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Worldwide, approximately 200 million people currently have type II

diabetes mellitus (DM), a prevalence that has been predicted to

increase to 366 million by 2030. Rates of cardiovascular disease

(CVD) mortality and morbidity are particularly high in this popula-

tion, representing a significant cost for health care systems. Type II

DM patients generally carry a number of risk factors for CVD, includ-

ing hyperglycemia, abnormal lipid profiles, alterations in inflamma-

tory mediators and coagulation/thrombolytic parameters, as well as

other ‘nontraditional’ risk factors, many of which may be closely asso-

ciated with insulin resistance. Therefore, successful management of

CVD associated with diabetes represents a major challenge to the cli-

nicians. An effective way of tackling this problem is to detect the

associated risk factors and to target treatment toward their improve-

ment. Targeting hyperglycemia alone does not reduce the excess risk

in diabetes, highlighting the need for aggressive treatment of other

risk factors. Although the current use of statin therapy is effective at

reducing low-density lipoprotein cholesterol, residual risk remains for

other independent lipid and nonlipid factors. The peroxisome

proliferator-activated receptor-γ appears to be closely involved in

regulating risk markers at multiple levels. A relatively new class of

therapeutic agents that activate peroxisome proliferator-activated

receptor-γ, the thiazolidinedione insulin-sensitizing agents, is cur-

rently used to manage type II DM. These agents display a number of

potential antiatherogenic properties, including effects on high-density

lipoprotein cholesterol and triglycerides, as well as other beneficial

nonlipid effects, such as regulating levels of mediators involved in

inflammation and endothelial dysfunction. Research data suggest

that simple strategies combining thiazolidinediones and statins could

have complementary effects on CVD risk-factor profiles in diabetes,

alongside the ability to control glycemia.
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Diabetes mellitus (DM) is a metabolic disorder principally
characterized by elevated blood glucose levels and by

microvascular and macrovascular complications that consider-
ably increase the morbidity and mortality related to the dis-
ease (1,2). Type I DM (insulin-dependent diabetes mellitus,
IDDM) is characterized by a near-total reliance on exogenous
insulin for survival, and long-standing type I DM patients are
susceptible to microvascular complications, including
nephropathy, retinopathy and neuropathy, specific to diabetes
and to nonspecific macrovascular disease (coronary artery dis-
ease [CAD] and peripheral vascular disease, [Table 1]).
Mortality in type I DM has increased four- to sevenfold over
the matched nondiabetic population, and nephropathy and
CAD are the main causes of death (3-5). However, type II DM
(noninsulin-dependent diabetes mellitus, NIDDM) is charac-
terized by relative insulin deficiency and/or insulin resistance
and is becoming more common than type I, usually occurring
in middle age, most commonly in the obese. The reason for
this is attributed, in part, to an aging population and the
increasing prevalence of obesity and sedentary lifestyles (3).

Specific microvascular complications in type II DM are less
common than in type I DM, in which the onset is earlier and
exposure to the disease is generally longer. However, retinopa-
thy (especially maculopathy rather than proliferative changes),
nephropathy and neuropathy occur (Table 1). Type II DM

carries a high risk of large-vessel atherosclerosis, where the lin-
ing of the artery wall becomes enlarged, as cells from the blood,
along with lipids, accumulate, ultimately weakening the wall
and precipitating a rupture. This condition affects many indi-
viduals and is commonly associated with hypertension, hyper-
lipidemia and obesity (5-9). Myocardial infarction (MI) is also
common and accounts for 60% of deaths. Overall mortality of
type II DM has increased two- to threefold and life expectancy
is reduced by five to 10 years (3).

Atherosclerotic CAD and other forms of cardiovascular dis-
ease (CVD) are the major causes of mortality in type II DM (1,2),
and are major contributors to morbidity and depreciation in
quality of life (3,4). Risks of incidence from CAD or fatal
CAD are two- to fourfold higher in people with DM than in
those without (5-9). Furthermore, long-term prognosis after a
coronary event is significantly worse among people with DM
than those without (10). Patients with type II DM (but with-
out previous MI) have as high a risk of MI as nondiabetic
patients with previous MI (5). Accordingly, the National
Cholesterol Education Program (NCEP) guidelines classify DM
as a CAD “risk equivalent” – a disorder that carries an
absolute, 10-year risk for developing new major coronary
events equal to that of nondiabetic persons with established
CAD (ie, less then 20%) (11). Thus, DM is considered an impor-
tant cause of CVD and, from the perspective of cardiovascular
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medicine, may even be considered as a CVD in itself (12).
However, the core metabolic defect in DM (ie, hyperglycemia)
does not by itself raise the risk to the level of a CAD risk
equivalent – it is a constellation of metabolic risk factors that
combine with hyperglycemia to impart a high risk (11). The pres-
ent review describes the various CVD risk markers presenting
in people with type II DM and indicates how current and
potential future strategies aim to reduce this CVD risk.

INTERRELATION OF METABOLIC

ABNORMALITIES AND CARDIOVASCULAR

COMPLICATIONS ASSOCIATED WITH

TYPE II DM
The major underlying defect of type II DM is insulin resistance
and progressive deterioration of β-cell functions (1). A diversity
of causes, including aging, genetic defects, environmental fac-
tors and obesity, can trigger the development of insulin resist-
ance. Once insulin resistance develops in several tissues,
insulin-stimulated glucose disposal is decreased and adipocytes
release many free fatty acids (FFAs). Furthermore, increased
FFAs inhibit the insulin action on liver, resulting in increased
gluconeogenesis in the hyperglycemic state.

Coronary artery atherosclerosis in diabetic subjects is more
diffuse and severe than in nondiabetic subjects. Acute MI in
diabetes carries twice the mortality of that in the general pop-
ulation and contributing factors may include coexistent dia-
betic cardiomyopathy, autonomic neuropathy, and adverse
cardiac and metabolic effects of increased nonesterified fatty acid
levels (6-10). Acute MI in these subjects is usually managed by
tight control of blood glucose and potassium levels and prompt
treatment of cardiac failure. The symptoms of angina can be
masked in diabetic patients by autonomic neuropathy (11-21).

DM patients often present a number of discrete CVD risk
factors (Table 2) that are closely associated with the presence
of insulin resistance, a possible common etiological factor,
although without clear connection (11,13). The combination
of multiple CVD risk factors and insulin resistance is collec-
tively known as the ‘metabolic syndrome’ as defined by the
World Health Organization and the NCEP Adult Treatment
Panel (ATP) III (11,13) (Table 2). Type II DM patients with
insulin resistance have a proatherogenic cardiovascular risk
profile which includes impaired glucose regulation, abdominal
obesity, hypertension, atherogenic dyslipidemia (characterized
by elevated levels of triglycerides [TGs] and low levels of high-
density lipoprotein cholesterol [HDL-C]), microalbuminuria,
and specific proinflammatory and prothrombotic abnormali-
ties of endothelial cell and vascular functions (11,13-15). In

those with normal glucose tolerance, the presence of the
metabolic syndrome also predicts a high risk for developing
type II DM (13,16,17).

Although each component of the metabolic syndrome
brings an individual increased CVD risk, the effect is
enhanced when in combination. Therefore, the metabolic syn-
drome is associated with a threefold increase in the risk of
CAD and stroke and a threefold increase in the likelihood of
mortality from CAD (18,19). Furthermore, the risk of CVD
(and also DM) increases as the number of components of the
metabolic syndrome increases (16).

The prevalence rate of the metabolic syndrome is high in
many western countries, with 25% to 35% of the general pop-
ulation affected. Based on 2002 census data of adults in the
United States, approximately 47 million residents have the
metabolic syndrome and the age-adjusted prevalence of the
metabolic syndrome is 24%, increasing with age from 7% in
the Third National Health and Nutrition Examination Survey
(NHANES III) participants aged 20 to 29 years to 44% in
those aged 60 to 69 years (20). The association with DM was
highlighted in a recent analysis from NHANES III in which
approximately 85% of people with diabetes were classified as
having the metabolic syndrome compared with only 12% of
those with normal fasting glucose (21).

TABLE 1
Causes of mortality in type I and type II diabetes mellitus (DM)

Type I DM (%) Type II DM (%)

Cardiovascular disease 15 58

Cerebrovascular disease 3 12

Nephropathy 55 3

Diabetic ‘coma’ 4 1

Malignancy 0 11

Infections 10 4

Others 13 11

TABLE 2
Coronary artery disease risk factors associated with
type II diabetes mellitus

Risk factors Reference

Hyperglycemia 11, 31, 40

Hyperinsulinemia 11, 12

Obesity 13-15

Dyslipidemia 22-26

Decreased high-density lipoprotein cholesterol

Small, dense low-density lipoprotein particle size

Increased triglycerides

Hypertension 17, 18

Microalbuminuria 40

High white blood cell count 21, 27, 40

Vascular inflammation markers 30-32, 36-39

Increased C-reactive protein

Increased monocyte chemotactic protein-1

Increased proinflammatory cytokines

Coagulation and thrombotic markers 11, 13-15, 76-78

Increased mean platelet volume

Decreased antioxidant status

Increased von Willebrand factor

Decreased antithrombin III

Increased plasminogen activator inhibitor-1

Increased fibrinogen

Increased matrix metalloproteinase levels

Endothelial dysfunction 30-32, 41, 42

Decreased vascular reactivity

Increased degradation of nitric oxide

Reduced release of prostacyclin

Impaired flow-mediated dilation
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Abnormal lipid profiles
Dyslipidemia is an established risk factor for CAD in patients
with type II DM, as well as in nondiabetic patients, and is likely
to play a leading role in the increased CVD risk associated
with diabetes (11,22,23). The dyslipidemia associated with
type II DM is typically more complex than simple elevation of
systemic low-density lipoprotein cholesterol (LDL-C) levels.
In fact, the LDL-C levels seen in diabetic populations may not
be significantly different from the values seen in nondiabetic
populations. The high atherogenicity associated with diabetic
dyslipidemia is probably related to the characteristic finding of
low plasma concentrations of HDL-C, elevated levels of
apolipoprotein B and elevated TG levels, as well as to abnormal-
ities in lipoprotein particle size and subclass distribution (24,25).
Among the wide range of lipoprotein subclasses that have been
described, disproportionate amounts of small, dense LDL parti-
cles and small HDL particles are thought to constitute a par-
ticularly atherogenic profile due to a high susceptibility to
oxidation (26).

Several mechanisms may account for the atherogenic lipid
abnormalities in diabetic patients. Dysfunctional adipose tissue
or adiposopathy is thought to develop via the combination of
excessive fat accumulation and genetic predisposition.
Evidence suggests that this dysfunctional adipose tissue is less
sensitive to insulin and has reduced hormone-sensitive lipase
activity compared that of with normal adipose tissue. As a
result, there is an increased breakdown of intracellular TG and
increased release of FFAs into the circulation, leading to fatty
infiltration in the liver, muscles and possibly pancreatic β-cells
(Figure 1a). Ultimately, this contributes to, and may exacer-
bate, insulin resistance in the liver and muscle. After long-
term exposure to FFA, the function of the pancreatic β-cells
may also be compromised, leading to or contributing to
increased predisposition to type II DM. Increased hepatic FFAs
contribute to increased hepatic synthesis of TG, which in turn
results in elevated concentrations of very LDL (VLDL) parti-
cles (Figure 1b). As a consequence, the characteristic hyper-
triglyceridemia (and possible ‘fatty liver’) emerges, a common
finding in patients with insulin resistance. Afterwards, various
lipases contribute to remodelling of VLDL to small, dense LDL
particles (Figure 1d). In addition, cholesteryl ester transfer pro-
tein (CETP) exchanges TG from VLDL to cholesterol found
in HDL and LDL, leading to cholesterol-rich atherogenic
VLDL particles. HDL particles that undergo these modifica-
tions are cleared more readily by the kidney, resulting in lower
HDL-C levels (Figure 1c). The more TG-rich LDL particles
undergo metabolism by lipases, again resulting in small, dense
LDL particles that exhibit increased atherogenicity.

Hypertension
Hypertension in diabetic patients represents an important
health problem because the combination of the two diseases is
common. Hypertension affects over 30% of European diabetic
patients and is twice as common as in the nondiabetic popula-
tion (27). DM predisposes individuals to hypertension by pro-
moting sodium retention, increasing vascular tone and by
contributing to nephropathy. Hypertension in type II DM can
be partly a consequence of insulin resistance and of hyperinsu-
linemia. Aortic stiffness as measured from aortic pulse wave
velocity (PWV) has been shown to be a predictor of future cardio-
vascular events in patients with DM and hypertension (28,29).
It is of note (30) that an increase in brachial-ankle PWV is

associated with symptomatic cerebral infarction in patients
with type II DM. Indeed, there are significant differences in
the age-related increase in vascular stiffness in the elastic arter-
ies of people without diabetes, compared with those in the
arteries of patients with diabetes, and their blood vessels seem
to age at an accelerated pace, starting at an earlier age and
then reaching a functional plateau (31). Thus, PWV is
thought to be useful as a marker relating to the severity of ath-
erosclerosis and for predicting future atherosclerotic cardiovas-
cular events in DM patients.

Endothelial dysfunction and the vascular wall in DM
Vascular endothelial dysfunction has been proposed to play a
pivotal role in the development and progression of subclinical
atherosclerosis. The properties of the impaired endothelium
include reduced vasoactive capability, increased ability to sup-
port thrombosis, increased permeability and increased adhe-
sion molecule expression (32,33). Such changes produce
increased adhesion of leukocytes and platelets, increased
responsiveness to vasoconstrictor agents (eg, angiotensin II,
endothelin-1 and thrombin) and increased transmigration of
leukocytes (33,34). Prostacyclin and nitric oxide (NO), pro-
duced by normal endothelium, inhibit platelet activation and
relax vascular smooth muscle, promoting normal blood flow.
People with DM have a reduced release of prostacyclin and
NO (35) and the chronic impairment of endothelial NO
synthase activity by this mechanism may partly explain the
accelerated atherosclerosis in DM. Endothelial dysfunction
can be detected early in the prediabetic state and the progression
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Figure 1) The role of cholesteryl ester transfer protein (CETP) in the
creation of an atherogenic lipid profile of hypertriglyceridemia, choles-
terol (C)-rich very low-density lipoprotein (VLDL), low high-density
lipoprotein (HDL)-C levels and small, dense LDL particles typical of
the metabolic syndrome and type II diabetes mellitus (reproduced from
reference 99). FFA Free fatty acid; TG Triglyceride
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of endothelial dysfunction to atherosclerosis parallels that of
insulin resistance to type II DM (32,33).

Plasma von Willebrand factor (vWF) (a marker of endothe-
lial damage/dysfunction) levels are elevated in patients with
type II DM, particularly in the presence of microalbuminuria
and a history of CAD. This was found to be associated with
markers of an increased oxidative stress and therefore reflect the
severity of biochemical abnormalities, contributing to diabetic
vascular disease (36). Increased levels of vWF was found to be
independently and significantly associated with diabetes in a
cohort of postinfarction patients, possibly indicative of endothe-
lial damage being causal to the increased vascular events (37).

Impaired endothelial synthesis of NO is an important fea-
ture of atherothrombosis, estimated from endothelium-dependent
flow-mediated dilation (FMD), and type II DM is independ-
ently associated with impaired FMD (38). Diabetic patients
also have a decreased FMD and an increased arterial stiffness
compared with age- and sex-matched nondiabetic people, and
these functional changes correlate well with the structural
changes of the arteries measured by intimal medial thickness (39).

The relationship between micro- or macroalbuminuria and
CVD mortality may also be related to its association with
endothelial dysfunction (40,41).

Inflammation and diabetes
There is a close association between inflammation and
endothelial dysfunction and there is increasing evidence that
low-grade inflammation, perhaps reflecting a widespread acti-
vation of the innate immune system, is closely involved in the
pathogenesis of type II DM dyslipidemia and atherosclerosis (42).
The ongoing acute phase response (seen in insulin-resistant
subjects and type II DM patients) is induced by cytokines, and
is reflected in elevated circulating inflammatory markers, such
as C-reactive protein (CRP), interleukin (IL)-1, IL-6, tumour
necrosis factor-alpha (TNF-α), leptin, plasminogen activator
inhibitor-1 (PAI-1), angiotensinogen and fibrinogen
(described by Hsueh and Bruemmer [43] as a “proinflammatory
milieu”). Such chronic inflammation of the endothelial cell
and vascular environment impairs endothelium-dependent
vasodilation, induces the expression of cell surface adhesion
molecules by endothelial cells and increases cardiovascular risk
(44-46) (Figure 2). In particular, CRP may play a significant
role as it amplifies the inflammatory response by stimulating
the production of TNF-α and IL-1 by tissue macrophages (46).
Thus, CRP has been linked with CAD mortality and the

development of DM (42,47,48). CRP also stimulates PAI-1,
which inhibits fibrinolysis and also predicts CAD and DM, as
well as contributing to the prothrombotic state in obesity (43,46).

There is also evidence to suggest that there is an association
between diabetes and cyclooxygenase-2-mediated inflammation
(49). In the presence of proinflammatory stimuli, endothelial
cells are activated by an increasing production and expression
of soluble adhesion molecules, such as intercellular adhesion
molecule-1, vascular cell adhesion molecule-1 and E-selectin
(50,51). Moreover, prospective studies (52,53) have showed
that elevated levels of intercellular adhesion molecule-1 and
E-selectin in diabetes significantly predict future risk of CVD.
CD40 ligand is a trimeric, transmembrane protein of the TNF
family and, together with its receptor, is an important contrib-
utor to the inflammatory processes that lead to atherosclerosis
and thrombosis. Both CD40 and CD40 ligand have been
showed to be present in human atheroma (54), and intensive
multifactorial cardiovascular risk management reduces high
levels of soluble CD40 ligand in diabetes, particularly in
patients with overt CVD (55).

Abnormalities of extracellular matrix turnover
Circulating markers of extracellular matrix turnover, such as
matrix metalloproteinases (MMPs) and their tissue inhibitors
of metalloproteinases (TIMPs) are fundamental to the vascular
changes of atheromatous vascular disease. TIMP-1 is an
endogenous MMP inhibitor that may be involved in vascular
matrix fibrosis (56), and has a role in left ventricular hypertro-
phy and diastolic dysfunction by reducing cardiac collagen
type I turnover and increasing cardiac mass and stiffness (57).
It is of note (58) that MMP-9 and TIMP-1 levels are signifi-
cantly raised in DM, and increased central and peripheral
artery stiffness is also present in this condition (59).
Reductions in TIMP-1 levels have been observed with
improvement in metabolic control, and this raises the possibil-
ity of TIMP-1 as a marker of vascular composition in diabetes
(60), a possible target for intervention.

Hyperglycemia and oxidative stress
Hyperglycemia may induce protein glycation, oxidation, gly-
coxidation and lipoxidation, and may mediate vascular damage
in DM (61,62). Connective tissue proteins, such as collagen,
may be affected by elevated glucose levels and it has been
observed that in DM individuals, the gradual, age-dependent
collagen glycation is impaired and accelerated by two- or
threefold compared with that of non-DM individuals (63).
Furthermore, hyperglycemia leads to the formation of
advanced glycation end products (AGEs), such as car-
boxymethyllysine and pentosidine agents, that are formed via
the nonenzymatic, covalent modification of free proteins by
reducing sugars. AGEs act through activation of a cell surface
receptor of AGE (RAGE), and have been shown to have detri-
mental effects in both microvascular and macrovascular
endothelial cells by inducing free radical oxidation and altering
endothelial function (64,65).

Hyperglycemia is also likely to contribute further to
endothelial dysfunction once DM develops, and poor
glycemic control is a significant predictor of CVD mortality
in DM (11,33,40). Although hyperglycemia is an established
CVD risk factor independent of dyslipidemia, clinical trials,
such as the United Kingdom Prospective Diabetes Study
(UKPDS), have not been able to demonstrate definitively that

Kalofoutis et al

Exp Clin Cardiol Vol 12 No 1 200720

Figure 2) Inflammatory processes involved in the development of ath-
erosclerotic lesions (reproduced from reference 99). LDL Low-density
lipoprotein; MCP-1 Monocyte chemotactic protein-1
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an intensive glucose lowering policy reduces CAD events
(11,61,62). Thus, a focus on reducing glycemia alone does not
appear sufficient to reduce the excess risk in DM, highlighting
the need for aggressive treatment of other risk factors. Some
oral agents (eg, thiazolidinediones [TZDs]) used to treat hyper-
glycemia do significantly modify cardiovascular risk factors
other than hyperglycemia (66), and may have a role in reduc-
ing the CVD burden of DM.

Other risk factors
In addition to these ‘traditional’ CVD risk factors, analyses
from NHANES III recently highlighted a number of ‘nontradi-
tional’ risk factors that are present significantly more frequently
in DM, including high white blood cell count, low serum albu-
min, low glomerular filtration rate, high plasma fibrinogen and
elevated CRP (21). Furthermore, 12% of people with DM had
three or more nontraditional risk factors compared with only 5%
of those with normal fasting glucose.

Large-scale intervention trials highlight the impact of dys-
lipidemia in DM. For instance, in the UKPDS, there were sig-
nificant associations between increased risk of CAD and
increased concentrations of LDL-C and TGs, as well as
between increased risk of CAD and decreased concentrations
of HDL-C (67). The diabetes intervention study and the Paris
prospective study found that TGs, in particular, were significant
predictors of mortality from CAD (68,69).

Nuclear receptors associated with metabolic homeostasis
Nuclear hormone receptors may interact directly with target
genes to induce a variety of physiological effects, including
the regulation of cholesterol, fatty acids and glucose metabo-
lism. They include peroxisome proliferator-activated receptor-
gamma and -delta (PPAR-γ and -δ), retinoid X receptor
(RXR), liver X receptor and farnesoid X receptor. The PPAR
family consists of three types of receptors, termed PPAR-α,
PPAR-δ and PPAR-γ. PPARs mediate a large proportion of
their actions by binding to peroxisome proliferator response
elements (PPREs) on DNA (43). The PPREs are direct
repeats of the hexameric sequence AGGTCA, separated by
one or two nucleotides. In terms of PPAR function, distinct
domains have been identified that have key roles in the trans-
duction of the PPAR-induced response. The binding of ligand
to the ligand-binding domain results in a conformational
change in the receptor that allows transactivation of the
appropriate genes. PPARs have been shown to form het-
erodimers with the RXR, resulting in a synergistic effect on
gene transactivation (44).

PPAR-γ is a nuclear hormone receptor that comprises an
agonist-dependent activation domain (AF-2), DNA binding
domain and agonist-independent activation domain (AF-1).
The cloning of PPAR-γ ultimately leads to the observation
that it has an important regulatory role in adipogenesis. PPAR-γ
is highly expressed in adipose tissue and its overexpression in
fibroblasts results in differentiation of fibroblasts into
adipocytes (43,44). Upon the binding of the agonists, PPAR-γ
heterodimerizes with RXR-α and activates the transcription of
target genes through the binding of the PPRE.

Activation of PPAR-γ has profound effects on the
myocardium and major cells of the vasculature (31,43). Firstly,
PPAR-γ ligands inhibit inflammation directly in vascular cells,
as well as indirectly through regulation of gene expression in
adipose tissue (43). They also block vascular smooth muscle

cell growth and migration in human atheroma, migration of
monocytes and also promote reverse cholesterol transport.
PPAR-γ ligands also inhibit endothelial cell growth and move-
ment, thus demonstrating antiangiogenic properties (43).

At present, information is not available regarding the long-
term effects of PPAR-γ activation on CVD risk and DM compli-
cations. However, a number of clinical studies have shown that
its synthetic agonists, TZDs, may improve glucose tolerance by
enhancing insulin sensitivity and restoring the function of
β-cells in diabetic subjects (26,70-74). TZDs, also termed the
‘glitazones’, include agents such as troglitazone, pioglitazone and
rosiglitazone. There is a strong correlation between the TZD-
PPAR-γ interaction and antidiabetic action of TZDs; the rela-
tive potency of TZDs for binding to PPAR-γ and activation of
PPAR-γ in vitro correlates well with their antidiabetic potency
in vivo (75). Patients with a dominant negative mutation in the
PPAR-γ gene show severe hyperglycemia, which provides a
genetic link between PPAR-γ and type II DM (76). TZDs stim-
ulate adipocyte differentiation, preferentially generating smaller
adipocytes that are more sensitive to insulin, producing less
FFAs, TNF-α and leptin (77,78). Although the antidia-
betic action of PPAR-γ agonists is well established, there is dis-
agreement about the mechanism proposed to explain how these
agonists affect glucose metabolism. Improved glucose home-
ostasis may be achieved either by systemic insulin sensitization
or by direct action of PPAR-γ on the transcription of genes
involved in the glucose disposal. Evidence supporting the direct
action of PPAR-γ on glucose metabolism has been reported. TZDs
increase the expression of insulin receptor substrate (IRS)-1 (79),
IRS-2 (80), the p85 subunit of phosphatidylinositol 3-kinase (81)
and the Cbl-associated protein (82,83). These results are in line
with the fact that TZDs increase insulin-stimulated glucose
uptake in L6 myotubes (84) and in cultured human skeletal
muscle cells (85,86). In addition to the insulin-sensitizing effects
in peripheral tissues, PPAR-γ is known to increase the glucose-
sensing ability of pancreatic β-cells (46,87-89). TZDs can reduce
hepatic glucose production and increase glycogen synthesis in
diabetic animal models, although controversial results have
been reported.

THERAPEUTIC APPROACHES FOR

PREVENTION OF CARDIOVASCULAR

COMPLICATIONS IN TYPE II DM
Diabetic status appears to confer an exceptionally high risk for
macrovascular disease, and there is a consensus that only a
portion of patients with DM are optimally treated with a com-
prehensive plan that includes aggressive lipid and glycemic
control, blood pressure-lowering, body mass index (BMI)
reduction through diet and increased physical activity, and
smoking cessation.

Therapies to lower lipids and blood pressure are proven
interventions to reduce CVD (Table 3). There is strong evi-
dence that acetylsalicylic acid (90,91), statins (92,93) and
angiotensin-converting enzyme (ACE) inhibitors (94) reduce
the risk of death from CVD in patients with DM. Additional
therapies to the tight blood glucose control with other antihy-
pertensive agents and fibrates have also been added, targeting
the coexisting hypertension and hypertriglyceridemia, which is
also widely prevalent in type II DM (95,96).

Other interventions, specifically weight loss, increased
exercise and antidiabetic drugs such as metformin and acarbose,

Risk factors and diabetes mellitus
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have been shown to prevent diabetes in patients with impaired
glucose tolerance, but whether CVD is also prevented in this
high-risk group is not yet known (97,98).

With respect to nonmedical therapies, coronary artery
bypass grafting is associated with a greater success than is per-
cutaneous transluminal coronary angioplasty (PTCA) for
patients with multivessel CAD (99). For persons with dia-
betes undergoing PTCA, the combination of a stent and gly-
coprotein IIb/IIIa inhibitor significantly reduces restenosis
rates and serious morbidity, compared with PTCA alone.
Trials using drug-eluting stents in diabetes are currently
underway. Other interventions, such as smoking cessation and
blood glucose control, were deemed ‘likely to be beneficial’ for
lowering the risk of heart disease, according to the evidence-
based guidelines (100).

Use of acetylsalicylic acid
Low-dose daily acetylsalicylic acid is being advocated to pre-
vent a first MI. The United States Preventive Service Task
Force strongly recommends acetylsalicylic acid chemopreven-
tion for adults who are at increased risk for CAD, including
people with diabetes, based on a meta-analysis of five primary
prevention trials that included the seminal United States
Physicians’ Health Study (101). The American Diabetes
Association also recommends acetylsalicylic acid for the pri-
mary prevention of heart disease in diabetic patients older than
30 years with no contraindications (102). The American
Heart Association Guidelines for Primary Prevention of
Cardiovascular Disease and Stroke: 2000 Update (103) call for
low-dose acetylsalicylic acid for primary prevention in patients
with a 10-year risk of heart disease that exceeds 10%.

Lifestyle modification to prevent diabetes
Therapeutic lifestyle changes, including reducing intake of sat-
urated fats and cholesterol, increasing intake of fibre, reducing
body weight and increasing physical activity, represent the first
step for CAD risk reduction in the recommendations of both
the NCEP and the Joint European Societies (104,105).
Lifestyle modifications also play an important role in strategies
to prevent and treat diabetes (106-108). The benefits of
lifestyle modification in risk reduction can be significant; for
example, it is estimated that a 10% reduction in BMI in
patients with type II DM can reduce systolic blood pressure by
15 mmHg to 20 mmHg, total cholesterol by 1 mmol/L to
2 mmol/L and HbA1c by 1% to 2%. Two large studies
(109,110) have recently shown that such lifestyle intervention
is highly successful in preventing development of type II DM.

Use of ACE inhibitors
The relationship between the renin-angiotensin-aldosterone
system and diabetic macrovascular and microvascular disease is
well established (111).Vascular angiotensin plays an important
role in the long-term regulation of the blood vessel function
and structure. Angiotensin stimulates vascular smooth muscle
cell growth via the induction of proto-oncogene and autocrine
growth factor gene expressions (112). Angiotensin II acts prin-
cipally through the angiotensin type 1 receptors leading to a
range of harmful effects that culminates in vascular inflamma-
tion, atherosclerosis (113) and oxidative stress (114-118).

ACE inhibitors have been showed to have long-term bene-
fits in CVD. These drugs have been considered for the treat-
ment of hypertension in diabetic patients with heart failure,
previous MI or proteinuria. Moreover, pharmacological inter-
ventions with ACE inhibitors lead to the accumulation of
bradykinin and suppression of angiotensin II (119).

The Heart Outcomes Prevention Evaluation (HOPE)
study (120) demonstrated the significant benefits of ACE inhi-
bition in patients with documented coronary disease. This
study assessed the effects of treatment with the ACE inhibitor
ramipril, versus placebo, in 9297 patients, who had evidence of
vascular disease or diabetes plus one additional cardiovascular
risk factor, and who did not have left ventricular dysfunction
or heart failure. Treatment with ramipril resulted in reduced
rates of death from cardiovascular causes, MI, stroke, death
from any cause, revascularization procedures, cardiac arrest,
heart failure and complications related to diabetes. In terms of
heart failure, ramipril treatment reduced the risk of new-onset
heart failure by 23% (120). A substudy of the HOPE trial, the
Microalbuminuria, Cardiovascular, and Renal Outcomes
(MICRO)-HOPE study (121), examined whether ramipril can
lower the risks of CVD and renal disease in patients with dia-
betes. The analysis included 3577 patients with diabetes who
had been included in the HOPE study. The independent safety
and monitoring board stopped the MICRO-HOPE study early
(after 4.5 years) because ramipril therapy demonstrated a con-
sistent benefit compared with placebo in this patient popula-
tion. Specifically, it reduced the risk of total mortality by 24%,
MI by 22%, stroke by 33%, cardiovascular death by 37% and
revascularization by 17% (122). The HOPE and MICRO-
HOPE studies provide convincing evidence that ACE inhibi-
tion can lower the risk of new-onset heart failure in patients
with diabetes. In patients with symptomatic heart failure, there
is a wealth of data demonstrating the benefits of ACE inhibitor
therapy. Garg and Yusuf (122) analyzed 32 randomized, con-
trolled trials of ACE inhibitor therapy in patients with symp-
tomatic congestive heart failure and found that ACE inhibitor
treatment resulted in a 23% reduction in mortality.

A more recent analysis of major clinical trials of ACE
inhibitors further shows that patients with heart failure who
have diabetes experience a benefit from therapy with ACE
inhibitors similar to that of their nondiabetic counterparts (123).

Use of lipid-regulating agents (statins and fibrates)
Randomized clinical trials have demonstrated that lipid-
regulating agents (statins or fibrates) significantly reduce the
risk of cardiovascular events in subjects with diabetes and
dyslipidemia.

The inhibitors of HMG-CoA reductase, known generically
as statins, are the recommended first-line therapy for patients
with dyslipidemia (11,124). These drugs inhibit the rate-limiting
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TABLE 3
Therapies to reduce cardiovascular disease in diabetes
mellitus

• Antihypertensive treatment (the lower the pressure, the better)

• Hypercholesterolemia treatment with statins (the lower the low-density 

lipoprotein cholesterol level, the better)

• Acetylsalicylic acid treatment

• Coronary artery bypass grafting (better than percutaneous transluminal 

coronary angioplasty)

• Glycoprotein IIb/IIIa inhibitor treatment plus percutaneous transluminal 

coronary angioplasty
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step in cholesterol biosynthesis, the conversion of HMG-CoA
to mevalonate. This reduces the availability of cholesterol for
packaging into lipoproteins, such as VLDL and LDL.
Consequently, upregulation of hepatic LDL receptors also
occurs, leading to a further fall in plasma LDL-C. It is believed
that this well-documented fall in LDL-C underpins most of the
beneficial effect of the statins. Clinical trials of statins have
shown convincingly that they decrease overall morbidity and
mortality from CAD by one-third, with a similar decrease in
risk of nonhemorrhagic stroke and a decrease in all-cause mor-
tality of almost one-quarter (125). For instance, the
Scandinavian Simvastatin Survival Study (4S) showed that
simvastatin therapy reduced CAD events by 55% in people
with DM (126).

Pooled data from the Cholesterol and Recurrent Events (CARE)
and Long-term Intervention with Pravastatin in Ischaemic
Disease (LIPID) studies of pravastatin therapy also revealed
significantly reduced CAD events in people with DM (127).
The Collaborative Atorvastatin Diabetes Study (CARDS) was
halted two years early, because patients on statin therapy had
significant reductions in acute coronary events by 36% and
stroke by 48% (128). While the American College of
Physicians has recommended the widespread use of statin ther-
apy to prevent CVD in patients with type II DM (129,130),
not all clinicians agree that statins should be used in all
patients with the disorder (131). Although statins are effec-
tive at lowering LDL-C (by approximately 20% to 25%),
their effects on TGs and HDL-C are less impressive, with
approximately 10% to 15% decreases in TGs and only
approximately 5% increases in HDL-C, and a substantial
‘residual’ cardiovascular risk may remain without appropriate
attention to these risk factors (125,132-134).

Use of PPAR-γγ activators
PPAR-γγ activation – effects on lipid profile: Insulin resist-
ance results in increased levels of plasma TGs, decreased
HDL-C and a predominance of highly atherogenic, small,
dense, LDL-C particles, as mentioned previously (22-25). The
TZDs have beneficial effects in attenuating this complex dys-
lipidemic state. Typical quantitative changes have been
described in studies using pioglitazone (135-139) and rosigli-
tazone (140). In dyslipidemic patients, TG levels did not
change significantly from baseline with rosiglitazone therapy,
whereas total cholesterol, HDL-C and LDL-C levels increased
at doses greater than 4 mg. However, LDL-C levels stabilized
after approximately three months of treatment with 8 mg of
rosiglitazone, whereas HDL-C levels continued to increase
during 1.5 years of follow-up, leading to an overall decrease in
the LDL-C to HDL-C ratio. The clinical significance of the
small increase in LDL-C is unclear. As with troglitazone, the
increase in LDL-C concentration with rosiglitazone and
pioglitazone occurs mainly in the larger, more buoyant, appar-
ently less atherogenic subfraction of LDL-C (140,141).
Rosiglitazone also reduces plasma levels of the atherogenic,
small, dense LDL-C and increases levels of the atheroprotec-
tive large HDL-C (70). Both rosiglitazone and pioglitazone
decrease circulating FFA levels, an effect that may relate to
improved insulin sensitivity (140).

These effects on lipid abnormalities may not be a class effect
of TZDs, because pioglitazone and rosiglitazone have distinct
effects on lipoprotein metabolism, which may have important
clinical implications for cardiovascular risk reduction in

patients with type II DM. In a retrospective study (140) from
primary care practices, pioglitazone demonstrated significant-
ly greater benefits on blood lipid parameters (TGs, total cho-
lesterol and LDL-C) relative to rosiglitazone, while glycemic
control (as measured by HbA1c) was comparable.
Furthermore, recent results from a randomized, prospective,
double-blind study comparing the two agents showed that,
relative to rosiglitazone, pioglitazone significantly improved
TGs, HDL-C and LDL particle concentration and size. Non-
HDL-C remained stable with pioglitazone, but increased with
rosiglitazone.
PPAR-γγ activation – effects on endothelial dysfunction and
inflammation: The TZDs have salutary effects on endothelial
dysfunction, a key factor in the pathogenesis of atherogen-
esis (141). For example, expression of endothelin-1 (ET-1), a
potent, endothelial-derived vasoconstrictor compound
thought to be involved in the pathogenesis of numerous com-
plications of diabetes, is regulated by TZD action. In the kid-
ney, glomerular endothelial cells, mesangial cells and
epithelial cells secrete ET-1, and alterations in urinary and
renal ET-1 concentrations are associated with the develop-
ment of diabetic nephropathy (142).

Patients with type II DM treated with TZDs have shown
improvements in other nonlipid cardiovascular risk markers,
either directly by affecting vascular smooth walls and cells
involved in the atherogenic process or indirectly by improving
insulin sensitivity. Markers of inflammation, coagulation and
thrombosis, blood pressure and urinary albumin to creatinine
ratio (a measure of microalbuminuria) have all been improved
with TZD therapy. Both rosiglitazone and pioglitazone signifi-
cantly improved the albumin to creatinine ratio, accompanied
by reductions in blood pressure, in patients with type II DM
compared with comparator oral agents (143).

In a study of 45 normotensive, euglycemic type II DM
patients with microalbuminuria compared with 30 healthy
controls, pioglitazone reduced urinary albumin excretion and
urinary ET-1 excretion, neither of which was affected by
glibenclamide or voglibose (143).

In patients with type II DM, TZDs (rosiglitazone or piogli-
tazone) have been shown to reduce CRP levels independent of
any effect on glycemia (144,145). A recent study by
Pampanelli et al (146) showed that six to 12 months of piogli-
tazone therapy also significantly improved coagulation and
thrombosis parameters in patients with type II DM inde-
pendent of glucose control – platelets, vWF (a marker of
endothelial dysfunction) and PAI-1 were reduced, whereas
antithrombin III and fibrinogen were increased. No significant
changes were seen in a gliclazide comparator group and
between-group differences were significant for vWF, PAI-1 and
anti-thrombin III. Satoh et al (145) also demonstrated that
three months of pioglitazone therapy significantly reduced
pulse wave velocity (a marker of vascular damage and also a
predictor of mortality in DM). Furthermore, in a study by
Koshiyama et al (147), pioglitazone decreased the carotid arte-
rial intima-media wall thickness (an early sign of atheroscle-
rotic change) in patients with type II DM.
PPAR-γγ activation – effect on blood pressure: Studies con-
ducted on laboratory animals suggest that the TZDs may be
useful in the prevention and treatment of hypertension, partic-
ularly when associated with insulin resistance (148). This find-
ing is not surprising when understood in the context of the role
of insulin resistance in the genesis of hypertension. The blood
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pressure-lowering effects of the TZDs are relevant because
patients with type II DM are twice as likely to be hypertensive
as individuals who do not have DM (124). In an open-label,
52-week comparison study (149), rosiglitazone, but not gliben-
clamide, produced statistically significant reductions in sys-
tolic, diastolic and mean arterial blood pressures. In another
study (125), decreases in mean arterial pressure with the use of
troglitazone correlated significantly with reductions in plasma
insulin, suggesting a link between improvement of insulin sen-
sitivity and blood pressure reduction. Other potential mecha-
nisms of TZD-induced blood pressure reduction may
include improved endothelium-dependent vasodilation,
decrease in calcium influx and calcium sensitivity of the
contractile apparatus, and inhibition of ET-1 expression and
secretion (126).
PPAR-γγ activation – effect on pancreatic ββ-cell function:
There is growing evidence of the usefulness of the TZDs in
preserving pancreatic β-cell function. In an observational,
nested, case-control study, 28 patients with type II DM who
had not responded to metformin-sulfonylurea combination
therapy had a meal-stimulated C-peptide level documented
before the addition of a TZD to their regimen. The control
group consisted of 26 age-, BMI- and glycemia-matched
patients with type II DM who also had a meal-stimulated
C-peptide level documented before adding metformin to a
failing sulfonylurea monotherapy regimen. The mean C-peptide
level in the TZD group showed a small but significant increase,
whereas C-peptide levels remained unchanged in controls.
The C-peptide to glucose ratio also increased significantly in
the TZD group, whereas it remained unchanged in controls (150).
These findings suggest that TZD therapy induced recovery of
pancreatic β-cell function independently of the correction of
glucose toxicity.

A recent report assessed the effects of rosiglitazone on pan-
creatic β-cell function. Twenty patients with type II DM were
randomly assigned to rosiglitazone, 4 mg twice daily, or placebo
for 13 weeks. Fasting plasma glucose was reduced and insulin
sensitivity was increased by rosiglitazone. First-phase insulin
secretion and insulin secretory capacity were unaffected; how-
ever, glucose-entrained insulin secretion was significantly
increased (151). These data suggest that short-term treatment
with rosiglitazone may increase the ability of the β-cell to
sense and respond to physiological changes in glucose levels.

Combination therapy of statins and PPAR-γγ activators
A novel therapeutic approach to reduce CVD risk in type II
DM may be to use lower-dose statins in combination with
TZDs. This has the potential to target multiple cardiovascular
risk factors, while also treating the primary symptom of hyper-
glycemia. As described above, TZDs produce changes in several
cardiovascular risk factors associated with the insulin resist-
ance syndrome, including correcting diabetic dyslipidemia,
improving fibrinolysis and decreasing carotid artery intima-
medial thickness (26) and, as such, TZD therapy provides a
novel approach in the prevention of cardiovascular complica-
tions in patients with type II DM. Whereas statins produce a
marked reduction in LDL-C and a moderate reduction in TGs,
with a slight increase in HDL-C (125), pioglitazone has a par-
ticularly beneficial effect on TGs and HDL-C. Although TZDs
increase LDL-C, they induce a favourable change in the LDL
particle size and susceptibility to oxidation as shown for trogli-
tazone by Tack et al (152). This has been confirmed more

recently for pioglitazone in nondiabetic patients with hyper-
tension (in whom the prevalence of atherogenic dense LDL is
similar to that in patients with type II DM), as well as in
patients with type II DM (153,154). These qualitative changes
may have a beneficial effect on cardiovascular risk profile and
compensate for a small increase in LDL-C.

Therefore, statins and pioglitazone would appear to have
complementary effects on lipid profiles, suggesting a rationale
for their use in combination therapy. A recent study by Lewin
et al (155) provides strong support for this rationale – the addi-
tion of low-dose simvastatin to stable pioglitazone or rosiglita-
zone therapy (pooled data) resulted in improvements in all
lipid parameters measured, including LDL-C. TZDs also have
beneficial effects on other markers of cardiovascular risk,
which suggest that combination statin/TZD therapy could
address the multiple aspects of diabetic dyslipidemia, as well as
having the potential to reduce the incidence of macrovascular
events further.

Recently presented data indicate that pioglitazone and sim-
vastatin may act synergistically to lower levels of inflammatory
cytokines, including IL-6 and CRP, as well as optimizing
patients’ lipid profiles (156-158). The innovative Prospective
Pioglitazone Clinical Trial in Macrovascular Events
(PROactive) is currently assessing the effect of pioglitazone on
the secondary prevention of macrovascular events in patients
with type II DM, who have a history of macrovascular disease
and are at high risk of further macrovascular events (159-161).
In this study, pioglitazone is being used as ‘add-on’ therapy to
current treatment, which is continuously optimized through-
out the trial to allow patients to receive the best possible
therapy.

One-third of patients enrolled were at high vascular risk
based on HDL-C (32.6%) or TG (36.0%) levels, whereas two-
thirds were at risk based on raised systolic and/or diastolic
blood pressure, and, at baseline, one-half of the patients were
taking lipid-lowering medication (with 42.9% of all patients
on statins). It is anticipated that this study will provide
important insights into the potential benefits of statin and
TZD cotherapy (159-161).

CONCLUSIONS
Current research data indicate that insulin resistance, the
metabolic syndrome and type II DM are inextricably linked
with CVD, as apparent from the increased levels of CVD
morbidity and mortality and from the presence of a complex
array of CVD risk markers. Targeting multiple markers of
CVD risk hopefully offers the best chance of improving CVD
outcomes.

It is clear that TZDs, and pioglitazone in particular, can
provide cardiovascular benefits in improving glucose levels,
and probably lipid profiles. Ongoing studies should generate
important insights into whether pioglitazone can play a larger
role in the management of CVD and type II DM, especially in
high-risk cardiovascular patients with the disorder.
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