin-treated patients. Bleeding

complications were lower in bivalirudin compared with the GPI/heparin

combination group (2.5% and 7.1%, respectively; p = 0.01), although

no difference in mortality was demonstrated at 12 months (14.2% and

16.2%, respectively, p = 0.4) [75].

Therefore, bivalirudin is recommended for clinical use in diabetes sub-

jects with ACS in whom coronary intervention is planned, particularly in

those who have a high bleeding risk; individuals on insulin therapy equally

benefit from this treatment. Given the heterogeneity of patients with dia-

betes, more work is needed to clarify the type of individuals who would

benefit the most from this therapy.

Fondaparinux
This agent binds reversibly to antithrombin III, indirectly inhibiting

FX activity. Oasis 5 enrolled 20,078 patients with unstable angina and

NSTEMI and confirmed the noninferiority of fondaparinux compared

with LMWH in the composite efficacy endpoint of death, myocardial

infarction, or refractory ischemia. However, mortality was lower in

fondaparinux-treated individuals compared with LMWH at 30 days (2.9%

and 3.5%, respectively; p = 0.02) and 6 months (5.8% and 6.5%, respec-

tively; p = 0.05), and was associated with a lower bleeding rate after nine

days’ treatment (2.2% and 4.1%, respectively; p < 0.01) [76]. OASIS 6

investigated 12,092 patients with STEMI, who underwent thrombolysis or

PCI. The study had a complex design, but data indicated that fondaparinux

was superior to LMWH in those who had thrombolysis or conservative

management, whereas the opposite was true in individuals undergoing

PCI [77]. Therefore, fondaparinux is not recommended in STEMI patients

undergoing PCI. Although diabetes patients constituted 25% in OASIS

5 and 18% in OASIS 6, no data were provided for this subgroup of

patients and it is unclear whether diabetes has an effect on response to

fondaparinux therapy.
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Clopidogrel & prasugrel (irreversible)
Ticagrelol (reversible)

Dipyridamole
Cilostazol
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Figure 8.2 Mode of action of various antiplatelet agents. Aspirin acetylates and inhibits

cyclo-oxygenase 1, resulting in reduced thromboxane production, and it also acetylates

fibrinogen, thereby modulating the fibrin network structure and efficiency of

fibrinolysis. Clopidogrel and prasugrel are irreversible inhibitors of the P2Y12 pathway,

whereas ticagrelol is a reversible inhibitor. Dipyridamole and cilostazol affect

phosphphodiesterase, thereby modulating cAMP coversion to AMP. GPIIa/IIIb

inhibitors interfere with platelet fibrinogen interactions, whereas bivalirudin is a direct

thrombin inhibitor.

Figure 8.2 illustrates the mode of action of the main antithrombotic

agents used in ACS, whereas Table 8.1 summarizes the role of antiplatelet

and anticoagulant therapy in atherothrombotic disease in diabetes.

Hypoglycemic Agents and Thrombosis Risk

There is evidence to suggest that the type of hypoglycemic agent used

may modulate predisposition to future ischemic events. Metformin is nor-

mally used as first-line therapy in subjects with type 2 diabetes. The UK

Prospective Diabetes Study (UKPDS) has demonstrated reduced ischemic

heart disease (IHD) risk in overweight patients using metformin compared

with subjects not on this therapy, and the concept of cardiovascular pro-

tection by metformin emerged [78]. Further observational work supported
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Table 8.1 Summary of the clinical use of various antiplatelet therapies in diabetes.

Agent Mode of action Use in ACS Secondary

prevention

(monotherapy)

Primary prevention

(monotherapy)

Aspirin Cox-1 inhibitor Yes Yes Only in high risk

subjects

Clopidogrel Irreversible P2Y12

inhibitor

Yes Yes High risk aspirin

intolerant

individuals

(possibly

superior to

aspirin)

Prasugrel Irreversible P2Y12

inhibitor

Yes (probably

better than

clopidogrel in

DM)

No No

Ticagrelol Reversible P2Y12

inhibitor

Yes (superior

toclopidogrel

regardless of

diabetes status)

No No

Cilostazol Phosphodiesterase

inhibitor

Yes (possible

future role as

triple therapy in

DM)

No No

GPIIb/IIIa
inhibitors

Modulators of

platelet

fibrinogen

interactions

Yes (possible

advantage in

DM)

No No

Bivalirudin Direct thrombin

inhibitor

Yes (possibly

superior to

combination

GPI&LMWH in

DM)

No No

this concept, including data from the REACH registry including 19,691

patients [79]. The mechanisms for reduced cardiovascular events in met-

formin users may be related, at least in part, to the antithrombotic actions

of this agent, reviewed elsewhere [80].

Thiazolidinediones (TZD) are peroxisome proliferator-activated recep-

tor (PPAR)-𝛾 stimulators and directly affect insulin resistance, the key

pathogenic mechanism in diabetes. TZD can lower fibrinogen and PAI-1

levels, which reduces thrombosis potential and improves fibrinolysis [81,

82, 83, 84]. Furthermore, these agents can delay intra-arterial thrombus

formation and modulate the progression of atherothrombotic lesions

[85, 86, 87]. In the PROactive trial, pioglitazone failed to show a benefit
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for a complex primary endpoint, but was associated with a reduction in

the prespecified secondary endpoint (all-cause mortality, nonfatal MI,

and stroke) [88]. This latter analysis created a debate in the scientific

community, as some commentators argued that the negative findings

in relation to the primary endpoint invalidate analysis of the secondary

endpoint. Overall, this study indicates that pioglitazone is at worst car-

dioneutral and certainly does not cause an increase in cardiovascular

events or death. In contrast, a much-debated meta-analysis suggested

that rosiglitazone increases the risk of cardiovascular events in diabetes

[89], which subsequently resulted in the withdrawal of this agent from

the market.

Gliptins and glucagon-like peptide (GLP)-1 analogs are relatively new

hypoglycemic agents, which may modulate thrombosis potential. Retro-

spective analysis of various studies suggest that these agents reduce vascu-

lar ischemic events and clinical outcome studies are currently underway to

clarify their role in CVD prevention further [90].

Insulin is mainly used in type 2 diabetes after the failure of other hypo-

glycemic agents. Insulin-treated type 2 diabetes subjects are at a greater risk

of cardiovascular events compared with noninsulin-treated subjects, which

may simply be a reflection of longer disease duration, with a consequent

increase in the risk of complications [91]. In healthy individuals, insulin

has antithrombotic effects, but it has the opposite effects in the presence of

insulin resistance, secondary to enhanced platelet activation and increased

plasma levels of fibrinogen and PAI-1.

Management of Venous Thromboembolism
in Diabetes

Diabetes is associated with an increased risk of venous thromboembolism,

which appears to be related to diabetic complications rather than hyper-

glycemia per se [92.93]. Treatment of diabetes subjects with venous throm-

boembolic disease is similar to that of the nondiabetic population, and relies

on the administration of LMWHuntil vitamin K antagonists take effect (the

latter agents require a few days to exert full therapeutic activity).

Fondaparinux has also been used for prophylaxis and treatment, whereas

thrombin inhibitors are emerging as future therapeutic agents.

Management Guidelines

There are no clear guidelines for the treatment of diabetes with ACS

and there is a great variability between countries and even centers in

the same country, which is largely dependent on local resources and
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A guide to antithrombotic therapy in diabetes subject with ACS

Undergoing coronary intervention

Uncomplicated 

Undergoing medical therapy

Large complicated MI

Continuous symptoms

Aspirin and ticagrelol for 12 months 

(followed by individualised therapy)

Aspirin, prasugrel and LMWH 

(or aspirin, ticagrelol and LMWH)

Dual antiplatelets for 12 months

Bivalirudin or GPI/LMWH combination

followed by dual antiplatelet therapy

for 12 months

Figure 8.3 A simplified guide to antithrombotic therapy in individuals with diabetes.

data interpretation of different trials. Given the current evidence, we

attempt to draw up a simplistic guide to the treatment of ACS patient with

diabetes, which is summarized in Figure 8.3. The large number of agents

in development and the ongoing clinical trials make this an ever-changing

clinical area and the proposed guide will need to be continually updated.

Conclusions

Despite major advances in therapy, atherothrombotic complications

remain the main cause of morbidity and mortality in individuals with

diabetes. Formation of an obstructive thrombus, the final step in the

atherothrombotic process, occurs secondary to a complex interaction

between the cellular and fluid phases of coagulation, often resulting in

irreversible end-organ damage.

Antithrombotic treatment for diabetes can be divided into primary

and secondary prevention, as well as treatment of the acute vascular

event. Aspirin used to be the main agent used for primary cardiovascular

prevention in diabetes, but recent studies failed to show a beneficial

role for this agent, and therefore it is reserved for individuals with high

cardiovascular risk, and at the discretion of the attending physician. Large

clinical studies are currently underway to clarify further the role of aspirin
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in primary prevention in individuals in diabetes, which are expected to

report in the next three years. In contrast to primary prevention, the

role of aspirin in secondary cardiovascular protection in diabetes is well

established, although it remains less effective in this population compared

to individuals with no diabetes.

Antithrombotic therapy following ACS has been through major changes

over the past decade. Diabetes individuals are treated largely similarly to the

nondiabetic population, using dual antiplatelet inhibition with LMWH, and

coronary artery intervention as appropriate. However, recent evidence has

demonstrated differences in response to antithrombotic therapy in those

with deranged glucose metabolism. For example, prasugrel is thought to

have a superior efficacy to clopidogrel in diabetes subjects when combined

with aspirin following ACS. Bivalirudin has also shown promising out-

comes in diabetes subjects with complicated ACS, indicating that different

treatment strategies will be needed for individuals with diabetes following

vascular ischemia.

Several difficulties are encountered when trying to assess the efficacy

of antithrombotic therapy in diabetes. First, studies investigating novel

antithrombotic therapy are not usually powered to analyze diabetes

subjects separately, and therefore results are often inconclusive. Second,

the diagnosis of diabetes does not always follow strict criteria and therefore

a significant number of diabetes patients are missed, which may bias the

results. Third, diabetes is a heterogeneous condition and not a single

clinical entity, and therefore cardiovascular risk can vary a great deal

between diabetes individuals, dependent on diabetes duration and the

presence of various complications; studies have rarely taken this point into

account, making data interpretation problematic.

Considered together, current evidence indicates that diabetes subjects

have a differential response to antiplatelet and anticoagulant drug therapy

compared to subjects with normal glucose metabolism. Further studies are

still needed to clarify the optimal antithrombotic strategy in this high-risk

population.

Case Study 1

A 62-year-old man with type 2 diabetes is seen in clinic for routine review. His diabetes
was diagnosed seven years earlier and he developed background retinopathy andmicroal-
buminuria five years following the diagnosis of diabetes. There is no family history of
diabetes, but his father died aged 64 years of myocardial infarction, as did his uncle at
the age of 58 years. He used to smoke 20 cigarettes a day for 30 years and stopped at the
age of 51 years, whereas his alcohol intake is minimal (around 2 units/month). His current
treatment includes metformin 850mg tds; gliclazide 160mg bd; sitagliptin 100mg od;
simvastatin 40mg od; ramipril 10mg od.



Thrombosis in Diabetes and Its Clinical Management 205

His weight was 102 kg with a BMI of 34 kg/m2, his blood pressure 128/71mmHg,
and he had no significant proteinuria. He had palpable peripheral pulses but signs of
early neuropathy as assessed by the monofilament test. His blood tests showed HbA1c
63mmol/mol; creatinine 103 umol/l; eGFR 51ml/min/m2; total cholesterol 5.2mmol/l;
LDL 3.6mmol/l; triglycerides 2.1mmol/l.

Questions
1 Is this patient a candidate for aspirin therapy?

He leaves the clinic, but contacts the diabetes nurse by phone two

hours later to say he has been feeling slightly breathless since leaving

the clinic and he thinks this is due to a “cold running in the family.”

The diabetes nurse reassures him and plans to ring him the next day.

She checks with the doctor to make sure this is the right course of

action.

2 Do you agree with the diabetes nurse that this is the safest and easiest

course of action?

The patient is brought back to the clinic and on further questioning he

denies chest pain, but says the breathlessness is getting worse.

3 What is your next step?

His ECG is shown in Figure 8.4.

Figure 8.4 ECG.

4 What is your next step?

He is immediately admitted under the cardiologists and given a loading

dose of aspirin 300mg and prasugrel 60mg.

5 Do you agree with this approach? If not, what is the alternative?

Almost immediately after aspirin and clopidogrel, his breathlessness

worsens and he starts to complain of chest pain. Cardiologists have
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already made arrangements for coronary PCI, but are awaiting the

arrival of support staff. The nurse is about to inject the patient with

LMWH, but the cardiologist has other ideas.

6 What are the options at this stage?

The patient undergoes an uneventful PCI and a stent is placed in the

LAD. He is symptom free after the procedure and an echocardiogram

shows normal left ventricular function. His glucose levels are running

between 14 and 20mmol/l.

7 Should this be treated or would you rather wait for 72 hours before

deciding on hypoglycemic therapy?

The patient is discharged from hospital after four days and he is

completely symptom free.

8 What is the best antithrombotic strategy in this patient in the medium

and long term (in the first 12 months following the event and longer

term)?

Answers provided after the References

Multiple-Choice Questions
1 Which of the following is/are true in relation to bivalirudin?

A The main side effect of bivalirudin is shortness of breath, which

limits the use of this agent.

B Bivalirudin is a direct inhibitor of FX.

C In diabetes patients with ACS, the combination of abciximab and

heparin has similar efficacy to bivalirudin monotherapy, but the risk

of bleeding is lower with the latter therapy.

D Recent work suggests that the combination of bivalirudin with

insulin is particularly effective at reducing future cardiovascular

events following ACS in subjects with diabetes.

E Bivalirudin should never be used with metformin due to the higher

risk of heart failure with this combination.

2 Which of the following is not true in relation to aspirin?

A Aspirin should not be used routinely for primary cardiovascular

protection in diabetes.

B Aspirin affects both platelet function and fibrin network structure.

C Aspirin is effective in secondary cardiovascular protection in

diabetes.

D Limited evidence suggests that clopidogrel monotherapy is superior

to aspirin when used for secondary cardiovascular protection in

diabetes.

E Recent evidence suggests that prasugrel is superior to aspirin when

used in diabetes subjects in the setting of acute coronary syndrome.
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3 Which of the following statements is/are not true? (There can be more

than one option.)

A The inhibition of fibrinolysis by TAFI is related to the modulation of

thrombin production.

B FXIII stabilizes the clot by cross-linking fibrin fibres and plasma

proteins into the fibrin network.

C Fibrinogen plasma levels are increased in diabetes and predict future

cardiovascular events.

D The generation of plasmin from plasminogen occurs 1,000-fold

faster in the presence of fibrin.

E Thrombin and ADP both directly activate platelets and cleave

fibrinogen to form the fibrin network.

Answers provided after the References

Guidelines and Web Links

http://www.ncbi.nlm.nih.gov/pubmed/23996285

ESC Guidelines on diabetes, pre-diabetes, and cardiovascular diseases developed in col-

laboration with the EASD: The Task Force on diabetes, 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).
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Answers to Case Study 1 Questions
1 There is a general lack of evidence supporting the use of aspirin for

primary prevention in individuals with diabetes. Recent primary

prevention studies have failed to show an effect of aspirin therapy on

future cardiovascular events, although some subgroups of diabetes

patients showed a benefit. Unfortunately, studies to date have not been

adequately powered to give a clear answer. Therefore, current

guidelines recommend the use of aspirin for primary prevention in

high-risk diabetes subjects. Our patient is overweight, has a strong

family history of cardiovascular disease, has signs of microvascular

complications, and he used to be a heavy smoker. Therefore, there is
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an argument for starting him on aspirin treatment, with the

acknowledgment that no concrete evidence exists at present for such a

practice. This should be discussed with the patient, including the side

effects of aspirin (gastrointestinal and intra-cerebral bleeding), before

making a final decision.

2 Silent myocardial infarction (i.e., myocardial infarction without chest

pain) is not uncommon in diabetes, particularly in those with

microvascular complications. Therefore, sudden onset breathlessness in

a diabetes subject should be taken seriously and the possibility of a

cardiac event should be ruled out.

3 He will need an ECG and cardiac enzymes requested to rule out a

cardiac cause for his sudden-onset shortness of breath.

4 His ECG shows ST elevation in II, III, AVF, V5, and V6 consistent with

inferior infarction and lateral extension. Cardiologists should be

contacted immediately and the patient should be given antiplatelet

agents.

5 Given the evidence for the superior efficacy of prasugrel in diabetes,

this approach is not unreasonable. Alternatively, the patient could

have been given ticagrelol with aspirin.

6 LMWH has been shown to be effective in patients with and without

diabetes. This treatment is sometimes given in association with

GPIIb/IIIa inhibitors in subjects with continuing symptoms before PCI.

An alternative to combined LMWH and GPIIb/IIIa inhibitors is

bivalirudin, which has shown overall a better clinical profile in subjects

with diabetes (reduced risk of bleeding).

7 It is advisable to treat hyperglycemia early, supported by data from the

DIGAMI1 trial. However, care should be taken to avoid hypoglycemia

in these subjects and therefore frequent monitoring of glucose levels

and early input from the diabetes team is required.

8 The patient will require dual antiplatelet therapy for at least a year.

Given that the patient has diabetes, his risk of mortality and/or

recurrent ischemic event within the first year is high (two- to threefold

that of an individual with no diabetes). Patients are usually treated

with clopidgrel and aspirin for a year following MI, but in our patient

the combination of prasugrel and aspirin or ticagrelol and aspirin

should be considered. There is no clear evidence for the benefit of dual

therapy past one year following MI and therefore patients are usually

maintained on aspirin alone in the longer term (for secondary

cardiovascular protection).
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CHAPTER 9

Diet and Lifestyle in CVD
Prevention and Treatment
Alice H. Lichtenstein
Tufts University, Boston, MA, USA

Key Points
• Modifications to dietary patterns and lifestyle behaviors (physical activity and tobacco

use) can decrease an individual’s risk of developing cardiovascular disease.

• Moderate fat intake (25% to 35% of energy) is associated with lower triglyceride
concentrations than a low-fat diet.

• In most individuals, a reduction in saturated fat (animal fats – meat and dairy) and
trans fat (partially hydrogenated fat) intake will result in a decrease in LDL-cholesterol
concentrations.

• Whole grain products should be substituted for refined grain products to reduce
cardiovascular disease risk.

• Energy-containing beverage intake should be monitored to avoid overconsumption of
excess calories and nutrient dilution.

• Nutrient supplements are not associated with reduced risk of cardiovascular disease.

Introduction

Cardiovascular disease (CVD) is the leading cause of morbidity and mor-

tality in developed countries and more recently in developing countries.

Modifications to habitual dietary patterns and lifestyle behaviors (physical

activity and tobacco use) can strongly influence the risk of developing CVD.

This relationship is multifactorial, and can be influenced through effects on

body weight, body composition, plasma lipid and lipoprotein concentra-

tions, cardiorespiratory fitness, glucose homeostasis, blood pressure, and

inflammatory status. The goals for any diet and lifestyle intervention with

the intent of reducing CVD risk should include achieving and maintaining

a healthy body weight, systolic and diastolic blood pressure values within

the normal range, and plasma lipoprotein profiles and glucose concentra-

tions associated with optimal health outcomes. This chapter will focus on

diet, physical activity, and tobacco use.

Managing Cardiovascular Complications in Diabetes, First Edition.
Edited by D. John Betteridge and Stephen Nicholls.
© 2014 John Wiley & Sons, Ltd. Published 2014 by John Wiley & Sons, Ltd.
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Diet

There is a wide range of dietary variables that have been associated with

CVD risk. Some were first identified early in the early twentieth century

(e.g., dietary cholesterol), while others have been recognizedmore recently

(e.g., trans fatty acids). Many have been the topic of controversy and as

new data emerge our relative assessment of each evolves. For example, the

importance of dietary cholesterol has diminished relative to the importance

of saturated fat.

It is difficult, if not impossible, to assess directly the efficacy of individual

dietary components on CVD risk because of the challenges, both practical

and financial, in modifying the diets of a large group of people for long peri-

ods of time, as well as the difficulty that arises in studying individual dietary

components within the context of habitual dietary patterns. Therefore,

most dietary factors with the intent of reducing CVD risk are evaluated on

the basis of short-term interventions (weeks or months) using biomarkers

(e.g., plasma cholesterol concentrations, inflammatory factors) rather than

hard endpoints. By combining data from different types of studies, dietary

patterns have emerged that are associated with a lower risk of CVD [1, 2].

Total Dietary Fat
Dietary fat serves as a major energy source in the human diet. One gram

of fat has the equivalent of 9 calories, whereas one gram of protein and

carbohydrate has the equivalent of 4 calories, and alcohol has the equiv-

alent of 7 calories per gram. The two major issues to consider with regard

to total amount of dietary fat and CVD risk are body weight and plasma

lipoprotein profiles. The range of total fat intake is relatively wide, from

15% of energy (%E) to 45%E. Current recommendations are to consume

a diet containing 25%E to 35%E as total fat [3, 4]. For individuals with

diabetes, the recommendation is to consume diets toward the higher end

of this range [5, 6].

Body weight
Long-term data indicated that reducing total fat intake by 10%E resulted in

only modest reductions in body weight over a 12-month period, approxi-

mately 1 kg in normal-weight individuals, and 3 kg in overweight or obese

individuals [7, 8, 9].More recent data indicate that total fat intake is not sig-

nificantly related to annual body weight changes [8, 10] and only weakly

related to annual changes in waist circumference [8]. One mitigating factor

may be the fiber content of the diet [7, 8, 9]. Higher fiber intakes have been

associated with lower body weights and waist circumferences [8]. These

data suggest that consuming fruits, vegetables, and whole grains rather



Diet and Lifestyle in CVD Prevention and Treatment 217

Chylomicrons

NEFA

NEFA

NEFA

NEFA

Liver

Adipose tissue

De novo lipogenesis

CM remSugar

High-CHO

meal

TAG

TAG

CO2

VLDL

LPL

3

2

4

5

1

Figure 9.1 Mechanisms of carbohydrate (CHO)-induced hypertriacylglycerolemia. (1)

Impaired ability of insulin to suppress lipolysis, leading to increase NEFA flux ( ); (2)

accumulation of chylomicron remnants (CM rem; ); (3) down-regulation of adipose

tissue lipoprotein lipase (LPL) activity ( ; (4) de novo lipogenesis ( ); (5) less hepatic

fatty acid oxidation, possibly inhibited through malonyl-CoA produced in de novo

lipogenesis ( ). (Source: Chong et al. 2007 [17]. Reproduced with permission of

Cambridge University Press.)

than fat-free cookies, cakes, and fat-free savory snacks may be preferential

in preventing weight gain or promoting weight loss.

Lipoprotein Profiles
Low-fat diets are associated with elevated triglyceride concentrations and

depressed high-density lipoprotein (HDL)-cholesterol concentrations re-

sulting fromwhat is commonly referred to as carbohydrate-induced hyper-

triglyceridemia [11, 12, 13]. Carbohydrate-induced hypertriglyceridemia,

resulting in elevated triglyceride concentrations, is caused by an enhanced

rate of hepatic fatty acid synthesis and is precipitated by an excess flow

of glucose from the gut to the liver [14, 15] and subsequent production

of hepatic triglyceride-rich particles, termed very low-density lipoprotein

(VLDL) [16, 17, 18] (Figure 9.1). In some cases delayed triglyceride clear-

ance associated with low-fat diets has also been observed, contributing to

the elevated triglyceride concentrations [19].

Themetabolic response to a low-fat diet can vary depending on the exper-

imental design or characteristics of the study subjects. Within the con-

text of a stable body weight, replacement of dietary fat with carbohydrate
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results in higher triglyceride and VLDL-cholesterol concentrations, lower

HDL-cholesterol concentrations, and a higher (less favorable) total choles-

terol to HDL-cholesterol ratio [20, 21, 22, 23, 24, 25]. This effect is blunted

when an individual is in negative energy balance, engages in regular phys-

ical activity, or consumes a fiber-rich source of carbohydrate [11, 23, 24].

Sedentary individuals with visceral adiposity are at particularly high risk for

carbohydrate-induced hypertrygliceridemia [13]. The associated elevated

insulin concentrations (insulin resistance) may enhance VLDL synthesis or

delay clearance.

The extent to which the fat to carbohydrate ratio of the diet is altered

predicts the change in triglyceride and HDL-cholesterol concentrations

[26, 27] or CVD outcomes [28]. Moderate carbohydrate restriction and

weight loss have been reported to provide equivalent but nonadditive

improvements in the atherogenic dyslipidemic pattern, characterized by an

elevated triglyceride concentration and total cholesterol to HDL-cholesterol

ratio [29].

Type of Dietary Fat
Studies performed in the mid-1960s demonstrated that changes in dietary

fatty acid profiles altered plasma total cholesterol concentrations in most

individuals [30, 31]. In using a variety of different experimental designs,

more recent work has confirmed these early findings [25, 32, 33, 34].

When carbohydrate is displaced by saturated fatty acids, low-density

lipoprotein (LDL)-cholesterol concentrations increase, whereas when

carbohydrate is displaced by unsaturated fatty acids, LDL-cholesterol con-

centrations decrease. The effect of polyunsaturated fatty acids is greater

than that of monounsaturated fatty acids [25, 35]. When carbohydrate is

displaced by saturated, monounsaturated, or polyunsaturated fatty acids,

HDL-cholesterol concentrations are increased, with saturated fatty acids

having the greatest effect and polyunsaturated fatty acids having the least

effect. With respect to dietary fat and total cholesterol to HDL-cholesterol

ratios, there is little effect when carbohydrate is displaced by saturated

fatty acids, whereas monounsaturated and polyunsaturated fatty acids

decrease the ratio (more favorable) to a similar magnitude. Relative to

carbohydrate, all types of dietary fat decrease triglyceride concentrations.

Changes in LDL-cholesterol concentrations induced by changes in the

fatty acid profile of the diet are primarily attributed to differences in

the fractional catabolic rate of LDL rather than production rate [36, 37].

Differences in HDL-cholesterol concentrations induced by changes in the

fatty acid profile of the diet are primarily attributed to differences in the

production rate rather than the fractional catabolic rate [38, 39].

The major sources of saturated fatty acids in the diet are meat and dairy

fats. The major sources of monounsaturated fatty acids in the diet are
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canola and olive oils. The major sources of polyunsaturated fatty acids

(PUFA) in the diet are soybean, corn, safflower, and sunflower oils. The

common dietary fatty acids are listed in Table 9.1.

Unique Fatty Acid Classes
Omega-3 (n-3) PUFA

A difference in the prevalence of CVD betweenGreenland Inuits and genet-

ically similar Scandinavians was first reported in the early 1980s [40, 41].

The lower rate of CVD in the Greenland Inuits was attributed to higher

HDL-cholesterol concentrations, resulting from higher intakes of marine

foods, particularly the n-3 PUFA.

Since that time, a number of studies have reported an inverse association

between dietary n-3 PUFA and CVD and stroke risk [42]. Intervention

studies have demonstrated that eicosapentaenoic acid (EPA, 20:5n-3) and

docosahexaenoic acid (DHA,22:6n-3), but not alpha-linolenic acid (ALA,

18:3n-3), positively affect CVD outcomes in both primary and secondary

prevention settings [43]. The effect of EPA and DHA on CVD has been

attributed to antiarrhythmic properties and effects on lowering plasma

triglyceride concentrations, platelet reactivity, and blood pressure [44, 45,

46]. A meta-analysis suggested that for beneficial effects on CVD outcomes

to be achieved, the minimum intake should be 250mg EPA+DHA per day

[47]. This intake can be achieved by adhering to the recommendation to

consume at least two fish meals per week, particularly oily fish for the

general population [3, 4, 48].

The three major dietary n-3 PUFA are ALA, EPA, and DHA. ALA is found

in plants and plant oils. Of oils commonly used in food preparation, soybean

oil and canola oil have the highest levels of ALA. EPA and DHA, sometimes

referred to as very long chain n-3 PUFA, are found in marine foods, pre-

dominantly fatty fish. Humans can convert ALA to EPA andDHA. However,

this conversion capacity is low [49, 50, 51]. For this reason, the recommen-

dation, with respect to CVD risk reduction, ismade on the basis of fishmeals

per week [3, 4, 48]. For individuals with established disease, the current

recommendation is to consume the equivalent of 1 g EPA+DHA per day.

Due to their hypotriglyceridemic effect, 3–5 g EPA+DHA is recommended

for individuals with chronically elevated triglyceride concentrations and

use should be monitored by a physician [48, 52]. A new source of DHA,

algal oil, has also been shown to decrease triglyceride concentrations sig-

nificantly [53].

Trans Fatty Acids

The double bonds in fatty acids occur in the cis or trans configuration. The cis

configuration is the predominant form, representing themajority of double

bonds in plant oils and animal fats.



220 Managing Cardiovascular Complications in Diabetes

Ta
b
le

9
.1

C
o
m
m
o
n
d
ie
ta
ry

fa
tt
y
a
ci
d
s.

C
od

e
C
om

m
on

N
am

e
Fo

rm
ul
a

SA
TU

RA
TE

D

12
:0

la
ur
ic
ac
id

C
H
3
(C
H
2
) 1
0
C
O
O
H

14
:0

m
yr
is
tic

ac
id

C
H
3
(C
H
2
) 1
2
C
O
O
H

16
:0

pa
lm

iti
c
ac
id

C
H
3
(C
H
2
) 1
4
C
O
O
H

18
:0

st
ea
ric

ac
id

C
H
3
(C
H
2
) 1
6
C
O
O
H

M
O
N
O
U
N
SA

TU
RA

TE
D

16
:1
n-
7
ci
s

pa
lm

ito
le
ic
ac
id
C
H
3

(C
H
2
) 5
C
H
=
(c
)C
H
(C
H
2
) 7
C
O
O
H

18
:1
n-
9
ci
s

ol
ei
c
ac
id

C
H
3
(C
H
2
) 7
C
H
=
(c
)C
H
(C
H
2
) 7
C
O
O
H

18
:1
n-
9
tr
an
s

el
ai
di
c
ac
id

C
H
3
(C
H
2
) 7
C
H
=
(t
)C
H
(C
H
2
) 7
C
O
O
H

PO
LY
U
N
SA

TU
RA

TE
D

18
:2
n-
6,
9
al
lc
is

lin
ol
ei
c
ac
id

C
H
3
(C
H
2
) 4
C
H
=
(c
)C
H
C
H
2
C
H
=
(c
)C
H
(C
H
2
) 7
C
O
O
H

18
:3
n-
3,
6,
9
al
lc
is

𝛼
-li
no

le
ni
c
ac
id

C
H
3
C
H
2
C
H
=
(c
)C
H
C
H
2
C
H
=
(c
)C
H
C
H
2
C
H
=
(c
)C
H
(C
H
2
) 7
C
O
O
H

18
:3
n-
6,
9,
12

al
lc
is

𝛾
-li
no

le
ni
c
ac
id

C
H
3
(C
H
2
) 4
C
H
=
(c
)C
H
C
H
2
C
H
=
(c
)C
H
C
H
2
C
H
=
(c
)C
H
(C
H
2
) 4
C
O
O
H

20
:4
n-
6,
9,
12

,1
5
al
lc
is

ar
ac
hi
do

ni
c
ac
id

C
H
3
(C
H
2
) 4
C
H
=
(c
)C
H
C
H
2
C
H
=
(c
)C
H
C
H
2
C
H
=
(c
)C
H
C
H
2
C
H
=
(c
)C
H
(C
H
2
) 3
C
O
O
H

20
:5
n-
3,
6,
9,
12

,1
5
al
lc
is

ei
co

sa
pe

nt
ae

no
ic
ac
id

C
H
3
(C
H
2
C
H
=
(c
)C
H
) 5
(C
H
2
) 3
C
O
O
H

22
:6
n-
3,
6,
9,
12

,1
5,
18

al
lc
is

do
co

sa
he

xa
en

oi
c
ac
id

C
H
3
(C
H
2
C
H
=
(c
)C
H
) 6
(C
H
2
) 2
C
O
O
H



Diet and Lifestyle in CVD Prevention and Treatment 221

Since the 1990s attention has focused on the effect of trans fatty acids

on CVD and other health outcomes [54, 55]. Similar to saturated fatty

acids, trans fatty acids increase LDL-cholesterol concentrations. In contrast

to saturated fatty acids, trans fatty acids do not increase HDL-cholesterol

concentrations. Taken together, these changes result in a less favorable

LDL-cholesterol/HDL cholesterol ratio with respect to CVD risk [25, 56]. A

trend toward increased triglyceride concentrations is frequently reported.

Some research has also suggested that trans fatty acids may increase

lipoprotein (a) and high-sensitivity C-reactive protein concentrations,

insulin resistance, metabolic syndrome, and diabetes [57, 58].

There are two main sources of dietary trans fatty acids: those that occur

naturally inmeat and dairy products as a result of anerobic bacteria fermen-

tation in ruminant animals, and those formed during partial hydrogenation

of vegetable or fish oils. Traditionally, oils have been partially hydrogenated

to increase their viscosity (changing liquid oil into a semi-liquid or solid)

and extend their shelf life (decreasing susceptibility to oxidation). In recent

decades the major source of dietary trans fatty acids has been from partially

hydrogenated fat, primarily from commercially prepared fried foods and

baked goods [57].

The trans fat intake has declined in recent years in the USA. In 2003 the

Food and Drug Administration mandated that by 2006 the trans fat con-

tent of packaged food should be listed on the Nutrient Facts panel [59]. As

a result, between 2005 and 2010 the US Department of Agriculture docu-

mented a decline in the trans fat content of newly introduced foods and a

rise in the use of “no trans fat” claims on food packages [60]. Around that

same time some US cities restricted the use of partially hydrogenated fats by

chain restaurants. In one such city, New York, between 2006 and 2008 the

proportion of restaurants using partially hydrogenated fat declined from

51% to 2% [61]. Between the years 2000 and 2009, plasma trans fatty acid

levels in non-Hispanic white adults living in the USA decreased by 50%

[62]. Similar trends have been seen in other counties [63, 64].

Dietary Cholesterol
The observation that dietary cholesterol increased blood cholesterol con-

centrations and is associated with the development of CVD was first made

early in the twentieth century in rabbits [65]. In humans, a positive associ-

ation between dietary cholesterol and both plasma cholesterol concentra-

tions and CVD risk has been repeatedly observed [66, 67, 68]. However,

within the range currently consumed in the USA, 250–350mg per day,

the impact of further decreasing dietary cholesterol on plasma cholesterol

concentrations, in most people, is modest [69].

The effect of dietary cholesterol on plasma lipoprotein concentrations is

less than that of saturated and trans fatty acids, and as such receives less
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emphasis with respect to dietary recommendations [3, 70]. Of note is that

there is a relatively high degree of variability in response to dietary choles-

terol among individuals, and this hypo- and hyper-responsiveness has been

attributed to genotype differences [71].

With few exceptions, dietary cholesterol is present in foods of animal ori-

gin. Eggs provide a particularly rich source of dietary cholesterol. Other

sources include milk and meat fat. With regard to the latter source, restrict-

ing saturated fat intake is likely to result in a decrease in dietary cholesterol

intake.

Dietary Carbohydrate
The area of dietary carbohydrate and CVD risk is less defined than dietary

fat and CVD risk, notwithstanding the relationship, as it pertains to

low-fat/high-carbohydrate diets and both body weight and lipoprotein

profiles.

A positive association has been reported between diet patterns high in

simple carbohydrate (primarily sucrose and high-fructose corn syrup) and

CVD outcomes, and a negative association between diet patterns high in

unrefined carbohydrate (whole grains) and CVD risk factors [72–84]. The

intervention data have been heterogeneous and limited in scope [79, 80,

81, 82, 85, 86, 87, 88].

A negative association has been reported between diets high in unrefined

carbohydrate and diabetes risk [76, 87, 89, 90, 91]. Studies directly compar-

ing the effect of refined carbohydrate (products made with white flour) and

simple carbohydrate on plasma glucose and insulin concentrations have

yielded mixed results [92, 93, 94]. Likewise, study results directly com-

paring the effect of unrefined carbohydrate and refined carbohydrate on

plasma glucose and insulin concentrations have been mixed [95, 96, 97].

This discordance between the observational and interventional data is

likely attributable to experimental difficulties in distinguishing among the

differences associated with substituting foods high in simple carbohydrate

and whole grains in the diet. However, on the basis of the totality of the

data, dietary recommendations consistent with emphasizing the intake of

products made with whole grains is prudent and consistent with overall

dietary pattern guidance to minimize CVD risk.

Fiber
An inverse association between fiber and CVD risk has been reported for

whole-grain intake and CVD [98]. Studies that have estimated the indepen-

dent effect of dietary fiber on CVD risk have ranged from concluding amod-

est [99–103] to a more substantial (20% to 40%) [98] effect for those who

eat whole grain foods regularly relative to those who eat them rarely. To

avoid increased energy intake, recommendations to increase dietary fiber
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should be focused on substituting foods made with refined carbohydrate

with those made with whole grains rather than adding whole-grain foods

to the diet.

Most evidence suggests that soluble fiber exerts its hypocholesterolemic

effect by binding bile acids and cholesterol in the intestine, resulting in

increased fecal loss and altered colonic metabolism of bile acids [104]. The

fermentation of fiber polysaccharides in the colon yields short-chain fatty

acids. Some evidence suggests that these compounds may have hypo-

cholesterolemic effects via alterations in hepatic metabolism. Interestingly,

observational data has consistently associated dietary insoluble fiber

from cereals, but not vegetables and fruits, with lower CVD risk and

slower progression of atherosclerotic lesions [105, 106, 107]. Current

recommendations for adults are the consumption of 25–28 g dietary fiber

daily.

Fructose
In adults, higher intakes of sugar-sweetened beverages, frequently made

from high-fructose corn syrup, have been associated with weight gain over

time and increased risk for developing type 2 diabetes. In children, higher

intakes of sugar-sweetened beverages have been associated with higher

body weights [108, 109, 110]. Due to these relationships, concern was

raised about the potential relationship between fructose and high-fructose

corn syrup and both body weight and CVD risk factors [111].

Intervention data have suggested that at least in the short term, an

increase in fructose intake, either alone or as high-fructose corn syrup,

relative to glucose or sucrose, resulted in similar effects on insulin sensitiv-

ity or secretion, glucose kinetics, lipolysis, and glucose, insulin, C-peptide,

triglycerides, HDL-cholesterol, and LDL-cholesterol concentrations [112,

113, 114]. Recent attention has now shifted from the type of carbohydrate

per se to the form carbohydrate – liquid (beverage) verses solid (food)

[115, 116]. This is an active area of investigation at this time.

Protein
Type of Protein
Target dietary recommendations for protein as a percentage of energy have

changed little over the years [3, 70, 117, 118, 119, 120]. Dietary protein

can be divided into two categories as defined by origin: animal, primarily

meat, fish and dairy; and vegetable, primarily grains and legumes. For the

most part, the former source of protein contributes the majority of dietary

saturated fatty acids and much of the monounsaturated fatty acids to the

diet, while the latter, with the exception of tropical oils (palm, palm kernel,

and coconut), contributes the majority of the polyunsaturated and some of

themonounsaturated fatty acids to the diet. Fish contributes themajority of
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the very long-chain n-3 fatty acids to the diet, whereas soybean and canola

oils contribute the majority of the ALA to the diet. The implications of fatty

acids accompanying the sources of protein has already been discussed.

Soy Protein
The potential relationship between soy protein and the risk of develop-

ing CVD has a long history dating back to the 1940s [121]. Despite this

relatively protracted lead time, attempts at more precisely defining this

relationship were slow in coming and somewhat inconsistent [122]. Rein-

vigorated interest developed about the relationship between soy protein

and lipoprotein concentrations in the mid-1990s [123, 124]. At that time

it was unclear whether the effect of soy protein on lipoprotein concentra-

tions was attributable to the soy protein per se, or to other soybean-derived

factor(s) such as isoflavones. The most recent data suggest either a null

or a small LDL-cholesterol-lowering effect of relativity large amounts of

soy protein (25–50 grams) [125, 126, 127]. Soy-derived isoflavones do not

appear to have an independent effect on lipoprotein concentrations [127,

128, 129]. Nevertheless, consumption of soy protein–rich foods may indi-

rectly reduce CVD risk if they displace animal and full-fat dairy foods that

contain saturated fat and cholesterol from the diet.

Dietary Supplements
Phytosterols (Plant Sterols/Stanols)
Plant sterols (phytosterols) are a group of alcoholic derivatives of cyclopen-

tanoperhydrophenanthrene. They are structurally similar to cholesterol,

differing only in the aliphatic side chain. Plant sterols occur naturally in

plants, and their function is analogous to cholesterol in humans. The most

common forms are sitosterol, campesterol, and stigmasterol. In the gut,

plant sterols have a higher affinity for micelles than cholesterol, causing

them to displace cholesterol from the micelles. This displacement causes

about a 50% decrease in the bioavailability of intestinal cholesterol [130,

131, 132, 133, 134]. The decrease in plasma LDL-cholesterol concentra-

tions may be mediated by an increase in the expression of LDL receptors

on peripheral cells [130].

Two forms of plant sterols have been used to lower LDL-cholesterol con-

centrations, plant sterols in their natural state, and a saturated form of

plant sterols, termed plant stanols. Some plant sterol/stanol preparations

are esterified to a fatty acid prior to incorporation into foods [135]. This

extra step increases the miscibility of the plant sterols/stanols with the food

components. More recently, additional modifications to increase the mis-

cibility of the plant sterols/stanols with the food components have been

developed such as microencapsulation. As a group, these forms of plant

stanols/sterols or stanol/sterol esters lower LDL-cholesterol concentrations,
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on average, by 10% [136, 137, 138]. Maximal effects have been observed

at about 2 g per day. It was generally concluded that intakes above that level

do not confer additional benefit, although this has recently been questioned

[134]. By comparison, the mean intake of naturally occurring plant sterols

in the diet ranges from 150–350mg per day and plant stanols 15–50mg

per day. Controversy remains as to whether the efficacy of plant sterols and

stanols is similar [134, 137, 139].

Habitual consumption of plant sterols results in a small increase in

plasma sterol concentrations, an increase that is greater for the sterol than

the stanol form. This has led to concern about the potential adverse effects

of higher plasma plant sterol concentrations on CVD outcomes [140,

141]. The data, in both mice models and humans, are inconsistent [142,

143]. This issue is of particular concern because statin therapy increases

the rate of plant sterol absorption [140]. The area remains under active

investigation.

Plant stanols/sterols are currently available in a wide variety of foods,

drinks, and soft gel capsules. The choice of vehicle should be determined by

availability and by other considerations, including the energy content of the

products. To sustain LDL-cholesterol reductions from plant sterols/stanols,

individuals need to consume them daily, just as theywould a lipid-lowering

medication.

Policosanols
Policosanols are a mixture of higher primary aliphatic alcohols that can

be isolated from sugar cane wax, wheatgerm, rice, beeswax, and other

plants [144, 145, 146]. Early work suggested that policosanols were highly

efficacious as a cholesterol-lowering agent, decreasing LDL-cholesterol

concentrations up to 31% and increasing HDL-cholesterol concentrations

up to 29% [146, 147, 148]. The vast majority of studies demonstrating

the efficacy of policosanols on plasma lipoprotein profiles were conducted

using a preparation of policosanols isolated from sugar cane wax [148].

More recent work conducted under controlled conditions in individuals

with hypercholesterolemia [145, 149, 150, 151] and heterozygous familial

hypercholesterolemia [152, 153] have consistently failed to supported

these earlier findings. At this time the evidence does not support the use

of policosanols, regardless of source, to treat elevated LDL-cholesterol

concentrations or optimize lipoprotein profiles.

Red yeast rice
Red yeast rice is used as an alternative therapy for hyperlipidemia, partic-

ularly in place of drugs that inhibit cholesterol biosynthesis. It is produced

from the fermentation of rice by red yeast (Monascus Purpureus) [138,

154]. The available preparations have been reported to have up to 14 active
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compounds that lower LDL-cholesterol, termed monacolins. Concern has

been raised regarding the consistency of the preparations from batch to

batch and brand to brand. Recent work has suggested considerable variabil-

ity among commercially available preparations inmonacolin levels, making

it difficult to use the preparations adequately for LDL-cholesterol lower-

ing [154].

Vitamin Supplements
In the mid-1990s there was considerable interest in the potential benefit of

supplemental doses of vitamins, particularly antioxidant vitamins, and CVD

risk reduction [155]. These data came primarily from observational studies.

For the most part, a series of randomized controlled intervention trials that

followed have failed to demonstrate a benefit of supplemental vitamin E,

beta-carotene, vitamin C, or folate on CVD risk reduction [156, 157].

Recently, interest has been focused on the potential effect of supplemen-

tal vitamin D in CVD risk reduction. In contrast to the prior vitamins, the

relationship between vitamin D and CVD risk is focused on nutrient insuf-

ficiency rather than supplemental amounts [156, 158]. Until the results of

randomized controlled trials with vitamin D become available, it is prema-

ture to make any recommendations.

Physical Activity

Often sidelined when lifestyle issues related to CVD prevention are

addressed is the importance of regular physical activity. Physical activity

has beneficial effects on body weight, dyslipidemia, hypertension, and

diabetes [159, 160, 161]. Importantly, substantial reductions in CVD risk

have been observed regardless of whether the physical activity is vigorous

or less strenuous, such as walking [160]. A minimum of 30 minutes of

physical activity per day is recommended for all adults, and 60 minutes

for children [162].

Tobacco Use

Cigarette smoke, both primary and secondary exposure, independently

increases CVD risk [163]. Mechanisms of action include increased

blood pressure and blood clotting, decreased exercise tolerance and

HDL-cholesterol concentrations, and altered lipid metabolism through

increased lipolysis, insulin resistance, and tissue lipotoxicity. Prospective

investigations have demonstrated a substantial decrease in CVD mortality

in former smokers compared with continuing smokers [164]. Progressively



Diet and Lifestyle in CVD Prevention and Treatment 227

lower CVD mortality occurs relatively soon after smoking cessation.

Increased intervals since the last cigarette smoked are associated with

progressively lower mortality rates [165]. Tobacco use is associated with

increased occurrence of angina one year after amyocardial infarction [166].

Case Study 1

A 62-year old woman presents with a 25 lb weight gain since menopause. She has a
challenging job as a mid-level administrator in a company that has downsized over the
past two years. Her father was treated for type 2 diabetes and had a CVD event at
age 54 years; her mother has no history of diabetes or CVD. On exam, her BMI is 29,
total cholesterol is 238mg/dL, LDL-cholesterol is 181mg/dL, HDL-cholesterol is 27mg/dL,
BP is 140/89mmHg (untreated), and she smokes cigarettes. Her preference is to avoid
cholesterol-lowering medications. She indicates that she avoids “fatty foods,” eats out
for most of her meals, intends to increase her physical activity but runs out of time at the
end of the day, and wants to quit smoking but is too stressed to try.

Multiple-Choice Questions
1 What would you ask the patient regarding the avoidance of “fatty

foods”?

A What does she consider a “fatty food”?

B What does she use as replacement(s) for “fatty foods”?

C Where does she purchase most of her food?

D All of the above.

2 What recommendation would you give the patient regarding her body

weight?

A Think about what factors may have caused your weight gain.

B Don’t worry about the weight gain, take a multivitamin daily.

C Put more emphasis on cutting down on “fatty foods.”

D A and C.

3 Which aspects of the patient’s lifestyle would you recommend she

change?

A Diet.

B Physical activity.

C Smoking cessation.

D All of the above.

Answers provided after the References

Guidelines and Web Links

http://www.cnpp.usda.gov/dgas2010-policydocument.htm

http://www.heart.org/HEARTORG/GettingHealthy/Diet-and-Lifestyle

-Recommendations_UCM_305855_Article.jsp
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http://www.nhlbi.nih.gov/about/ncep/

Dietary Guidelines for Americans, 2010.

National Cholesterol Education Program

The American Heart Association’s Diet and Lifestyle Recommendations
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CHAPTER 10

Management of Acute Coronary
Syndrome
Christopher M. Huff and A. Michael Lincoff
Cleveland Clinic, Cleveland, OH, USA

Key Points
• Diabetes is a major risk factor for coronary atherosclerosis.

• Acute coronary syndrome is a leading cause of morbidity and mortality in patients
with diabetes.

• Acute coronary syndrome is a spectrum of unstable atherosclerotic coronary disease
that includes UA, NSTEMI, and STEMI.

• The focus of treatment for STEMI is emergent myocardial reperfusion, which is
preferably done mechanically with percutaneous coronary intervention (PCI).

• Patients with STEMI who present to a non-PCI-capable facility should be transferred
for emergent PCI.

• If anticipated transfer for PCI is >120 minutes and there are no contraindications,
STEMI patients should receive thrombolysis.

• Because UA and NSTEMI are the result of only partial vessel occlusion, emergent
reperfusion is usually not indicated.

• Patients with UA and NSTEMI should not receive thrombolysis, but rather be
managed conservatively or referred for coronary angiography based on a variety of
factors, including patient risk and preference, PCI capability at the presenting facility,
and initial response to medical therapy.

• Unless contraindicated, dual antiplatelet therapy (DAPT) and a parenteral
antithrombin agent should be given to all patients with ACS.

Introduction and Epidemiology of Acute Coronary
Syndrome

Cardiovascular disease is the most common cause of mortality. Each year it

accounts for 30% of deaths worldwide and 38.5% in the United States and

Western Europe [1]. Although the incidence of cardiovascular disease is

decreasing in high-income countries due to education and advancement in
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medical therapy, it is rapidly rising in middle- and low-income countries as

they become increasingly industrialized and urbanized [1]. Acute coronary

syndrome (ACS) is a spectrum of unstable cardiovascular disease that

includes unstable angina (UA), non-ST-elevation myocardial infarction

(NSTEMI), and ST-elevation myocardial infarction (STEMI), and is often

the initial clinical presentation for coronary artery disease (CAD). The

major risk factors for ACS include tobacco abuse, family history of CAD,

advanced age, hypertension, hyperlipidemia, and diabetes mellitus.

This chapter focuses on themanagement of ACS in patients with diabetes.

Diabetics aremore likely than nondiabetics to experience ACS, and diabetes

is an independent predictor for mortality in ACS. Diabetics are also more

likely to develop complications of ACS and its management such as heart

failure and bleeding. With a few exceptions, the management of ACS is

similar in patients with and without diabetes. In patients with diabetes,

management does not differ between patients who are insulin dependent

and patients who do not require insulin. Although intensive treatment of

hyperglycemia, dyslipidemia, and hypertension can reduce cardiovascular

and microvascular events in diabetics by as much as 50%, diabetes remains

a major risk factor for ACS [2].

Pathophysiology

The initiating event in ACS is rupture or erosion of an atherosclerotic

plaque within the coronary endothelium. This exposes the lumen of the

coronary artery to subendothelial matrix, leading to the activation of

platelets and eventual thrombus formation. ACS is a dynamic process,

during which there is cyclical transition among partial vessel occlusion,

complete occlusion, and reperfusion. In UA, plaque rupture results in

severe obstruction of coronary blood flow and subsequent ischemic

symptoms, at times associated with electrocardiographic ST depressions

or T-wave inversions without elevation of cardiac biomarkers. NSTEMI

is defined by obstruction that leads to infarction without electrocar-

diographic ST elevation. Plaque rupture that results in complete and

prolonged coronary artery occlusion usually leads to ST elevation and

subsequent myocardial infarction.

Clinical Presentation

Classically, patients with ACS present with substernal chest pain character-

ized as “vice-like” or “pressure.” The pain often radiates to the left shoulder

or jaw, but can radiate to the right arm, back, neck, and/or epigastrium.

Associated symptoms include nausea, vomiting, diaphoresis, palpitations,
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dyspnea, dizziness, and/or confusion. The chest discomfort associated

with STEMI is usually more severe than the discomfort experienced

with UA/NSTEMI. Also, chest pain in the setting of STEMI is less likely

to be relieved by nitroglycerine. Atypical symptoms or silent ischemia

(with associated symptoms such as cardiac dysrhythmias or heart failure)

are more common in diabetics, women, and the elderly. Appropriate

therapy for ACS is dependent on early recognition of symptoms by the

patient, as delayed medical evaluation can result in cardiogenic shock

and sudden cardiac death. While physical examination is unlikely to aid

in the diagnosis of ACS, it is important in risk stratification, excluding

alternate diagnoses, and determining whether mechanical complications

of myocardial infarction (MI) are present.

Differential Diagnosis

Other diagnoses that cause chest pain can be mistaken for ACS. Gas-

trointestinal disorders such as gastroesophageal reflux disease (GERD),

esophageal spasm, and esophageal hyperalgesia can mimic ischemic

chest pain. GERD and CAD can coexist, and it is not uncommon for

patients with ACS to mistake their symptoms as reflux. Given this, it is

prudent to exclude ACS before proceeding with further evaluation for

gastrointestinal disease.

Acute pericarditis causes pleuritic chest pain that is worse when supine

and relieved by sitting up and leaning forward. It is usually associated with

diffuse ST-segment elevation and concomitant PR-segment depression. If

there is myocardial involvement (myocarditis), the cardiac biomarkers may

be elevated and transthoracic echocardiogram (TTE) may reveal a regional

wall motion abnormality. It can be distinguished from acute MI by the lack

of reciprocal ST depression. Also, the ST elevations in acute pericarditis are

usually concave, as opposed to the convex ST elevations seen in acute MI.

Aortic dissection typically causes sharp, tearing chest pain with radiation

to the back. It is often most severe at onset, as opposed to ischemic chest

pain, the severity of which increases over time. Aortic dissection is usually

distinguished from ACS based on symptoms, though physical examination

can assist in the diagnosis. Examination in patients with aortic dissection

may reveal a difference between right and left upper extremity blood flow,

detected by comparing the pulse and blood pressure. The diastolic mur-

mur of aortic insufficiency may also be present. If the aorta is enlarged,

the chest radiograph will show a widened mediastinum. A TTE may reveal

the dissection flap, but the diagnosis is usually made by transesophageal

echocardiogram (TEE), computerized tomography (CT), or magnetic reso-

nance imaging (MRI).
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Acute onset of pleuritic chest pain and shortness of breath in the absence

of pathology on chest radiography suggests pulmonary embolism (PE). The

ECG most often shows sinus tachycardia, but may demonstrate right ven-

tricular strain. Although cardiac biomarkers can be slightly elevated with

acute PE, TTE can be performed to rule out a left ventricular wall motion

abnormality and identify right ventricular dysfunction.

Diagnosis

The diagnosis of ACS should be suspected in any patientwith chest pain and

risk factors for CAD. The most important initial investigation is a 12-lead

electrocardiogram (ECG). This will help distinguish STEMI from UA or

NSTEMI. If the ECG reveals ST-segment elevation in a pattern that would

suggest MI, the focus of care should shift to emergent myocardial reper-

fusion. By definition, there should be 1-mm ST-segment elevation in two

or more contiguous leads. In acute MI, the ST-segment elevations are usu-

ally convex. It is important to be aware of other diagnoses that may cause

ST-segment elevation without concomitant ischemia. These diagnoses are

listed in Table 10.1.

There are a few situations in which the patient presents with an acute MI

but the ECG does not reveal classic ST-segment elevation. The first is pos-

terior MI due to circumflex coronary artery occlusion, which because of its

location causes anterior ST-segment depression and tall R waves. It is also

possible for a posterior MI to be electrically silent, and thus patients with

an occluded left circumflex artery can have a normal ECG [4]. Another sit-

uation in which classic ST-segment elevation may be absent is left bundle

branch block (LBBB). LBBB “not known to be chronic” in the appropriate

clinical setting is considered a STEMI equivalent for two reasons. First,

in the setting of proximal left anterior descending (LAD) coronary artery

occlusion, new LBBB can occur because of lack of blood flow to the left

Table 10.1 Nonischemic causes of

electrocardiographic ST-segment elevation.

(Source: Adapted from Wang et al. 2003 [3].)

Early repolarization

Left ventricular hypertrophy

Left bundle branch block

Male pattern

Hyperkalemia

Acute pericarditis

Brugada syndrome

Pulmonary embolism

Postcardioversion
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bundle through the first septal perforator. Next, an existing LBBB due to

conduction disease can impair the diagnosis of subsequent MI. If the diag-

nosis of MI is in question, a TTE can assist the clinician by identifying a

regional wall motion abnormality. Once the diagnosis of STEMI is made,

eligible patients should receive emergent reperfusion without waiting for

results of cardiac biomarker testing. Post-reperfusion cardiac biomarkers

can aid in determining the size of myocardial infarction.

By definition, the ECG in UA and NSTEMI does not show ST-segment

elevation. Rather, the ECG may be normal or show ST-segment depression

and/or T-wave inversion. UA and NSTEMI cannot be differentiated based

on ECG changes, but instead by cardiac biomarker analysis. In UA cardiac

biomarkers are within normal limits, whereas with NSTEMI these mark-

ers are elevated. After the onset of MI, it can take up to four hours for

these biomarkers to be released into the blood stream. Thus, a patient who

presents with MI two hours after the onset of chest pain may have initially

normal cardiac biomarkers. In patients with UA and NSTEMI, it is there-

fore important to check at least two sets of biomarkers (preferably three)

drawn a minimum of four hours apart. The most commonly used cardiac

biomarkers and their timing of release are shown in Figure 10.1. Troponin

T and I are highly sensitive and available at most healthcare facilities. A

troponin T measured 72 hours after acute MI may predict infarct size [5,

6, 12]. Because of its high sensitivity, troponin elevation can occur in the

setting of other conditions such as PE and congestive heart failure (CHF).

Creatinine kinase (CK) and creatinine kinase myocardial band (CK-MB)

are also elevated in myocardial infarction. Like troponin, CK is helpful

in determining the size of myocardial infarction. CK is also important for
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Figure 10.1 Timing of cardiac biomarker release after myocardial infarction. (Source:

Anderson et al. 2007 [5]. Reproduced with permission of Elsevier.)
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determining reinfarction as it normalizes 24 hours after MI, unlike CK-MB

and troponin, which may remain elevated for several days.

Risk Stratification

Estimating risk of death is useful in patients with ACS, as it can aid in

treatment decisions and in the counseling of patients and their families.

Risk models have been developed to assist the clinician in risk predic-

tion. The Global Registry of Acute Coronary Events (GRACE) score predicts

in-hospitalmortality inall patientswithACS[9].Calculation involvesmulti-

ple variables, including age, heart rate,Killip class (Table 10.2), systolic blood

pressure, creatinine level, presence or absence of cardiac arrest on admis-

sion, presence or absence of cardiac biomarkers, and ST-segment changes.

A score of 250 or greater predicts a >50% chance of in-hospital death.

In STEMI, the most important risk factor for 30-day mortality is age, fol-

lowed by systolic blood pressure, Killip classification, heart rate, and loca-

tion of MI (Table 10.3). The thrombolysis in myocardial infarction (TIMI)

risk model (Table 10.4) for patients with STEMI incorporates these and

other variables obtained from the history, physical exam, and ECG. A TIMI

risk score of 9 or greater predicts a 30-daymortality of 35%. By comparison,

30-day mortality is <2% in STEMI patients with a score of 0 to 1.

There is also a TIMI risk score for patients with UA and NSTEMI

(Table 10.5). The score consists of seven variables extracted from the

patient’s history, ECG, and cardiac biomarker analysis. A score of 6 or

Table 10.2 Killip class and estimated 30-day mortality. (Source: Adapted from Lee et al.

1995 [7]. Reproduced with permission of Wolters Kluwer Health).

Killip class Characteristics Mortality rate (%)

I No signs of heart failure 5.1

II Rales, JVD, S3 gallop 13.6

III Pulmonary edema 32.2

IV Cardiogenic shock 57.8

JVD, jugular venous distention.

Table 10.3 Location of myocardial infarction and mortality. (Source: Adapted from

Topol 1998 [6]. Reproduced with permission of Lippincott Williams & Wilkins.)

Location 30-day mortality rate (%) 1-year mortality rate (%)

Proximal LAD 19.6 25.6

Mid LAD 9.2 12.4

Distal LAD 6.8 10.2

Proximal RCA or LCx 6.4 8.4

Distal RCA or LCx 4.5 6.7

LAD, Left anterior descending; LCx, Left circumflex; RCA, Right coronary artery.
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Table 10.4 TIMI risk model for prediction of 30-day mortality in

patients with ST-segment elevation myocardial infarction. (Source:

Adapted from Morrow 2000 [9]. Reproduced with permission of

Wolters Kluwer Health.)

History Points

65–74 years old 2

≥75 years old 3

Angina or DM/HTN 1

Physical Exam
HR >100 bpm 2

SBP <100mmHg 3

Killip class II–IV 2

Weight <67 kg 1

Presentation
Time to treatment >4 hrs 1

Anterior ST elevation or LBBB 1

TIMI risk score = (0–14) points

DM, diabetes mellitus; HR, heart rate; HTN, hypertension; SBP, systolic blood

pressure.

Table 10.5 TIMI risk model for predicting 14-day outcomes in

patients with UA/NSTEMI. (Source: Data from Antman 2000 [10].)

Characteristics Points

≥1mm ST deviation on ECG 1

≥2 episodes of angina in the preceding 24 hours 1

≥3 risk factors for CAD 1

Elevated cardiac biomarkers 1

≥50% stenosis on prior left heart catheterization 1

≥65 years of age 1

Use of aspirin in the past 7 days 1

TIMI risk score = (0–7) points

greater predicts a 41% incidence of all-cause mortality, MI, or severe

recurrent ischemia requiring revascularization. The ischemic complication

event rate with a score of 0 to 1 is 4.7%. Not only can this risk model

be used to predict outcomes in patients with UA/NSTEMI, but it can also

serve as a clinical decision-making tool for determining which patients

should receive early coronary angiography. In the TACTICS-TIMI 18 (Treat

Angina with Aggrastat and Determine Cost of Therapy with an Invasive

or Conservative Strategy-Thrombolysis in Acute Myocardial Infarction)

trial, a TIMI risk score of 3 or greater favored an early (within 48 hours)

invasive strategy, whereas patients with a score of 2 or less had better

outcomes with conservative therapy [13].
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Table 10.6 Absolute and relative contraindications to thrombolysis in patients with ST

elevation myocardial infarction. (Source: Adapted from Van de Werf et al. 2008 [15].

Reproduced with permission of Oxford University Press.)

Absolute contraindications

Known intracranial neoplasm

Any prior intracranial hemorrhage

Suspected aortic dissection

Active bleeding (Excluding menses)

Known cerebral vascular lesion

Ischemic stroke within the past 3 months

Severe closed head or facial trauma within the past 3 months

Relative contraindications
Blood pressure on presentation >180/110

History of chronic, severe, poorly controlled hypertension

History of ischemic stroke greater than 3 months before presentation, dementia, or other

intracranial pathology not listed as an absolute contraindication

Traumatic or prolonged CPR

Internal bleeding within the past 2–4 weeks

Pregnancy

Use of anticoagulation

Active peptic ulcer disease

Vascular punctures at noncompressible sites

Management

With the exception of reperfusion timing, patients across the spectrum of

ACS are managed similarly. The major difference is that STEMI patients

need emergent reperfusion, whereas patients with UA and NSTEMI can be

risk stratified to early coronary angiography or conservative management.

The following discussionwill includemedical management and reperfusion

strategies in patients with ACS. Themanagement of patients with andwith-

out diabetes is similar, with a few exceptions that will be discussed below.

Initial Medical Therapy
Anti-ischemic Therapy
The three classes of drugs used to reduce myocardial ischemia in patients

presenting with ACS are beta-blockers, nitrates, and calcium channel

blockers. Beta-blockers reduce myocardial oxygen demand by reducing

blood pressure, heart rate, and contractility [11]. Although the benefit of

long-term beta-blocker therapy in ACS patients has been well established

by clinical trials, there are no randomized data in the era of percuta-

neous coronary intervention (PCI) to suggest that early administration

of beta-blocker therapy reduces mortality [14, 15].The COMMIT/CCS-2

(Clopidogrel and Metoprolol in Myocardial Infarction Trial/Second
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Chinese Cardiac Study) trial randomized 45,852 patients with acute MI to

intravenous metoprolol followed by oral administration until discharge, or,

if prolonged hospitalization, a maximum of four weeks [14]. While there

was a reduction in reinfarction and ventricular fibrillation (VF), there was

no improvement in mortality, mainly due to an increase in cardiogenic

shock [14]. Based on these results, current European Society of Cardiology

(ESC) and American Heart Association (AHA) guidelines caution against

early administration of beta-blocker therapy in STEMI patients at risk for

developing cardiogenic shock [15, 16]. In patients with UA and NSTEMI,

in-hospital administration of these agents may prevent progression of ACS

and reduce mortality [11]. For instance, the CRUSADE (Can Rapid Risk

Stratification of Unstable Angina Patients Suppress Adverse Outcomes

with Early Implementation of the ACC/AHA Guidelines) registry demon-

strated that patients with UA and NSTEMI who received beta-blockade

had a 34% reduction in in-hospital mortality (3.9% vs. 6.9%, p < 0.001)

[17]. Because of confounding that exists in nonrandomized analyses,

these data should be interpreted carefully. Similar to STEMI patients,

guidelines caution against aggressive early administration of these agents

in UA/NSTEMI patients at risk for developing cardiogenic shock.

Nitrates reduce myocardial oxygen demand through venodilatation,

which reduces myocardial preload and thus ventricular wall stress [11, 18].

Nitroglycerine also causes vasodilatation of normal and atherosclerotic

coronary arteries, thus improving myocardial blood flow [11, 18].

Although no randomized, placebo-controlled trials have been performed

to assess the efficacy of nitroglycerine in improving symptoms or reducing

cardiac events, these agents are commonly administered on the basis

of observational data. Nitrates are particularly useful in the setting of

persistent chest pain, hypertension, or congestive heart failure (CHF).

Nitroglycerine can be administered orally, topically, or intravenously.

Intravenous nitroglycerine is preferred in patients with persistent ischemic

symptoms, because it is easily titratable. The dose is 10 to 20mcg/min

with 5–10mcg/min increases every 5–10 minutes. Nitrates should be

used with caution in STEMI patients suspected of having right ventric-

ular infarction, as these patients are preload dependent. Patients taking

phosphodiesterase-5 inhibitors (sildenafil, vardenafil, tadalefil) should

not receive nitroglycerine, as this combination of therapy may result in

profound hypotension [11, 18].

Calcium channel blockers improve myocardial ischemia by reducing

vascular smooth muscle contractility, which results in coronary artery

vasodilatation. These agents are not first line for the treatment of ischemia,

but are rather given to patients with persistent symptoms despite therapy

with beta-blockers and nitrates [11, 18]. As they are contraindicated in

the setting of CHF or impaired left ventricular function, calcium channel
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blockers are rarely used in patients with STEMI. In patients with UA and

NSTEMI, diltiazem and verapamil are the preferred agents, as their effi-

cacy in reducing myocardial ischemia is similar compared to beta-blockers

[19, 20]. Because of reflex sympathetic activation, nifedipine and other

dihydropiridine calcium channel blockers should be avoided in patients

with ACS unless combined with a beta-blocker [11, 18, 21].

Antiplatelet Therapy
According to both ESC and AHA guidelines, all patients with ACS should

receive dual antiplatelet therapy (DAPT) [11, 16, 17, 18, 22, 23]. One of

the antiplatelet agents should be aspirin at an oral dose of 150–325mg.

Nonenteric coated aspirin is preferred for more rapid absorption [11]. Cur-

rent options for the second antiplatelet agent include an oral platelet P2Y12

receptor antagonist or an intravenous platelet glycoprotein IIb/IIIa receptor

inhibitor (GPI). There are three P2Y12 receptor antagonists currently avail-

able for use in ACS. Clopidogrel and prasugrel are thienopyridines that irre-

versibly bind the platelet P2Y12 receptor, and ticagrelor is a triazolopyrimi-

dine that reversibly inhibits the same platelet receptor [11, 16, 17, 18, 22].

Clopidogrel is a pro-drug that is poorly metabolized to its active metabo-

lite. Because of this, it is the least potent of the P2Y12 receptor antagonists.

The benefit of clopidogrel in ACS has been extensively studied in random-

ized trials. In the large, randomized CURE (Clopidogrel in Unstable Angina

to Prevent Recurrent Events) trial, patients who received clopidogrel had

a significant reduction in the primary composite endpoint of cardiovascu-

lar death, MI, and stroke (9.3% vs. 11.4%, p < 0.001). The benefit per-

sists in patients who receive PCI. A subset analysis, PCI-CURE, compared

outcomes in the 2,658 patients who received PCI and found a significant

reduction in cardiovascular death, MI, and urgent target vessel revascular-

ization in the patients treated with clopidogrel (4.5% vs. 6.4%, p = 0.03)

[24]. Clopidogrel is given as a loading dose of 300–600mg, and continued

at a dose of 75mg daily. The 600mg loading dose has improved onset of

action and platelet inhibition, and in patients undergoing PCI is associated

with improved ischemic outcomes compared to 300mg [11, 16, 17, 18,

22, 23]. The CURRENT-OASIS 7 (Committee members of the Clopidogrel

and Aspirin Optimal Dose Usage to Reduce Recurrent Events – Seventh

Organization to Assess Strategies in Ischemic Syndromes) trial compared a

300mg clopidogrel loading dose to a 600mg loading dose in patients with

ACS. Although the higher loading dose did not reduce the primary com-

posite endpoint of cardiovascular death, MI, or stroke in the overall study

population, it did significantly reduce the primary endpoint in patients who

received PCI (3.9% vs. 4.5%, p = 0.04) [25]. Clopidogrel should be discon-

tinued five days prior to major surgery [11].
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Prasugrel is a pro-drug with more complete and rapid metabolism to

active drug, and thus is superior to clopidogrel in onset of action and

strength of platelet inhibition. It is given as a loading dose of 60mg and

maintained at a dose of 10mg daily. Prasugrel was compared to clopidogrel

in the TRITON-TIMI 38 (Trial to Assess Improvement in Therapeutic

Outcomes by Optimizing Platelet Inhibition with Prasugrel–Thrombolysis

In Myocardial Infarction) trial, which randomized ACS patients to either

300mg of clopidogrel or 60mg of prasugrel for up to 15 months [26].

The primary outcome of cardiovascular death, MI, or stroke was reduced

in patients who received prasugrel (9.9% vs. 12.1%, p < 0.001), which

was driven mainly by a reduction in MI (7.3% vs. 9.5%, p < 0.001)

[26]. Patients who received prasugrel had an increase in major bleeding,

particularly patients greater than 75 years of age or with body weight

less than 60kg. In addition, post hoc analysis showed worse outcomes

in patients with a history of transient ischemic attack (TIA) or stroke,

and thus prasugrel should be avoided in these patients [26]. A subgroup

analysis showed a substantially greater treatment effect of prasugrel

compared to clopidogrel in diabetics compared to nondiabetics (primary

outcome in diabetics: 12.2% vs. 17%, HR 0.70, p < 0.001; in nondiabetics:

9.2% vs. 10.6%, HR 0.80, p = 0.02). These results should be interpreted

carefully, as they are subject to the same potential for spurious findings as

with any subgroup analysis. Prasugrel should be discontinued seven days

before major surgery [11].

Ticagrelor is the newest of the platelet P2Y12 inhibitors. It is given as

a loading dose of 180mg and continued at a dose of 90mg twice daily.

Because it is administered in active form, the onset of action is rapid (30

minutes) and the platelet inhibition is consistent [11]. Ticagrelor is the

only P2Y12 inhibitor that has been shown in a randomized trial to provide

mortality benefit in ACS [27]. The PLATO (Platelet Inhibition and Patient

Outcomes) trial compared ticagrelor to clopidogrel for 12 months in 18,624

patients presenting with all forms of ACS [27]. The primary composite

endpoint of death from vascular causes, MI, and stroke was significantly

reduced in patients who received ticagrelor (9.8% vs. 11.7%, p < 0.001).

The individual endpoints of death from vascular causes (4.0% vs. 5.1%,

p = 0.001) and death from any cause (4.5% vs. 5.9%, p < 0.001) were

decreased with ticagrelor compared to clopidogrel. There was no difference

in overall major bleeding, although nonsurgical major bleeding was more

common in patients who received ticagrelor (4.5% vs. 3.8%, p = 0.03)

[27]. A quarter of patients in each treatment arm were diabetic, though

outcomes were not specifically reported for this group. Post hoc analysis

of the PLATO trial, specifically the US patient cohort, demonstrated worse

outcomes in patients who were maintained on high-dose aspirin in con-

junction with ticagrelor. Based on this, a maintenance aspirin dose higher
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than 100mg is not recommended [23]. Ticagrelor should be discontinued

five days prior to major surgery [11].

Current AHA guidelines for the management of STEMI and UA/NSTEMI

do not yet recommend one agent over another except in certain situations.

As mentioned previously, prasugrel should be avoided in patients with a

history of TIA or stroke due to the increased risk of intracranial hemor-

rhage (ICH). After thrombolysis, clopidogrel is the preferred agent based on

results from the CLARITY-TIMI 28 (Clopidogrel as Adjunctive Reperfusion

Therapy-Thrombolysis in Acute Myocardial Infarction) trial. The addition

of clopidogrel to thrombolytic therapy in CLARITY resulted in a 36% reduc-

tion in the composite endpoint of an occluded infarct-related artery, death,

or recurrentMI prior to angiography [28]. The recommended dose of clopi-

dogrel with thrombolysis is 300mg [23]. There are no data showing efficacy

or safety of prasugrel or ticagrelor with fibrinolytic therapy. The ESC also

recommends clopidogrel in patients treated with thrombolysis. Otherwise,

ESC guidelines recommend ticagrelor as the preferred agent for moderate-

to high-risk ACS patients, if the coronary anatomy is unknown. Prasugrel

is the preferred agent in P2Y12 inhibitor naïve patients (especially diabet-

ics) after the coronary anatomy has been defined to rule out the need for

coronary artery bypass grafting (CABG) [11].

The three GPIs currently approved for use in ACS include abciximab,

a monoclonal antibody fragment, and the small molecules eptifibatide

and tirofiban [11, 16, 17, 18, 21, 22]. Although there are extensive data

demonstrating the benefit of GPI therapy in ACS, most of these studies

were performed in an era before dual oral antiplatelet therapy. A few

trials have evaluated the effectiveness of GPI therapy in addition to con-

temporary antiplatelet and antithrombin therapy in STEMI patients. The

BRAVE-3 (Bavarian Reperfusion Alternatives Evaluation-3) and ON-TIME

2 (Ongoing Tirofiban in Myocardial Infarction Evaluation) trials evaluated

the efficacy of adding GPI therapy to heparin and 600mg of clopidogrel

in patients presenting with STEMI. Neither of these trials showed an

improvement in ischemic outcomes when compared to placebo. The

HORIZONS-AMI (Harmonizing Outcomes With Revascularization and

Stents in Acute Myocardial Infarction) study evaluated the benefit of

GPI therapy compared with more contemporary anticoagulation with

bivalirudin. Patients with STEMI presenting for PCI were randomized to

UFH plus a GPI (abciximab or double-bolus eptifibatide) or bivalirudin

alone with provisional GPI therapy. All patients received aspirin and a

thienopyridine. Bivalirudin treatment was associated with noninferior

protection against ischemic events, but substantially reduced bleeding

compared with UFH plus GPI. Although rates of acute stent thrombosis

were higher with bivalirudin, there were no net differences in thrombosis

rates by 30 days; mortality was significantly reduced by bivalirudin by
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one year [29]. Based on the above, STEMI patients treated with a P2Y12

antagonist who receive anticoagulation with either heparin or bivaliruidn

derive minimal benefit from the addition of GPI therapy.

The benefit of GPI therapy has also been established in patients with

UA and NSTEMI; however, as with the STEMI data, efficacy was deter-

mined before contemporary therapy with platelet P2Y12 antagonists and

bivalirudin [30]. In the current era UA/NSTEMI patients most likely to

benefit from GPI therapy are high-risk patients undergoing PCI with UFH.

This was demonstrated in the ISAR-REACT 2 (Intracoronary Stenting and

Antithrombotic Regimen: Rapid Early Action for Coronary Treatment)

trial, which examined the efficacy of adding abciximab to 600mg of clopi-

dogrel and heparin during PCI. High-risk patients who received abciximab

had a significant reduction in the primary composite endpoint of death,

MI, and urgent target vessel revascularization (13.1% vs. 18.3%, p = 0.02)

[31]. The benefit of GPI therapy in UA/NSTEMI appears isolated to PCI,

as the EARLY ACS (Early Glycoprotein IIb/IIIa Inhibition in Patients With

Non–ST-Segment Elevation Acute Coronary Syndrome) trial showed

no further benefit of routine early administration prior to PCI [32]. The

ACUITY (Acute Catheterization and Urgent Intervention Triage strategy)

study investigated whether GPI therapy would provide added benefit to

UA/NSTEMI patients treated with clopidogrel and the novel anticoagulant

bivalirudin. Patients with UA/NSTEMI were randomly assigned to UFH

plus a GPI, bivalirudin plus a GPI, or bivalirudin alone. Bivalirudin alone

was noninferior to UFH plus a GPI in reducing ischemic endpoints and

was associated with a significant decrease in major bleeding [33].

Based on the above data, current guidelines for the management of

patients with UA/NSTEMI state that treatment with GPI therapy during

PCI is reasonable in high-risk patients (elevated troponin or diabetes)

who have received a platelet P2Y12 antagonist and UFH [11, 23, 30]. In

patients treated with bivalirudin, it is reasonable to omit GPI therapy [30].

Because of the risk of bleeding, routine early administration of a GPI prior

to coronary angiography or in patients being managed conservatively is

not recommended [11, 23, 30].

Antithrombin Therapy
All patients with ACS should receive antithrombin therapy. Current

options include UFH, bivalirudin, low molecular weight heparin (LMWH),

and fondaparinux. The anticoagulant that has been studied the most

in clinical trials is UFH. UFH is given intravenously as a 60U/kg bolus

(maximum 4000U) and continued at 12U/kg/hr (maximum 1000U/hr)

with a goal partial thromboplastin time (PTT) of 50 to 70 seconds [18].

In patients who are referred for PCI, the goal intraprocedural activated

clotting time (ACT) is based on whether GPI therapy is planned. If GPI
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therapy is planned, the goal ACT is 200 to 250 seconds. If concurrent

GPI therapy is not planned, the goal ACT is 250 to 300 seconds [23].

After PCI, UFH should be discontinued to avoid bleeding complications.

For ACS patients who are managed conservatively (without coronary

angiography), UFH should be continued for 48 hours [30]. UFH is the

preferred agent prior to CABG [18].

Bivalirudin is a direct thrombin inhibitor used for anticoagulation in

patients undergoing PCI. It has been evaluated in all forms of ACS. When

compared with the combination of heparin and GPI therapy, bivalirudin

reduces bleeding without compromising protection against ischemic

events. The use of bivalirudin in STEMI patients was investigated in

the HORIZONS-AMI trial. As discussed previously, this study compared

treatment with bivalirudin versus the combination of UFH and a GPI

in patients undergoing PCI for STEMI. Treatment with bivalirudin was

associated with a decrease in cardiac death and a reduction in major

bleeding [29]. The ACUITY and ISAR-REACT 4 (Intracoronary Stenting

and Antithrombotic Regimen: Rapid Early Action for Coronary Treatment)

trials compared bivalirudin to heparin plus GPI therapy in patients with

Non-ST-Segment Elevation ACS (NSTE-ACS) [33, 34]. In both studies,

bivalirudin was non-inferior to heparin plus GPI in reducing ischemic

events and significantly reduced major bleeding. Based on the above data,

bivalirudin is preferred over UFH and a GPI in patients undergoing PCI

who are at high risk for bleeding. Bivalirudin has not been studied in

conservative management of ACS and therefore other agents are preferred

in this situation. For PCI, the dose of bivalirudin is a 0.75mg/kg bolus

followed by an infusion at 1.75mg/kg/hr [22, 23].

LMWHs are obtained through chemical and enzymatic depolymerization

of UFH [18]. The three most investigated forms of LMWH are dalteparin,

nadroparin, and enoxaparin. Enoxaparin has been studied in STEMI,

particularly in the setting of thrombolysis. The ASSENT-3 (Assessment of

the Safety and Efficacy of a New Thrombolytic-3) trial compared enoxa-

parin to UFH in STEMI patients receiving thrombolysis with weight-based

tenecteplase. The combination of enoxaparin and tenecteplase was supe-

rior to UFH and tenecteplase in reducing the primary composite endpoint

of death, reinfarction, or refractory ischemia [35]. The ExTRACT-TIMI

25 (Enoxaparin and Thrombolysis Reperfusion for Acute Myocardial

Infarction Treatment – Thrombolysis in Myocardial Infarction) trial also

investigated the efficacy of enoxaparin in the setting of thrombolysis.

STEMI patients undergoing thrombolysis were randomized to UFH for

48 hours or enoxaparin throughout the index hospitalization. Compared

to UFH, patients who received enoxaparin had a significant reduction in

the primary endpoint of death and nonfatal MI through 30 days (12.0%

vs. 9.9%, p < 0.001). The reduced primary endpoint with enoxaparin
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was entirely due to a decrease in reinfarction, as there was no difference

in mortality between the two groups [34]. This reduction in reinfarction

came at the risk of increased major bleeding.

Several studies have compared LMWH to UFH in patients with

UA/NSTEMI. Trials involving the use of dalteparin and nadroparin

demonstrate similarity to UFH in reducing rates of death and nonfatal MI

[18]. There is, however, data to suggest that enoxaparin may be superior

to UFH in patients with UA/NSTEMI. In the ESSENCE (Efficacy and Safety

of Subcutaneous Enoxaparin in Non-Q-Wave Coronary Events) trial,

patients who received enoxaparin had a lower incidence of death, MI, or

recurrent angina at 30 days when compared to UFH (19.8% vs. 23.3%, p

= 0.016) [37]. Similarly, in the TIMI 11B trial, patients with UA/NSTEMI

who received enoxaparin had a significant reduction in the primary

composite endpoint of death, MI, and urgent revascularization at 43 days

compared to patients treated with UFH (17.3% vs. 19.7%, p = 0.048) [38].

Both ESSENCE and TIMI 11B were performed at a time when an invasive

strategy was not routine. A more contemporary study, the SYNERGY

(Superior Yield of the New Strategy of Enoxaparin, Revascularization and

Glycoprotein IIb/IIIa Inhibitors) trial, compared enoxaparin to UFH in

high-risk UA/NSTEMI patients undergoing PCI. In this study the primary

endpoint of death or MI did not differ between enoxaparin and UFH, but

there was an increase in TIMI major bleeding in the patients treated with

enoxaparin (9.1% vs. 7.6%, p = 0.008) [39].

Based on the above data, enoxaparin should be considered a first-line

anticoagulant in STEMI patients undergoing thrombolysis and for patients

with UA/NSTEMI who are managed conservatively. It may be used in the

setting of PCI, but is not superior to UFH. The dose of enoxaparin is 1mg/kg

subcutaneously every 12 hours. If it is used as the primary anticoagulant

for patients undergoing PCI, additional dosing in the cardiac catheteriza-

tion lab is based on the time at which the last dose was given. If the last

dose was given within 8 hours, no additional therapy is necessary. If 8–12

hours have elapsed since the last dose, an intravenous dose of 0.3mg/kg

should be administered. If 12 hours have passed since the last dose, the

patient should receive 1mg/kg subcutaneously [23]. LMWH is not recom-

mended in patients greater than 75 years of age or with significant renal

dysfunction [23].

Fondaparinux is a synthetic heparin pentasaccharide that selectively

inhibits clotting factor Xa. Its efficacy in STEMI was investigated in the

OASIS-6 (Organization for the Assessment of Strategies for Ischemic

Syndromes-6) trial. This study examined the efficacy of fondaparinux in

STEMI patients treated with either thrombolysis or PCI. In the patients

who received thrombolysis, fondaparinux compared to placebo resulted

in a significant reduction in death or reinfarction at 30 days without
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an increase in bleeding. In the patients who received PCI, fondaparinux

resulted in worse outcomes compared to UFH, in part related to an increase

in guiding catheter thrombosis, coronary dissection, no reflow, and abrupt

vessel closure [40]. The use of fondaparinux in the management of

UA/NSTEMI was evaluated in the OASIS-5 study. This trial randomized

patients with UA and NSTEMI to treatment with fondaparinux or enoxa-

parin. There was no difference in the primary endpoint of death, MI,

or refractory ischemia at 9 days; however, treatment with fondaparinux

significantly reduced major bleeding (2.2% vs 4.1%, p < 0.001). There

was also a decrease in the number of deaths at 30 days (p = 0.02) and

180 days (p = 0.05) in the patients who received fondaparinux. Of the

patients who underwent PCI, guiding catheter thrombosis was increased

with fondaparinux [41].

Based on the above, fondaparinux is not the preferred anticoagulant in

patients undergoing primary PCI for STEMI because of the increased risk of

guiding catheter thrombosis [15, 23]. However, it is reasonable to admin-

ister fondaparinux in patients undergoing thrombolysis [15]. In patients

with UA/NSTEMI who are being managed conservatively, fondaparinux

should be considered as a first-line agent due to its favorable efficacy–safety

profile [11]. Patients with UA/NSTEMI receiving PCI may be treated with

fondaparinux, but an additional anticoagulant with anti-IIa activity such as

heparin or bivalirudin should be administered. The dose of fondaparinux

is 2.5mg per day given subcutaneously.

Coronary Reperfusion
As discussed previously, the initial acute management of ACS hinges on

whether or not the patient needs immediate coronary reperfusion (STEMI

or equivalent). The decision for early coronary angiography versus conser-

vative management in patients with UA/NSTEMI is based on a variety of

factors, including patient risk and preference, PCI capability at the present-

ing facility, and initial response to medical therapy. Once a decision has

been made regarding the need for reperfusion, this can be accomplished

with thrombolysis, percutaneous coronary intervention, or coronary artery

bypass grafting. The preferred approach depends on time to presentation,

anticipated time to PCI, extent of coronary artery disease, hemodynamic

status, left ventricular function, and comorbid disease. The different options

for coronary reperfusion are discussed below.

Thrombolysis
Extensive research has documented the benefit of thromobolytic therapy

in STEMI, which includes improved survival and left ventricular function.

This clinical benefit has not been observed in patients with UA/NSTEMI;

accordingly, thrombolysis should not be used in this setting. The benefit of
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Table 10.7 High-risk features in patients with

UA/NSTEMI. (Source: Adapted from Hamm 2011

[11]. With permission of Oxford University Press

(UK) © European Society of Cardiology.

www.escardio.org/guidelines.)

Elevated troponin

Dynamic ST- or T-wave changes on the ECG

Diabetes mellitus

Renal insufficiency (eGFR <60mL/min/1.73m2)

LVEF <40%

Early postinfarction angina

Recent PCI

Prior CABG

Intermediate to high GRACE risk score

eGFR, estimated glomerular filtration rate.

thrombolysis in STEMI declines with time, with the maximum treatment

effect within one hour of symptom onset and little to no benefit after 12

hours of symptoms. If a decision is made for thrombolysis and there are

no contraindications (Table 10.6), it should be performed within 30 min-

utes of first medical contact (FMC). Available thrombolytic agents include

streptokinase, alteplase, reteplase, and tenecteplase.

Streptokinase (SK) is a first-generation thrombolytic that acts against

clot-bound fibrin and circulating fibrinogen. Because it is not fibrin specific,

concomitant heparin administration is not required. In general, the rate of

intracranial hemorrhage (ICH) is lower with SK compared to fibrin-specific

thrombolytics, making it a preferred agent in patients with risk factors or

intracranial bleeding, such as elderly patients with cerebrovascular disease.

Allergic reactions are common with streptokinase, and thus re-exposure to

this agent should be avoided.

Alteplase (tPA) is a fibrin-specific thrombolytic agent that was compared

to SK in the GUSTO 1 (Global Use of Strategies to Open Occluded Coro-

nary Arteries) trial. This study compared tPA to SK in patients with STEMI.

Compared to SK, patients who received an accelerated regimen of tPA had

a 15% reduction in 30-day mortality and increased TIMI 3 flow on coro-

nary angiogram (54% vs 31%, p < 0.001) [42]. The currently accepted

accelerated regimen of tPA is administered as an intravenous bolus dose of

15mg followed by 0.75mg/kg (up to 50mg) infused over 30 minutes and

then 0.5mg/kg infused over 60 minutes.

Reteplase (rPA) is a thirt-generation thrombolytic that is less fibrin spe-

cific than alteplase. It was compared to tPA in the GUSTO III trial, which

showed no mortality benefit with rPA over tPA [43]. It is administered in

two 10mg boluses given 30 minutes apart. Its ease of administration may

make it a preferable agent to tPA.
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Tenecteplase (TNK) is another third-generation thrombolytic that is

more fibrin specific than rPA. It was compared to tPA in the ASSENT-2

trial. In this study there was no mortality difference between tPA and TNK,

although TNK was associated with a significant reduction in noncerebral

bleeding (26.4% vs. 29.0%, p = 0.0003) [44]. TNK is administered as

a single weight-adjusted bolus of 30–50mg. Its primary advantage is

bolus administration.

Percutaneous Coronary Intervention
Percutaneous coronary intervention (PCI) is the preferred method of

coronary reperfusion in patients presenting with STEMI. Once the

infarct-related artery has been identified, mechanical reperfusion is

accomplished through the use of various catheters, wires, balloons, and

stents. In the current era, the two approaches to PCI in the setting of

STEMI are primary PCI and a pharmacoinvasive strategy. Facilitated PCI,

an approach that involves routine thrombolysis of all STEMI patients

before PCI, is no longer recommended given the lack of efficacy in

randomized trials [45]. Rescue PCI, which refers to PCI in patients who

have failed thrombolysis, has been replaced by the pharmacoinvasive

strategy [22, 23]. As discussed previously, patients with UA/NSTEMI do

not require emergent PCI.

In primary PCI, patients with STEMI are referred for emergent PCI with-

out having received thrombolysis. This is the preferred approach for reper-

fusion if it can be performed within 120 minutes of FMC [23]. There are

considerable data showing the benefit of primary PCI over thrombolysis. A

23-trial meta-analysis of STEMI patients who were randomized to primary

PCI or thrombolysis showed a significant reduction in mortality and nonfa-

tal MI with primary PCI. Primary PCI was also associated with a significant

reduction in stroke due to a decrease in ICH [46]. Primary PCI is superior

to thrombolysis even if it requires transferring the patient to a PCI-capable

facility. In the DANAMI-2 (Danish Multicenter Randomized Study on

Thrombolytic Therapy Versus Acute Coronary Angioplasty in Acute

Myocardial Infarction-2) trial, patients who were randomized to transfer

for PCI had a significant reduction in 30-daymortality compared to patients

who received thrombolysis (8.5% vs. 14.3%, p = 0.002) [47]. The benefit

of transfer extends to high-risk STEMI patients. The Air-PAMI (Air-Primary

Angioplasty in Myocardial Infarction) trial compared transfer for primary

PCI to onsite thrombolysis in high-risk STEMI patients. Patients who were

transferred for PCI had a significant reduction in hospital stay (6.1 days

vs. 7.5 days, p = 0.015) and ischemia (12.7% vs. 31.8%, p = 0.007) [48].

Inapharmacoinvasive strategy, patientswhopresent to anon-PCI-capable

facility with an expected transfer time of >120 minutes receive thromboly-

sis and are then immediately transferred for PCI. This management strategy
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was evaluated in the CARESS-in-AMI (Combined Abciximab REteplase

Stent Study in Acute Myocardial Infarction) and TRANSFER-AMI (Trial of

Routine Angioplasty and Stenting after Fibrinolysis to Enhance Reperfu-

sion in Acute Myocardial Infarction) trials. In CARESS-in-AMI, patients

who received high-dose thrombolytics and abciximab were randomized

to immediate transfer for PCI or standard treatment with the possibility

of rescue PCI. Patients who were immediately transferred for PCI had a

significant reduction in the primary endpoint of death, reinfarction, or

refractory ischemia at 30 days (4.4% vs. 10.7%, p = 0.004) [49]. Similarly,

the TRANSFER-AMI study randomized high-risk STEMI patients who

received thrombolysis at a non-PCI-capable facility to either immediate

transfer for PCI or standard therapy (including rescue PCI). The primary

composite endpoint of death, reinfarction, recurrent ischemia, new or

worsening heart failure, and cardiogenic shock was significantly less in the

patients who were transferred for PCI (11% vs. 17.2%, p = 0.004) [50].

Based on factors discussed previously, patients with UA/NSTEMI can be

managed either conservatively with medical therapy or invasively with

coronary angiography. Most trials comparing conservative management

to an early invasive strategy demonstrate improved outcomes with early

coronary angiography. An exception to this is the ICTUS (Invasive ver-

sus Conservative Treatment in Unstable Coronary Syndromes) trial, which

compared early angiography to initial medical therapy in patients with

NSTE-ACS. In this study, there was no benefit of early angiography com-

pared to initial medical management, even in troponin-positive patients

[51]. If an invasive strategy is chosen, there does not appear to be an

advantage to very early angiography (<24 hrs) except possibly in very

high-risk patients. The large, multicenter TIMACS (Timing of Interven-

tion in Acute Coronary Syndromes) trial compared angiography within

24 hours to delayed angiography (≥36 hrs) in patients with UA/NSTEMI.

Overall, the primary endpoint of death, new MI, or stroke did not sig-

nificantly differ between the two groups. However, when patients were

analyzed in groups according to risk, high-risk patients had a significant

reduction in the primary endpoint by receiving angiography within 24 hrs

(13.9% vs. 21%, p = 0.006) [52].

Based on the above data, if a patient with STEMI can receive PCI within

120 minutes of FMC, this is the preferred approach. If the anticipated time

to PCI is >120 minutes and there are no contraindications, thrombolysis

should be performed [23]. After thrombolysis, patients should be trans-

ferred to a PCI-capable facility for coronary angiography and subsequent

PCI if needed. In high-risk (Table 10.7) patients with UA/NSTEMI, coro-

nary angiography within 24 hours of presentation is reasonable, although

a conservative approach is acceptable in patients who stabilize on initial

medical therapy.
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Coronary Artery Bypass Grafting
The logistical difficulties of mobilizing operating personnel within 90-120

minutes to achieve emergent reperfusion has limited the utility of CABG in

STEMI, but it should be strongly considered for STEMI patients with failed

PCI, severe left main artery stenosis, and complications of MI such as lat-

eral wall or papillary muscle rupture. Compared to patients with STEMI,

patients with UA/NSTEMI are more likely to have multivessel CAD. Fortu-

nately, because these patients require urgent rather than emergent reper-

fusion, they can be referred for CABG in a timely manner if coronary

anatomy is suitable without the concern for decreased myocardial salvage.

CABG is a particularly important revascularization strategy in patients with

diabetes. A meta-analysis from 10 randomized trials shows that diabetics

with multivessel CAD have a significant reduction in long-term (5.9 years)

mortality with CABG as compared to PCI (23% vs. 29%, p = 0.05) [55].

Late Hospital and Post-Discharge Management
Diabetes Management
There are conflicting data regarding the strategy for glycemic control in

the setting of ACS. In the DIGAMI (Diabetes, Insulin Glucose Infusion in

Acute Myocardial Infarction) trial, tight glycemic control in STEMI patients

using intravenous insulin therapy was associated with a 30% reduction in

one-year mortality [56]. Unfortunately, the DIGAMI 2 trial did not con-

firm these findings, and more recent data suggest increased hypoglycemic

events in patients allocated to tight glucose control [15]. The current rec-

ommendation is that patients with ACS be treated according to American

Diabetes Association (ADA) guidelines with a target blood glucose level of

<180mg/dL [11, 30]. After discharge, the goal HbA1c is <6.5–7% [15, 30].

Antiplatelet Therapy
It is recommended that patients with ACS receive DAPT for one year

regardless of whether or not they received PCI [15, 22, 23, 30]. Aspirin

should be continued indefinitely at a dose of 81–162mg. The second

antiplatelet agent should be one of the three P2Y12 inhibitors at the main-

tenance doses mentioned above. If ticagrelor is the second antiplatelet

agent, the aspirin dose should be no higher than 100mg [23]. Patients

who are allergic to aspirin should be treated indefinitely with 75mg of

clopidogrel [15, 22, 30]. One year of DAPT therapy is not always reason-

able due to financial difficulties, bleeding complications, or concomitant

warfarin therapy. If these issues exist, and the patient either did not receive

coronary artery stenting or received a bare metal stent (BMS), the P2Y12

inhibitor can be discontinued after one month. Patients who received a
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drug-eluting stent (DES) should be treated with 12 months of DAPT to

prevent stent thrombosis [23].

Beta-Blockade
The use of beta-blocker therapy in the acute setting was discussed pre-

viously. Indefinite beta-blocker therapy is indicated in all patients recov-

ering from ACS, unless there is a contraindication. The beneficial effects

of beta-blocker therapy include a reduction in ischemia, arrhythmias, and

reduced dilation of the left ventricle. If the patient has moderate to severe

left ventricular dysfunction, the beta-blocker should be started at a low dose

and titrated up slowly to prevent the development of cardiogenic shock.

Inhibition of the Renin-Angiotensin-Aldosterone System
Angiotensin-converting enzyme inhibitor (ACEI) therapy is indicated for

all patients with ACS who have clinical heart failure or a left ventricular

ejection fraction (LVEF) ≤40%. ACEI should also be given to ACS patients

with a preserved LVEF who have diabetes, hypertension, or chronic kid-

ney disease [15, 22, 30]. In addition, ESC and AHA guidelines state that

it is reasonable to start an ACEI in any patient who presents with ACS.

For patients who are intolerant to ACEI therapy, an angiotensin receptor

blocker (ARB) can be used. Candesartan and valsartan are the preferred

ARBs, because they have demonstrated efficacy in ACS patients.

AMI patients with a LVEF of <40% and either clinical heart failure or dia-

betes receive added benefit from the addition of aldosterone blockade to an

ACEI or ARB. Compared to placebo, the addition of eplerenone decreases

mortality and hospitalization for heart failure [57]. Current guidelines rec-

ommend the addition of an aldosterone antagonist to any patient with

diabetes who presents with ACS and a LVEF <40%, assuming the patient

is already receiving therapeutic doses of an ACEI [11, 15, 18]. Eplerenone

is not recommended for patients with significant renal dysfunction (GFR

≤30) or a serum potassium >5.

Lipid Management
Unless contraindicated, all ACS patients should be treated with an

HMG-CoA reductase inhibitor (statin). Furthermore, large-scale clinical

trials demonstrate improved ischemic outcomes with intensive compared

to standard statin therapy. For example, in the PROVE IT-TIMI 22 (Pravas-

tatin or Atorvastatin Evaluation and Infection Therapy–Thrombolysis in

Myocardial Infarction) study, treatment with high-dose lipitor offered a

16% greater reduction in the primary composite endpoint of death, MI,

UA, revascularization, and stroke compared to treatment with moderate
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dose pravastatin [58]. For patients with ACS, the target LDL cholesterol

(LDL-C) is <100mg/dL and preferably <70mg/dL.

Blood Pressure Control
To help prevent future cardiovascular events, it is important that patients

with a history of ACS remain normotensive. This should be accomplished

with the combination of an ACEI, beta-blocker, and, if the LVEF is reduced,

an aldosterone antagonist. Additional agents may be necessary to reach

this goal.

Stress Testing
In ACS patients who do not receive a left heart catheterization, stress test-

ing to assess for myocardial ischemia should be performed prior to or early

after discharge. While exercise treadmill testing is preferred, patients with

a history of ACS often have baseline ECG abnormalities that prevent the

interpretation of ischemia based on ECG alone. In these patients echocar-

diography or nuclear imaging can aid in the diagnosis of ischemia.

Assessment of Left Ventricular Function
Appropriate prognosis and therapy in ACS patients depend on adequate

assessment of the LVEF. This can be accomplished with a TTE. If concurrent

disease or patient body habitus prevents adequate assessment of the LVEF

by surface echocardiogram, nuclear imaging can be performed.

Prevention of Sudden Cardiac Death
The development of left ventricular scar after myocardial infarction

increases the risk for ventricular arrhythmia and sudden cardiac death

(SCD). The risk of SCD is inversely proportional to the ejection fraction.

Multiple studies have shown a reduction in mortality by the insertion of

an implantable cardioverter defibrillator (ICD) in patients who are at high

risk for SCD. Current guidelines recommend ICD insertion in patients

with an EF ≤35% and NYHA class II–III heart failure or an EF ≤30%

and NYHA class I–II heart failure. Because these studies did not show

mortality benefit if the ICD was inserted immediately after MI, insertion

should be delayed for at least 40 days after infarction and 90 days in

patients who received CABG [59]. In the interim, the patient should be

managed medically with a beta-blocker, ACEI, and aldosterone antagonist.

These therapies may improve the LVEF and eliminate the need for ICD

insertion. Assuming that there is no residual ischemia, patients who have

hemodynamically significant sustained VT or VF at least 48 hours after MI

should receive an ICD without delay [58].
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Smoking Cessation
Smoking cessation may be the most effective secondary prevention mea-

sure, with the potential to reduce mortality by 33% over 10 years [15].

Before hospital discharge, patients with ACS should receive counseling

regarding the hazards of smoking and the benefits of cessation. Counseling

should then continue in the outpatient setting. Nicotine supplementation

and/or antidepressant therapy can be prescribed to assist patients in their

effort to quit smoking.

Weight Control
Weight loss should be encouraged to achieve a goal body mass index (BMI)

between 18.5 and 24.9 kg/m2. The goal waist circumference is <40 inches

in men and <35 inches in women. Weight loss should be achieved through

a balance of increased physical activity and decreased caloric intake for an

initial reduction in body weight of 10%.

Physical Activity
Assuming that there is no residual ischemia, patients can begin exercise

training 1–2 weeks after hospital discharge. Patients who are at high risk

(multiple comorbidities, reduced LVEF, etc.) may benefit from supervised

exercise training in a cardiac rehabilitation program. Under supervision,

the target heart rate is 70–85% of the maximum predicted. The target

heart rate for unsupervised exercise training is 60–75% of the maximum

predicted. Patients should be encouraged to exercise for 30 to 60 minutes

at least five days per week.

Conclusion

Patients with diabetes are at high risk for developing coronary artery dis-

ease and subsequent ACS. The management of ACS begins with determin-

ing the appropriate timing for coronary artery reperfusion. Patients with

STEMI or an equivalent should receive emergent reperfusion, preferably

with PCI. Patients with UA/NSTEMI can be risk stratified to determine the

appropriate timing for coronary angiography. In these patients angiography

is used to decide if medical therapy, PCI, or CABG is the preferred treatment

strategy. All patients with ACS should be treated with antiplatelet and

antithrombin therapy, as well as adjuvant therapy with a statin, ACEI, and

beta-blocker. Prior to discharge the focus of care should shift to aggressive

risk factor modification, and outpatient follow-up is necessary to ensure

that secondary prevention goals are met. Overall, the management of

patients with and without diabetes is similar, though the preferred choice

of antiplatelet, antithrombin, and reperfusion therapy may differ.
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Case Study 1

A 67-year-old female with a history of noninsulin-dependant diabetes mellitus and hyper-
tension presents to your office with episodes of tightness in the center of her chest that
began three days prior. She has noted similar discomfort in the past while climbing stairs
or steep hills. Three days ago she began feeling chest discomfort while walking around
her house. Today the chest discomfort occurred while driving to your office. Physical exam
reveals a blood pressure of 160/90mmHg and a heart rate of 90 bpm. There is no jugu-
lar venous distention. She has a soft systolic ejection murmur at the right upper sternal
border and her lungs are clear. There is no peripheral edema. An ECG performed in the
office reveals normal sinus rhythm with T-wave inversions in the lateral precordial leads.
The patient is given four baby aspirin, which she is asked to chew. EMS is called and the
patient is transported to the emergency room, where her cardiac biomarkers are within
normal limits. She is given the diagnosis of unstable angina and treated with 180mg of
ticagrelor, 80mg of atorvastatin, intravenous heparin, and a nitroglycerine infusion. She
is admitted to the coronary care unit for further observation. Overnight, she continues to
have mild, intermittent chest pain, though there is no elevation in her cardiac biomark-
ers. The next day she is referred for coronary angiography, which reveals thrombus in the
proximal left circumflex artery and a resultant 80% stenosis. Otherwise there is moder-
ate, diffuse coronary artery disease, involving the left anterior descending artery and right
coronary artery. The patient receives a drug-eluting stent to the proximal left circumflex
artery without complication. She is discharged home the following day.

Case Study 2

A 45-year-old male with type 1 diabetes mellitus and hyperlipidemia is shoveling snow
from his driveway when he develops crushing, substernal chest pain with radiation to his
left jaw. Over 20 minutes, the pain increases in severity and is accompanied by nausea,
diaphoresis, and shortness of breath. The patient asks his wife to call a rescue squad,
which arrives ten minutes later. When they arrive, the patient is in acute distress, tachyp-
neic, and confused. Vital signs reveal a blood pressure of 85/40mmHg and a heart rate of
110 bpm. He is given oxygen, 325mg of aspirin, and transferred to the emergency room.
A 12-lead ECG is obtained within five minutes of arrival to the hospital, and reveals 2mm
of ST elevation in leads V1-V5, I, and aVL. The patient is given 60mg of prasugrel, 4,000
units of intravenous heparin, and taken emergently to the cardiac catheterization lab.
Coronary angiography reveals an occluded proximal left anterior descending artery and
otherwise normal coronary vessels. He is started on bivalirudin and percutaneous inter-
vention is performed. He receives aspiration thrombectomy, which extracts red thrombus
and exposes a severe stenosis. A drug-eluting stent is placed, with subsequent improve-
ment in the patient’s hemodynamics. He is admitted to the cardiac intensive care unit for
further evaluation and management.

Multiple-Choice Questions
1 Which of the following locations for a myocardial infarction is least

likely to cause ST elevation?

A Anterior
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B Posterior

C Inferior

D Lateral

2 What is the strongest predictor of mortality during an ST-elevation

myocardial infarction?Prior myocardial infarction

A Age

B Insulin-dependent diabetes mellitus

C Systolic blood pressure >90mmHg

D Killip Class

3 Which of the following antiplatelet agents should not be given to

patients with a history of stroke?

A Clopidogrel

B Ticagrelor

C Prasugrel

D Abciximab
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Key Points
• Immediate revascularization in highly qualified high-throughput centers for patients

with stage III or IV (ischemia, ulcer, gangrene) of peripheral arterial disease.

• Careful planning of interventions in patients with stage II (if only one vessel runoff is
identified in preinterventional screening with CT- or MR angiography, an
interdisplinary board should discuss the treatment options).

• No surgical procedures in the lower extremity in patients with PAD and diabetes prior
to morphological (CT- or MR angiography) and hemodynamical (ABI, toe pressures)
assessements.

• Primary amputations only in a leg-for-life situation, after consideration with the
patient (bad prognosis after major amputation in patients especially above 80 years
of age).

• A high cardiovascular morbidity and mortality rate requires intensified screening for
coronary heart disease and cerebral ischmia.

• Strict multimodal pharmacotherapy.

Introduction

The aimof this chapter is to focus on the complex diagnostic and therapeutic

stragegies that are necessary to inhibit cardiovascual events, amputations,

and life loss. The following case may enlighten the various problems.

A 61-year-old female patient with type 2 diabetes mellitus presents at the

outpatient department with a reduced walking distance of 100 meters due

to pain in the right calf, corresponding to peripheral arterial disease (PAD)
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in stage IIb. The PAD of the patient was already treated in the past with two

stents in the right proximal superficial femoral artery. The patient is obese,

has hypertension, and suffers from diabetic polyneuropathy and chronic

venous insufficiency grade 1. Smoking history shows 80 pack-years (of

cigarettes). In addition to her PAD, the patient has undergone cardiac

bypass grafting five years ago, had already had a minor stroke, and is on

anticoagulant therapy for atrial fibrillation.

Patients with type 2 diabetes have a substantially higher risk of mortal-

ity, primarily from cardiovascular disease, than the general population [1].

PAD, referring to atherosclerotic occlusive disease of the lower limb arteries

is a common, debilitating complication that correlates with cardiovascular

disease mortality [2].

Diabetes is a significant independent risk factor for PAD (odds ratio of

2–3) [3], together with hypertension, cardiovascular disease, hyperlipi-

demia, smoking, and obesity [3, 4]. The prevalence of PAD in patients with

type 2 diabetes has been estimated at 23.5% in a UK population [5], and

is strongly dependent on the duration of diabetes [6, 7]. Compared with

men without diabetes, the adjusted relative risk of PAD among men with

diabetes increased from 1.39 with diabetes duration of 1–5 years’ to 4.53

for diabetes of >25 years’ duration [7]. Remarkably, a very high prevalence

(71%) of PAD was recently reported in 1,462 elderly patients with diabetes

(>70 years) in Spain as evaluated by a pathological ABI (ankle-brachial

index) [8].

Diabetes Is an Important Risk Factor
for Lower-Extremity Amputation

Amputation of the lower limb is one of the most feared adverse health out-

comes among patients with diabetes. The result is frequently devastating in

terms of social functioning and mood. Amputations are usually preceded

by a foot ulcer and the most important factors predicting a poor outcome

of these ulcers are the extent of tissue loss, infection, peripheral arterial

disease (PAD), and comorbidity [2, 3, 4]. The reasons for a major amputa-

tion are limited; the most frequent reasons are critical limb ischemia with

rest pain or progressive infection in a leg that cannot be successfully revas-

cularized [5]. Sometimes an immediate amputation is performed because

of life-threatening infection or infection with massive tissue loss. In addi-

tion, a minor amputation is frequently performed for a forefoot abscess,

osteomyelitis, or gangrene of a toe. If other options are exhausted or unde-

sirable, amputation can therefore be a treatment and not a failure.
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A prospective study identifying risk factors for lower-extremity ampu-

tation (LEA) of 776 US veterans in Seattle shows that peripheral sensory

neuropathy, PAD, foot ulcers (particularly if they appear on the same side

as the eventual LEA), former amputation, and treatment with insulin are

independent risk factors for LEA in patients with diabetes [6]. A recent

meta-analysis [7] including 94,640 participants and 1,227 LEA cases

reported in 14 studies demonstrated a substantial increase in the risk of

LEA associated with glycemia in individuals with diabetes. The overall risk

reduction (RR) for LEA was 1.26 (95% CI 1.16–1.36) for each percentage

point increase in HbA1c. The estimated RR was 1.44 (95% CI 1.25–1.65)

for type 2 diabetes and 1.18 (95% CI 1.02–1.38) for type 1 diabetes.

Remarkably, the risk for LEA was not different in patients with diabetes

duration < or >10 years.

The presence of PAD is a very important predictor of amputation in

patients presenting with the diabetic foot syndrome (DFS). In a recent

study [3] investigating a large cohort of diabetic foot patients (n = 1,088)

treated at centers of excellence in 10 different European countries,

the major amputation rate among patients with PAD during a 12-month

follow-up was 8%, compared to only 2% among patients without PAD (p <

0.001). In two recent studies [4, 9], severe PAD (ankle pressure <50mmHg

or toe pressure <30mmHg) was a predictor of increased major amputation

risk in diabetic patients with neuroischemic or ischemic foot ulcers.

Poor Prognosis of Patients with Diabetes after
Amputation

A Scottish study showed that after LEA diabetic subjects had a 55% greater

risk of death than those without diabetes [10]. Median time to death

(Figure 11.1) was 27.2 months with diabetes versus 46.7 months without

diabetes (p < 0.01) and survival rate 10 years after amputation was 22.9%

in nondiabetic patients but only 8.4% in diabetic patients (p = 0.0007). In

a recent 10-year follow-up study [11], a first major amputation occured in

38 of 257 (15.4%) patients with diabetic foot ulcers. All but one of these

patients had evidence of PAD at inclusion in the study, and 51.4% had

severe PAD (ABI <0.4). Cumulative mortalities at year 1, 3, 5, and 10 were

15.4, 33.1, 45.8, and 70.4%, respectively. Significant predictors for death

were age, male sex, chronic renal insufficiency, dialysis, and PAD. Thus,

although long-term limb salvage in this current series of diabetic foot

patients is favorable, long-term survival remains poor, especially among

patients with PAD or renal insufficiency.
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Figure 11.1 Mortality rates of patients with and without diabetes mellitus after

amputation. (Source: Data from Schofield 2006 [10].)

Decrease in the Amputation Rates in Patients
with Diabetes

For years, the diabetic foot syndrome did not achieve the promise of the

1989St. Vincence Declaration. In contrast to asthonishing advances in the

treatment of diabetic nephropathy, retinopathy, and coronary events, for

years the amputation rates remained high.

In very recent years (after 2000) several studies in Scotland [12] and

the USA [13, 14] showed a dramatic decrease in amputation rates in

patients with diabetes mellitus. The incidence of major amputations in

Tayside, Scotland [12] decreased from 5.1 [95% CI 3.8–6.4] to 2.9 (95%

CI 1.9–3.8) per 1,000 patients with diabetes (p < 0.05) over a seven-year

period (2000–06). From 1996 to 2008, the age-adjusted nontraumatic

LEA rates among US residents aged ≥40 years [14] decreased in diabetic

patients by 67% (p < 0.001; Figure 11.2). Despite a much greater decrease

in LEA rates, the age-adjusted LEA rate in the diabetic population was

still about eight times the rate of the nondiabetic population in 2008

(3.9 vs. 0.5 per 1,000 persons). A five-year follow-up of veterans’ health

administration healthcare system users with diabetes and without prior

amputations in 2000 (n = 405,580) and in 2004 (n = 739,377) showed

that the age- and sex-standardized LEA rates decreased by 34% during

the five-year period from 2000 to 2005 [14]. Of major amputations,

below-knee rates decreased by 19% and above-knee decreased by 49%

(Figure 11.3).
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Patients with Type 2 Diabetes and Peripheral Arterial
Disease in the PROactive Study

The PROactive study [15] is a double blind interventional study evaluating

the effect of pioglitazone versus placebo as add-on therapy to many other

cardiovascular preventive drugs. In total 5,238 patients with type 2 diabetes

and a history of macrovascular disease were included and followed up for

34.5 months. At baseline, 1,274 patients had PAD and 3,964 had no previ-

ous PAD [16]. The PROactive study is a major follow-up study of patients

with type 2 diabetes and PAD. Patients with PAD at baseline were older

and had a longer median duration of diabetes (10 years versus 8 years in

patients with no PAD at baseline). Due to the selection criteria, only 26%

and 10% of patients with PAD had a previous myocardial infarction (MI)

or stroke, whereas 53% and 22% of patients without PAD had a previous

MI or stroke, respectively. Nevertheless, patients with diabetes and PAD at

baseline (Figure 11.4) had significantly higher rates of primary and sec-

ondary composite cardiovascular disease endpoints, together with higher

all-cause mortality and stroke (HR = 1.5–2.0; p < 0.0001) compared to

those with no PAD. The cardiovascular disease event risk in patients with

baseline PAD alone (i.e., with no other macrovascular disease) was similar

to that in patients with MI alone. The amputation rate during the 2.8 years’

follow-up was 2.7% in the diabetic patients with PAD at baseline versus

only 0.4% in those without PAD at baseline (HR = 6.69; p < 0.0001).

In the PROactive study [16], pioglitazone did not alter the macrovascular

event rate in patients with PAD at baseline; it is unclear why additional

PAD modified the treatment effect. Leg revascularization occurred more
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Figure 11.4 Despite strict pharmacotherapy, patients with PAD had higher rates of

endpoints compared to those without. (Source: Dormandy et al. 2005 [15]. Reproduced

with permission of Elsevier.)
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commonly in the pioglitazone group than in the placebo group. The differ-

ence in leg revascularization occurred only in patients with PAD at baseline;

there was no difference in leg revascularization between the pioglitazone

and placebo group in patients who did not have PAD at entry. Moreover,

the difference in leg revascularization occurred entirely in the first year.

Remarkably, a very recent secondary analysis [17] of the Bypass Angio-

plasty Revascularization Investigation 2 Diabetes (BARI 2D) trial showed

very promising results, indicating that the risk of new PAD is significantly

decreased when insulin-sensitizing drugs (thiazolidinediones or metformin

or both) are used instead of insulin-providing drugs (insulin or sulfony-

lurea or meglitinide). A total of 1,479 BARI 2D participants with normal

ABI (0.91–1.30) were eligible for analysis. The following PAD-related

outcomes were evaluated: new low ABI ≤0.9, lower-extremity revas-

cularization, lower-extremity amputation, and a composite of the three

outcomes. During an average of 4.6 years of follow-up, 303 participants

experienced one or more of the outcomes listed above. Incidence of the

composite outcome was significantly lower (Figure 11.5) among partic-

ipants assigned to insulin-sensitizing (IS) therapy than those assigned

to insulin-providing (IP) therapy (16.9% vs. 24.1%; p = 0.001). The

difference was significant in time-to-event analysis (hazard ratio 0.66

[95% CI 0.51–0.83], p = 0.001) and remained significant after adjustment

for in-trial HbA1c (HR 0.76 [95% CI 0.59–0.96], p = 0.02).

As discussed earlier, diabetic patients presenting with PAD have the

highest risk for cardiovascular mortality/morbidity. A very new analysis of

the association between rosiglitazone use and cardiovascular events among

2,368 patients with diabetes mellitus and coronary artery disease (CAD) in

BARI 2D [18] showed totally unexpected results, which started a critical
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reevaluation of this drug by both the US Food and Drug Administration

(FDA) and the European Medicines Agency (EMA). Total mortality, com-

posite death, myocardial infarction, and stroke, the individual incidence

of death, myocardial infarction, stroke, congestive heart failure, and

fractures, were compared during 4.5 years of follow-up among patients

treated with rosiglitazone versus patients not receiving a thiazolidinedione

(TZD) by use of Cox proportional hazards and Kaplan–Meier analyses

that included propensity matching. After multivariable adjustment among

patients treated with rosiglitazone, mortality was similar (HR 0.83; 95%

CI 0.58–1.18), whereas a lower incidence of composite death, myocardial

infarction, and stroke (HR 0.72; 95% CI 0.55–0.93) and stroke (HR 0.36;

95% CI 0.16–0.86) and a higher incidence of fractures (HR 1.62; 95%

CI 1.05–2.51) was observed. The incidence of myocardial infarction (HR

0.77; 95% CI 0.54–1.10) and congestive heart failure (HR 1.22; 95%

CI 0.84–1.82) did not differ significantly. Among propensity-matched

patients, rates of major ischemic cardiovascular events and congestive heart

failure were not significantly different. The authors concluded that among

patients with T2DM and CAD in the BARI 2D trial, neither on-treatment

nor propensity-matched analysis supported an association of rosiglitazone

treatment with an increase in major ischemic cardiovascular events.

Decrease in Mortality in Patients with Peripheral
Arterial Disease

Blinc et al. [19] analyzed the survival of 811 patients with PAD (defined

by an ABI <0.9) in comparison with 778 control subjects in a two-year

follow-up study. Mean age was 65 (SD 9) years at inclusion, with a

male/female ratio of 3/2. Diabetes was present in 34% of the PAD patients,

but in only 18% of the controls. All patients were treated according to the

European guidelines on cardiovascular disease prevention and evaluated

yearly for occurrence of death, nonfatal acute coronary syndrome, stroke,

or critical limb ischemia (major events) and revascularization procedures

(minor events). At baseline, classical risk factors were significantly more

prevalent in the PAD group and protective cardiovascular medication was

prescribed to patients with PAD more frequently than to control subjects.

The overall two-year mortality was only 3.2% in the PAD group and

1.8% in the control group (p = 0.059), which is substantially lower than

described in a review including older studies of patients with PAD [20].

The groups differed in two-year major event-free survival: 93.5% in PAD

vs. 97.1% in controls (p < 0.017), as well as in event-free survival: 79.9%

in PAD vs. 96.4% in controls (p < 0.001). Thus, patients with PAD had

a borderline higher risk of all-cause death and a significantly higher risk

of major and minor nonfatal cardiovascular events compared to control

subjects. However, treatment according to the European guidelines on
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cardiovascular disease prevention resulted in encouragingly low absolute

mortality and morbidity. Unfortunately, the authors did not report data

for the diabetic subgroup.

Diagnosis of Peripheral Arterial Disease in Patients
with Diabetes

The clinical stage of symptomatic PAD can be classified using the Fontaine

staging system [21]. Fontaine stage I represents those who have PAD

but are asymptomatic; stages IIa and IIb include patients with mild and

moderate-to-severe intermittent claudication, respectively; those with

ischemic rest pain are classified in Fontaine stage III; and patients with

distal ulceration and gangrene represent Fontaine stage IV.

Diagnosing PAD in patients with diabetes is of clinical importance for two

reasons. The first is to identify a patient who has a high risk of subsequent

MI or stroke regardless of whether symptoms of PAD are present. Indeed,

patients with diabetes and PAD have a fivefold increased risk compared to

the presence of either disease alone [22, 23, 24, 25]. An observational study

less then ten years ago demonstrated that patients with diabetes and PAD

stage IV (=ulcer) have a 100% mortality within six years [26].

The second reason is to elicit and treat symptoms of PAD, which may be

associated with functional disability and limb loss. PAD is responsible for

the majority of amputations in patients with diabetic foot syndrome in the

Western world [6, 27, 28]; in other hemispheres infections, neuropathy,

and diabetes per se are still the leading cause. Overall, if PAD is present in

patients with diabetic foot syndrome, the likelihood of amputation is four

times elevated [23].

PAD is often more subtle in its presentation in patients with diabetes than

in those without diabetes. In contrast to the focal and proximal atheroscle-

rotic lesions of PAD found typically in other high-risk patients, in diabetic

patients the lesions aremore likely to bemore diffuse and distal [29, 30, 31].

Importantly, PAD in individuals with diabetes is usually accompanied by

peripheral neuropathy with impaired sensory feedback. Thus, a classic his-

tory of claudication symptoms may be less common. In addition, diabetic

autonomous neuropathy is present as well, so that arterious-venous shunts

are opened and severe ischemic legs present warmwith rose skin, although

their low perfusion (toe pressure< 30mmHg) should render them pale and

cold. Furthermore, Moenkeberg’s mediasclerosis – incompressibility of the

distal lower arteries – is frequently present in subjectswithPADanddiabetes

(up to 35%), resulting in false high ankle pressures and thus in a false high

ABI. Johnansson et al. demonstrated that severe PAD is nearly doubled if

ankle pressures are not measured alone but accompanied by toe pressure

measurements [32].
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Adler et al. [33] demonstrated the dilemma of a difficult diagnosis when

they investigated 2,398 patients of the UKPDS for prevalent PAD. Of the

classical trias for PAD, an ABI <0.8, missing distal pulses and claudication,

all three were present in only 10 of the 61 patients with later PAD; in other

words, in only 16%. Thus a careful inspection of the legs in patients with

diabetes is mandatory and screening procedures should include toe pres-

sure measurements.

Ankle-Brachial Index

The ankle-brachial index (ABI), a primary noninvasive screening test for

PAD, is an objective measure and a risk-assessment tool with a level of

sensitivity that suggests that the method may have greater utility than

questionnaires and other noninvasive tools for evaluating PAD [34]. The

American College of Cardiology/American Heart Association (ACC/AHA)

guidelines recommend that resting ABI should be used to establish PAD

diagnosis in patients with suspected PAD (subjects with exertional leg

symptoms), with nonhealing wounds, and in those aged ≥70 years or ≥50

years with a history of smoking or diabetes [35, 36].

The ABI is essentially a ratio of Doppler-recorded systolic blood pressure

(BP) in the lower and upper extremities and can be easily calculated. Sys-

tolic BP is measured using a Doppler stethoscope and BP cuffs on each arm

and each ankle [37]. The ACC/AHA guidelines recommend selecting the

higher of the two arm pressures (brachial) and the higher of the two ankle

pressures (anterior tibial/dorsalis pedis or posterior tibial) to calculate the

ABI [35, 36]. Thus, the right ABI = higher right ankle pressure/higher arm

pressure; the left ABI = higher left ankle pressure/higher arm pressure. The

index leg is generally defined as the leg with the lower ABI.

It is important to note that, because this technique for ABI calculation uses

the higher pressure in the lower extremity instead of the lower pressure, it

may potentially miss distal disease, thus underestimating the severity and

prevalence of PAD. Therefore, severalworking groups have argued for using

the lower of the two ankle pressures. Obviously, such a strategy improves

sensitivity but lowers specifity. Nevertheless, in addition to its utility as a

screening tool for PAD,where a normalABI falls in the range of 0.91–1.30, a

low ABI at rest (<0.90) indicates a high risk of PAD and provides significant

evaluative and prognostic information on cardiovascular risk [38].

As it is a simple, rapid, inexpensive, and reliable method of screening

asymptomatic patients for PAD, the ABI test is ideal for implementation in

the primary care physician’s office. An ABI<0.9 is accepted as an indication

of the presence of PAD, while values <0.5 and <0.3 indicate severe disease

and critical ischemia respectively [31].
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Values >1.4 may be associated with arterial incompressibility due to

Mönckeberg’s sclerosis, which can be seen in diabetic patients as well as in

patients with chronic renal insufficiency.

With any suspicion of incompressibility at the ankle level, the toe brachial

index (the ratio of the systolic pressure of the toe to that of the arm) should

be used.

Visualization of Peripheral Arterial Disease

As mentioned before, PAD is a clinical diagnosis, based on the patient’s his-

tory and ankle-brachial index measurement. However, visualization of the

peripheral arteries is necessary for the therapeutic management of PAD.

As recommended by the TASC II group [38], this visualization should not

be limited to the localization of the target lesion itself; instead, the com-

plete peripheral arterial tree, including the in- and out-flow, should be

depicted. This is necessary to detect additional yet unknown lesions on one

hand, and to identify distal runoff arteries suitable for bypass surgery on the

other hand.

For several decades, digital subtraction angiography (DSA) served as

the standard diagnostic modality for the visualization of patients with

PAD, although it has certain disadvantages: it is an invasive and expensive

examination with exposure of both the investigator and the patient to

ionizing radiation [39]; moreover, DSA can visualize only the vessel

lumen – the composition of vessel plaques and the surrounding structures

cannot be evaluated [40].

Duplex Ultra Sonography

The first modality for noninvasive mapping of peripheral arteries was

duplex ultrasound, first described in 1985 [41]. Duplex ultrasonography

is a safe (no radiation or contrast agent) and cost-effective method to

accurately determine the severity and location of stenosis and differentiat-

ing stenosis from occlusion [42]. B-mode or grayscale imaging displays a

two-dimensional image of the artery wall and lumen, permitting a rough

evaluation of the lesion and atheroma characteristics. Color-flow Doppler

and pulsed-wave Doppler allow an estimation of stenosis severity on the

basis of Doppler-derived velocity criteria [42, 43]. Duplex ultrasonography

is an accurate method for determining the degree of stenosis or length of

occlusion of the arteries supplying the lower extremity [42, 43, 44].

Although ultrasound is inexpensive and widely available, it is of limited

value, being strongly dependent on investigator expertise. In addition,
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with the improvement in read-out MR and CT angiography, as well

as fewer complications due to technical developments (less radiation,

better contrast agents), duplex sonography is now considered a better

pre-interventional screening technique. Before complex interventional

procedures (and this is normally the case in a patient with diabetes and

PAD or even a full-blown diabetic foot syndrome), CT or MR angiographies

are now mandatory in order to safely plan a crural intervention in the

catheterization laboratory or a femoral-pedal bypass graft. Furthermore,

the sensitivity of stenosis detection was shown to decrease in the pres-

ence of additional stenosis in adjacent vessel segments [45, 46], but

multiple stenoses are the normal finding in patients with diabetes and

PAD [23].

Magnetic Resonance Angiography

The next noninvasive modality for the depiction of peripheral arteries

is magnetic resonance (MR) angiography, which vastly improved with

the development of rapid [47, 48], gadolinium-enhanced acquisition

sequences, as well as multistation and hybrid protocols [49, 50] and

surpassed duplex ultrasound sonography with regard to stenosis detection

sensitivity [51].

Despite the rare occurrence of nephrogenic systemic fibrosis (NSF) in

patients with renal failure after exposition toMR contrast media containing

gadolinium chelates [52], contrast-enhanced MR angiography can still be

performed in such patients using certain macro-cyclic gadolinium chelates,

as recommended by the ESUR [53]. In addition, thanks to a recently devel-

oped MR sequence, nonenhanced MR angiography was shown to be as

accurate as enhanced MR angiography [54]. However, this study consisted

only of 25 patients; larger patient cohort studies need to be performed to

confirm these results.

Finally, the use of MR angiography is limited by other contraindications

such as certain cardiovascular devices (e.g. pacemakers) [55] present in a

high percentage of diabetic patients due to cardiovascular comorbidities.

The quality of MR angiography has improved so that it has replaced

diagnostic angiography in determining what type of intervention is

feasible. The accuracy of MR angiography in identifying small runoff

vessels meets or exceeds that of traditional catheter-based angiography

[56]. With current technology, contrast-enhanced three-dimensional MR

angiography has a sensitivity of approximately 90% and a specificity

of approximately 97% in the detection of hemodynamically significant

stenoses in any of the lower-extremity arteries as compared to digital

subtraction angiography [57].
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Computed Tomographic Angiography

The latest noninvasivemodality for evaluation of patients with PAD is com-

puted tomography (CT) angiography, which became useful with the clinical

availability of multidetector CT scanners [58] and yielded highly accurate

stenosis detection comparable to DSA [59].

Compared to MR angiography, CT angiography provides higher image

resolution and faster image acquisition [60], both being very important for

the artefact-free depiction of the lower-leg arteries of diabetic patients with

severe PAD and restless legs syndrome, the latter being highly associated

with diabetes mellitus type 2 [61]. Consequently, insufficient depiction

of peripheral arteries is more common in MR angiography (Figure 11.6),

particularly in the lower leg [62] and in the presence of endovascular

stents [63], although it seems that the depiction of the in-stent lumen in

MR angiography might improve with the use of blood-pooling contrast

agents [64]. On the other hand, vessel wall calcifications that are highly

associated with diabetes mellitus [65] decrease the diagnostic sensitivity of

CT angiography (Figure 11.7). However, the information on the presence

of calcification is highly important for surgical procedures such as bypass

grafting, in particular in the area of the landing zone of the distal anasto-

mosis and the clamping of the original vessel. One promising solution to

this problem might be dual-energy CT scanning, which is currently under

evaluation [66].

In addition, CT angiography has been shown to be more cost-effective

than MR angiography [67] and DSA [68], although postprocessing for the

generation of 3D reformations is mandatory [69], such as bone segmen-

tation for maximum-intensity projections (MIP) and vessel tracking for

multipath curved planar reformations (mpCPR) [70]. The main disadvan-

tage of CT angiography is the use of ionizing radiation and potentially

nephrotoxic contrast agents, the latter being particularly important in dia-

betic patients with nephropathy. At the moment, there are several efforts

to reduce the required dose of radiation and contrast agents while main-

taining diagnostic image quality by using automatic dose modulation and

iterative reconstruction algorithms [71]. For the time being, CT angiogra-

phy may be considered the gold standard for planning of peripheral crural

interventions or bypass grafts [72].

Treatment Strategies in Diabetic Patients
with Peripheral Arterial Disease

The aims in the management of the diabetic patient with PAD is to

improve symptoms and to prevent cardiovascular morbidity and mortality.
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Figure 11.6 Although the patient described at the beginning of this chapter had

already been treated with two stents in the symptomatic extremity, an MR angiography

was performed, where the in-stent lumen (white arrowheads) was not assessable and

seemed occluded (a). At DSA a few days later, the in-stent lumen presented with

high-grade stenosis, but patent (b). The in-stent stenosis was treated with percutaneous

transluminal angioplasty (PTA) (c). Due to the chronic progressive nature of PAD, the

patient returned one year later, again with a reduced walking distance of 150 meters

due to pain in the right calf. This time, CT angiography was performed. The curved

planar reformations accurately depicted the in-stent-stenosis (d), which was confirmed

at DSA (e) prior to PTA (f) a few days later. CFA, common femoral artery; DFA, deep

femoral artery; SFA, superficial femoral artery.
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Figure 11.7 A 66-year-old male diabetic patient with chronic renal failure and

hypertension presents at the outpatient department with PAD stage IV. The fourth toe

on the right side was amputated in the past, and now the patient presents with

ulceration at the amputation margin. MR angiography (a) clearly depicts the vessels on

the lower leg, whereas the reformations of the CT angiography performed one month

later (b) are of limited usability due to severe vessel wall calcifications. ATA, anterior

tibial artery; FA, fibular artery; PA, popliteal artery; PTA, posterior tibial artery; TFT,

tibiofibular trunk.

Treatment of PAD consists of three stages: lifestyle and risk factor

modifications, drug therapy, and vascular interventions.

Lifestyle Modifications
Lifestyle modifications are the first step to improve metabolic and lipid

abnormalities. Smoking cessation is very important, since cigarette

smoking is the single most important risk factor for the development

of atherosclerosis. Physical exercise improves exercise tolerance and

most of the studies have shown at least a doubling in walking distance

[73]. It is noteworthy that these changes were found without significant

improvement in blood flow, but exercise increases cardiovascular fitness,

oxidative enzyme activities, nitric oxide production, and insulin sensitivity,

enhances utilization of fatty acids in calf muscles, and improves walking

biomechanics as well as blood rheology. Exercise training leads to modest

reductions in blood pressure, cholesterol, and glucose levels.
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Rationale for Aggressive Treatment of cardiovascular Risk
Factors in Peripheral Arterial Disease: Many Patients have
Atherosclerosis in Other Vascular Beds
The majority of patients with early PAD are either asymptomatic or have

atypical leg symptoms, with “classical” claudication in only 10–35%, there-

fore detection is elusive unless actively sought. Given shared risk factors,

it is axiomatic that there exists a high coprevalence of atherosclerosis in

other vascular beds, including the coronary arteries in PAD patients [74].

The prevalence of CAD in PAD patients ranged from 14% to 90%, which

clearly reflects differences in sensitivity of the detection technique for CAD.

CAD was present in 19% to 47% of PAD patients in studies using clinical

history plus ECG; in 62% to 63% using stress tests (modified stress ECG

or dipyridamole-stress thallium); and in 90% of subjects when coronary

angiography was used [74]. Similarly, the prevalence of cerebrovascular

disease (CVD) in PAD is a direct function of the sensitivity of CVD assess-

ment. Thus, comorbid carotid stenosis >30% was reported in 51% to 72%

of subjects with PAD and stenosis >70% in 25% of patients with PAD [74].

In the more advanced stage of PAD, patients may experience a multitude

of problems, such as claudication, ischemic rest pain, ischemic ulcerations,

repeated hospitalizations, revascularizations, and limb loss. This may lead

to a poor quality of life and a high rate of depression. From the standpoint of

the limb, the prognosis of patients with PAD is favorable in that the claudi-

cation remains stable in 70–80% of patients over a 10-year period. How-

ever, the rate of myocardial infarction, stroke, and cardiovascular death

in patients with both symptomatic and asymptomatic PAD is markedly

increased.

Recommendations for Secondary Prevention and CV Risk
Reduction in PAD
As outlined earlier, patients with PAD are at a high risk of cardiovascular

events and therefore benefit from aggressive secondary prevention.

Current guidelines for secondary prevention and risk-reduction therapy

in patients with type 2 diabetes and PAD (Table 11.1) recommend anti-

hypertensive therapy to achieve a systolic blood pressure <140mmHg,

lipid-lowering therapy with statins to achieve a goal low-density lipopro-

tein (LDL) <100mg/dl (or <70mg/dl in high-risk patients), lowering of

HbA1c to <7.0%, and antiplatelet therapy. Despite these guidelines, many

cross-sectional studies, registries, and surveys have consistently shown

that utilization of proven cardioprotective medication for secondary pre-

vention in patients with PAD significantly lags behind CAD. The reasons

for this gap in treatment aggressiveness for atherosclerosis in the periphery

remain unclear.
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Table 11.1 Secondary prevention to reduce cardiovascular events in PAD.

Lipid-lowering Treatment with statin for all PAD patients to target LDL therapy

cholesterol <100mg/dl

Target LDL cholesterol <70mg/dl for high-risk patients

Hypertension treatment Treat to target blood pressure <140/90mmHg

Consider ACE inhibitor in hypertensive patients

Use of beta-blockers is not contraindicated in PAD

Diabetes control Target HbAlc <7.0% (or 7.5% in elderly patients with

comorbidity)

Smoking cessation Provide comprehensive smoking intervention program

Consider pharmacotherapy to support smoking cessation

Antiplatelet therapy Treat with aspirin 75–325mg or clopidogrel 75mg

Treat with aspirin plus thienopyridine in patients with acute

coronary syndrome or coronary or peripheral stent

Underutilization of Cardioprotective Drugs in Patients
with Peripheral Arterial Disease
Many studies have documented that secondary prevention is underused

in patients with PAD [75, 76, 77, 78, 79, 80]. In a Danish population-based

follow-up study between 1997 and 2003, only 26% of patients with

lower-limb PAD (n = 3,424) used antiplatelet drugs, 10% statins, 22%

ACE inhibitors/AT-II receptor antagonists, and 13% beta-blockers com-

pared with 55%, 46%, 42%, and 78% respectively among patients with

MI (n = 1,927) within 180 days after hospital discharge [75]. The authors

concluded that efforts to further increase secondary prevention among

patients with PAD are urgently needed.

In the REACH Registry [76], risk factor (RF) management was analyzed

in >68,000 outpatients with established atherothrombotic disease. RF con-

trol was less frequent in patients with PAD (n = 8,322), compared to those

presenting with either CAD or CVD (but no PAD, n = 47,492). Patients

with isolated PAD received a statin in 50% and antiplatelet medication in

76% versus 70% and 84% of patients in the other high-risk disease groups.

The use of ACE inhibitors was even lower, prescribed in only 33% of PAD

patients versus 45–50% in other groups.

The use of cardioprotective medications was recently analyzed [77] in

a very large longitudinal Danish population-based study (2000–07) by

comparing three groups of patients: PAD alone (n = 34,160), PAD with

history of CAD (n = 9,570), and patients with incident CAD alone (n =
154,183). Use of medications improved temporally among both groups:

for PAD alone, any antiplatelet use increased from 29% to 59% from

2000 to 2007 (p < 0.0001), while statin use increased sixfold (9% to 56%,

p < 0.0001). However, use of these therapies at 18 months after incident

diagnosis for both PAD groups remained modest and lower compared to
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CAD alone. Relative to CAD alone, patients with PAD alone were less

likely to use any antiplatelet therapy (adjusted odds ratio [OR] 0.50;

95% CI 0.49–0.52), statins (adjusted OR 0.50; 95% CI 0.48–0.52) or

ACE inhibitors (adjusted OR 0.51; 95% CI 0.49–0.53) at 18 months. The

authors concluded that despite improvement in use of cardioprotective

medications over time, patients with PAD alone remain less likely than

those with CAD alone to use these agents.

A recent analysis of the National Health and Nutrition Examination

Survey (NHANES) 1999–2004 indicated that millions of US adults with

PAD, defined as an ABI <0.90, are not receiving secondary prevention

therapies, despite treatment with multiple therapies being associated

with reduced all-cause mortality [78]. Of 7,458 eligible participants >40

years, weighted PAD prevalence was 5.9%, corresponding to about 7.1

million US adults with PAD. Statin use was reported in only 30.5%,

ACE/ARB use in 24.9%, and aspirin use in 35.8%, corresponding to

5.0 million adults with PAD not taking statins, 5.4 million not taking

ACE/ARB, and 4.5 million not receiving aspirin. Remarkably, among PAD

subjects without known CAD, the use of multiple preventive therapies

was associated with 65% lower all-cause mortality (HR 0.35; p = 0.02).

In a recent large retrospective cohort study [81] of 83,953 patients with

type I and type 2 diabetes mellitus, 217 (0.3%) patients experienced a

major lower-extremity amputation (LEA) and 11,716 (14.0%) patients

experienced an LEA or death (treatment failure) after a mean follow-up

of 4.6 years. Compared to patients who did not use cholesterol-lowering

agents, statin users were 35% to 43% less likely (Figure 11.8) to experi-

ence LEA (HR 0.65; 95% CI 0.42–0.99) and treatment failure (HR 0.57;

95% CI 0.54–0.60). Users of other cholesterol-lowering medications were

not significantly different in LEA risk (HR 0.95; 95% CI 0.35–2.60), but

had a 41% lower risk of treatment failure (HR 0.59; 95% CI 0.51–0.68).

This is the first study to report a significant association between statin use

and diminished amputation risk among patients with diabetes.

PROactive [16] was the first “diabetes” study that gave information about

the use of cardiovascular protective drugs focused on patients with type 2

diabetes and presenting with or without PAD. Table 11.2 summarizes the

findings of 1,274 patients with PAD versus 3,964 patients without PAD but

with CAD (53%) or stroke (23%) at baseline of PROactive. Antiplatelet

drugs and aspirin as well as statins were significantly less used in patients

with PAD versus those presenting with other vascular diseases but not

with PAD (statins 34% vs. 46%, p < 0.001; aspirin 63% vs. 76%, p <

0.001). The low utilization rate of cardioprotective drugs in type 2 diabetic

patients with PAD in PROactive may be partially explained by the fact that

almost 60% of the patients recruited for PROactive came from Eastern

European countries.
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Figure 11.8 Despite the very mild diabetogenic effects of statins, patients with statin

therapy for lipid management are at lowest risk for amputation compared to no or

other lipid-lowering treatments. (Source: Sohn et al. 2013 [81]. Reproduced with

permission of Elsevier.)

Table 11.2 Use of cardioprotective drugs in type 2 diabetic patients with PAD or with

no PAD at baseline of PROactive. (Source: Dormandy JA et al. 2009 [16]. Reproduced

with permission of Elsevier.)

PAD at baseline No PAD at baseline p value

n 1,274 3,964

Cardiovascular medication (%) 90 96 <0.0001

Beta-blockers (%) 38 60 <0.0001

ACE inhibitors (%) 63 63 NS

Angiotension II antagonists (%) 7 7 NS

Calcium channel blockers (%) 36 35 NS

Nitrates (%) 26 44 <0.0001

Thiazide diuretics (%) 17 16 NS

Loop diuretics (%) 14 14 NS

Antiplatelet medication (%) 76 86 <0.0001

Aspirin (%) 63 76 <0.0001

Lipid-lowering medication (%) 45 54 <0.0001

Statins (%) 34 46 <0.0001

Fibrates (%) 14 10 <0.0001

A nationwide Spanish study [79] in tertiary diabetes centers demon-

strated very similar findings in patients with type 2 diabetes mellitus.

Patients with undiagnosed PAD had higher LDL-cholesterol (2.9±0.83
vs. 2.4 ± 0.84mmol/l; p < 0.001) and systolic BP (150 ± 20 vs. 145 ±
21mmHg; p < 0.001) compared to the CAD/CVD group. In addition, they
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were less likely to take statins (56.9 vs. 71.6%; p < 0.001), antihyperten-

sive agents (75.9 vs. 90.1%, p = 0.001), and antiplatelet agents (aspirin,

28.7 vs. 57.2%; p < 0.001; clopidogrel, 5.6 vs. 20.9%; p < 0.001), and

more likely to smoke (21.0 vs. 9.2%; p < 0.001).

Observational Outcome Data of Cardiovascular Risk Factor
Control Show Benefit in Patients with Peripheral Arterial
Disease
In the post hoc analysis of the ABCD trial [80], intensive (128/75mmHg)

versus moderate (137/81mmHg) blood pressure lowering was effective in

reducing the risk of cardiovascular events in normotensive diabetic patients

with PAD, irrespective of whether a calcium channel blocker or an ACE

inhibitor was used. However PAD, defined as an ABI <0.90 at baseline visit,

was diagnosed in only 53 of the 480 normotensive patients with type 2 dia-

betes. In patients with PAD, three cardiovascular events occured (13.6%)

with intensive treatment compared with 12 events (38.7%) on moderate

treatment (p = 0.046). The recently performed post hoc analysis of the

INVEST study [82] confirmed the particularly high risk of diabetic patients

with PAD, as previously reported in the PROactive study [16]. A J-shaped

relationship was observed among 2,599 PAD patients (41% had diabetes)

and average treated blood pressure, which was most evident with systolic

blood pressure (Figure 11.9). The best outcomes (lowest HR for the primary

outcome) were observed with a systolic blood pressure of 135–145mmHg

and a diastolic blood pressure of 60–90mmHg. Although few data exist,
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Figure 11.9 Whereas in patients without peripheral arterial disease, the lowest systolic

but not diastolic blood pressure seems to be justified, in patients with peripheral arterial

disease, too low systolic and diastolic blood pressure goals seem to be unjustified.

(Source: Bavry et al. 2010 [82]. Reproduced with permission of Wolters Kluwer Health.)
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recent guidelines advocate treating hypertension among patients with PAD

to a target blood pressure of 130/80mmHg [83]. These results may chal-

lenge the earlier recommendation; however, only a randomized trial can

adequately answer this question.

In an Irish prospective study [84], HbA1c was measured in 165 consec-

utive patients (26% with and 74% without diabetes) undergoing emer-

gency and elective vascular surgical procedures over a six-month period.

In patients without diabetes, those with suboptimal HbA1c levels (6–7%)

had a significantly higher incidence of overall 30-day morbidity compared

to patients with HbA1c levels<6% (56.5 vs 15.7%; p< 0.001). Similarly, for

patients with diabetes, those with suboptimal HbA1c levels (HbA1c >7%)

had a significantly higher incidence of 30-day morbidity compared to those

with HbA1c levels <7% (59.1% vs 19%; p = 0.018).

Very recently, a large 10-year Japanese follow-up study [85] demon-

strated a strong impact of diabetes and glycaemic control on PAD in

1,513 patients with end-stage renal disease (ESRD), who had just begun

hemodialysis therapy. As expected, the 10-year event-free rate for devel-

opment of PAD and lower-limb amputation was significantly higher in the

diabetes group than in the nondiabetes group (60% vs 83%, HR 2.99; p <

0.0001 and 94% vs 99%, HR 5.59; p = 0.0005 for PAD and lower-limb

amputation, respectively). In patients with diabetes, quartile analysis of

HbA1c levels showed that the highest-quartile group (≥6.8%) had sig-

nificant development of PAD and lower-limb amputation compared with

lower-quartile groups (PAD: HR 1.63; p = 0.0038; lower-limb amputation:

HR 2.99; p = 0.023). Thus, diabetes was a strong predictor of PAD after

initiation of hemodialysis therapy in patients with ESRD. In addition,

higher HbA1c levels were associated with increased risk of developing PAD

and requiring limb amputation in the Japanese diabetic ESRD population.

In the PREVENT III [86] cohort, 1,404 patients with CLI who under-

went lower-extremity bypass grafting were followed up in a prospective

trial over a period of one year. In this cohort 636 patients (45%) were tak-

ing statins, 835 (59%) were taking beta-blockers, and 1,121 (80%) were

taking antiplatelet drugs. Statin use was associated with a significant sur-

vival advantage at one year of 86% vs. 81% (HR 0.71; p = 0.03), whereas

use of beta-blockers and antiplatelet drugs had no appreciable impact on

survival. None of the drug classes was associated with graft patency mea-

sures at one year. Significant predictors of one-year mortality were statin

use (HR 0.67; p = 0.001), age >75 (HR 2.1; p = 0.001), CAD (HR 1.5; p =
0.001), and chronic kidney disease stage 4 (HR 2.0; p = 0.001).

These findings are consistent with other observational studies that have

examined the effects of statins in PAD populations. In the largest study

by Feringa et al. [87], in which 1,374 patients with PAD were monitored

for a mean duration of 6.4 years, a strong independent association was
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observed between statin use and all-cause mortality (HR 1.41 for nonusers;

p < 0.0001).

A subgroup analysis of the Heart Protection Study (HPS) focusing specifi-

cally on 6,748 patients with documented PAD [88] did not include mortal-

ity data. However, the authors demonstrated a significant relative reduction

of 22% in the rate of a first major vascular event in the simvastatin treat-

ment arm (p = 0.0001) compared with placebo.

A Cochrane review about lipid lowering by different drugs for PAD (of

the lower limb) published in 2007 [89] included 10,049 participants from

18 trials. The pooled results from all 18 trials indicated that lipid-lowering

therapy had no statistically significant effect on overall mortality (OR 0.86;

95% CI 0.49–1.50) or on total cardiovascular events (OR 0.8; 95% CI

0.59–1.09).

However, subgroup analysis with the exclusion of the Probucol Quanti-

tative Regression Swedish Trial (PQRST) [90] showed that lipid-lowering

therapy significantly reduced the risk of total CV events (OR 0.74; 95% CI

0.55–0.98) and of total coronary events (OR 0.76; 95% CI 0.67–0.87).

Pooling of the results from trials indicated an improvement in total walk-

ing distance and pain-free walking distance, but no significant impact on

ankle brachial index. The failure of probucol to affect femoral atherosclero-

sis despite LDL-cholesterol lowering in PRSTmay be explained by lowering

of HDL2b [91].

How Aggressively Should We Lower Blood Pressure
and LDL-Cholesterol Levels in Patients with Type 2
Diabetes and PAD?
Because diabetes increases cardiovascular disease risk by two to three

times [92], most hypertension and diabetes practice guidelines have rec-

ommended aggressive goals for drug treatment in patients with diabetes

and hypertension of 130/80mmHg [93, 94]. Although observational

studies suggest that lower blood pressure is associated with a lower risk

for cardiovascular disease, lowering of blood pressure with drugs might

not reduce the risk to that of people with lifelong low blood pressure.

Very recently, the ACCORD-BP (Action to Control Cardiovascular Risk

in Diabetes Blood Pressure) study [95] has clearly shown that only a few

patients benefit from lowering systolic blood pressure below 120mmHg,

although those who do reach this goal reduce their risk of stroke, the

most devastating and feared complication of hypertension. However,

the ADVANCE (Action in Diabetes and Vascular Disease: Preterax and

Diamicron Modified-Release Controlled Evaluation) trial [96] suggested

goals of around 135/85mmHg for patients with diabetes. Guidelines

will probably go for the more conservative approach, and recommend

achieving blood pressures of lower than 140/90mmHg, preferably around
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135/85mmHg, and for the higher-risk patients close to 130/80mmHg,

but not lower [97]. For those at high risk of stroke, lower blood pressure

goals might be recommended. However, aggressive BP lowering to under

120mmHg was associated with a significant increase of mortality and

cardiovascular events in high-risk patients with type 2 diabetes [98, 99].

A recent metaanalysis [100] of 37,736 patients with type 2 diabetes in 13

randomized controlled trials in the period between 1965 and 2010 demon-

strated that intensive BP lowering (<130mmHg) versus standard BP low-

ering (<140mmHg) decreased all-cause mortality by 10% (OR 0.90; 95%

CI 0.83–0.98) and stroke by 17% (OR 0.83; 95% CI 0.73–0.95) during

a follow-up period of about five years. However, intensive BP lowering

had no effect on myocardial infarction, heart failure, or ESRD. Remark-

ably, more intensive BP control (≤130mmHg) was associated with a 40%

increase in serious adverse events(OR 1.40; 95% CI 1.19–1.64; p < 0.01).

The Effect of Antiplatelet Drugs Cardiovascular Outcomes
in Patients with Peripheral Artery Disease
Antiplatelet drugs that have been shown to reduce the incidence of

vascular death, nonfatal myocardial infarction, and nonfatal stroke in

patients with PAD are aspirin, ticlopidine, and clopidogrel [101]. Aspirin

plus dipyridamole has not been proven to be more efficacious than aspirin

alone in the treatment of patients with PAD [101]. The Antithrombotic

Trialists’ Collaboration Group (ATCG) reported a meta-analysis of 26

randomized studies of 6,263 patients with intermittent claudication due

to PAD [101]. At follow-up, the incidence of vascular death, nonfatal

myocardial infarction, and nonfatal stroke was 6.4% in patients random-

ized to antiplatelet drugs vs. 7.9% in the control group. A significant

reduction of 23% caused by antiplatelet therapy. The ATCG also reported

a meta-analysis of 12 randomized studies of 2,497 patients with PAD

undergoing peripheral arterial grafting [101]. At follow-up, the incidence

of vascular death, nonfatal myocardial infarction, and nonfatal stroke was

5.4% in patients randomized to antiplatelet drugs vs. 6.5% in the control

group, a significant reduction of 22% caused by antiplatelet therapy.

Furthermore, the ATCG reported a meta-analysis of four randomized

studies of 946 people with PAD undergoing peripheral angioplasty [101].

At follow-up, the incidence of vascular death, nonfatal myocardial infarc-

tion, and nonfatal stroke was 2.5% in patients randomized to antiplatelet

drugs vs. 3.6% in the control group, a significant reduction of 29% due

to by antiplatelet therapy. These data favor the use of aspirin in men and

women with PAD [101].

A post hoc analysis of the 3,096 patients with PAD in the Clopidogrel for

High Atherothrombotic Risk and Ischemic, Management, and Avoidance

(CHARISMA) trial, a primary prevention study, showed that the primary
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endpoint of cardiovascular death or nonfatal myocardial infarction or non-

fatal stroke was insignificantly reduced, by 15% from 8.9% in patients

treated with aspirin plus placebo to 7.6% in patients treated with aspirin

plus clopidogrel [102]. In the Clopidogrel vs. Aspirin in Patients at Risk

for Ischaemic Events (CAPRIE) trial, a secondary prevention study, about

12,000 patients with PAD were randomized to either clopidogrel 75mg or

aspirin 325mg daily [103]. At 1.9-year follow-up, the annual incidence

of vascular death, nonfatal myocardial infarction, and nonfatal stroke was

3.7% in patients randomized to clopidogrel vs. 4.9% in those randomized

to aspirin, a 24% significant decrease with the use of clopidogrel [103].

The Scottish POPADAD trial [104], tested whether aspirin and antioxi-

dant therapy, combined or alone, are more effective than placebo in reduc-

ing the development of cardiovascular events in patients with diabetes

mellitus and asymptomatic PAD. In total, 1,276 adults with type 1 or type

2 diabetes and an ABI <0.99 or less but no symptomatic cardiovascular

disease were included. The results obtained in the POPADAD trial do not

provide evidence to support the use of aspirin or antioxidants in primary

prevention of cardiovascular events and mortality in diabetic patients with

asymptomatic PAD.

Similarly, the Aspirin for Asymptomatic Atherosclerosis trial showed in

3,350 patients without clinical cardiovascular disease who had an ABI

≤0.95 based on screening that compared to placebo, aspirin 100mg daily

did not reduce vascular events [105].

Antiplatelet and Anticoagulant Drugs for Prevention
of Restenosis/Reocclusion Following Peripheral
Endovascular Treatment
Very recently a Cochrane review [106] analyzed whether any antithrom-

botic drug is more effective in preventing restenosis or reocclusion after

peripheral endovascular treatment, compared to another antithrombotic

drug, no treatment, placebo, or other vasoactive drugs. In total, 22 tri-

als with 3,529 patients were included. At six months’ postintervention,

a statistically significant reduction in reocclusion was found for high-dose

acetylsalicylic acid (ASA) combined with dipyridamole (DIP; OR 0.40; 95%

CI 0.19–0.84), but not for low-dose ASA combined with DIP (OR 0.69;

95% CI 0.44–1.10; p = 0.12), nor in major amputations for lipo-ecraprost

(OR 0.89; 95% CI 0.44–1.80). At 12 months postintervention, no statis-

tically significant difference in reocclusion/restenosis was detected for any

of the following comparisons: high-dose ASA versus low-dose ASA (OR

0.98; p = 0.91), ASA/DIP versus vitamin K antagonists (VKA), clopidogrel

and aspirin versus low molecular weight heparin (LMWH) plus warfarin

(OR 0.31; 95% CI 0.06–1.68; p = 0.18), suloctidil versus VKA: reocclu-

sion (OR 0.59; 95% CI 0.20–1.76; p = 0.34), restenosis (OR 1.87; 95%
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CI 0.66–5.31; p = 0.24), and ticlopidine versus VKA (OR 0.71; 95% CI

0.37–1.36; p = 0.30). Treatment with cilostazol resulted in statistically sig-

nificantly fewer reocclusions than ticlopidine (OR 0.32; 95% CI 0.13–0.76;

p = 0.01). Compared to aspirin alone, LMWH plus aspirin significantly

decreased occlusion/restenosis (by up to 85%) in patients with critical limb

ischemia (OR 0.15; 95% CI 0.06–0.42; p = 0.0003), but not in patients

with intermittent claudication (OR 1.73; 95% CI 0.97–3.08; p = 0.06), and

batroxobin plus aspirin reduced restenosis in diabetic patients (OR 0.28;

95% CI 0.13–0.60).

Revascularization
Vascular imaging with ultrasonography, CT angiography, and MR angiog-

raphy has replaced catheter-based techniques in the initial diagnostic

evaluation of patients in most circumstances. Despite a paradigm shift

away from catheter-based angiography as a purely diagnostic technique, its

importance in intervention has increased dramatically. The major advan-

tage of digital subtraction angiography is the ability to selectively evaluate

individual vessels, obtain physiological information such as pressure

gradients, and image the layers of the blood vessel wall with intravascular

ultrasonography and as a platform for percutaneous intervention. Expo-

sure to ionizing radiation, use of iodinated contrast agents, and risks related

to vascular access and catheterization are limitations of this technique.

Before scheduling patients with diabetes and PAD, the disease stage, prog-

nosis, and the so-called peripheral runoff have to be carefully considered.

For stage I of PAD after Fontaine, no exercise training nor any interven-

tional procedures are indicated [21, 35, 36, 38].

For stage II of PAD, an interventional procedure that provides symptom

relief (from claudication), but does not improve overall prognosis, may be

considered [21, 35, 36, 38]. In patients with diabetes in stage II of PAD, the

peripheral runoff has to be evaluated prior to any interventional or surgical

procedure. If three (which would be the normal report) crural vessels – the

A. tibialis anterior, the A. interossea, and the A. tibialis posterior – are

identified, a PTA (for example) of the proximal A. femoralis superficialis

could be done with an acceptable risk. However, if only one-vessel runoff

is present, and the thrombotic material gets lost during the intervention in

the distal periphery, the A. femoralis superficialis might be open after PTA,

but the leg lost because of occlusion of all three crural vessels as a “classic”

catheter lab complication.

For stages III (very rare in patients with diabetes) and IV of PAD, imme-

diate revascularization is now the treatment of choice [36, 38].

Recent reports suggest that up to 50% of patients with diabetes with a

foot ulcer have signs of PAD (= stage IV of PAD), which has a major impact

on ulcer healing and the risk of lower-leg amputation [3, 4]. Early reports

on the effectiveness of revascularization in patients with diabetes and PAD
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were not encouraging and led some researchers to suggest that diabetes was

associatedwith a characteristic occlusive small-vessel disease, consequently

leading to a nihilistic attitude toward revascularization.

The International Working Group on the Diabetic Foot therefore estab-

lished a multidisciplinary working group to evaluate the effectiveness of

revascularization of the ulcerated foot in patients with diabetes and PAD.

A systematic search was performed to evaluate therapies to revascularize

the ulcerated foot in patients with diabetes and PAD from 1980 to June

2010 [107]. The major outcomes following endovascular or open-bypass

surgery were broadly similar among the studies. After open surgery, the

one-year limb-salvage rates were a median of 85% (interquartile range

of 80–90%); after endovascular revascularization, these rates were 78%

(70.5–85.5%). At one-year follow-up, >60% of ulcers had healed fol-

lowing revascularization with either open bypass surgery or endovascular

revascularization. Studies demonstrated improved rates of limb salvage

associated with revascularization compared to medically treated patients

in the literature.

Compared to patients with intermittent claudication (IC; stage II of

PAD), patients with critical limb ischemia (CLI; stages III and IV after

Fontaine) are in a more difficult situation: while amputation is rather

infrequently necessary in patients with IC [108], amputation rates of 23%

at 12 months were reported in patients with CLI [109]. In patients with

CLI, the incidence of diabetes mellitus and chronic renal insufficiency is

70.4% and 27.8%, respectively [109]. Thus, patients with CLI are in the

majority among patients with diabetes; other, but rarer causes of CLI are

arterial embolism, or rheumatological disorders such as sclerodermia [38].

The prevalence of gangrene is about 20 to 30 times higher in patients

with diabetes mellitus [110]. Due to a reduced primary patency rate

after endovascular therapy [111], repeated treatment is required in

diabetic patients. Since diabetics benefit from early revascularization,

close surveillance is mandatory [112]. With aggressive interdisciplinary

treatment, diabetic patients achieve limb-salvage and mortality rates not

significantly different from those of nondiabetic patients [113], but only

in high-throughput and experienced – at best – excellence centers. In

particular in stage IV PAD, a high patency rate over a longer period (> one

year) per se is still not a realistic goal of treatment, but ulcer healing.

A rather short-term – about six months – augmentation of peripheral

blood pressures (ankle from 50–80mmHg and toe 30–50mmHg) is often

sufficient for ulcer healing [114].

Very recently, Pedrajas et al. [115] have summarized several studies

showing good results and patency rates after percutaneous transluminal

balloon angioplasty (PTA) for diabetic critical limb ischemia (Table 11.3).

In 2005, Faglia et al. [116] reported very positive findings of 993 diabetic

patients from the Milan center who had a mean follow-up of 26 months
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after PTA as first-line therapy. The five-year primary patency was 88%,

and a major amputation rate of only 1.7% was observed. Another study

from the same center [30] focused on 221 diabetic patients with ischemic

foot ulcers. PTA was feasible and effective for foot revascularization, with

infrapopliteal intervention included. Clinical recurrence was infrequent

and the procedure could be repeated successfully in most cases. In subjects

treated successfully with PTA, the above-the-ankle amputation rate was

low (<5%).

Giles et al. [117] reported the experience with infrapopliteal angioplasty

stratified by TASC (Inter-Society Consensus for the Management of PAD)

lesion classification in 176 patients with CLI. They observed a 93% techni-

cal success rate, a 30-day mortality of 5%, a two-year primary patency of

51%, and limb salvage of 84%. The freedom from reintervention, amputa-

tion, or restenosis was 35%. Within two years, 15% of patients underwent

bypass and 18% had repeated PTA.

Conrad et al. [118] have treated 144 CLI patients with PTA and demon-

strated a primary patency of 62% and limb salvage of 86% at 40 months.

In another study by Faglia et al. [119], runoff was a key factor in limb

salvage in 420 diabetics with CLI who underwent tibial angioplasty. Those

who had no open tibial arteries at the end of the study suffered a 62.5%

limb-amputation rate, compared with a 1.7% amputation rate in patients

with at least one open vessel to the foot.

In a comparison of results for above-the-knee versus below-the-knee

(BTK) angioplasty in CLI patients, two-year primary patency and limb sal-

vage were 75% and 90%, respectively, for femoropopliteal angioplasty and

60% and 76% for BTK angioplasty [120].

A prospective study by Dick et al. [121] assessed the efficacy of tailored

endovascular-first versus surgical-first revascularization stratified for the

presence of diabetes, with 383 patients (45.7% had diabetes) presenting

426 limbs with chronic CLI. Success with primary revascularization was

significantly worse in diabetic patients as compared with nondiabetic

patients. Repeat endovascular procedures significantly improved clinical

success, which became equivalent between diabetic and nondiabetic

patients (HR 1.02; 95% CI 0.7–1.4). Cumulative one-year mortality was

30%,with a trend toward increasedmortality in patients with diabetes, and

limb-salvage rates were similar in treatment cohorts. Choice of initial revas-

cularization modality seemed not to influence clinical success in this study.

Conclusion

Recent advantages demonstrate that rapid acute therapy and intensified

medical support for a long period can dramatically lower the burden of

diabetic foot syndrome, the horrifying combination of PAD and diabetes.
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Blinc et al. [19] have clearly shown that in patients with various stages of

PAD (II–IV), a stringent therapy setting lowers the two-year mortality to

3.2%, which is only about double the amount of a control group without

PAD (1.8%). However, the rate of patients with stage IV during the study

is not stated.

Faglia et al. [122] suggested a systematic interventional and medical

approach in patients with stage IV PAD (= ulcer, gangrene) and tested

this in a study, which when published in 2009 was provocative for many

scientists and clinicians:

• All patients and relatives were educated in the treatment of an ulcerated

and nonulcerated diabetic foot.

• All patients underwent a detailed investigation program, which analyzed

all factors of the diabetic foot syndrome (neuropathy, osteoarthropathy,

infection, and PAD).

• All patients received dual platelet inhibition throughout the study (six

years).

• All patients were agressively treated for all other cardiovasdcular risk

factors (diabetes, hypertension, hyperlipidemia).

• All patients were primarily treated endovascularly (even TASC C and D),

and surgical procedures were the second choice.

Faglia’s multimodal aggressive approach resulted in a tremendous

improvement in limb salvage and survival. During the six-year study,

major amputation was reduced from 68% to 20% and death from 75 to

50% (Figure 11.10). The single most independent factor for this prognosis

improvement was immediate revascularization with an at that time

heavily doubted odds ratio of 36 (Table 11.4).

48.9
44.7

52.9

0

10

20

30

40

50

60

70

PTA BPG

A
n

n
u

a
l 
d

e
a

th
 i
n

c
id

e
n

c
e

 (
%

)

n=27n=202 n=51n=16n=34 n=24
No revPTA BPG No rev

p=0.001p=0.001

8.2

21.1

59.2

0

10

20

30

40

50

60

70
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with immediate revascularization and strict pharmacotherapy. (Source: Modified after

Faglia E et al. 2009 [116].)
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Table 11.4 Factors for prognosis improvement.

Odds ratio (95% CI) p

No revascularization 36 (13-100) <0.001

Crural artery occlusion 8 (1-50) 0.022

Dialysis 5 (2-12) 0.001

Wound infection 2 (1-4) 0.004

Unpublished data from our group suggest that for limb salvage, immedi-

ate revascularization should be carried out, whereas for long-term survival,

strict pharmacotherapy with achievement of treatment goals is necessary.

In our 382 consecutive patients included in an ongoing prospective study,

we can report after 4.2 years only 4 major and 12 minor amputations and

26 deaths (6.8%).

Thus, we recommend for all patients with diabetes and PAD:

• Immediate revascularization in highly qualified high-throughput centers

for patients with stage III or IV (ischemia, ulcer, gangrene).

• Careful planning of interventions in patients with stage II (if only one

vessel runoff is identified in preinterventional screening with CT angiog-

raphy or MR angiography, an interdisplinary board should discuss the

treatment options).

• No surgical procedures in the lower extremity in patients with PAD and

diabetes prior to morphological (CT angiography or MR angiography)

and hemodynamical (ABI, toe pressures) assessments.

• Primary amputations only in a leg-for-life situation, after consideration

with the patient (bad prognosis after major amputations in patients espe-

cially above 80 years of age).

• A high cardiovascular morbidity and mortality rate requires intensified

screening for coronary heart disease and cerebral ischemia.

• Strict multimodal pharmacotherapy (Table 11.1).

Case Study 1

A 61-year-old female patient with type 2 diabetes mellitus presents at the outpatient
department with a reduced walking distance of 100 meters due to pain in the right calf,
corresponding to PAD in stage IIb. The PAD of the patient was already treated in the past
with two stents in the right proximal superficial femoral artery. The patient is obese, has
hypertension and suffers from diabetic polyneuropathy and chronic venous insufficiency
grade 1. The smoking anamnesis shows 80 pack-years of cigarettes. In addition to her
PAD, the patient has undergone cardiac bypass grafting five years ago, had already had
a minor stroke, and is on anticoagulant therapy for atrial fibrillation.
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Multiple-Choice Questions
1 Should the patient receive additional anti-platelet aggregation therapy

for her PAD?

A No, she already has anticoagulant therapy

B Yes, she would benefit in addition to her coronary heart disease

C Yes, she would benefit in addition to her past stroke

D Yes, she would benefit in addition to long-term patency for her

femoralis stent

E Yes, she would benefit in addition to her chronic venous

insufficiency

2 What is the primary choice of treatment for this patient after

assessment of vascular status morphologically and hemodynamically?

A Stenting

B Ballon dilatation

C Peripheral bypass grafting

D Walking exercise

E Amputation of the lower leg to treat the pain

3 Later on, CT angiography reveals that the patient’s walking pain is

caused by in-stent restenosis. In addition, the CT images indicated that

the patient has a two-vessel crural run-off. What is the treatment of

choice now?

A Additional anti-platelet medication

B Ballon dilatation with stenting, if necessary

C Peripheral bypass grafting

D Walking exercise training

E Amputation of the lower leg to treat the pain

4 What is the LDL goal for this elderly patient?

A <50mg/dl

B <70mg/dl

C <100mg/dl

D <130mg/dl

E <160mg/dl

5 What would be the antiplatelet/anticoagulant scheme if the patient

were to require another peripheral stent?

A Anticoagulant alone

B Clopidogrel alone

C Asprin alone

D Aspirin, clopidogrel and anticoagulant (= triple therapy) for ever?

E Aspirin, clopidogrel and low-molecular weight for six months, then

stop all three and switch to anticoagulant therapy again
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6 What is the blood pressure goal for this elderly patient?

A <160/95mmHg

B <140/95mmHg

C <140/90mmHg

D <130/85mmHg

E <125/80mmHg
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288–9

Cholesterol Treatment Trialists’ Collaboration,
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diabetes and hypertension causing, 146–7,
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kidney disease
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in thrombotic events in diabetes treatment

and prevention, 197, 200f , 201t
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circulating biomarkers

of CVD in diabetes, 34–43, 34f , 35t, 38f , 43t,

see also specific types

Apos, 39–41

CRP, 34–9, 35t, 38f

Lp(a), 41–3, 43t

circulating markers
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CKD, see chronic kidney disease (CKD)
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in ACS management, 257
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in CVD in diabetes, 44–7, 46f

clinical use, 45–7, 46f
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coronary reperfusion
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C-reactive protein (CRP)

in CVD in diabetes, 34–9, 35t, 38f

clinical use, 37, 39
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technique and measurement of, 35–6

CRP, see C-reactive protein (CRP)
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Unstable Angina Patients Suppress Adverse
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the ACC/AHA Guidelines) registry, 246
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Prevent Recurrent Events) trial, 247
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Danesh, S., 42
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ACS and

management of, 257
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poor prognosis of, 269, 270f
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vascular imaging of, 87–115, see also

vascular imaging, of atherosclerotic
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CVD in, 116–39, see also hyperglycemia, in
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biomarkers of, 30–57, see also
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risk factors for, 31
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clinical relevance of, 13–14, 14f
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hyperglycemia and, 10–12, 11f

insulin resistance and, 11f , 12–13

therapeutic interventions for, 14–18, 17f ,

see also endothelial dysfunction,
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MI associated with, 31
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stroke associated with, 31

thrombosis in, 185–214, see also thrombosis,
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vascular endothelium in, 1–29, see also
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venous thromboembolism in
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dyslipidemia, diabetic
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ESKD due to

management of, 77
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risk factors for, 61–2
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in CVD treatment and prevention, 216–26

body weight and, 216–17
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dietary fats, 216–21, 220t

dietary supplements, 224–6

fiber, 222–3

fructose, 223

introduction, 215
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in CVD treatment and prevention, 222–3
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in CVD treatment and prevention, 221–2
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in CVD treatment and prevention
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in CVD treatment and prevention,
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in CVD treatment and prevention, 224–6
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CVD risk related to, 127–8, 128t
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in thrombotic events in diabetes treatment
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in ACS management, 247
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fibrates in, 68f , 75–6
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endothelial cell dysfunction in diabetes

related to, 11f , 13
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Early Treatment of Diabetic Retinopathy study,
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(EBCT)
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factors (EDCFs)
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therapeutic interventions for, 14–18, 17f
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MAPK pathway in, 18

Nox inhibitors, 18

RAAS antagonists, 16–17
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endothelial NO synthase (eNOS), 2, 3f
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in endothelial cell function, 2
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oxidative stress in

sources of, 9
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diabetic kidney disease and
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eNOS, see endothelial NO synthase (eNOS)
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Exenatide Study of Cardiovascular Event

Lowering (EXSCEL), 127–8
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FBF, see forearm blood flow (FBF)
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in CVD treatment and prevention, 222–3
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and prevention, 199

in venous thromboembolism in diabetes

management, 202–3, 203f
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in CVD treatment and prevention, 223
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glycoprotein IIb/IIIa receptor inhibitor (GPI)
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and prevention, 198
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in CVD treatment and prevention, 217–18,
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related to, 10–12, 11f

microvascular complications related to,
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oxidative stress and, 10–11, 11f
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Johnstone, 125

Jörneskog, G., 190

JPAD study, 193

Kang, X., 98

kidney disease

chronic

diabetes and hypertension causing, 146–7,
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clinical use, 42–3, 43t
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technique and measurement of, 41–2

lipoprotein profiles

in CVD treatment and prevention, 217–18,
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in CVD treatment and prevention, 218–19,

220t

oxidation and, 120, 122
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as marker in endothelial dysfunction, 7, 8, 8t

miRNAs, see microRNAs (miRNAs)

mitiglinide

in diabetic kidney disease management, 70,

71t
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Color plate 1.1 Illustration of the stimulation of endothelial NO synthase by

acetylcholine and shear stress leading to increased nitric oxide (NO) production in

endothelial cells by receptor and nonreceptor and calcium-dependent and

noncalcium-dependent pathways. (Source: Herrmann J et al. 2010 [8]. Reproduced

with permission of Oxford University Press.)
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Color plate 1.2 Methods for assessing human endothelial function.



Color plate 2.1 Summary and recommendations for measurement of inflammatory

markers and advanced lipoprotein/subfraction testing in initial clinical assessment and

on-treatment management decisions. (Source: Davidson et al. 2011 [8]. Reproduced

with permission of Elsevier.)
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Color plate 3.1 The course of diabetic nephropathy. (Source: Kidney Check Australia

Taskforce, Chronic Kidney Disease and Diabetes, Workshop Module, 2013. Reproduced

with permission of Kidney Health Australia.)
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1 cm

Color plate 4.1 Noninvasive arterial wall imaging modalities. Clockwise from upper

left: computed tomography calcium scoring, computed tomography coronary

angiography, molecular imaging of vascular cell adhesion molecule-1 (VCAM-1) in

plaque, fluorodeoxyglucose (FDG) positron emission tomography (PET) imaging of

plaque inflammation, magnetic resonance imaging, and carotid intima-medial thickness

evaluation on B-mode ultrasound.

Color plate 4.2 Invasive arterial wall imaging modalities. Clockwise from left:

coronary angiography, intravascular ultrasound, ultrasound radiofrequency plaque

composition analysis, near-infrared spectroscopy, and optical coherence tomography.
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