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Cardiovascularr Metabolic Syndrome 

1.. Introduction 

Superbia,, invidia e avarizia sono 

lee tre faville c'hanno i cuori accesi 

Arrogance,, envy and avarice 

aree the three sparks that have all hearts inflamed. 

Infernoo Canto VI , The Divine Comedy, by Alighieri Dante 

I tt was around 1.8 million years ago when Homo erectus became the first hominid to 

applyy fire to food, thus enkindling the first hunting-and-gathering economy in which 

animalss became a significant part of the diet and resources were shared (1). Presently, 

att the advent of the third millennium, human society is ever evolving, and along with 

i tt the disease patterns that afflict different populations and continue to go through 

paradigmm changes. Only a century ago infectious disease was a major cause of mortality, 

whereass today chronic diseases are the largest cause of death in the world , led by 

cardiovascularr disease (CVD) with 17 million deaths in 2002, mainly from ischemic 

heartt disease and stroke (2). The global prevalence of all the leading chronic diseases 

iss increasing, with the majority occurring in developing countries and projected to 

increasee substantially over the next two decades (3). Cardiovascular disease is to date 

alreadyy the leading cause of mortality even in developing countries (2). Between 1990 

andd 2020, mortality from ischemic heart disease in developing countries is expected to 

increasee by 120% for women and 137% for men (4). 

Thee global number of individuals with type 2 diabetes in 2000 was estimated to be 

1711 million (2.8% of the world's population), a figure projected to increase in 2030 

to3666 million (6.5%) (5).The prevalence of obesity is increasing in virtually all 

populationss and age groups worldwide. Obesity predisposes patients to a large number 

off  co-morbidities and increased mortality rates (6,7). Chronic diseases have not simply 

displacedd infectious afflictions in developing countries, rather such countries now 

experiencee a polarized, double burden of disease (6). 

Thee causes of the pandemic of chronic disease are complex and include political, 

11 1 



Chapterr 1 

demographic,, and lifestyle factors. What is more disturbing is the ever increasing overlap 

off  chronic diseases such as obesity, type 2 diabetes and coronary heart disease. In the 

lastt decade there has been escalating evidence recognizing metabolic disorders such as 

typee 2 diabetes and obesity as major risk factors for cardiovascular disease, along with 

thee previously well established factors such as lipoprotein disorders and hypertension. 

2.. Obesity 

Thee prevalence of obesity has doubled or even risen threefold in less than two decades. 

A tt least 1.1 billion adults are overweight, including 312 million who are overtly obese 

(7).. The prevalence of obesity and increased weight is estimated to range from 40 to 

60%,, in industrialized and many developing countries (7). At the same time, over 50% 

off  adults in Western Europe are considered overweight or obese, which represents a 

dramaticc increase of 10—40% in European countries alone in the last decade. 

Thee economic costs of obesity are estimated to be in the range of 2 to 7% of total 

healthcaree costs (7). In some developing countries it presents a double burden alongside 

enduringg problems of under-nutrition. Furthermore, the incidence of CVD goes up 

withh increasing body weight (8) and total mortality for CVD is higher for higher quintiles 

off  body mass index (BMI ) (9). 

Anotherr disturbing issue is the increase in rates of obesity in children of up to 2- to 4-fold 

increasee over the last 2 decades (10). Excess weight in childhood and adolescence is 

associatedd with increased risk of hypertension, adverse blood lipid profiles, and early 

atheroscleroticc lesions (10), indicating that these children are likely to inflate the number 

off  adults with CVD in the future. Studies in American children and adolescents have also 

revealedd an alarming increase in the incidence of type 2 diabetes (11). Substantial evidence 

suggestss that overweight children and adolescents are more likely to have insulin resistance, 

abnormall  plasma lipid profiles, and hypertension later in lif e (10). Thus, in addition to the 

growingg number of children found to have type 2 diabetes, many more of these 

overweightt youngsters can be expected to develop the disease as adults. 
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3.. Type 2 diabetes and the metabolic syndrome 

Itt is projected that between 1995 and 2025, the number of individuals with type 2 

diabetess is expected to increase 170% in developing countries compared with 42% in 

developedd nations (12). Individuals with type 2 diabetes are at increased risk not only 

forr CVD but also for greater cardiovascular mortality. Age adjusted death rates of 

patientss with type 2 diabetes are twice those of non-diabetic individuals, and 75% of 

thee excess mortality- in men and 57% of the excess mortality' in women is this disorder 

iss attributable to CVD (13). Indeed, an estimated 25% to 46% of patients with type 2 

diabetess die of ischemic heart disease. Individuals with type 2 diabetes who have had 

aa prior myocardial infarction (MI) also experience increased rates of re-infarction, 

congestivee heart failure, and death (14). 

Thee risk of developing type 2 diabetes is strongly correlated with excess weight (15). 

Increasee in weight gives rise to early metabolic abnormalities that include 

hyperinsulinemia,, insulin resistance, and glucose intolerance. The constellation of these 

riskk factors is now recognized as "Metabolic Syndrome". 

Thee prevalence of metabolic syndrome is estimated to be around 20—25 % of the 

populationn (16). People with metabolic syndrome are twice as likely to die from coronary 

heartt disease and three times as likely to have a heart attack or stroke compared with 

peoplee without the syndrome (17). In addition, almost 200 million people globally have 

diabetess and 80 % of these may die from cardiovascular disease (18), so there is a 

tremendouss medical and moral imperative to identify individuals with metabolic syndrome 

early,, so that lifestyle interventions and treatment may prevent the development of diabetes 

andd cardiovascular disease. PExisting guidelines have been put forward by the World 

Healthh Organization (WHO) (19) and National Cholesterol Education Program - Third 

Adultt Treatment Panel (NCEP ATP III ) (20). It has proven difficult to make direct 

comparisonss between the data from studies where different definitions have been used 

too identify- the syndrome (21). Considering the need for a single, universally accepted 

diagnosticc tool that is easy to use in clinical practice, the International Diabetes Federation 

(IDF)) has come up with a definition (Table 1) (21). The new IDF definition addresses 

bothh clinical and research needs, providing an accessible, diagnostic tool suitable for 
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Tablee 1. Definitions of Metabolic Svndrome 

W H OO clinical criteria for 

thee metabolic syndrome 

ATPP III clinical identification 
off the metabolic syndrome 

Thee new International Diabetes 
Federationn (IDF) definition 

Att least one of the following 

1.. Fasting glucose > 1 tOmg/dL 

(6.11 mmol/L) 

2.. Known or newlv diagnosed 

typee 2 diabetes 

3.. Impaired glucose tolerance 

(IGT)(2-hh glucose 

>^.88mmol/I) ) 

togetherr with two or more of 

thee following components: 

Threee or more of the following five Patient must have: 

riskk factors required: 

1.. Central obesity 

Waistt circumference 

Menn > 102 cm (> 40 in) 

Womenn > 88 cm (> 35 in) 

1.. Triglycerides (> 1.7 mmol/L; 2. Triglycerides > 150 mg/dL /cendess (> 1.7 mmol/L; 

1500 mg/dL) and/or low HDL 

cholesteroll  (< 0.9 mmol/L, 

355 mg/dL men; < 1.0 mmol/L, 

399 mg/d l, women) 

2.. Microalbuminuria 

(urinaryy albumin excretion rate 

>> 20g/min or albumin: 

creatininee ratio >30 mg/g 

3.. Bkxxl pressure: systolic BP 

>> 140 or diastolic BP >90 mm Hg 

orr treatment of previously 

diagnosedd hypertension 

(1.77 mmol/L)or specific 

treatmentt for this lipid 

abnormality y 

3.. H DL cholesterol 

Menn < 40 mg/dL (1.03 mmol/L) 

Womenn < 50 mg/dL 

(1.299 mmol/L) 

;orr specific treatment 

forr thus lipid abnormality 

4.. Blood pressure: systolic 

B P>> 130 or diastolic 

B P > 8 5 m m H g or r 

treatmentt of previously 

diagnosedd hypertension 

1.. Central obesity. 

Waistt circumference 

Menn : >94cm for VCTiite/ 

Africann American 

>900 cm for Hispanic/ 

Chinese e 

>85cmm for Japanese 

Women:: >80cm (except >90 for 

Japanese) ) 

pluss any two of the following four 

factors: : 

1.. TG level: >150 mg/dL (1.7 

mmol/L),, or specific treatment 

forr this lipid abnormality 

2.. HDL cholesterol: 

Menn < 40 mg/dL (1.03 mmol/L) 

Womenn < 50 mg /d l. (1.29 mmol/L) 

;orr specific treatment for this lipid 

abnormality y 

3.Bloodd pressure: systolic BP >130 

orr diastolic BP >85 mm Hg, or 

treatmentt of previously diagnosed 

hypertension n 

worldwidee use. It is important to recognize that the metabolic syndrome may not only 

leadd to type 2 diabetes and to subsequent CVD, it may also result in CVD without 

clinicallyy evident type 2 diabetes (11). 

Finally,, socio-cultural factors also play an important role in the pathophysiology of type 2 

diabetess and CVD. As other populations increasingly adopt the dietary patterns and physical 

inactivity'' characteristic of a Western lifestyle, they show a corresponding increase in 
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markerss of the metabolic syndrome, type 2 diabetes, and CVD (11). Given the great 

overlapp in prevalence of obesity, type 2 diabetes and CVD, it has become increasingly 

clearr that people with obesity are more prone to type 2 diabetes and vice versa, and such 

aa vicious cycle of metabolic abnormalities is proving to be a major risk factor for CVD. 

4.. Inflammation 

4.11 Inflammation and coronary heart disease 
Researchh in recent years has shown that atherosclerosis is a low grade inflammatory 

disorder,, and not merely the passive accumulation of lipids within artery walls (22,23). 

Oxidativee components of modified low-density lipoprotein (LDL) induce a chronic 

inflammatoryy process that involves the arterial endothelium and ultimately results in the 

complicationss of atherosclerosis (22). The association of inflammation with the initiation 

andd progression of atherosclerosis suggests that markers of inflammation, eg, such as C-

reactivee protein (CRP), are useful in predicting an increased risk of CVD and inflammatory 

processess may also be potential targets of therapy in preventing or treating CVD (23). 

Atherosclerosiss is a multi-step disease that involves chronic inflammation from initiation 

too progression and, eventually, plaque rupture (24). In atherosclerosis, the normal 

homeostaticc functions of the endothelium are altered, promoting an inflammatory 

responsee (22). Adhesion molecules expressed by inflamed endothelium recruit leukocytes, 

includingg monocytes, which then penetrate into the intima, predisposing the vessel wall 

too lipid accumulation. Inflammatory mediators enhance uptake of modified lipoprotein 

particless and formation of Hpid-laden macrophages. T- lymphocytes migrating with the 

monocytess continue to release cytokines that help to perpetuate the inflammation (25). 

Cytokiness released from dysfunctional endothelial cells weaken the protective fibrous 

capp by limiting the collagen production by vascular smooth muscle cells that stabilize 

thee smooth muscle cap. Such plaque instability ultimately can cause unstable angina, 

acutee coronary syndromes, and myocardial infarction. (22,23,26) 

Recentt data have revealed that the plasma concentration of inflammatory mediators, 

suchh as TNF-alpha, interleukin-6, CRP, fibrinogen, and plasminogen activator inhibitor-
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11 (PAI-1) levels are increased in the insulin resistant states of obesity and type 2 diabetes 

(27,28).. Also, an increase in inflammatory mediators has been shown to predict the 

futuree development of obesity and type 2 diabetes (27.28). 

4.22 Inf lammation and endothelial glycocalyx 

Onee interesting pathway by which chronic inflammation can accelerate formation of 

atheroscleroticc lesions could be through loss of endothelial glycocalyx. The endothelial 

glycocalyxx is a negatively charged, organized mesh, consisting of membranous 

glycoproteins,, proteoglycans, glycosaminoglycans and associated plasma proteins, and 

iss situated at the luminal site of all blood vessels (29). Its major constituents comprise 

hyaluronicc acid (HA) and the negatively-charged heparan sulphate proteoglycans. Using 

electronn and intravital microscopy it was demonstrated that this layer can reach up to 

0.55 - 3 u.m intraluminally, thus exceeding the dimensions of the endothelium itself 

severall  fold (30). To date, most observations of glycocalyx modulation have been 

limitedd to the microvasculature. Since atherosclerosis is confined to the macrovasculature 

directt visualisation using electron/confocal microscopy suitable for large vessels was 

recentlyy developed (31). Using these methodologies, it was confirmed that glycocalyx 

dimensionss were also diminished in the macrovasculature at sites prone for atherosclerosis 

development,, such as the carotid bifurcation (32). 

Duee to its strategic position between the vessel wall and the flowing blood, the endothelial 

glycocalyxx has been shown to exert many vasculo-protective effects such as attenuating 

vascularr permeability and modulating leukocyte interactions w7ith the endothelium (33). 

Moree recently the glycocalyx has also been shown to serve as mechano-shear sensor 

determiningg flow-mediated NO-release by the endothelium (34). In recent years, several 

atherogenicc stimuli such as oxidative stress, oxLDL and TNF-CX all were shown to have 

aa detrimental impact on the glycocalyx within as littl e as 30 minutes after exposure 

(35,36).. This perturbation is characterized by increased shedding of hyaluronan into 

thee plasma resulting in loss of protective properties of the vessel wall, such as increased 

glycocalyxx permeability for atherogenic lipoproteins, increased adhesiveness of platelets 

andd leukocytes to the endothelium. In diabetes mellitus most of these disturbances 

causingg glycocalvx perturbation have been described and proposed to be caused by 
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impairedd NO-availabil i ty following increased oxygen radical formation due to 

hyperglycemiaa (37). Data from our department show that increased glucose levels 

indeedd induce loss of endothelial gtycocalyx in humans and the full plethora of pro-

atherogenicc effects could be reproduced in-vivo (38). 

4.33 Inflammation, obesity and diabetes 
Thee state of chronic inflammation typical of obesity and type 2 diabetes occurs at 

metabolicallyy relevant sites, such as the liver, muscle, and most interestingly, adipose 

tissue.. It is well established that defective insulin receptor signaling is instrumental to 

thee pathogenesis of type 2 diabetes (39). Increased inflammatory state IL-6, associated 

withh obesity and type 2 diabetes, might interfere with insulin action by suppressing 

insulinn signal transduction. This in turn might interfere with the anti-inflammatory 

effectt of insulin. One such pathway that involves phosphorylation and signaling is 

mediatedd through the members of the insulin-receptor substrate (IRS) family of proteins, 

sincee it is relevant to insulin-mediated glucose metabolism and crosstalk with inflammatory 

pathwayss (40). Among several serine phosphorylation sites on IRS-1, ser-307 appears to 

bee of major importance and targeted by c-Jun N-terminal kinase (JNK) (41). J NK 

mightt be a key molecule leading to insulin resistance and type 2 diabetes, since human 

mutationss in the gene coding for JNK-binding protein (a natural inhibitor of J NK 

activity)) causes type 2 diabetes (42). 

Researchh in recent years suggests that adipose tissue may function as potent endocrine 

organn (43). The nuclear receptor peroxisome proliferator-activated receptor-gamma plays 

ann important role in the regulation of gene expression and the differentiation in adipose 

tissuee (44). It stimulates adipogenesis and modulates the storage of fatty acids. Elevated 

levelss of adipocytokines such as leptin, resistin, and TNF-Ct worsen insulin sensitivity, 

increasee insulin resistance, and stimulate atherogenenis (45-47). Novel data have shown 

thatt that the concomitant presence of promoter polymorphisms of TNF- a (G-308A), 

whichh is associated with increased plasma TNF-CX concentrations, and IL-6 (C-124G) 

associatedd with increased the risk for insulin resistance, in obese subjects with impaired 

glucosee tolerance, earn' twice the risk of conversion to type 2 diabetes when compared 

withh other genotypes (48). 
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Inn contrast, adiponectin, another cytokine produced by the adipocyte, seems to have a 

favorablee effect on metabolic disturbance (49). Lower levels of adiponectin have been 

associatedd with the metabolic syndrome (50), whereas higher levels of adiponectin 

havee been associated with decreased risk of type 2 diabetes and myocardial infarction 

(51,52).. Consistent with these observations is the fact that plasma adiponectin levels 

havee an inverse relationship with adiposity, insulin resistance, diastolic pressure, 

triglyceridee concentration and TNF-Ot receptor concentration (53). Recentiy it has been 

suggestedd that adiponectin might be the missing link between insulin resistance and 

obesityy (54). Leptin, another adipocyte specific protein, is elevated in the obese, has 

pro-aggregatoryy effect on platelets and might also regulate immune function through a 

stimulationn of responses to inflammatory challenges (55). 

Inflammationn and anomalous free fatty acid metabolism in obesity in turn contribute 

too the increasing insulin resistance and beta-cell dysfunction that precipitate type 2 

diabetess (56). Type 2 diabetes begins with peripheral insulin resistance and ends in 

completee loss of insulin secretion if the disease progresses through its entire natural 

historyy (57). Whereas, pancreatic beta cells initially are able to compensate for insulin 

resistancee by increasing insulin secretion, compensation fails as beta cells exhaust their 

capacityy to react appropriately to rising glucose concentrations leading to development 

off  glucose intolerance and type 2 diabetes (58). 

Typee 2 diabetes in turn causes endothelial dysfunction, thus increasing the risk of both 

microvascularr and macrovascular disease (59,60). Within the endothelium, the oxidative 

stresss of hyperglycemia inhibits nitric oxide production, affecting endothelial function 

(61).. Whereas concentration of nitric oxide is reduced, the production of vasoconstrictors, 

suchh as endothelin-1, angiotensin II , and prostanoids is increased (62,63). Also, in a state 

off  atherosclerotic vascular disease, hyperglycemia promotes plaque instability (64). 

So,, inflammation seems to play a role across the full spectrum, of the pathophysiology 

off  obesity, metabolic syndrome, type 2 diabetes as well as coronarv artery disease (65-

67)) (fig 1). 
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THEE CARDIOVASCULAR METABOLIC SYNDROME 

1 1 ' ' 
Typee 2 

DIABETES S 

11 INFLAMMATION 

CRP,, IL -6, TNF-alpha, Adiponectin etc 

i t t 

i' i' 

Metabolicc Syndrome 

-insulinn resistance, hyperglycemia, 
hyperinsulinemia a 

-Dyslipidemiaa (T HDL-C, T TG, T small, 
densee LDL particles) 

-Impairedd fibrinolysis 
-Prothromboticc state 

i i > > 

OBESITY Y 

5.. Dylipidemia of diabetes and metabolic syndrome 

Dataa from the Framingham Heart Study (68) show that twice as many diabetic than 

non-diabeticc individuals have low plasma levels of HDL-C and elevated triglycerides. 

Byy comparison, the proportions of men and women with increased total and LDL C 

aree similar in diabetic and non-diabetic patient groups. Data from the Prospective 

Cardiovascularr Munster (PROCAM) Study and the UKPDS are consistent with these 

findingss (69,70). Although plasma levels of LDL-C in patients with type 2 diabetes and 

thee metabolic syndrome are either normal or only modestiy elevated, there is an increase 

inn the number of small, dense LDL particles. These small, dense LDL particles are 

thoughtt to be highly atherogenic because of their increased susceptibility to oxidation 

andd their association with insulin resistance, high triglycerides and low HDL-C (71). 

Togetherr this dyslipidaemic profile - elevated triglycerides, low HDL-C and an increase 

inn small, dense LDL particles - is often referred to as the 'lipid triad.' 

Thee risk of atherosclerosis is reflected by the balance between apolipoprotein B (apo 

B),, the major protein component of cholesterol-rich LDL and very low-density 

lipoproteinn (VLDL) particles, and apolipoprotein A (apo A, the main constituent of 

HDL).. Apo B is linked to the transfer of cholesterol to the peripheral tissues or so 
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calledd "forward cholesterol transport", and is also associated with the assembly of 

triglyceride-- and cholesterol-rich lipoprotein particles. By contrast, apo-A-containing 

HDLL particles promote cholesterol efflux from peripheral cells and facilitate its 

transportt to the liver for excretion or "reverse cholesterol transport". In addition, 

HDLL may be atheroprotective because of its anti-inflammatory and anti-oxidant actions, 

andd as a result of its ability' to reverse endothelial dysfunction. A recendy published 

reportt from the INTERHEART Study (72), which assessed the relative importance of 

differentt risk factors for CHD in 52 countries worldwide showed that an increased apo 

BB to apo A ratio was associated with a population attributable risk that exceeded a stunning 

30%. . 

InIn patients with type 2 diabetes and metabolic syndrome, presence of insulin resistance 

increasess lipolysis and breakdown of triglycerides in adipocytes, leading to increased 

freee fatty acid levels. The increased flux of free fatty acids to the liver increases 

triglyceridee levels and promotes the secretion of large VLDL particles (73). Central 

(orr visceral) obesity appears to be particularly closely associated with the increased 

fluxx of free fatty acids to the liver. The increased secretion of VLDL s in turn leads to 

aa rise in fasting and postprandial triglycerides and drives the transfer of triglyceride 

fromm VLDL to HDL in exchange for cholesteryl esters via the action of cholesteryl 

esterr transfer protein (CETP). As a result, VLDL becomes more cholesterol-rich while 

HDLL gains triglyceride and becomes susceptible to the lipolytic action of hepatic lipase 

whichh turns it into smaller, denser particles (73), less able to accept cholesterol for 

transferr to the liver and excretion from the body. CETP may also promote the exchange 

off  triglycerides from VLDL to LDL; these triglyceride-rich LDL subsequently undergo 

lipolyticc hydrolysis resulting in small, dense LDL particles. In addition, the reduced 

affinityy of small dense LDL particles for the LDL receptor extends their lifetime in the 

plasma,, again facilitating their likelihood of infiltrating the arterial wall, becoming 

depositedd there and thus contributing to plaque formation. 

5.11 Targeting the Lipid Triad 

Currentt treatment recommendations for management of dvslipidaemia associated with 

typee 2 diabetes and the metabolic syndrome focus on statin therapy, in addition to 
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Tablee 2. Reduction in CHD risk overall and for diabetic patients treated with statins in major intervention 

trials s 

Trial l 

Primaryy prevention 
AFCAPS/TexCAPS S 
HPS S 
ASCOT-L1JV V 
CARDS S 

Secondaryy prevention 
CARE E 
4S S 
LIPID D 
4SS reanalvsis 
HPS S 
ALLHAT-LL T T 
ASCOT-LLA A 

Statin n 

I^ovastatin n 
Simvastatin n 
Atorvastatin n 
Atorvastarin n 

Pravastatin n 
Simvastatin n 
Pravastatin n 
Simvastatin n 
Simvastatin n 
Pravastatin n 

Atorvastatin n 

No.. of patients 
withh diabetes 

155 5 
2912 2 
2532 2 
2838 8 

586 6 
202 2 
782 2 
483 3 
3051 1 
3638 8 
2532 2 

CHDD risk reduction 

Totall  Population 

37% % 
24% % 
36% % 

--

23% % 
32% % 
25% % 
32% % 

--
9% % 
29% % 

Diabeticc patients 

43%% (NS) 
26%% (p<0.0001) 

24%% (NS) 
36%% (p<0.001) 

25%% (p=0.05) 
55%% (p=0.002) 

19%% (NS) 
42%% (p=0.001) 
18%(p<0.0001) ) 

11%% (NS) 
16%% (NS) 

Abbreviations:: AFCAPS/TexCAPS Air Force/Texas Coronary Atherosclerosis Prevention Study; HPS 
Heartt Protection Study; ALLHAT-LL T Antihypertensive and Lipid-Lowering Treatment to Prevent 
Heartt Attack Trial-Lipid Lowering Treatment; ASCOT-LLA Anglo-Scandinavian Cardiac Outcomes 
Triall  - Lipid Lowering Arm; CARDS Collaborative Atorvastatin Diabetes Study; CARE Cholesterol 
andd Recurrent Events Trial; 4S Scandinavian Simvastatin Survival Study; LIPID Long-term Intervention 
withh Pravastatin in Ischaemic Disease 

dietarydietary and lifestyle adaptation, even though plasma levels of LDL-C per se may be 

onlyy slightly elevated in such patients (74,75). These recommendations are based on 

dataa from most of the major statin intervention studies, which demonstrated that 

LDL-CC lowering with statin therapy was effective in reducing CHD risk in patients 

withh type 2 diabetes in both primary and secondary settings (Table 2). 

Whilee there is no doubt that statins significantly reduce the CHD risk in patients with 

typee 2 diabetes (and metabolic syndrome), subgroup analyses from the Heart Protection 

Studyy (76) showed that the residual risk of a coronary event in diabetic patients remained 

twicee that observed in non-diabetic patients treated with statins. Thus, although diabetic 

patientss gained as much relative benefit from statins as non-diabetic patients, treatment 

didd not push their absolute risk down to the same value as in non-diabetics. These 

findingss were consistent across all statin intervention studies irrespective of the nature 

off  the statin. The high level of residual risk in patients with type 2 diabetes and the 

21 1 



Chapterr 1 

metabolicc syndrome treated with statins highlights the need to target other lipids, 

specificallyy low HDL-C and elevated triglycerides characteristic of the atherogenic 

dyslipidaemiaa associated with both conditions. 

Whilee statins are effective in reducing plasma levels of LDL-C, they have only modest 

effectss on reducing triglycerides (by 15-35%) and raising HDL-C (by typically less than 

10%)) (74). Even with aggressive statin therapy, such as high dose atorvastatin (77,78), 

thee increase in HDL-C was no more than 10%, and triglycerides were reduced by only 

20%.. Moreover, the results of the STENO-2 study (79) demonstrated that although 

intensivee statin therapy resulted in a significant increase in the proport ion of diabetic 

patientss who achieved cholesterol treatment goals (70% vs. 20% in patients treated 

withh conventional therapy, p<0.001), there was littl e change in the proportion of patients 

whoo achieved triglyceride treatment goals (58% vs. 43%, p=0.19). There are a number 

off  agents that raise HDL-C and lower triglycerides, which could potentially be used in 

combinationn with a statin. These include the peroxisome proliferator-activated receptor 

(PPAR)) agonists, fibrates and nicotinic acid. 

5.1.1.Peroxisomee proliferator-activated receptor (PPAR ) agonists 

PPARyy agonists such as the thiazolidinediones are oral anti-diabetic drugs, and offer 

potentiall  for the treatment of both glucose and lipid metabolism. These agents have 

variablee effects on the lipid profile as well as improving insulin sensitivity and blood 

glucosee levels in patients with type 2 diabetes. Summary analysis based on data from 

199 placebo-controlled studies showed that treatment with pioglitazone was associated 

wit hh 18.7% reduct ion in triglycerides and 9.9% increase in HDL-C, whereas 

rosiglitazonee produced an overall increase in triglycerides (by 4.4%) and only raised 

HDL- CC by 5.2% (80). 

Additionally,, the thiazolidinediones have a range of anti-inflammatory properties that 

mayy contribute to an improved cardiovascular risk profile in patients with type 2 

diabetess and potentially oppose the progression of atherosclerosis (81). For example, 

treatmentt with rosiglitazone has been shown to reduce plasma levels of CRP in patients 

withh type 2 diabetes, as well as reducing levels of the matrix metalloproteinase-9 (MMP-
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9),, suggesting that treatment may help to stabilise atherosclerotic plaques from rupture 

ass well as countering the inflammatory processes associated with the early stages of 

atherosclerosiss (82). In addition, thiazolidinedione treatment can suppress the production 

off  pro-inflammatory cytokines in obese, non-diabetic individuals (83). Thus, stimulation 

off  the PPAR receptor, which is found in fat and muscle tissue, not only mediates the 

anti-diabeticc effects of the thiazolidinediones, but also is implicated in the anti-

inflammatoryy actions of these agents (81). 

5.1.2.. Fibrates (PPARa agonists) 

Thee clinical benefits of raising HDL-C and lowering triglycerides with fibrates or PPARa 

agonistss therapy in patients with type 2 diabetes have been established in VA-HI T 

(84,85),, Helsinky Heart Study (86) and the Type 2 diabetes Atherosclerosis Intervention 

Studyy (DAIS) (87). Patients included in VA-HI T had a high prevalence of characteristics 

off  the metabolic syndrome; 33% had high triglycerides, 63% had low HDL-C, 57% 

hadd hypertension, 25% had type 2 diabetes and 13% had impaired fasting glucose (84). 

Overall,, treatment with gemfibrozil for 5 years reduced nonfatal MI and CHD death 

byy 22%; moreover, treatment was more effective in patients with hyperinsulinaemia 

andd type 2 diabetes (85). In the DAIS, patients with type 2 diabetes treated with fenofibrate 

forr 3 years exhibited reduced angiographic progression of localised coronary stenoses 

andd also tended to have fewer cardiovascular events (87). Therefore, a combination 

statin/fibratee therapy may be often necessary to control all lipid abnormalities in patients 

withh diabetes and metabolic sydnrome. The potential clinical benefit of fenofibrate will 

bee specified by the ongoing Fenofibrate Intervention and Event Lowering in Diabetes 

(FIELD)) study (88). 

5.1.3.. Nicotinic acid 

Dataa for both the thiazolidinediones and fibrates suggest that the extent of HDL-C 

raisingg with either treatment is less than that required for optimal cardiovascular risk 

reductionn in patients with type 2 diabetes and metabolic syndrome. In contrast, nicotinic 

acidd is the most potent agent available for raising plasma levels of HDL-C (by up to 

26%% at clinically recommended doses) as well as substantially lowering triglycerides 

(byy up to 50%) and LDL-C (by up to 25%) (89). Nicotinic acid also favourably alters 
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thee LD L composition, shifting the subclass distribution of LDL from small, dense 

particless to larger, more buoyant (and hence less atherogenic) particles, as well as 

enhancingg the cardioprotective larger H DL particles. Additionally, nicotinic acid is the 

onlyy agent available that reduces Lp(a) (75). 

Nicotinicc acid also inhibits oxidation of LDL-C, one of the critical early steps contributing 

too atherosclerosis, and reduces vascular inflammation (as indicated by a reduction in 

CRPP levels), thereby improving endothelial function (90). Studies have shown that 

nicotinicc acid appears to activate nuclear transcription factors such as the PPAR , 

possiblyy via prostaglandin metabolism, and this may in part expiain its anti-inflammatory 

effectss (91). The Coronary Drug Project showed that treatment with nicotinic acid for 

155 years continued to demonstrate a significant reduction in mortality in patients treated 

withh nicotinic acid (11% vs. placebo, p<0.001) (92). Subgroup analysis suggested a 

greaterr reduction in non-fatal MI in patients with the highest fasting blood glucose 

(>1266 mg/dl [7 mmol/1]) (93). 

5.1.4.. Combining nicotinic acid with a statin 

Combiningg nicotinic acid and a statin would be a logical approach to therapy as it 

addressess the metabolic abnormalities associated with type 2 diabetes and metabolic 

syndrome.. Studies have shown that addition of nicotinic acid to primary statin therapy 

producess additional lipid-modifying benefit (94,95). HDL-Atherosclerosis Treatment 

Studyy (HATS) (96) showed that treatment with simvastatin and nicotinic acid led to a 

26%% increase in HDL-C, 38% reduction in triglycerides and 42% reduction in LD L C. 

Thesee lipid changes were associated with a 60-90% fall in the frequency of major 

coronaryy events. Furthermore, post hoc analysis of the HATS study data showed that 

suchh combined treatment reduced progression of atherosclerosis by 90% in patients 

withh the metabolic syndrome compared when compared to placebo group (97). 

Recentlyy reported results from the Arterial Biology for the Investigation of the 

Treatmentt Effects of Reducing Cholesterol (ARBITER 2) Study (98), provide further 

supportt for the atheroprotective effect of the combination of nicotinic acid and a 

statinn in patients with established CHD and low HDL-C (< 45 mg/dl [1.17 mmol/1]), 
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27%% of whom had type 2 diabetes and over 50% of whom had features of the 

metabolicc syndrome. The Arterial Disease Multiple Intervention Trial (ADMIT ) (99), 

whichh included a subgroup of 125 patients with type 2 diabetes showed that nicotinic 

acidd daily significandy improved diabetic dyslipidaemia (increasing HDL-C by 29%) 

andd decreasing triglycerides and LDL-C by 23% and 8%, respectively) without any 

significantt deterioration in glycaemic control. 

Takenn together, the available data suggest that combination lipid-modifying therapy 

aimedd at LDL-C reduction (with a statin) as well as raising HDL-C and reducing 

triglyceridess is an important strategy to further reduce cardiovascular risk in patients 

withh type 2 diabetes and metabolic syndrome. 

5.1.5.. Novel therapies 
Thee possible use of CETP inhibitors in the treatment of dyslipidemia is under study. 

TwoTwo pharmacological small-molecule inhibitors of CETP, JTT-705 and torcetrapib, 

havee recendy been shown to effectively raise HDL cholesterol in humans without 

seriouss side effects when either used as a monotherapy or combined with statins that 

lowerr low-density lipoprotein cholesterol (100). Data from the DAIS furthermore 

showw that elevated CETP concentration is associated with increased progression of 

coronaryy atherosclerosis in patients with type 2 diabetes. Long-term studies will have to 

bee performed to show whether CETP inhibition decreases the risk of atherosclerotic 

diseasee in dyslipidemic patients. 

Recendyy a novel class of drugs aimed at tackling obesity and related metabolic and 

cardiovascularr disorders by selectively antagonising the cannabinoid type 1 receptor 

(CB1)) was studied. Van Gaal and colleagues reported the results of a 1-year blinded 

randomisedd clinical trial of rimonabant, the first drug of this class, in obese and 

overweightt patients. Rimonabant was reported to cause a pronounced reduction in 

bodyweight,, along with a parallel decrease in waist circumference, and a sustained 

ameliorationn of the metabolic profile (101). This compound therefore holds great 

promisee for the prevention and treatment of the metabolic syndrome and the associated 

cardiovascularr disease risk. 
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6.. Cardiovascular metabolic syndrome 

Wee are victims of our own evolutionary success, having developed a high caloric diet 

whilee minimizing the amount of maintenance energy expended on physical activity 

(1).. As a consequence obesity and type 2 diabetes has reached epidemic proportions. 

Todayy the biggest killers in the world are not infectious diseases; rather it is chronic 

afflictionss such as cardiovascular disease, obesity and type 2 diabetes that affect 

populationss across the globe (102). 

Thee role of inflammation in the pathogenesis of obesity, metabolic syndrome, type 2 

diabetess and coronary heart disease (65-67) has provided a possible common patho-

physiologicall  link between these diseases. Complex inter-relationships exist and therefore 

itt is exceedingly difficult to delineate the direction of the causal pathways between these 

disorders.. Given the overlap in prevalence of these metabolic disorders, and an alarming 

increasee in risk for cardiovascular disease due to presence of them, novel approaches to 

preventionn and therapy of patients with heart disease are called for (66). 

Givenn the characteristic atherogenic dyslipidaemia of low HDL-C, elevated triglycerides 

andd increase in small dense LDL associated with both type 2 diabetes and metabolic 

syndrome,, there is need for targeted therapy. The current evidence base supports the 

usee of combination therapy with a statin and nicotinic acid or a fibrate, in addition to 

diett and lifestyle intervention, to further reduce cardiovascular risk. Novel drug therapies 

likee CETP inhibitors and CB1 antagonists seem to hold a lot of promise (100,101). 

Concertedd effort is needed to prevent the onslaught of this "Cardiovascular Metabolic 

Syndrome".. Along with the study of the enormity of this disease burden and 

epidemiologicall  risk patterns, novel therapeutic and broader prevention strategies are 

required.. Simple life style modification of eating healthy and increased physical activity 

(103)) are important tools for primary and secondary prevention for all these diseases. 

Variouss treatment options are currently available (104) (table 3). Continued research, 

awarenesss and implementation of practical steps is essential at individual, institutional 

andd governmental levels to tackle this pandemic. 
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Tablee 3. Approach to Treatment 

Riskk Factor T r e a t m e n t t G o a l l 

Obesityy and Overweight Weightt loss via caloric restriction BM1 of < 25 K g / nC or waist 

andd exercise circumference of < 40 inches in 

menn and < 35 inches in women. 

Hyperglycemia a 

l ip id s s 
1.. LDL-cholestrol 

2.. H D L - cholesterol 

3.. Triglycerides 

Lifestylee modifications; insulin or < 7.0 hemoglobin A l e for those 

medicall  therapy for patients with diabetes; < 100 mg /dl fasting 

diabetes,, no indication for medical glucose for those with metabolic 

therapyy for among people with syndrome and without diabetes 

metabolicc syndrome without 

diabetes. . 

lifestylee modifications for all 

Statinss alone or in combination 

withh nicotinic acid or a cholesterol 

asbsorptionn inhibitor 

Nicotinicc acid or a fibrate 

Nicotinicc acid or a fribrate; 

certainn statins 

<< 100 m g / dL or < 70 m g / dL if 

knownn C HD or C HD equivalent 

>> 40 m g / dL (men) 

andd > 50 m g / dL (women) 

1500 m g / dL 

Elevatedd blood pressure 

Prothrombot icc state 

Proinf lammatoryy state 

Lifestylee modification; Medical 

therapyy choice per J NC VI I 

guidelines s 

Low-dosee aspirin 

Aspinn,, statins, fibtrates, insulin 

andd thiazolidmediones (TZDs) 

havee shown to have anti-

inflammatoryy effect 

<< 130/80 mm Hg 

J NCC V I I = the Seventh Report of the j o i n t Nat ional Commi t t ee on Prevent ion, Detect ion, Evaluat ion, 

andd T rea tment of H igh B lood Pressure 

References s 
1.. Leonard Yv'R. Food for thought. Dietary change was a driving force in human evolution. Sci Am. 

2002;287(6):106-15. . 

2.. World Heal th Organ iza t ion. The VC'orld Heal th Repo r t2003—Shap ing the Future. Geneva, 

Switzerland:Worldd Health Organization; 2003. 

3.. Murray CJL, Lopez AD. The Global Burden of Disease. Boston, Mass: Harvard School of Public 

Health;1996. . 

4.. Leeder S, Raymond S, Greenberg H, Liu H, EssonK. A Race Against Time: The Challenge of 

CardiovascularDiseasee in Developing Economies. New York,NY: Columbia University; 2004. 

27 7 



Chapterr 1 

5.. Wild S, Roglic G, Green A, Sicree R, King H. Global prevalence of diabetes: estimates for 2000 and 

projectionss for 2030. Diabetes Care. 2004;27:1047-1053. 

6.. Frenk J, Bobadilla JL, Sepulvcda J, Cervantes LM. Health Transition in middle-income countries: new 

challengess for health care. H Policy P W. 1989;4:29-39. 
7.. World Health Organization. Obesity: preventing and managing the global epidemic - report of a W HO 

consultation.. World Health Organ. Tech. Rep. Ser (2000); 894:1-253 . 

8.. Hubert HB, Feinleib M, McNamara PM et al. Obesity as an independent risk factor for cardiovascular 

disease:: a 26 year follow up of participants in the E;ramingham Heart Study. Circulation 1983; 67:968-976. 

9.. Calle EE, Thun MJ, Petrelli JM, Rodriguez C, Heath C\X'. Body mass index and mortality cohort of US 

adults.. X Engl.}. Med. 1999;341:1097-1105. 

10.. Williams CL, Havman LL , Daniels SR, et al. Cardiovascular health in childhood: a statement for health 

professionalss from the Commit tee on Atherosclerosis, Hypertension, and Obesity in the Young 

(AHOY)) of the Council on Cardiovascular Disease in the Young, American Heart Association. 

Circulation.Circulation. 2002; 106:143-160. 

11.. Howard BY, Rodriguez BL, Bennett PH, et al. Prevention Conference VI . Diabetes and cardiovascular 

disease,, writing group I: epidemiology. Circulation 2002;! 05:e 132—el37. 

12.. King H, Aubert RE, Herman WH. Global burden of type 2 diabetes, 1995-2025: prevalence, numerical 

estimates,, and projections. Diabetes Care 1998;21:1414-1431. 

13.. Kleinman JC, Donahue RP, Harris MI , et al. Mortality among diabetics in a national sample. Am J 

EpidemiologyEpidemiology 1988; 128: 389^101. 

14.. Miettinen H, Lehto S, Salomaa V, et al. for the FINMONICA Myocardial Infarction Register Study Group. 

Impactt of type 2 diabetes on mortality after the first myocardial infarction. Diabetes Care. 1998;21:69-75. 

15.. Mokdad AH, Ford HS, Bowman BA, et al. Type 2 diabetes trends in the U.S.: 1990-1998. Diabetes Care. 

2000;23:1278-1283. . 

16.. Dunstan DW, Zimmet PZ, Welborn TA et al. The rising prevalence of diabetes and impaired glucose 

tolerance.. The Australian Diabetes, Obesity and Lifestyle Study. Diabetes Care 2002;25:829-34 

17.. Isomaa B, Almgren P, Tuomi T et al. Cardiovascular morbidity and mortality associated with the 

metabolicc syndrome. Diabetes Care 2001;24(4):683-9 

18.. Diabetes Atlas, second edition, International Diabetes Federation, 2003 

19.. World Health Organization. Definit ion, diagnosis and classification of diabetes mellitus and its 

complications.. Report of a W HO consultation 1999 

20.. Executive summary of the third report of the National Cholesterol Education Program (NCEP) Expert 

Panell  on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult Treatment 

Panell  \\Ï).}AMA. 2001;285:2486-2497. 

21.. Worldwide definition for use in clinical practice. The ID F consensus worldwide definition of the 

metabolicc syndrome, h t tp : / /www. id f .org /home/ index 

22.. Ross R. Atherosclerosis—an inflammatory disease. A' Engl} Med. 1999 14;340(2):115-26. 

23.. Smith SC Jr, Anderson JL, Cannon RO 3rd, Fadl YY, Koenig W, Libby P et al CDC/AJIA Workshop on 

Markerss of Inflammation and Cardiovascular Disease: Application to Clinical and Public Health Practice: 

reportt from the clinical practice discussion group. Circulation. 2004;110(25):e550-3. 

24.. Libby P, Ridker PM, Maseri A. Inflammation and atherosclerosis. Circulation 2002;105:1135-1143. 

25.. Libby P. Current concepts of the pathogenesis of the acute coronary syndromes. Circulation 

2001;104:365-372. . 

26.. Shah PK. Plaque disruption and thrombosis: potential role of inflammation and infection. Cardiol Clin. 

1999;17:271-281. . 

27.. Dandona P, Aljada A, Bandvopadhyay A. Inflammation: the link between insulin resistance, obesity 

andd type 2 diabetes. Trends Immunol 2004 Jan;25(l):4-7. 

28.. Haffner SM.Insulin resistance, inflammation and the prediabetic state. Am J Cardiol'2003; 92(4A):18j-26J. 

29.. Pries AR, Secomb TW, Gaehtgens P. The endothelial surface layer. P/hgers Arch. 2000; 440(5):653-66 

30.. van Haaren PM, van Bavel ¥., Vink H, Spaan JA. Localization of the permeability barrier to solutes in 

isolatedd arteries by confocal microscopy. Am J Physiol 2003;285(6):H2848-56. 

28 8 

http://www.idf.org/home/index


Cardiovascularr Metabol ic Syndrome 

31.. Van den Berg B, Vink H and Spaan JA. The endothelial cell glycocalyx protects against myocardial 

edema.. Circ Res 2003;92(6):592-4 

32.. Van den Berg B, Spaan JA and Vink H. Loss of endothelial glvcocalvx precedes atherogenic laesion 

andd carotid plaque formation. Am J Physiol 2005; in press. 

33.. Constantinescu AA , Vink H, Spaan JA. Rndothelial cell glycocalyx modulates immobil ization of 

leucocytess at the endothelial surface. Arterioscl Tbromb Vase B/'o/2003;23(9):1541-7. 

34.. Mochizuki S, Vink H, Hiramatsu (), Kajita T, Shigeto F, Spaan JA et al. Role of hyaluronic acid in shear 

inducedd endothelium derived nitric oxide release. Am J Physio/ 2003;285(2):H722-6 

35.. Vink H, Constantinescu AA , Spaan JA. Oxidized lipoproteins degrade the endothelial surface laver 

:: implications for platelet-endothelial cell adhesion. Circulation 2000; 101 (13): 1500-2. 

36.. Henry CB, Duling BR. TNF-alpha increases entry of macromolecules into luminal endothelial cell 

glycocalyx.. Am J Physiol Heart Circ Physiol. 2000;279(6):H2815 23 

37.. Brownlee M. B iochemis t ry and mo lecu lar cell b io logy of d iabet ic comp l i ca t i ons. Nature 

20011 ;414(6865):813-20. 

38.. Nieuwdorp M, van Haeften TW, Mooij HL, van Lieshout MHP, Meijers JC, Levi MM et al. Glycocalyx 

decreasee in diabetes mellitus as novel cause for atherosclerotic vulnerability. DAL M 2004 [Abstract]. 

39.. Hotamisligil GS. Inflammatory pathways and insulin action. Int J Obes Relat Metab Disord. 2003 ;27 Suppl 

3:S53-5. . 

40.. White MF. IRS proteins and the common path to diabetes. Am J Physiol Endocrinol Metab. 2002 

;283(3):E413-22. . 

41.. Aguirre V, Uchida T, Yenush L, Davis R, White MF. The c-Jun NH(2)-terminal kinase promotes insulin 

resistancee during association with insulin receptor substrate-1 and phosphorylation of Ser(307). J Biol 

Chem.Chem. 2000 ;275(12):9047-54. 

42.. Waeber G, Delplanque J, Bonny C, Mooser V, Steinmann M, Widmann C et al. The gene MAPK8IP1, 

encodingg islet-brain-1, is a candidate for type 2 diabetes. Nat Genet 2000; 24: 291-295. 

43.. Ahima RS, Flier JS. Adipose rissue as an endocrine organ. Trends Endocnno/Metab.2000yï\:3>27-332. 

44.. Brun RP, Tontonoz P, Forman BM, et al. Differential activation of adipogenesis by multiple PPAR 

isoforms.. Genes Dev. 1996;10: 974-984. 

45.. Johannsson G, Karlsson C, Lonn L, et al. Serum leptin concentration and insulin sensitivity in men with 

abdominall  obesity. Obes Res. 1998;6:416-421. 

46.. BeltowskiJ. Adiponectin and resistin-new hormones of white adipose tissue. AledSciMonit. 2003;9:RA55-

RA61. . 

47.. Kern PA, Ranganthan 5, Li C, et al. Adipose tissue tumor necrosis factor and interleukin-6 expression 
inn human obesity and insulin resistance. Am J Physiol Endocrinol Metab. 2001;280:K745-E751. 

48.. Kubaszek, A. PihlajamakiJ, Komarovski V, Lindi V, Lindstrom J, Eriksson J, eta/. Promoter polymorphisms 
off  the TNF-a (G-308A) and IL- 6 (C-174G) genes predict the conversion from impaired glucose 
tolerancee to type 2 type 2 diabetes: the Finnish type 2 diabetes prevention studv. Diabetes 2003;52: 
1872-1876 6 

49.. Hotta K, Funahashi T, Arit a Y, et a/. Plasma concentrations of a novel, adiposespecific protein, 

adiponectin,, in type 2 diabetic patients. Arterioscler Throm Vase Biol. 2000 ;20: 1595-1599. 

50.. Ryo M, Nakamura T, Kihara S, Kumada M, Shibazaki S, Takahashi M, Nagai M, Matsuzawa Y, Funahashi 

T.. Adiponectin as a biomarkcr of the metabolic syndrome. Circ J. 2004 ;68:975-81. 

51.. Duncan BB, Schmidt MI , Pankow JS, Bang H, Couper D, Ballantyne CM, Hoogeveen RC, Heiss G. 

Adiponectinn and the development of type 2 type 2 diabetes: the atherosclerosis risk in communities 

study.. Diabetes 2004 ;53(9):2473-8. 

52.. Pischon T, Girman CJ, Hotamisligil GS, Rifai N, Hu FB, Rimm KB. Plasma adiponectin levels and risk 

off  myocardial infarction in men. JAMA 2004 14;291(14):1730-7. 

53.. Fernandez Real, J.M. et al. Novel in teract ions of Adiponect in with the endocr ine system and 

inflammatoryy parameters, ƒ Clin. Endocrinol. Metab 2003; 88: 2714-2718 

54.. Gil-Campos M, Canete RR, Gil A. Adiponectin, the missing link in insulin resistance and obesity. Clin 

Nutr.Nutr. 2004;23(5):963-74. 

29 9 



Chapterr 1 

55.. Dandona P, Aljada A, Bandyopadhyay A. Inflammation: the link between insulin resistance, obesity 

andd diabetes. Trends Immunol. 2004;25(l):4-7. 

56.. Ferroni P, Basili S, Falco A, Davi G. Inflammation, insulin resistance, and obesitv. Curr Atheroscler Rep. 

2004;6(6):424-31. . 

57.. Bloomgarden ZT. Insulin resistance: Current concepts. Clin fher. 1998;20:216-231. 

58.. Kahn SE, Prigeon RL, McCulloch DK , el al. Quantif ication of the relationship between insulin-

sensitivityy and beta-cell function in human subjects. Evidence for a hvperbolic function. Diabetes 

1993:42:1663-1672. . 

59.. Tooke JE. Microvascular function in human type 2 diabetes. A physiological perspective. Diabetes 

1995;44:721-726. . 

60.. Newman AB, Siscovick DS, Manolio TA, et al, for the Cardiovascular Heart Study (CHS) Collaborative 

Researchh Group. Ankle-arm index as a marker of atherosclerosis in the Cardiovascular Health Study. 

CirculationCirculation 1993;88:837-845. 

61.. Williams SB, Cusco JA, Roddy MA, et al. Impaired nitric oxide-mediated vasodilation in patients with 

non-insulin-dependentt type 2 diabetes mellitus. J Am Cell Cardiol. 1996;27:567-574. 

62.. Hopfner RL, Gopalakrishnan V. Endothelin: Emerging role in diabetic vascular complications. Diabetologm. 

1999;42:1383-1394. . 

63.. Tesfamariam B, Brown ML , Deykin D, Cohen RA. Elevated glucose promotes generation of endothelium-

derivedd vasoconstrictor prostanoids in rabbit aorta. J Clin Invest. 1990;85:929-932. 

64.. Zuanetti G, Latini R, Maggioni AP, et al. Influence of type 2 diabetes on mortality in acute myocardial 

infarction:: Data from the GISSI-2 study. J Am Coll Cardiol. 1993;22:1788-1794. 

65.. Lee YH, Pratley RE. The evolving role of inflammation in obesity and the metabolic syndrome. Current 

DiabetesDiabetes Reports 2005, 5: 70-75 

66.. Hansson GK. Inflammation, atherosclerosis, and coronary artery disease. N Engl J AW 2005; 352:1685-95 

67.. Fernandez-Real JM, Ricart W. Insulin Resistance and Chronic Cardiovascular Inflammatory Syndrome. 

EndocrineEndocrine Reviews 2005;24(3) :278-301. 

68.. Garg A, Grundy SM. Management of dyslipidemia in NIDDM . Diabetes Care 1990; 13:153-69. 

69.. Von Eckardstein A, Schulte H, Assmann G. Risk for diabetes mellitus in middle-aged Caucasian male 

participantss of the PROCAM study: implications for the definition of impaired fasting glucose by the American 

Diabetess Association. J Clin EndocrinolMetab 2000;85:3101-8. 

70.. UK Prospective Diabetes Study 27. Plasma lipids and lipoproteins at diagnosis of N IDD M by age and 

sex.. Diabetes Care 1997;20:1683-7. 

71.. Austin MA , Edwards KL . Small, dense low-density lipoproteins, the insulin resistance syndrome and 

non-insulin-dependentt diabetes. Curr Opin Upidol 1996;7:167-71. 
72.. Yusuf S, Hawken S, Ounpuu S et al. Effect of potentially modifiable risk factors associated with myocardial 

infarctionn in 52 countries (the INTERHEART study): case-control study. Lancet 2004;364:937-52. 

73.. Taskinen M-R. Diabetic dyslrpidaemia: from basic research to clinical practice. Diabetologia 2003;46:733-49. 

74.. Carmena R, Betteridge DJ. Statins and diabetes. Semin Vase Med. 2004;4(4):321-32. 

75.. De Backer G, Ambrosioni E, Borch-Johnsen K et al. European guidelines on cardiovascular disease 

preventionn in clinical practice. Third Joint Task Force of European and other Societies on Cardiovascular 

Diseasee Prevention in Clinical Practice. Executive Summary. Eur Heart J. 2003;24:1601-10. 

76.. Heart Protect ion Study Collaborative Group. M R C / B HF Heart Protect ion Study of cholesterol 

loweringg with simvastatin in 5963 people with diabetes: a randomised placebo-controlled trial. Lancet 

2003;361:2005-16. . 

77.. Nissen SE, Tuzcu EM, Schoenhagen P et al. Effect of intensive compared with moderate lipid-

loweringg therapy on progression of coronary atherosclerosis. A randomized controlled trial. JAMA 

2004;291:1071-80. . 

78.. Cannon CP, Braunwald E, McCabe CH et al. Intensive versus moderate lipid lowering with statins 

afterr acute coronary syndromes. A' Engl J Med 2004; 350:1495-504. 

79.. Gaede P, Vedel P, Larsen N et al. Multifactorial intervention and cardiovascular disease in patients 

withh type 2 diabetes. A' Engl] Med 2003; 348:383-93. 

30 0 



Cardiovascularr Metabol ic Svndrome 

80.. Van Wijk JPH, EJPde Koning, Martens EP, Rabelink TJ. Thiazolidincdiones and blood lipids in type 

22 diabetes. Arterioscler Thromb Vase Biol 2003; 23:1744-9. 

81.. Nesto R. C-reactive protein, its role in inflammadon, type 2 diabetes and cardiovascular disease, and 

thee effects of insulin-sensitizing treatment with thiazolidinediones. Diabet Med 2004;21:810-7. 

82.. Haffner S, Greenberg AS, Weston WM et al. Effect of rosiglitazone treatment on non-traditional 

markerss of cardiovascular disease in patients with type 2 diabetes. Circulation 2002;106:679-84. 

83.. Ghanim H, Garg R Aljada A et al. Suppression of nuclear factor-kB and stimulation of inhibitor kB 

byy troglitazone: evidence for an anti-inflammatory effect and a potential antiatherosclerotic effect in 

thee obese ./ Clin EndocrinolMetab 2001;86:1306-12. 

84.. Rubins HB, Robins SJ, Collins D et al. Gemfibrozil for the secondary prevention of coronary heart 

diseasee in men with low levels of high-density lipoprotein cholesterol. N Engl J Med 1999;341:410-8. 

85.. Robins SJ, Rubins HB, Faas HF et al. Insulin resistance and cardiovascular events with low HDL 

cholesterol.. The Veterans Affairs HDL Intervention Trial (VA-HIT) . Diabetes Care 2003;26:1513-7. 

86.. Manninen V, Elo MO, Frick MH et al. Lipid alterations and decline in the incidence of coronary heart 

diseasee in the Helsinki Heart Study. JAMA 1988; 260: 641-51. 

87.. Diabetes Atherosclerosis Intervention Study Investigators. Effect of fenofibrate on progression of 

coronaryy artery disease in type 2 diabetes: the Diabetes Atherosclerosis Intervent ion Study, a 

randomisedd study. iMncet 2001;357:905-10. 

88.. Tenenbaum A, Fisman EZ . Which is the best lipid-modifying strategy in metabolic syndrome and 

diabetes:: fibrates, statins or both? Cardiovasc Diabetol. 2004 ;3(1):10 

89.. Guyton JR, Blazing MA , Hagar J et al. Extended-release nicotinic acid vs gemfibrozil for the treatment 

off  low levels of high-density lipoprotein cholesterol. Niaspan-Gemflbrozil Study Group. Arch Intern 

A WW 2000; 160:1177-84. 

90.. Rosenson RS. Antiatherothrombotic effects of nicotinic acid. Atherosclerosis 2003;171:87-96. 

91.. Meyers CD, Kamanna VS, Kashyap ML. Niacin therapy in atherosclerosis. Curr Opin Eipidol2004;15:659-65. 

92.. Canner PL, Berge KG, Wenger NK et al. Fifteen year mortality in Coronary Drug Project patients: long-

termm benefit with niacin. J Am Coll Cardiol 1986;8:1245-55. . 

93.. Canner P, Furberg CD. McGovern ME. Niacin decreases myocardial infarction and total mortality in 

patientss with impaired fasting glucose or glucose intolerance: results from the Coronary Drug Project. 

CirculationCirculation 2002;106 (suppl II) : 3138 [abstract], 

94.. Wolfe ML , Vartanian SF, Ross JL et al. Safety and effectiveness of Niaspan when added sequentially to 

aa statin for treatment of dyslipidemia. Am J Cardiol 2001;87:47'6-9. 

95.. Insull WJr, McGovern ME, Schrott H et al. Efficacy of extended-release niacin with lovastatin for 

hypercholesterolemia:: assessing all reasonable doses with innovative surface graph analysis. Arch Intern 

AM2004;164:1121-7. . 

96.. Brown BG, Zhao XQ, Chait A et al. Simvastatin and niacin, antioxidant vitamins, or the combination 

forr the prevention of coronary disease. iV Engl J Med 2001;345:1583-92. 

97.. Zhao X-Q, Morse J, Chait A et al. Simvastatin plus niacin protect against atherosclerosis progression 

andd clinical events in coronary artery disease patients with metabolic syndrome. J Am Coll Cardiol 

2002;399 (suppl A): 242A 1130-73 [abstract]. 

98.. Taylor AJ, Sullenberger LE, Huyn JL, Lee JK, Grace KA . Arterial Biology for the Investigation of the 

Treatmentt Effects of Reducing cholesterol (ARBITER) 2. A double-blind, placebo-controlled study of 

extended-releasee niacin on atherosclerosis progression in secondary prevention patients treated with statins. 

CirculationCirculation 2004;110:3512-7. 

99.. Elam MB, Hunninghake DB, Davis KB et al. Effect of niacin on lipid and lipoprotein levels and 

glycemicc control in patients with diabetes and peripheral arterial disease. The ADMI T study: a 

randomizedd trial. JAMA 2000;284:1263-70. 

100.. van der Steeg WA, Kuivenhoven JA, Klerkx AH, Boekholdt SM, Hovingh GK, Kastelein JJ. Role of 

CETPP inhibitors in the treatment of dyslipidemia. Curr Opin Ltpidol. 2004;15:631-6. 

101.. Van Gaal LF, Rissanen AM , Scheen AJ, Ziegler O, Rossner S; RIO-Europe Study Group. Effects of the 

cannabinoid-11 receptor blocker rimonabant on weight reduction and cardiovascular risk factors in 

overweightt patients: 1-year experience from the RIO-Europe study. Lancet.2005 ;365:1389-97 . 

31 1 



Chapterr 1 

102.. Yach D, Hawkes C, Gould CL, Hofman KJ. The global burden of chronic diseases: overcoming 
impedimentss to prevention and control. JAMA. 2004 ;291:2616-22. 

103.. Hu FB, Willett WC, Li T, Stampfer MJ, Colditz GA, Manson JE. Adiposity as compared with physical 
activityy in predicting mortality among women. N Engl] Med. 2004 23;351:2694-703. 

104.. Wong ND. Intensified screening and treatment of the metabolic syndrome for cardiovascular risk 
reduction.. Prev Cardiol. 2005; 8:47-54. 

32 2 


