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At the beginning of the twentieth century
cardiovascular disease was responsible for
approximately 10% of all deaths in the United States.
During the first half of the century, with urbanization
and the transition from a largely agricultural to an
industrial economy, the percentage of deaths due to
cardiovascular disease rose rapidly to about 35%,
becoming the most common cause of mortality in the
United States and, indeed, in the entire industrialized
world. By mid-century, the recognition that an acute
coronary event is not “a bolt out of the blue” but often
occurs in susceptible patients in whom the classic
coronary risk factors of hypercholesterolemia,
hypertension, and/or smoking had been present
sparked an interest in preventive measures. The
development of coronary care units, coronary
revascularization, as well as antihypertensive and
cholesterol-reducing agents first stopped the steady
rise in cardiovascular deaths and then delayed such
deaths substantially. By the beginning of the last
decade of the century it appeared that the tide had
turned and that, at last, atherosclerotic vascular disease
was beginning to come under control.

However, despite this encouraging progress, all was not
well. With the transition from the industrial economy
to an information-service economy, the wide
availability and popularity of very high caloric, fast
foods (the “McDonald’s culture”) and the reduction in

physical activity, the twin epidemics of type 2 diabetes
and obesity began to grow at an alarming rate. The
percentage of the population that is overweight or
obese has risen by 5% per decade since 1960, and the
percentage with diabetes has almost doubled in just
the last ten years. A cluster of risk factors, including
but not limited to insulin resistance, central obesity,
dyslipidemia, impaired glucose tolerance, essential
hypertension and inflammation is associated with a
state of increased cardiometabolic risk that is now
present in at least one quarter of the adult population.
As we approach the end of the first decade of the
twenty-first century, the seeming relentless rise in
cardiometabolic risk threatens to reverse the earlier
progress in the battle against atherosclerotic coronary
and non-coronary vascular disease.

In order to control cardiometabolic risk we must first
understand this cluster of risk factors and examine the
several modes of prevention and treatment that are
now or will soon be at our disposal. Dr Cefalu, an
expert on metabolic diseases, and Dr Cannon, a
cardiologist, have teamed up with a group of talented
authors to prepare this splendid Atlas of
Cardiometabolic Risk. The excellent explanatory
diagrams and the lucid accompanying text provide the
reader with the knowledge required to engage in this
next critical battle against atherosclerotic
cardiovascular disease.

Eugene Braunwald, MD
Brigham and Women’s Hospital

Harvard Medical School
Boston, MA 

Foreword
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Cardiovascular disease is the leading cause of death
and disability worldwide. Although our understanding
of this disease has progressed enormously, we have
much to improve in identification of the disease and
applying optimal treatments to prevent progression of
disease and its consequences.

Beginning nearly 50 years ago, the Framingham
Heart Study forever changed our approach to coro-
nary artery disease by identifying major risk factors for
myocardial infarction (MI) – namely hypertension,
smoking, hypercholesterolemia, diabetes and a family
history of MI. Since then, countless other risk factors
and markers of disease have been identified. Our cur-
rent approach to prevention (either primary preven-
tion of a first event, or secondary prevention of
recurrent events) is largely focused on controlling
these individual risk factors. This single risk factor
approach has led to multiple classes of drugs to treat
each condition, and guidelines are developed centered
on improvements of each one (e.g., hypertension –
JNC VII, or the ADA) In addition, decades ago, the
United States government established national pro-
grams, such as the National Cholesterol Education
Program (NCEP) that develops guidelines for manage-
ment of cholesterol.

A new approach is emerging however – that looks
not at individual risk factors, but at the overall risk of
disease in a patient. This involves looking at a long list
of contributing risk factors – to assess a patient's over-
all cardiometabolic risk. It is this new approach to
diagnosis and management that this book embraces.
We aim to provide the best possible care to our
patients, and taking this comprehensive approach is
the best strategy to do so.

We cover many aspects of cardiometabolic risk in
this Atlas. The initial chapters delve into the new
understanding of the pathophysiology of the cardio-
metabolic risk, with colorful illustrations of the various
pathways involved. Then, we cover many of the mark-
ers of cardiometabolic risk that can be used to identi-
fy patients in clinical practice. The final chapters
review the newest trial data on the natural history of
the disease with clinical outcomes of patients, as well
as a brief overview of all the current treatments for
cardiometabolic risk. We hope that this book will pro-
vide clinicians with a readily accessible guide to this
important disease, that will help in caring for this large
group of patients.

Christopher P Cannon, MD
William T Cefalu, MD

Preface
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1 Classification and evolution of increased
cardiometabolic risk states

It has been accurately observed that certain risk factors
in humans appear to ‘cluster’ with clinical states such
as obesity and type 2 diabetes. Specifically, this risk
factor clustering, and the association with insulin
resistance, led investigators to propose the existence of
a unique pathophysiological condition1. Many names
have been provided to describe this clinical state
including ‘metabolic syndrome’, ‘syndrome X’, and
‘insulin resistance syndrome’1. The particular names
that refer to this risk factor clustering describe the
human condition characterized by the presence of
co-existing traditional risk factors for cardiovascular
disease (CVD), such as hypertension, dyslipidemia,
glucose intolerance, obesity, and insulin resistance, in
addition to non-traditional CVD risk factors, such as
inflammatory processes and abnormalities of the blood
coagulation system2–6. Table 1.1 lists conditions and
components associated with the clustering of risk
factors. As seen, the components that are associated
with risk factor clustering, e.g. ‘metabolic syndrome’,
include not only many of the traditional risk factors,
e.g. lipids, obesity, hypertension, but also components
that represent aspects of vascular health, such as
endothelial dysfunction, inflammation, and parame-
ters assessing blood coagulability7. Recently, a joint
statement released by the American Diabetes
Association (ADA) suggested that, as a construct that
denoted risk factor clustering, ‘metabolic syndrome’
has been a useful paradigm in that it draws atten-
tion to the fact that risk factors tend to cluster in
patients1. However, the ADA felt that, while there is
no doubt that certain CVD risk factors cluster, it was
their impression that metabolic syndrome has

 1. Insulin resistance*

 2. Hyperinsulinemia* 

 3. Obesity: visceral (central), but also generalized obesity*

 4. Dyslipidemia: high triglycerides, low HDL, small dense LDL*

 5. Adipocyte dysfunction

 6. Impaired glucose tolerance or type 2 diabetes mellitus*

 7. Fatty liver (non-alcoholic steatohepatosis, steatohepatitis)

 8. Essential hypertension: increased systolic and diastolic

  blood pressure

 9. Endothelial dysfunction

 10. Renal dysfunction: micro- or macroalbuminuria

 11. Polycystic ovary syndrome

 12. Inflammation: increased CRP and other inflammatory

  markers

 13. Hypercoagulability: increased fibrinogen and PAI-1

 14. Atherosclerosis leading to increased cardiovascular morbidity 

  and mortality*

* Most widely incorporated into the definition of metabolic syndrome
CRP, C-reactive protein; PAI-1, plasminogen activator inhibitor type 1

Table 1.1 Proposed components and associated findings felt to
 represent metabolic syndrome. The components
 listed represent not only many of the traditional risk
 factors, e.g. lipids, obesity, hypertension, but also
 components that represent aspects of vascular health
 such as endothelial dysfunction. In addition, parameters
 assessing inflammation, blood coagulability and insulin
 resistance are included. From reference 7, with
 permission
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been imprecisely defined1. For purpose of this Atlas,
we will refer to the clustering of CVD risk factors
as indicative of a state of increased cardiometabolic
risk.

Whereas the etiology of cardiometabolic risk is not
specifically known, it is well established that obesity
and insulin resistance are generally present2–4. Insulin
resistance, defined as a clinical state in which a normal
or elevated insulin level produces an impaired biolog-
ical response, is considered to be a hallmark for the
presence of metabolic syndrome. Insulin resistance can
be secondary to rare conditions such as abnormal
insulin molecules, circulating insulin antagonists (e.g.
glucocorticoids, growth hormone, anti-insulin antibod-
ies), or even secondary to genetic syndromes such as
the muscular dystrophies8. However, the insulin resist-
ance considered as part of the metabolic syndrome
essentially represents a target-tissue (i.e. skeletal
muscle) defect in insulin action and accounts for the
overwhelming majority of cases of insulin resistance
reported for the human condition8. The cellular mech-
anisms that contribute to insulin resistance are not

Years to
decadesTime Typical diagnosis of diabetes

Microvascular complications

Macrovascular complications

Severity of diabetes

Impaired glucose tolerance Frank diabetes
Insulin resistance
Hepatic glucose production

Endogenous insulin
Postprandial blood glucose
Fasting blood glucose

Natural history of type 2 diabetes

Figure 1.1 Schematic demonstrating where the presence of metabolic syndrome fits into the natural history of type 2 diabetes.
Prior to the development of clinical overt hyperglycemia and the diagnosis of type 2 diabetes, it is observed that insulin resist-
ance may develop in the majority of individuals, primarily associated with obesity. The development of insulin resistance in an
individual will need to be compensated by hyperinsulinemia in order to maintain normal glucose tolerance. However, when the
insulin secretory capacity of the β cell begins to diminish such that the pancreatic function now fails to compensate for the insulin
resistance, a state of relative ‘insulin deficiency’ leading to hyperglycemia is observed. It is at this stage that impaired glucose tol-
erance and impaired fasting glucose may be present.With worsening pancreatic dysfunction and the inability to compensate fully
for the degree of insulin resistance, hyperglycemia continues to increase and clinically overt type 2 diabetes develops. Adapted
from reference 9, with permission

fully understood, but will be discussed in more detail
in Chapter 2.

The risk factor clustering that defines the state of
increased cardiometabolic risk contributes greatly to
increased morbidity and mortality in humans on sev-
eral levels. First, these risk factors are present at the
‘pre-diabetic’ state. Specifically, and as demonstrated
in Figure 1.1, it is now well accepted that the presence
of insulin resistance in an individual will need to be
compensated by hyperinsulinemia in order to main-
tain normal glucose tolerance10–14. It is also observed
that in those individuals who develop diabetes, a
progressive loss of the insulin secretory capacity of β-
cells appears to begin years before the clinical diagno-
sis of diabetes. The pancreatic dysfunction fails to
compensate for the insulin resistance and results in a
state of relative ‘insulin deficiency’ leading to hyper-
glycemia. It is at this stage that impaired glucose toler-
ance and impaired fasting glucose may be present.
With worsening pancreatic dysfunction and the inabil-
ity to compensate fully for the degree of insulin
resistance, hyperglycemia continues to increase and
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+

± Glucose
intolerance 

• ↑ SNS activity
• ↑ Na retention
• Hypertension

• ↑ Uric acid
• ↓ Urinary uric
        acid clearance

• ↑ TG
• ↑ PP lipidemia
• ↓ HDL-C
• ↓ PHLA
• Small, dense LDL

• ↑ CRP
• ↑ PAI-1
• ↑ Fibrinogen

Coronary heart disease

Body size
↑ BMI

↑ Central adiposity

Insulin resistance Hyperinsulinemia

Glucose
metabolism

Uric acid
metabolism Dyslipidemia

Hemo-
dynamic

Novel risk
factors

Figure 1.2 The current perspective on the relationship between metabolic syndrome and coronary heart disease. The presence
of obesity in an individual is highly associated with the development of insulin resistance and hyperinsulinemia. Many tradition-
al risk factors for CVD are related to the development of metabolic syndrome and these include glucose abnormalities, dyslipid-
emia and hemodynamic factors. However, novel risk factors such as abnormalities in inflammatory markers, i.e. C-reactive pro-
tein (CRP) and coagulopathy (plasminogen activator inhibitor-1 (PAI-1)) also appear to play a role. BMI, body mass index;
HDL-C, high-density lipoprotein cholesterol; LDL, low-density lipoprotein; PHLA, postheparin lipolytic activity; PP, postpran-
dial; SNS, sympathetic nervous system; TG, triglycerides. These factors are highly related to the development of coronary heart
disease. From reference 17, with permission

clinically overt type 2 diabetes becomes present (Fig-
ure 1.1). Thus, the CVD risk factor clustering and the
associated insulin resistance confers an increased
cardiometabolic risk state and figures prominently in
the natural history of type 2 diabetes (Figure 1.1).

A second major reason why a state of increased car-
diometabolic risk contributes to increased morbidity
and mortality in humans is the association with car-
diovascular disease6,15,16. Coexisting cardiovascular
risk factors, such as dyslipidemia, hypertension,
inflammatory markers, and coagulopathy, are highly
associated with the ‘pre-diabetic’ state as defined by
obesity and insulin resistance, and have been defined
in the past as components of the metabolic syndrome
(Table 1.1). Therefore, as demonstrated, the presence
of insulin resistance and obesity in ‘pre-diabetes’ will
be associated with increasing prevalence of the CVD
risk factors (Figure 1.2). Each risk factor, when
considered alone, increases CVD risk but, more

importantly, in combination they provide a ‘synergis-
tic’ or ‘additive’ effect (Figure 1.3). For example,
Lakka and his research team used definitions of meta-
bolic syndrome by criteria as established by the
National Cholesterol Education Program (NCEP) and
the World Health Organization (WHO), and evaluat-
ed relative risk of death from coronary heart disease
(CHD) during an 11-year follow-up in 1209 middle-
aged men19. After correcting for multiple factors, the
presence of the metabolic syndrome resulted in a
2.5–4-fold increase in relative risk for CVD death
regardless of the criteria used (Figure 1.4). With the
understanding that metabolic syndrome may precede
the development of diabetes by many years (see Figure
1.1), the presence of this condition may partially
explain the increase in CVD risk observed years before
the diagnosis of diabetes, as outlined in Figures 1.5 and
1.6. Specifically, Hu et al. reported that the relative risk
for CVD was significantly increased beginning as early
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4

0
WHO

WHR ≥ 0.90
or BMI ≥ 30

NCEP
Waist ≥ 104 cm

NCEP
Waist ≥ 94 cm

Adjusted for age

Adjusted for age, exam year, LDL cholesterol, smoking, family history of CHD
Adjusted for age, exam year, LDL cholesterol, smoking, family history of CHD, fibrinogen, leukemia, alcohol and SES

WHO
Waist ≥ 94 cm

Figure 1.4 Relative risk of death from coronary heart disease (CHD) for metabolic syndrome during an 11-year follow-up of
1209 middle-aged men. As observed, regardless of whether the criteria as established for metabolic syndrome for the World
Health Organization (WHO) or National Cholesterol Education Program (NCEP) were used, individuals with central obesity
had an increased relative risk for CHD. In addition, these observations persisted regardless of the various statistical adjustments
for lipids, smoking, family history, and other socioeconomic factors. BMI, body mass index; LDL, low-density lipoprotein; SES,
socioeconomic status; WHR, waist-to-hip ratio. Adapted from reference 19

Figure 1.3 The presence of individual cardiovascular disease risk factors (hypertension, dyslipidemia) is clearly related to the
development of coronary heart disease. However, when many of these factors are present in the same individual (such as indi-
viduals with metabolic syndrome), an ‘additive’ or ‘synergistic’ effect may be observed. LDL-C, low-density lipoprotein choles-
terol. Adapted from reference 18

Coronary heart disease

High LDL-C
Hypertension

Metabolic
syndrome

Type 2
diabetes

In the past, a number of criteria have been sug-
gested to meet those for being classified as having
‘metabolic syndrome’ for any given individual. For
example, Table 1.2 outlines the criteria as previously
suggested by the National Cholesterol Education Pro-
gram (NCEP-ATP III)18. Although ATP III did not
make any single risk factor (e.g. abdominal obesity) a
requirement for diagnosis, it nonetheless espoused the

as 15 years before the diagnosis of diabetes, and the
CVD risk increased significantly in the years closer to
the actual time the clinical diagnosis of diabetes was
made (Figure 1.5)20. Thus, the current perspective of
increase in cardiometabolic risk as it relates to develop-
ment of coronary heart disease is outlined schemat-
ically in Figure 1.6. The relationship of risk factors to
CVD will be covered in more detail in later chapters.
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position that abdominal obesity is an important
underlying risk factor for the syndrome. Abdominal
obesity at these cut-off points (see Table 1.2) was not
made a prerequisite for diagnosis because lesser
degrees of abdominal girth often associate with other
ATP III criteria. In fact, some individuals or ethnic
groups (e.g. Asians, especially South Asians) appear to
be susceptible to development of the metabolic syn-
drome at waist circumferences below ATP III cut-off
points. Thus, ATP III specifically noted that some indi-
viduals having only two other metabolic syndrome cri-
teria appear to be insulin resistant even when the waist
circumference is only marginally elevated, e.g.
94–101 cm in men or 80–87 cm in women. The WHO
had very similar criteria as outlined in Table 1.3. How-
ever, required criteria for WHO guidelines include the
presence of impaired glucose tolerance (IGT),
impaired fasting glucose (IFG), diabetes, or insulin
resistance. The American Association of Clinical
Endocrinologists (AACE) have also provided guide-
lines based on clinical signs, and these are compared
with both the NCEP and WHO criteria (Table 1.4). In
2003, the AACE modified ATP III criteria to refocus

Figure 1.5 Relative risk of myocardial infarction (MI) or
stroke in pre-diabetes. Hu and his collaborators, from the
Nurses’ Health Study, reported that the relative risk for car-
diovascular disease (CVD) was significantly increased begin-
ning as early as 15 years before the diagnosis (dx) of dia-
betes, and the CVD risk increased significantly in the years
closer to the actual time the clinical diagnosis of diabetes
was made. Adapted from reference 20, reproduced with
permission
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Non-diabetic
throughout

> 15 years
before dx

10–14.9 years
before dx

< 10 years
before dx

Diabetic
throughout

Insulin sensitivity

Insulin secretion

Associated risk factors
     • Hypertension
     • Dyslipidemia

Atherogenesis

Microvascular
complications

Fasting blood glucose

Age (years)

Impaired fasting glucoseEuglycemia

Diabetes

'Metabolic syndrome'

Type 2 diabetes

Figure 1.6 Schematic demonstrating the development of metabolic syndrome in the natural history of type 2 diabetes. As
shown, with the development of metabolic syndrome, there is an increasing prevalence of the associated risk factors that are
observed many years before the diagnosis of type 2 diabetes is made. In addition, the CVD risk is greatly accelerated during this
time. Therefore, CVD risk is elevated many years prior to the diagnosis of diabetes in large part owing to the presence of meta-
bolic syndrome. When the pancreas fails to compenstate for the insulin resistance, hyperglycemia ensues, which also contributes
greatly to CVD risk. From reference 14, with permission

Cefalu Chapter 01  1/30/07  6:27 PM  Page 17



18

ATLAS OF CARDIOMETABOLIC RISK

on insulin resistance as the primary cause of metabol-
ic risk factors23. Major criteria included were glucose
levels indicative of impaired glucose tolerance, elevat-
ed triglycerides, reduced HDL cholesterol, elevated
blood pressure, and obesity. No specified number of
factors qualified for diagnosis, which was left to clini-
cal judgment.

In April of 2005, the International Diabetes Feder-
ation (IDF) presented a new consensus definition that
is an important modification of the previously used
ATP III definition24. The IDF definition clearly out-
lined the complexity of the syndrome and also
suggested that central obesity should be a prerequisite
for the syndrome. More importantly, the IDF

*NCEP: must meet 3 of 5 criteria (low HDL and high triglycerides are 2 criteria)
†WHO: must meet glucose/insulin criterion and 2 more
‡AACE: these key clinical signs are considered risk factors. Other risk factors include: polycystic ovary syndrome; sedentary lifestyle; age; ethnicity (certain groups); and family history of 
type 2 diabetes, hypertension, or cardiovascular disease
BMI, body mass index; HDL, high-density lipoprotein; HOMA-IR, homeostasis model assessment; LDL, low-density lipoprotein; TG, triglycerides

ADA

Glucose intolerance

Central obesity

Dyslipidemia: high TG, 
   low HDL, small dense LDL
Hypertension

NCEP*

Fasting plasma glucose
110–125 mg/dL

Waist circumference
> 40  in (men) or > 35 in (women)
TG ≥ 150 mg/dL, HDL < 40 (men),
HDL < 50 (women)
Blood pressure ≥ 130/85 mmHg

WHO†

Type 2 diabetes, impaired glucose
tolerance, or insulin resistance by
HOMA-IR
BMI > 30 or waist-to-hip ratio > 0.90
(men) or > 0.85 (women)
TG ≥ 150 mg/dL,
HDL < 35 (men), HDL < 39 (women)
On medication or
untreated blood pressure
≥ 140/90 mmHg
Microalbuminuria > 20 μg/min

AACE‡

Fasting plasma glucose 
110–125 mg/dL or 2-h post-75 g
glucose challenge > 140 mg/dL
BMI ≥  25 or waist circumference 
> 40 in (men) or > 35 in (women)
TG ≥ 150 mg/dL, HDL < 40 (men),
HDL < 50 (women)
High blood pressure 
≥ 130/85 mmHg

Table 1.4 A comparison of the specific criteria necessary for the definition of metabolic syndrome from the American Diabetes Association
(ADA), National Cholesterol Education Program (NCEP), World Health Organization (WHO), and the American Association of
Clinical Endocrinologists (AACE). From reference 7, with permission

HDL-C, high-density lipoprotein cholesterol; TG, triglycerides
*Abdominal obesity is more highly correlated with metabolic risk factors than is increased 
body mass index
†Some men develop metabolic risk factors when the circumference is only marginally 
increased

Risk factor Defining level
  
Abdominal obesity* (waist circumference†)
 Men >102 cm (> 40 in)
 Women > 88 cm (> 35 in)

TG ≥ 150 mg/dL

HDL-C
 Men < 40 mg/dL
 Women < 50 mg/dL

Blood pressure ≥ 130/≥  85 mmHg

Fasting glucose ≥ 110 mg/dL

Table 1.2 Diagnosis of metabolic syndrome as suggested by the
 National Cholesterol Education Program. As
 outlined, diagnosis is established when ≥ 3 of these
 risk factors are present. From reference 18, with
 permission

Impaired glucose tolerance, impaired fasting glucose,  
diabetes and/or insulin resistance
And ≥ 2 of the following: 
Abdominal obesity
 BMI  > 30 kg/m2 or 
 Waist-to-hip ratio  > 0.85 women 
  > 0.90 men 
Dyslipidemia
 Triglycerides ≥ 150 mg/dL or 
 HDL < 35 mg/dL in men 
  < 39 mg/dL women
Blood pressure ≥ 140/90 mmHg
Microalbuminuria  
 Urinary excretion rate  ≥ 20 μg/min or 
 Albumin–creatinine ratio ≥ 20 mg/g

*WHO Definition, Diagnosis and Classification of Diabetes and its Complications. Report 
of WHO Consultation. Geneva: WHO, 1999
BMI, body mass index; HDL, high-density lipoprotein

Table 1.3 The World Health Organization (WHO) definition of
 metabolic syndrome*. As outlined, the parameters
 appear similar to the National Cholesterol Education
 Program ATP III criteria. However, WHO criteria
 would include measures of insulin resistance, if these
 are available in a particular subject
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definition attempted to provide a more appropriate
definition for abdominal obesity. When such is pres-
ent, two additional factors originally listed in the ATP
III definition are sufficient for diagnosis. The IDF rec-
ognized and emphasized ethnic differences in the cor-
relation between abdominal obesity and other meta-
bolic syndrome risk factors. For this reason, criteria of
abdominal obesity were specified by nationality or eth-
nicity based on best available population estimates.
The most recent American Heart Association/Nation-
al Heart, Lung, and Blood Institute (AHA/NHLBI)
statement, in contrast to IDF, maintains the ATP III cri-
teria except for minor modifications (Table 1.5)25.
They suggested lowering of the threshold previously
set for impaired fasting glucose to 100 mg/dL and they
did not adjust the existing US waist circumference cri-

teria. Depending on the definition, it has been esti-
mated that one in four adults may have either diabetes
or the metabolic syndrome (Figure 1.7)26.

Given the CVD significance of the clustering of
risk factors, the fact that a state of increased car-
diometabolic risk may be three to four times as com-
mon as diabetes, and the observation that obesity and
other risk factors (i.e. dyslipidemia and diabetes) have
become global health epidemics, a state of increased
cardiometabolic risk represents a serious public health
concern. Currently, it is estimated that approximately
7–8% of the population in the USA suffer from the
complications of adult-onset diabetes27. However, the
prevalence of diabetes in the USA has increased dra-
matically over the recent past. Figure 1.8 demonstrates
the estimated prevalence of diabetes as established for
the USA in the year 1990, where an estimated preva-
lence was 4.9%, compared with the data as obtained in
the year 2001 with an estimated prevalence of 7.9%28.

In large part, the increase in diabetes appears to be
secondary to the increase in obesity. Clearly, there is no
question that the US population has had a significant
increase in obesity over the past 40 years. Figure 1.9
demonstrates the percentage of the population since
1960 that are now classified as either obese or over-
weight. As shown, there has been a steady increase in
individuals classified as obese29. Since 1990, however,
the prevalence of obesity has increased by 61%30–32.As
seen in Figure 1.10, the increasing prevalence of

*To measure waist circumference, locate top of right iliac crest. Place a measuring tape in a 
horizontal plane around abdomen at level of iliac crest. Before reading tape measure, 
ensure that tape is snug but does not compress the skin and is parallel to floor. 
Measurement is made at the end of a normal expiration
†Some US adults of non-Asian origin (e.g. white, black, Hispanic) with marginally increased 
waist circumference (e.g. 94–101 cm (37–39 inches) in men and 80–87 cm (31–34 inches) 
in women) may have strong genetic contribution to insulin resistance and should benefit 
from changes in lifestyle habits, similar to men with categorical increases in waist 
circumference. Lower waist circumference cutpoint (e.g. ≥ 90 cm (35 inches) in men and
≥ 80 cm (31 inches) in women) appears to be appropriate for Asian Americans
‡Fibrates and nicotinic acid are the most commonly used drugs for elevated triglyceride 
(TG) and reduced high-density lipoprotein cholesterol(HDL-C). Patients taking one of 
these drugs are presumed to have high TG and low HDL

Measure (any 3 of 5 Categorical cut-off points
constitute diagnosis of 
metabolic syndrome)
   
Elevated waist  ≥ 102 cm (≥ 40 inches) in men
circumference*† ≥ 88 cm (≥ 35 inches) in women 

Elevated triglycerides ≥ 150 mg/dL (1.7 mmol/L)
 or
 On drug treatment for elevated
 triglycerides‡ 

Reduced HDL-C < 40 mg/dL (1.03 mmol/L) in men
 < 50 mg/dL (1.3 mmol/L) in women
 or
 On drug treatment for reduced
 HDL-C‡ 

Elevated blood pressure ≥ 130 mmHg systolic blood pressure
 or
 ≥ 85 mmHg diastolic blood pressure
 or
 On antihypertensive drug treatment
 in a patient with a history of
 hypertension 

Elevated fasting glucose ≥ 100 mg/dL
 or
 On drug treatment for elevated glucose

Table 1.5 Criteria for clinical diagnosis of metabolic syndrome.
From reference 25, with permission 

   People with  People with
   diabetes  diabetes
Ranking Country (millions) Country (millions)
 
 1 India 31.7 India 79.4
 2 China 20.8 China 42.3
 3 USA 17.7 USA 30.3
 4 Indonesia 8.4 Indonesia 21.3
 5 Japan 6.8 Pakistan 13.9
 6 Pakistan 5.2 Brazil 11.3
 7 Russian 4.6 Bangladesh 11.1 
   Federation 
 8 Brazil 4.6 Japan 8.9
 9 Italy 4.3 Philippines 7.8
 10 Bangladesh 3.2 Egypt 6.7
 

 2000 2030

Table 1.6 Diabetes has become a worldwide health concern.
 As observed, there appears to be no area of the world 
 that has not observed a tremendous rise in new cases 
 of diabetes. On current estimates, approximately 
 360 million people worldwide will have diabetes by 
 the year 2030. From reference 21, with permission
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Figure 1.7 Schematic representing prevalence of metabolic syndrome. Estimates have suggested that over 18 million individ-
uals residing in the USA have diabetes, with significant numbers undiagnosed. Depending on the criteria used, it is estimated
that one in four adults may have diabetes or the metabolic syndrome. From references 26 and 28, with permission
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Figure 1.9 The increase in numbers of individuals classified as being overweight or obese since 1960. As clearly shown, the
percentage of the US population classified as obese has increased dramatically. NHES, National Health Examination Survey;
NHANES, National Health and Nutrition Examination Survey. From reference 29, with permission
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Figure 1.10 Prevalence of diabetes and obesity in the USA since 1990. As shown, the increase in diabetes prevalence appears
to mirror the increase in rates of obesity. It is observed that the prevalence of obesity increased by 61% from 1991 to 2000.
These observations support the well-observed concept that weight gain is a major risk factor for diabetes. BMI, body mass index.
Compiled from references 30, 31 and 32, with permission
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diabetes appears to mirror closely the increasing
prevalence of obesity. However, despite the findings of
obesity and diabetes in the USA, this is truly a global
problem. Based on the estimated number of people
with diabetes, it is projected that by the year 2010,
there will be 221 million people worldwide with dia-
betes (Figure 1.11) and 360 million by the year 2030
(Table 1.6). As is outlined in Figure 1.12, it is clear
that very few areas of the world are immune to devel-
oping diabetes. The major concern with the epidemic
of diabetes will be the development of the devastating
complications of diabetes as outlined in Figure 1.13.
With specific reference to metabolic syndrome, it is
clear that the obesity epidemic contributes greatly to
the presence of metabolic syndrome and that the
prevalence of the metabolic syndrome increases with
age. It is estimated that, by the time individuals reach
the age of 60 years, approximately 40% may have the
metabolic syndrome (Figure 1.14)26. Minority ethnic
groups are at even greater risk. Therefore, it is not sur-
prising that the WHO considers it to be one of the top
ten most dangerous diseases in the world today35,36.

Figure 1.11 Estimated number of individuals with type 2
diabetes who are expected to have diabetes by the year 2010.
This would represent a 45% increase since the year 2000.
Adapted from reference 33
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Figure 1.12 Global projections for the diabetes epidemic. As shown, an increase in new cases of diabetes will be observed in
all parts of the world. From reference 34, with permission
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Figure 1.13 Schematic demonstrating micro- and macrovascular complications of diabetes
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perspective. Epidemiol Rev 1998; 20: 157–72 

6. Isomaa B, Almgren P, Tuomi T, et al. Cardiovascular
morbidity and mortality associated with the metabolic
syndrome. Diabetes Care 2001; 24: 683–9 
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Metabolic syndrome: definition, pathophysiology and
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tors, signal transduction, and the glucose transport
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Successful strategies to intervene in the development
of the ‘metabolic syndrome’ are urgently needed. Such
interventions will be discussed in later chapters.

In summary, the development of metabolic syn-
drome is a threat to public health worldwide and is
increasing at epidemic proportions.
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2 Insulin resistance and cardiometabolic risk

As discussed in Chapter 1, insulin resistance is defined
as a clinical state in which a normal or elevated insulin
level produces an impaired biological response. Specif-
ically, the ability of insulin to enhance glucose uptake,
suppress lipolysis, and decrease hepatic gluconeo-
genesis, in peripheral tissues, such as liver, skeletal mus-
cle, and adipose tissue, is attenuated. The presence of
insulin resistance is considered to be one of the key
pathophysiological parameters associated with both
obesity and type 2 diabetes, and is highly associated
with traditional and non-traditional risk factors increas-
ing cardiometabolic risk (Figure 2.1). As also observed,
clinical insulin resistance can be considered as either a
primary lesion of a condition, or secondary to other
conditions that may attenuate insulin action, such as
abnormal insulin molecules, or circulating insulin
antagonists (e.g. glucocorticoids, growth hormone,
anti-insulin antibodies) (Table 2.1). Insulin resistance
may even be observed to be secondary to genetic
syndromes such as the muscular dystrophies (Table
2.1). However, the pathophysiological parameter con-
sidered as a major contributor for increasing car-
diometabolic risk represents a target-tissue (i.e. skele-
tal muscle) defect in insulin action and accounts for
the overwhelming majority of cases of insulin resist-
ance reported for the human condition (Table 2.1)1.

MEASUREMENT OF INSULIN RESISTANCE
AND CLINICAL ASSESSMENT

Clinically, a number of techniques have been devel-
oped to detect the presence of insulin resistance and

assessments vary in complexity and precision (Figure
2.2)2–6. However, from a clinical perspective, the most
practical way of assessing insulin resistance is the
measurement of plasma insulin levels. (Insulin is pro-
duced in pancreatic β-cells and is released into the
bloodstream in response to stimulation that occurs
after a meal ingestion (Figures 2.3 and 2.4)7. As type 2
diabetes is characterized by an antecedent phase of
insulin resistance that requires a compensatory
increase in insulin secretion to maintain euglycemia,
an elevated insulin level in the fasting state is indica-
tive of insulin resistance.) It is suggested that this be
performed in the overnight fasting condition, since in
the postprandial state glucose levels are changing rap-
idly, and variable levels of glucose confound the simul-
taneous measurement of insulin. The homeostasis
model assessment (HOMA)4,5 of insulin sensitivity is a
simple, inexpensive alternative to more sophisticated
techniques and derives an estimate of insulin sensitivi-
ty from the mathematical modeling of fasting plasma
glucose and insulin concentrations. Specifically, an
estimate of insulin resistance by HOMA score is
calculated with the formula: (fasting serum insulin
(μU/ml) × fasting plasma glucose (mM))/22.5. Oral
glucose tolerance testing (OGTT) enables the insulin
secretory response to an oral glucose challenge to be
calculated6. The frequently sampled intravenous glu-
cose tolerance test (FSIVGTT) is a method that is less
invasive and more practical than the euglycemic
hyperinsulinemic clamp technique and one that can
be applied to larger populations2,3. With this proce-
dure, glucose is injected as a bolus, and both glucose
and insulin levels are assessed frequently from an
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indwelling catheter over the next several hours. The
results are entered in a computer model that generates
a value as an index of insulin sensitivity, termed SI
units.

The most widely accepted research gold standard is
the euglycemic hyperinsulinemic clamp technique2,3.
In this procedure, exogenous insulin is infused to
maintain a constant plasma insulin level above fasting,
whereas glucose is infused at varying rates to keep
glucose within a fixed range. The amount of glucose
that is infused over time (M value) is an index of
insulin action on glucose metabolism. As described,
the more glucose that has to be infused per unit time
to maintain the fixed blood glucose level, the more
sensitive the patient is to insulin. With this procedure,
the insulin-resistant patient requires much less infused
glucose to maintain the basal level of glucose. Studies
that have used any or all of these techniques have

demonstrated that there is a wide range of insulin sen-
sitivity in normal individuals, and that these levels may
overlap with values obtained in subjects with type 2

Abdominal
adiposity

Inflammatory
markers

Raised
blood

pressure

Raised
blood

glucose

Endothelial
dysfunction

Raised
LDL

Low
HDL

Coagulopathy

Cardiovascular
disease

Diabetes
(type 2)

Figure 2.1 Illustration of traditional and non-traditional factors associated with cardiometabolic risk

Complexity and precision

Fasting insulin HOMA OGTT FSIVGTT EH clamp

Figure 2.2 Techniques used to assess insulin resistance.
HOMA, homeostasis model assessment; OGTT, oral glucose
tolerance test; FSIVGTT, frequently sampled intravenous
glucose tolerance test; EH clamp, euglycemic hyperinsulin-
emic clamp
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diabetes. Furthermore, even at similar levels of body
mass index (BMI), there appear to be ethnic differ-
ences in the degree of insulin sensitivity (Figure 2.5)8.
Therefore, it is very difficult to distinguish between
non-diabetic and diabetic individuals on the basis of
insulin resistance.

RELATIONSHIP OF INSULIN RESISTANCE
TO CLINICAL RISK FACTORS AND
CARDIOVASCULAR DISEASE

The relationship of insulin resistance to the factors
that increase cardiometabolic risk is not in question
(Figure 2.6)9. The cardiometabolic risk syndrome rep-
resents a clustering of risk factors associated with
insulin resistance and obesity which contributes
significantly to the development of cardiovascular
disease. Cause and effect are difficult to establish, and
significant interaction exists between multiple risk
factors.

Obesity

Insulin resistance is frequently observed in obese sub-
jects and has been established as an independent risk
factor for the development of both type 2 diabetes
and coronary artery disease10–13. Although it is estab-

lished that hyperinsulinemia, insulin resistance, and
other obesity-related metabolic abnormalities are
significantly associated with overall accumulation of
fat in the body, there is now substantial evidence that
the specific distribution of fat is important as outlined
in Chapter 3. Excessive accumulation of fat in the
upper body’s so-called truncal region, or central obes-
ity, is a better predictor of morbidity than excess fat in
the lower body, the so-called lower body segment
obesity10,12,13.

Glucose metabolism

Abnormalities in glucose tolerance are commonly
noted in individuals with central obesity. As outlined
in Chapter 1, it is now well accepted that the presence
of insulin resistance in an individual will need to be
compensated for by hyperinsulinemia in order to
maintain normal glucose tolerance. In those individu-
als who develop diabetes, a progressive loss of the
insulin secretory capacity fails to compensate for the
insulin resistance and results in a progressive hyper-
glycemia (see Chapter 1). Thus, an individual with
obesity and insulin resistance, depending on the stage
of compensation for the insulin resistance, may have
euglycemia, impaired fasting glucose, impaired glucose
tolerance, or overt hyperglycemia confirming the diag-
nosis of type 2 diabetes.

Insulin resistance may be primary 

Type 2 diabetes mellitus

Insulin resistance syndrome 

   (syndrome X)

Gestational diabetes mellitus

Type A severe insulin resistance

Lipoatrophic diabetes

Leprechaunism

Rabson–Mendenhall syndrome

Hypertension

Atherosclerotic cardiovascular
disease

Insulin resistance may be  
secondary

Obesity

Type 1 diabetes mellitus

Type B severe insulin resistance

Hyperlipidemias

Pregnancy

Acute illness and stress

Cushing's disease and syndrome

Pheochromocytoma

Acromegaly

Hyperthyroidism

Liver cirrhosis

Renal failure

Insulin resistance associated with 
genetic syndromes 

Progeroid syndromes (e.g. Werner's syndrome)

Cytogenetic disorders (Down's, Turner's, and

   Klinefelter's)

Ataxia telangiectasia

Muscular dystrophies

Friedreich's ataxia

Alstrom syndrome

Laurence–Moon–Biedl syndrome

Pseudo-Refsum's syndrome

Other rare hereditary neuromuscular disorders

Table 2.1 Human diseases and conditions characterized by insulin resistance. From reference 1, with permission
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to those seen in the general population, LDL compo-
sitional differences may make these particles more
atherogenic. Specifically, insulin-resistant states are
significantly associated with both quantitative changes
(e.g. increased triglycerides, high apolipoprotein
(apo)B, low apoA1 levels) in the lipoproteins and also
qualitative changes (e.g. low LDL cholesterol/apoB

Figure 2.4 Insulin crystals. Insulin is stored in β-cells as
hexamers complexed with zinc. Insulin–zinc hexamers
readily form crystals which are stored in the pancreatic
granules. In the blood, insulin is not seen in aggregated forms
such as dimers or hexamers, but as monomers which are
formed when insulin granules are liberated. From reference
7 with permission
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Figure 2.5 Insulin sensitivity among different ethic groups
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with permission

Lipid abnormalities

Unfavorable changes in lipoproteins, in part, may help
explain the increased risk for cardiovascular disease
observed with insulin-resistant states14–18. One of the
major quantitative changes observed in insulin-resist-
ant states is an elevation in triglyceride-rich lipopro-
teins. This is often accompanied by a decreased HDL
cholesterol level16. Thus, the characteristic lipid abnor-
malities (by association with insulin resistance) may be
observed long before the diagnosis of type 2 diabetes.
Although LDL cholesterol levels may be comparable

Figure 2.3 Electron micrograph of an islet of Langerhans
from a normal pancreas showing mainly insulin storage
granules in a pancreatic β-cell. A larger α (glucagon) cell is
also seen. The normal adult pancreas contains around one
million islets comprising mainly β-cells (producing insulin),
α-cells (glucagon), D cells (somatostatin), and PP (pancreatic
polypeptide) cells. From reference 7, with permission
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and low HDL cholesterol/low apoA1)16,19. Insulin
resistance has also been associated with this prepon-
derance of small dense LDL particles, and it is the
small dense LDL particle that has been suggested to be
the more atherogenic LDL14,15.

Hypertension

Hemodynamic abnormalities such as hypertension are
key contributors to increasing cardiovascular risk. The
etiology of hypertension in the metabolic syndrome is
complex and multifactorial. Evidence has suggested
that obesity, insulin resistance, and dyslipidemia all
contribute to the development of hypertension. Obe-
sity, in particular, may play the largest role in creating
the conditions that lead to hypertension as part of the
cardiometabolic risk syndrome20.

Non-traditional risk factors

Recently there has been substantial evidence showing
a relationship between non-traditional risk factors and
insulin resistance. These factors include inflammatory
markers, such as C-reactive protein, and markers

assessing a hypercoagulable state, such as the plas-
minogen-activator inhibitors, e.g. PAI-1. These non-
traditional risk factors are covered in detail in other
chapters of this Atlas.

Endothelial dysfunction

The vascular endothelium has received considerable
research attention based on its primary role in modu-
lating the underlying blood vessel tone by producing a
number of factors. These factors include vasoconstric-
tors, vasodilators, in addition to agents involved in
inflammatory and fibrinolytic pathways (Table 2.2).
Agents that preferentially dilate the vascular wall
include nitric oxide (NO), prostacyclin, brady-
kinin, and endothelium-derived hyperpolarization fac-
tor. Agents that have been found to constrict blood
vessel tone include endothelin, superoxide anion,
endothelium-derived constricting factor, locally pro-
duced angiotensin II, and thromboxane. These agents
have been described not only to control and regulate
arterial tone, but also to affect other parameters that
contribute to the development of atherosclerosis21–23.
From the above discussion, therefore, it can be appre-
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± Glucose
intolerance 

• ↑ SNS activity
• ↑ Na retention
• Hypertension

• ↑ Uric acid
• ↓ Urinary uric 
        acid clearance

• ↑ TG
• ↑ PP lipidemia
• ↓ HDL-C
• ↓ PHLA
• Small, dense LDL

• ↑ CRP
• ↑ PAI-1
• ↑ Fibrinogen

Coronary heart disease

Body size
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↑ Central adiposity
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Hemo-
dynamic

Novel risk
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Figure 2.6 Current perspectives and relationship of insulin resistance to cardiovascular risk factors and disease. TG,
triglyceride; PP, postprandial; PHLA, postheparin lipolytic activity; SNS, sympathetic nervous system; CRP, C-reactive protein;
PAI-1, plasminogen-activator inhibitor-1. From reference 9 with permission
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ciated that the endothelium has great potential to par-
ticipate in cell proliferation contributing to the devel-
opment and progression of atherosclerosis.

It is now well described that endothelial dysfunc-
tion may be secondary to insulin resistance and hyper-
insulinemia, in addition to other components of the

cardiometabolic syndrome (Figure 2.7)21–23. Hyper-
lipidemia, hyperglycemia, hypertension, smoking, and
homocysteine have all been reported to damage the
endothelium. (Studies that have treated these particu-
lar components have also shown favorable effects on
endothelial dysfunction). Endothelial dysfunction
leads to an imbalance in the endothelial production of
favorable versus unfavorable factors. Factors such as
platelet adhesion, aggregation, and thrombogenicity of
the blood have been postulated to play a role. There-
fore, secondary to endothelial dysfunction, circulating
platelets may aggregate in particular areas, releasing
cytokines and growth factors, and may initiate the
inflammatory reaction. After the initial inflammatory
reaction, LDL cholesterol is postulated to be more
actively taken up into the vessel wall and may result in
the formation of a fatty streak. Ultimately, vascular
smooth muscle cells participate in the process by
migrating into the intima, proliferating, and increasing
their production of extracellular matrix proteins. The
summation of these processes results in organized ath-
erosclerotic plaque formation21–23. Studies that have
assessed endothelial function have suggested that
endothelial function is decreased in individuals with
impaired glucose tolerance, diabetes or relatives of
these individuals24 (Figure 2.8).

Vasoconstriction VSMC growth

ThrombosisApoptosis
Leukocyte
adhesion

Lipid
accumulation

LDL
Insulin

resistance

InflammationCigarette
smoking

Diabetes

Risk factors

Pathophysiological 
mechanisms 

characteristic of 
endothelial 
dysfunction

Hypertension

Endothelial 
dysfunction

Figure 2.7 Traditional and non-traditional risk factors contributing to endothelial dysfunction. VSMC, vascular smooth muscle
cell

Vasoactive substances
• Vasodilators
 – Nitric oxide/EDRF
 – EDHF
 – Prostacyclin (PGI2)
 – Bradykinin
 – Acetylcholine, serotonin, 
    histamine, substance P, etc.

• Vasoconstrictors
 – Endothelin
 – Angiotensin II
 – Thromboxane A2, 
    acetylcholine, arachidonic 
    acid, prostaglandin H2, etc.

Growth mediators/modulators
• Growth promoters
• Growth inhibitors

Inflammatory mediators/
modulators
• TNF-α
• IL-6
• CRP

Hemostasis and thrombosis
• PAI-1

Redox state
• ROS

EDRF, endothelium-derived relaxing factor; EDHF, endothelium-derived hyperpolarizing
factor; TNF-α, tumor necrosis factor α; IL-6, interleukin-6; CRP, C-reactive protein; PAI-1,
plasminogen-activator inhibitor-1; ROS, reactive oxygen species

Table 2.2 Factors released by endothelium. Compiled from
 references 21–23
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Defining the cellular lesion

Understanding the cellular mechanism(s) that con-
tribute to insulin resistance is important in identifying
its genetic basis and would allow both the develop-
ment of effective therapies and optimal use of current
therapies. As outlined in Chapter 4, we know that
obesity and insulin resistance are associated with
increases in intramyocellular lipids (Figure 2.9). From
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Figure 2.8 Impaired endothelium-dependent vasodilat-
ation in individuals at risk for type 2 diabetes. IGT, impaired
glucose tolerance; *p < 0.01, control vs. relatives, IGT,
diabetes; †one or both parents. From reference 24, with
permission

Figure 2.9 Obesity and insulin resistance are associated
with increases in intramyocellular lipid accumulation. This
figure represents an electron micrograph (EM) of human
skeletal muscle. As outlined, the EM demonstrates muscle
fibers, mitochondria and lipid droplets within the muscle
cell. The mechanism of the deposition of lipids in muscle is
outlined in Chapter 4. Courtesy of Enette Larson-Meyer
with special thanks to Tressa M Penrod for photo touching

Figure 2.10 Insulin stimulated glucose uptake in muscle
and fat cells. Illustration shows mobilization of Glut4
(glucose transporter 4) to the cell surface. After insulin
binding to the receptor and generation of the second
messengers for insulin action, glucose transport into the cell
is activated. This effect of insulin is brought about by the
translocation of a large pool of glucose transporters from an
intracellular pool to the plasma membrane. The glucose
transport proteins have distinct specificities, kinetic
properties, and tissue distribution that define their clinical
role. Two major glut proteins (Glut1 and 4) have been
identified in skeletal muscle; Glut1 may be involved
primarily in basal glucose uptake, whereas the major insulin-
responsive glucose transporter isoform is termed Glut4 and
is predominantly expressed in insulin target tissues such as
skeletal and cardiac muscle and adipose tissue. In normal
muscle cells, Glut4 is recycled between the plasma
membrane and intracellular storage pools; thus, it differs
from other transporters in that 90% of it is sequestered
intracellularly in the absence of insulin. With insulin
stimulation, the equilibrium of this recycling process is
altered to favor translocation (regulated movement) of
Glut4 from intracellular stores to the plasma membrane and
transverse tubules in the muscle, resulting in a rise in the
maximal velocity of glucose transport into the cell. Courtesy
of Dr Derek Leroith, MD
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via Glut4 
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a clinical perspective, the aspect of insulin resistance
that has been most studied is defective insulin-
mediated glucose uptake and utilization in response to

34

insulin stimulation in insulin-sensitive tissues25–27. In
patients, this defect is manifested by a reduction in
glycogen synthesis in muscle and liver28.

Syntaxin-4
(t-SNARE)

Docking

Docking
complex

Fusion

Glucose transport

Cell membrane

Translocation
to cell membrane

Insulin-responsive
aminopeptidase

Synaptobrevin
(v-SNARE)

GLUT-4

Clathrin

Early
endosome

Internalization

Clathrin-coated
vesicles

Rab-4

Re-sorting

Figure 2.11 Mechanisms involved in the translocation of GLUT-4 glucose transporters in muscle cells and adipocytes. In the
absence of insulin, about 90% of GLUT-4 is sequestered intracellularly in distinct vesicles that also contain proteins such as
insulin-responsive aminopeptidase, synaptobrevin (also known as vesicle-associated membrane protein-2, or v-SNARE), and the
small guanosine triphosphate-binding protein Rab-4. In response to insulin, exercise, or contraction, vesicles containing GLUT-
4 move to the plasma membrane, where they dock, forming complexes involving syntaxin-4 (also known as target synaptosome-
associated protein receptor, or t-SNARE) and synaptobrevin. The vesicles fuse with the plasma membrane, increasing the
number of GLUT-4 molecules in the membrane and thus the rate of glucose transport into cells. Rab-4 leaves the vesicle and
moves into the cytosol in response to insulin stimulation. On removal of insulin stimulation, GLUT-4 is internalized by the
budding of clathrin-coated vesicles from the plasma membrane. GLUT-4 enters early endosomes, from which it is re-sorted to
intracellular GLUT-4-containing vesicles. From reference 31, with permission
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Insulin action in insulin-sensitive peripheral tissues
(e.g. fat or muscle) begins with specific binding to
high-affinity receptors on the plasma membrane of the
target tissue. This binding activates the receptor and
generates second messengers which are responsible for
initiating many cellular processes that define the bio-
logical action of insulin, including the uptake of glu-
cose into the cell29,30 (Figures 2.10–2.13). The cellular
abnormality accounting for clinical insulin resistance

theoretically could involve any one of the multiple
steps of the insulin-signaling cascade, as alterations in
insulin production, insulin binding, or intracellular
signaling all have the potential to induce an insulin-
resistant state. The insulin resistance most commonly
observed clinically is referred to as a postreceptor
defect because insulin signaling and/or effective glu-
cose transport after insulin binding (i.e. intracellular
events) is attenuated.

Stimulation of
glucose transportExercise

5-AMP activated
kinase

Translocation
to cell

membrane

Protein
kinase B

(Akt)

Phosphoinositide
dependent

kinases

Phosphoinositide-3
kinase

Atypical
protein
kinase C

Cytoplasm

GLUT-4 Cell membrane

Insulin receptor

Insulin

ATP

Tyrosine phosphorylation

p110 p85 IRS

SH2 domains

Exercise
responsive
GLUT-4–
containing

vesicle

Insulin
responsive
GLUT-4–
containing

vesicle

Figure 2.12 Insulin signaling pathways that regulate glucose metabolism in muscle cells and adipocytes. GLUT-4 is stored in
intracellular vesicles. Insulin binds to its receptor in the plasma membrane, resulting in phosphorylation of the receptor and
insulin-receptor substrates such as the IRS molecules. These substrates form complexes with docking proteins such as
phosphoinositide-3 kinase at its 85-kDa subunit (p85) by means of SH2 (Scr homology region 2) domains. Then p85 is
constitutively bound to the catalytic subunit (p110). Activation of phosphoinositide-3 kinase is a major pathway in the
mediation of insulin-stimulated glucose transport and metabolism. It activates phosphoinositide-dependant kinases that
participate in the activation of protein kinase B (also known as Akt) and atypical forms of protein kinase C (PKC). Exercise
stimulates glucose transport by pathways that are independent of phosphoinositide-3 kinase and that may involve 5’-AMP-
activated kinase. From reference 31, with permission
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3 Role of obesity and body fat distribution in
cardiometabolic risk

Obesity can be simply defined as an excessive amount
of body fat which increases the risk of medical illness
and premature death. For clinical purposes, assess-
ments that are routinely used to define obesity include
body weight and body mass index (BMI)1. The BMI
assessment represents the relationship between weight
and height, and is derived by calculating either the
weight (in kg) divided by the height (in meters
squared), or the weight (in pounds) multiplied by 704
divided by the height in inches squared1. Using the
BMI as the main criteria, classification of obesity into
risk categories have been proposed (Table 3.1). The
BMI classification is based on data that has been col-
lected from large epidemiological studies that evaluat-
ed body weight and mortality2–4. This classification
provides clinicians with a mechanism for identifying
patients at high risk for complications associated with
obesity. It has been well established that those individ-
uals considered obese, i.e. BMI ≥ 30, are at much high-
er risk for cardiovascular mortality than those con-
sidered overweight, i.e. BMI between 25 and 29.91

(Figure 3.1).
The prevalence of obesity has reached epidemic

proportions around the world and the rate continues
to increase. According to the World Health Organiza-
tion (WHO), it has been estimated that over 1 billion
adults worldwide are overweight and at least 300 mil-
lion are considered obese5. Many factors contribute to
this rise, but among the major factors are sedentary
lifestyles, consumption of high-fat caloric-dense diets,
and increased urbanization. In the US alone, data from
the National Health and Nutrition Examination
Surveys obtained since l960 have suggested that over

64% of the US adult population is classified as either
overweight or obese (BMI > 25)5. Whereas the
prevalence of overweight adults has increased slightly,
from approximately 30.5% to 34.0%, the prevalence
of obesity (BMI ≥ 30) has more than doubled from
approximately 13% in 1960 to over 30% in the year
20005. Furthermore, the prevalence of individuals
with extreme obesity as defined by a BMI ≥ 40 has
increased over 6-fold in the same 40-year period
(0.8% vs. 4.7%)5. Most of the increase in body weight
has occurred since 1980 and, unfortunately, this
trend is not expected to change (Figure 3.26).Thus, we
will have to address the economic, medical, and psy-
chosocial consequences of this epidemic for years to
come.

Obviously, the major concern associated with the
obesity epidemic centers around the associated

Additional risks: (1) waist circumference > 40 inches in men and > 35 inches in women;
(2) weight gain of ≥ 5 kg since age 18–20 years; (3) poor aerobic fitness; and  
(4) Southeast Asian descent

  Obesity class BMI (kg/m2) Risk  

Underweight  < 18.5 Increased

Normal  18.5–24.9 Normal

Overweight  25.0–29.9 Increased

Obesity I 30.0–34.9 High

  II 35.0–39.9 Very high

Extreme obesity III ≥ 40 Extremely high

Table 3.1 BMI-associated disease risk. Reproduced from
 reference 1, with permission
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Figure 3.1 Relationship between body mass index (BMI) and cardiovascular mortality in 302 233 adult men and women who
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25.0–29.9 kg/m2 and obese BMI ≥ 30 kg/m2, respectively. From reference 3, with permission
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Figure 3.2 Age adjusted prevalence of overweight (BMI 25–29 kg/m2) and obesity (BMI ≥ 30 kg/m2) in adults aged 20–74
years in the US since 1960. Data were obtained from the four National Health and Nutrition Examination surveys conducted
between 1960 and 2000. As shown, the prevalence of overweight individuals has increased slightly, but the prevalence of obe-
sity has more than doubled. From reference 1, with permission. Data from reference 6 and National Center for Health Statis-
tics, Centers for Disease Control and Prevention website www.cdc.gov/nchs/products/pubs/pubd/hestats/obese/obse99.htm
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complications which seem to affect every major organ
system (Table 3.2). Specifically, obesity increases an
individual’s risk for cancer, gastrointestinal diseases,
arthritis, and adversely affects psychological well-
being. However, the major concern, as described in
detail in this Atlas, is the markedly increased risk to
develop diabetes and cardiovascular disease in those
individuals who are obese. Specifically, obesity is sig-
nificantly associated with both the traditional risk fac-
tors, i.e. hypertension, dyslipidemia, diabetes, and the
non-traditional risk factors, i.e. fibrinogen and inflam-
matory markers, of cardiovascular disease. In addition,

as the presence of insulin resistance is considered as
the hallmark for the presence of the cardiometabolic
risk syndrome, it is clear that obesity and insulin resist-
ance are integrally related (Figure 3.3).

BODY FAT DISTRIBUTION

The traditional view of adipose tissue is simply a reser-
voir for desposition of excess calories only has not
been valid for years. It is very true that adipocytes
serve as a major tissue for energy storage and there is
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Figure 3.3 Relationship of insulin sensitivity to body mass index. With increasing obesity as assessed by the increase in BMI,
obese individuals are characterized as insulin resistant, whereas lean individuals with BMI < 25 may be markedly insulin
sensitive. From reference 7, with permission

Gastrointestinal Gallstones, pancreatitis, abdominal hernia, NAFLD* (steatosis, steatohepatitis, and cirrhosis), and possibly GERD†

Endocrine/metabolic Metabolic syndrome, insulin resistance, impaired glucose tolerance, type 2 diabetes mellitus, dyslipidemia,
 polycystic ovary syndrome

Cardiovascular Hypertension, coronary heart disease, congestive heart failure, dysrhythmias, pulmonary hypertension, ischemic
 stroke, venous stasis, deep vein thrombosis, pulmonary embolus

Respiratory Abnormal pulmonary function, obstructive sleep apnea, obesity hypoventilation syndrome

Musculoskeletal Osteoarthritis, gout, low back pain

Gyneocologic Abnormal menses, infertility

Genitourinary Urinary stress incontinence

Ophthalmologic Cataracts

Neurologic Idiopathic intracranial hypertension (pseudotumor cerebri)

Cancer Esophagus, colon, gallbladder, prostate, breast, uterus, cervix, kidney

Postoperative events Atelectasis, pneumonia, deep vein thrombosis, pulmonary embolus

 

 

*Non-alcoholic fatty liver disease; †gastroesophageal reflux disease

Table 3.2 Medical complications associated with obesity. From reference 1, with permission
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Figure 3.4 There is strong evidence suggesting adipose tissue has a central role in contributing to insulin resistance. New evi-
dence suggests that insulin resistance is partly the result of the inability of the adipose organ to expand to accommodate excess
calories. Increased fat cell size may represent the failure of the adipose tissue mass to expand, i.e. proliferate and differentiate,
resulting in a reduced ability to accommodate an increased energy influx. When combined with reduced fat oxidation in adipose
tissue, these pathophysiologic changes will contribute to a decrease in fat storage in adipocytes and an increase peripheral depo-
sition of lipids in tissues, i.e. increased ‘ectopic fat’. Individuals who have a low capacity for proliferation and/or differentiation of
precursors into mature fat-storing adipocytes are susceptible to hypertrophy of the existing adipocytes under conditions of ener-
gy excess. Thus, adipocyte hypertrophy (i.e. large fat cells) is indicative of a failure to proliferate and/or differentiate; a failure to
accommodate an increased energy flux resulting in ectopic (intracellular) storage in sites such as muscle, liver and pancreas; and
correlates better with insulin resistance than with any other measure of adiposity. Courtesy of Center for Obesity Research and
Education

a growing science demonstrating that size, differentia-
tion, and secretions from the adipocyte are all impor-
tant functions8–10 (Figure 3.4).

Individuals who are obese and have a high concen-
tration of visceral adipose tissue tend to have dyslipi-
demia in the form of elevated levels of triglycerides
and decreased levels of high-density lipoprotein cho-
lesterol (HDL-C), which place them at higher risk for
cardiovascular disease. As obesity is a major factor to
increase metabolic risk, the relevancy of managing
obesity to prevent and/or ameliorate chronic diseases
such as cardiovascular disease and type 2 diabetes is
undeniable11.

The body weight and BMI have served an impor-
tant purpose in stratifying individuals at high risk.
However, the assessment of the specific distribution of

the body fat may be considered an even more impor-
tant assessment. In past studies, body fat distribution
has been generally assessed by anthropometric meas-
urements consisting of waist circumference, the
waist-to-hip ratio (WHR), or skin fold thicknesses
(Figure 3.5). When using skin fold measures, the most
commonly utilized has been the subscapular-to-triceps
ratio, or a sum of central-to-peripheral skinfolds12.
Regardless of which is utilized, these measures are
used to classify the subject as having either upper
body, i.e. ‘central’ or abdominal obesity, or lower body
obesity. In lay terms, these body types have been
referred to as the ‘apple-’ or ‘pear-shape’ phenotypes
(Figure 3.6). Abdominal adiposity, in addition to being
significantly associated with the metabolic abnormali-
ties that constitute the cardiometabolic syndrome, is
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High WHR
(≥ 0.95 in men)

(≥ 0.80 in women)

Low WHR
(< 0.95 in men)

(< 0.80 in women)

Waist-to-hip ratio
An index of abdominal vs. peripheral obesity

Figure 3.6 Schematic demonstrating use of anthropometric measures such as waist-to-hip ratio (WHR) in classifying central
or upper-body (abdominal) obesity (‘apple-shaped’) versus lower-body peripheral obesity (‘pear-shaped’)

Subcutaneous fat

Intra-abdominal fat

Abdominal
muscle layer

Measure waist between
iliac crest and lower ribs

Figure 3.5 Visceral adiposity: the critical adipose depot. Epidemiologic and metabolic studies conducted over the past 15 years
have noted that complications frequently found in obese patients appear to be associated with the location of excess fat rather than
to excess weight per se, specifically abdominally distributed obesity. The patient with abdominal obesity, or excess visceral adipose
tissue, has a high cardiometabolic risk. A simple and practical screening tool such as a measurement of the waist circumference can
be used to assess risk by monitoring the accumulation or loss of visceral fat between office visits. Courtesy of Center for Obesity
Research and Education
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subcutaneous fat at the same level or ‘cut’ of the
scan12. As such, it is now possible to appreciate the
differences in fat depots in the abdominal area (Figure
3.10). Using these techniques, the relationship
between fat distribution, e.g. visceral fat depots, and
peripheral muscle insulin resistance has been shown
to be highly  correlated in both men and women (Fig-
ures 3.11–3.13)19–21. The pathophysiologic basis as to
why central obesity, and particularly visceral fat,

also considered to be a significant risk factor for coro-
nary heart disease in both men and women14–16. There
is disagreement, however, between some investigators,
whether this relationship holds after adjusting for total
adiposity, as measured by BMI. It has been shown,
however, that use of a very easily measured clinical
tool such as waist circumference or WHR appears to
be highly associated with development of type 2 dia-
betes (Figure 3.7 and Table 3.3). As it relates to car-
diovascular mortality, there appears to be significant
evidence that although obesity per se is well recog-
nized to be a major risk factor for coronary heart dis-
ease in both men and women, several lines of evidence
suggest that measures of regional fat distribution are
independently associated with risk of cardiovascular
disease (Table 3.3 and Figure 3.8).

In the recent past, more sophisticated techniques,
such as computed tomography (CT) or magnetic
resonance imaging (MRI) scans, have been utilized to
assess central obesity. The advantage of these tech-
niques is apparent in that specific and precise quan-
tification of abdominal fat depots can be readily
assessed (Figure 3.9)12,13. Specifically, with use of
these techniques, the amount of visceral or intra-
abdominal fat can be compared with the amount of
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Men: waist size > 40 vs. < 37 inches

Women: waist size > 34 vs. < 31 inches 

 4-fold greater risk for type 2 diabetes

 3- to 4-fold greater risk for major cardiovascular event

Table 3.3 The use of waist sizes in both men and women 
 were highly associated with disease risk. Specifically,
 a waist circumference of 40 inches, as opposed to 37
 inches, in men was associated with a 4-fold greater
 risk for development of type 2 diabetes and a
 3–4-fold greater risk for any cardiovascular event.
 Similar findings were noted for women comparing
 waist circumference of 34 inches versus 31 inches.
 Data from reference 17, with permission
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Figure 3.7 Risk of diabetes mellitus during 13 years in relation to WHR at baseline. Comparison between risk in upper and
lower 10% of WHR distribution. From reference 16, with permission
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Figure 3.8 Age-adjusted incidence rates for coronary heart disease according to body mass index and waist circumference ter-
tiles for women (a) and men (b), and according to body mass index and waist-to-hip ratio tertiles for women (c) and men (d).
Adapted from references 14 and 15, with permission
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Figure 3.8 Continued

Cefalu Chapter 03  1/30/07  6:29 PM  Page 46



47

ROLE OF OBESITY AND BODY FAT DISTRIBUTION IN CARDIOMETABOLIC RISK

Omental and 
mesenteric fat

Retro- or 
extraperitoneal fat

Subcutaneous fat

Distribution of abdominal fat deposits

Figure 3.9 (a) Schematic demonstrating abdominal fat depots that can be measured using NMR or CT scans. (b) Scan show-
ing subcutaneous fat and visceral fat patterning. Courtesy of Dr Steven Smith, from reference 13, with permission
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BW = 107 kg; BMI = 32.6 kg/m2

VF = 76 cm2; SF = 391 cm2; DSF = 201 cm2; SSF = 190 cm2

BW = 79 kg; BMI = 32.9 kg/m2

VF = 114 cm2; SF = 530 cm2; DSF = 262 cm2; SSF = 268 cm2

a

b

Figure 3.10 Magnetic resonance imaging (MRI) of distribution of abdominal fat demonstrating transverse cross-sectional mag-
netic resonance image at the L4–6 vertebral level. The various abdominal fat depots, i.e. visceral fat, subcutaneous fat areas,
abdominal deep and superficial subcutaneous fat areas can be appreciated. The fascia (arrows) separating the superficial sub-
cutaneous and deep subcutaneous depots is easily visualized. Despite similar body mass index (BMI) measurements for the male
(a), and female (b) subjects, there are significant differences in abdominal fat distribution. BW, body weight; VF, visceral fat; SF,
superficial fat; DSF, deep subcutaneous fat; SSF, superficial subcutaneous fat. From reference 18, with permission
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Figure 3.11 Relationship between visceral adipose tissue and skeletal muscle insulin action in both men and women. LBM,
lean body mass. From reference 19, with permission
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Figure 3.12 Relationship between aging and accumulation of visceral fat. As shown in left panel, this study evaluated both
men and women through seven decades. There appeared to be no significant increase in BMI with age for either men or women
in this cohort. However, as seen in the right panel, intra-abdominal fat, expressed per kg of body weight, was significantly asso-
ciation with aging in this cohort. The data does suggest redistribution of body fat associated with the aging process. From ref-
erence 20 with permission
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Figure 3.14 Central obesity and insulin resistance are integrally related. There are several possible links between adipose tis-
sue function and insulin resistance determined in other organs such as skeletal muscle or liver. One such link is the regulation
of free fatty acid delivery to peripheral tissues. It has been suggested that an expanded adipose tissue mass delivers more free
fatty acids to the systemic circulation and to the peripheral tissues. These fatty acids are proposed to compete for substrate uti-
lization in skeletal muscle, which in turn reduces glucose utilization. This increases blood glucose concentration and provides
the stimulus for increased insulin secretion and hyperinsulinemia which is a key feature of the insulin-resistance syndrome.
Courtesy of Center for Obesity Research and Education

Figure 3.13 Insulin sensitivity is related to intra-abdominal fat accumulation regardless of age or gender. In this study, indi-
viduals ranging in age from 20 to 80 years had visceral fat assessed by magnetic resonance imaging and had insulin sensitivity
assessed by the modified minimal model. As shown, the greater the visceral fat, the lower the insulin sensitivity. From reference
19, with permission
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and improves insulin sensitivity (Figures 3.14 and
3.15). Furthermore, the adipose tissue excess,
particularly in the visceral compartment, is associated
with other co-morbidities including dyslipidemia,
hypertension, prothrombotic and proinflammatory
states.

Finally, the most recent data regarding the signifi-
cance of obesity stem from the findings that adipose
tissue acts not only as a passive reservoir for energy
storage, but also serves as a well known endocrine
organ8. Specifically, adipose tissue has been shown to
express and secrete a number of bioactive proteins
referred to as adipocytokines in addition to expressing
numerous receptors that allow it to respond to
different hormonal signals (Figure 3.16). Thus, in addi-
tion to its function to store and release energy, adipose
tissue is able to communicate metabolically with other
organ systems, and in this way, contributes significantly

attenuates insulin action has been a topic of great
debate. It has also been suggested that the association
between abdominal fat and insulin resistance does not
prove causality, as it is possible that environmental,
biological, or inherited factors that induce insulin
resistance also cause abdominal fat accumulation.
Nonetheless, it has been proposed that alterations in
fatty acid metabolism associated with abdominal obe-
sity may be responsible for the attenuation in insulin
action because excessive circulating free fatty acids
(FFAs) inhibit the ability of insulin to stimulate mus-
cle glucose uptake and to suppress hepatic glucose
production. As such, the notion of a link between
abdominal fat, FFA metabolism, and insulin resistance
is supported by the observation that basal whole-body
FFA flux rates are greater in upper-body obese than in
lower-body obese and lean subjects and that diet-
induced weight loss decreases whole-body FFA flux

Figure 3.15 It is well established that excessive visceral fat is associated with insulin resistance and other co-morbidities asso-
ciated with increasing cardiometabolic risk. Furthermore, increased plasma fatty acid concentrations have been postulated to
contribute greatly to the metabolic abnormalities associated with abdominal obesity. Visceral fat has been suggested to be more
harmful than excess subcutaneous fat, because lipolysis of visceral adipose tissue triglycerides releases free fatty acids (FFAs)
into the portal vein, which are then delivered directly to the liver. This schematic demonstrates the approximate relative con-
tributions of FFAs released from lower- and upper-body subcutaneous fat depots and from splanchnic tissues to the systemic
venous circulation, and FFAs from visceral fat and the systemic arterial circulation to the portal circulation in lean and obese
subjects. From reference 21 with permission
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to biological processes that include energy metab-
olism, neuroendocrine, and immune function8.
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Figure 3.16 Adipose tissue has been shown to express and secrete a number of bloactive proteins referred to as adipocytokines
in addition to expressing numerous receptors that allow it to respond to different hormonal signals. Data from reference 8, with
permission
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4 Physiologic systems regulating energy balance,
including the endocannabinoid system

It is well established that obesity and insulin resistance
are associated with an increased risk for developing
type 2 diabetes in addition to developing other cardio-
metabolic risk factors1–4. Fortunately, over the recent
past, there has been a rapid and substantive increase in
our understanding of the underlying physiologic sys-
tems and molecular pathways modulating these condi-
tions. Specifically, key regulators of energy balance and
insulin signaling have been elucidated that have aided
greatly our understanding of the link between obesity
and insulin resistance. As such, the concept of obesity
may be simple to grasp in that it develops over time
when we take in more calories than we burn, but
insight into the mechanisms behind this observation
has revealed systems that are complex and highly inte-
grated5. Specifically, the epidemic of obesity that is
occurring globally indicates the inability of homeosta-
tic mechanisms to offset a sedentary lifestyle and
increased caloric intake6,7. Furthermore, it is under-
stood that there is a dynamic interplay between the
adipose tissue and other key tissues in the body, such
as liver, muscle and regulatory centers of the brain.
Altered regulation of this integrated and coordinated
system inevitably leads to accumulation of body fat,
insulin resistance and type 2 diabetes (Figure 4.1).
While it is understood that lifestyle intervention is the
cornerstone of therapy for obesity, it is also apparent
that effective pharmacotherapy, designed to reduce
the cardiometabolic risk profile, is urgently needed. In
order to develop effective strategies that may modu-
late molecular mechanisms contributing to obesity
and insulin resistance, there must be sound scientific
evidence in support of and agreement on the

pathogenic mechanisms. This chapter will therefore
focus on the physiologic systems and pathways pro-
posed to regulate whole-body energy metabolism and
that contribute to or modulate pathways relevant to
the development of obesity and/or insulin resistance.

AMP-ACTIVATED PROTEIN KINASE
CASCADE

Analogous to the chemicals in an electrical cell or bat-
tery, all living cells must continuously maintain a high,
non-equilibrium ratio of ATP to ADP to survive.
Catabolism charges up the battery by converting ADP
and phosphate to ATP, whereas almost all other cellu-
lar processes tend to discharge the battery by directly
or indirectly converting ATP to ADP and phosphate.
The fact that the ATP : ADP ratio in cells usually
remains constant indicates that the mechanism that
maintains these processes in balance, i.e. the AMPK
cascade, is very efficient9,10. The AMP-activated pro-
tein kinase cascade acts as a metabolic sensor or ‘fuel
gauge’ that monitors cellular AMP and ATP levels
because it is activated by increases in the AMP : ATP
ratio11. Once activated, the enzyme switches off ATP-
consuming anabolic pathways and switches on ATP-
producing pathways, such as fatty acid oxidation9–11.
In addition to maintaining the energy status of indi-
vidual cells, this system plays an important role in
whole-body energy balance and it is a key player in the
development and treatment of insulin resistance and
type 2 diabetes5,9. More recent evidence further impli-
cates AMPK as having a pivotal role in energy balance.
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Specifically, recent animal studies have suggested that
AMPK contributes to development of obesity and
adipocyte hypertrophy12. In addition, several animal
studies implicate this system in regulating food
intake13,14. Thus, it is apparent that the cellular effects
of AMPK activation to modulate major pathways of
carbohydrate and lipid metabolism and systems regu-
lating whole-body energy balance would be highly
beneficial in clinical states of obesity, insulin resistance
and type 2 diabetes (Figures 4.2 and 4.3).

LIPOREGULATION

Fat metabolism and carbohydrate metabolism are
inherently related. Lipid abnormalities have been
shown to have profound effects on carbohydrate
metabolism as exemplified by the ‘lipotoxicity’ hypoth-
esis. This hypothesis suggests that the abnormal accu-
mulation of lipids, e.g. triglycerides and fatty acyl-CoA
in muscle and liver, results in insulin resistance15,16.
Several lines of evidence support this observation such

↓ Food intake
↑ Energy expenditure
↑ Physical activity
↑ Thermogenesis

↑ Food intake
↓ Energy expenditure
↓ Physical activity
↓ Thermogenesis

Normal variation in the population
for body weight and adiposity

Availability of high fat/energy dense foods,
hydrogenated fats and sedentary lifestyle

Susceptibility genes

Resistance genes

Ideal body weightLeanness

Leanness

Obesity

Anorexia Obesity Metabolic syndrome

Obesogenic environment

Figure 4.1 The ‘Energy Balance Equation’ implies that food consumption, i.e. ‘energy intake’, needs to match energy output,
i.e. ‘energy expenditure’, in order to maintain a stable body weight. Major determinants of energy expenditure are: (1) the ther-
mogenic effect of food (TEF), which represents the amount of energy utilized by ingestion and digestion of the food consumed;
(2) physical activity; and (3) resting metabolic rate (RMR), determined in large measure by the amount of lean body mass.
However, given the many obesity-promoting changes that have occurred in our environment, the whole-body energy balance
has shifted toward being overweight and obese in many individuals at an alarming rate. From reference 8, with permission
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Energy intake

AMPK

Brain Skeletal muscle Adipose

Energy storage

Energy expenditure

HeartSkeletal muscle

AdiposePancreatic β cell

Insulin Leptin

AMPK

Figure 4.3 Role of AMPK in the regulation of whole body energy metabolism. Energy intake (food) is used for energy expen-
diture and any excess is stored in the body, e.g. as fat (adipose) or glycogen (liver and skeletal muscles). The hypothalamus plays
a key role in the integration of these pathways by hormones, e.g. insulin secreted from pancreatic β-cells and leptin secreted
from adipose cells. AMPK inhibits storage pathways and stimulates energy expenditure. In addition, recent studies indicate that
activation of AMPK in the hypothalamus increases food intake, whereas inhibition decreases intake. From reference 10, with
permission

Figure 4.2 Health care professionals typically assess metabolic measurements using indirect calorimetry. With these tech-
niques, resting metabolic rate (RMR) via indirect calorimetry to determine a person’s energy expenditure can be determined.
RMR via indirect calorimetry is determined by either by oxygen consumption (VO2) or oxygen consumption and carbon diox-
ide production (VCO2). As demonstrated, a subject on an indirect calorimetry machine
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as studies showing a strong correlation between intra-
muscular fat content as assessed with nuclear magnet-
ic resonance spectroscopy, and insulin resistance16,17.
Moreover, insulin sensitivity is restored by treatments
that reduce intramuscular lipid accumulation (i.e. low-
fat feeding, fasting, and exercise)18.

When normal and healthy individuals are in ener-
gy balance such that caloric intake matches caloric
expenditure, their liporegulatory system is at rest19

(Figure 4.4). When the system is at rest, leptin levels
are observed to be low. Leptin is a hormone produced

by adipose tissue and was first known to regulate
energy homeostasis by inhibiting food intake and by
upregulating energy consumption20. More recent
findings, however, suggest that leptin is a dual mole-
cule. Not only is it characterized as a hormone
involved in energy homeostasis, but increasing evi-
dence also suggests that leptin regulates and partici-
pates in both immune homeostasis and inflammatory
processes20. When an individual chronically consumes
more calories than are expended, such that the ener-
gy balance equation is altered, adipocytes will expand

Leptin

Leptin

Lipids

Lipids

Normal

Mild insulin resistance

Normal

Normal

Fat tissue

Fat tissue

Lean
tissues

Lean
tissues

Condition

Condition

a

b

TG

TG

Figure 4.4 A concept of the liporegulatory system and lipid partitioning in normal, healthy subjects. (a) When caloric intake
is equal to caloric expenditure, the liporegulatory system is at rest, and the lean tissues contain little or no unmetabolized lipids.
(b) During overnutrition, the adipocyte pool expands, and leptin levels rise proportionately. This upregulates oxidative metab-
olism of long-chain fatty acids in the lean tissues. Thus, ectopic accumulation of surplus lipids is minimal, and partitioning of
body fat is well maintained. Nevertheless, there may be modest reduction in insulin sensitivity and glucose tolerance within the
normal range. From reference 19, with permission
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and leptin levels will rise in proportion to the degree
of lipid overload19. In this context, it is proposed that
the elevated leptin level promotes fatty acid oxidation
and inhibiting lipogenesis, thereby maintaining the
lipid content in the lean tissue at a near-normal level19

(Figure 4.4).
In clinical conditions associated with abdominal

obesity, however, liporegulatory failure may occur in
that the circulating level of leptin, although higher
than normal, may not be effective and leptin resistance
may be observed20 (Figure 4.5).

ADIPOCYTE DYSFUNCTION AND INSULIN
RESISTANCE

Adipose tissue plays a key role in directing whole-body
glucose disposal, although it accounts for only about
10% of insulin-stimulated glucose disposal. There is
now substantial evidence that factors that regulate
adipocyte function can ultimately lead to insulin
sensitization in muscle. Along these lines, the discovery
of the peroxisome proliferator-activated receptors
(PPARs) in the early 1990s has revolutionized

Fat tissue

Fat tissue

Lean
tissues

Lean
tissues

Leptin

Leptin

FFA

Metabolic syndrome

Insulin resistance

Visceral

Generalized

Condition

Condition

a

b

Lipids

Figure 4.5 Lipid partitioning in diet-induced obesity. (a) Diet-induced visceral obesity is most commonly associated with fea-
tures consistent with cardiometabolic risk. It is suggested that in visceral obesity, leptin levels, although elevated above those of
normal lean subjects, may not be elevated sufficiently to prevent the accumulation of lipids in lean tissues. In addition, there
may be resistance to leptin in its target tissues. In any case, the prevalence of obesity and risk factors is greater. (b) In general-
ized obesity, the hyperleptinemia is greater and is presumably better able to limit ectopic lipid accumulation. Although insulin
resistance still occurs, most other features consistent with the metabolic syndrome may be absent. FFA, free fatty acid. From
reference 19, with permission
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our understanding of fat and carbohydrate metabo-
lism and their interaction. In particular, a large body of
evidence has accumulated suggesting that PPARγ is a
master regulator in the formation of fat cells and their
ability to function normally in the adult21,22. PPARγ is
induced during adipocyte differentiation and ectopic
expression of PPARγ in non-adipogenic cells effective-
ly converts them into mature adipocytes23,24. Thus,
the discovery and study of the PPARs have con-
tributed greatly to the evidence supporting the role of
the adipocyte as having a major effect on skeletal mus-
cle glucose uptake. First, there is evidence that activa-
tion of PPARγ in adipose tissue improves its ability to
store lipids, thereby reducing ‘ectopic’ fat storage in
liver and muscle21. If this metabolic pathway is acti-
vated, lipid repartitioning on a whole-body level will
occur increasing the triglyceride content of adipose
tissue, lowering free fatty acids and triglycerides in the
circulation, liver and muscle, resulting in improved
insulin sensitivity. In essence, activation of this path-
way will improve the ‘lipotoxicity’ as described for

muscle. Furthermore, adipocytes are derived from
pluripotent stem cell precursors and individuals who
have a low capacity for proliferation and/or differenti-
ation of precursors into mature fat-storing adipocytes
are susceptible to hypertrophy of the existing
adipocytes under conditions of energy excess25. Thus,
adipocyte hypertrophy (i.e. large fat cells) is indicative
of a failure to proliferate and/or differentiate, a failure
to accommodate an increased energy flux resulting in
ectopic (intracellular) storage in sites such as muscle,
liver and pancreas, and correlates better with insulin
resistance than any other measure of adiposity26,27

(Figure 4.6).
A second mechanism by which improvement in

adipocyte function can improve insulin sensitivity is
by altering the release of signaling molecules from fat
(adipocytokines) that have metabolic effects in other
tissues27–28. For example, it is well known that
adipocytokines, such as leptin, tumor necrosis factor-α
(TNF-α), resistin and adiponectin, have profound
metabolic effects. It has been observed that PPARγ

Figure 4.6 CD68+ macrophages in human white adipose tissue. A hypertrophic adipocyte is surrounded by macrophages.
Adipose tissue recruits macrophages for reasons that are not entirely clear. However, the local inflammatory milieu is thought
to (a) increase adipocyte lipolysis as cytokines downregulate insulin signaling and (b) change the secretion of adipokines such
as leptin and adiponectin. Photomicrograph courtesy of Barbara Kozak, PhD
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agonists may inhibit the expression of TNF-α and
resistin which promote insulin resistance, whereas
they may stimulate the production of adiponectin,
which promotes fatty acid oxidation and insulin sensi-
tivity in muscle and liver28 (Figure 4.7). In addition,
substantial evidence has accumulated that chronic
activation of the proinflammatory pathway in insulin
target tissues and in macrophages may underlie the
obesity-related component of these insulin-resistant
states (Figure 4.8).

ENDOCANNABINOID SYSTEM

A recently characterized physiologic system that plays
a major role in modulating energy metabolism is the
endocannabinoid–CB1 receptor system (Figure
4.9)31,32. The discovery of this system represents a sig-
nificant advance in understanding mechanisms con-
tributing to the development of obesity and as such,
provides targets for new pharmacological approaches
to target abdominal obesity and its related metabolic

Obesity Inflammation

Adipocyte
hypertrophy

Innate immune
activation

Hepatic
steatosis

Macrophages

DECREASED:
Adiponectin

INCREASED:
Resistin
MCP-1

INCREASED:
IL-6

TNF-α
IL-1β

INCREASED:
PAI-1
RBP4

Artery

Atherosclerosis

Muscle Liver

Insulin resistance

Figure 4.7 The humoral theory of insulin resistance. In this model, insulin resistance results from pathophysiologic levels of
circulating factors that are potentially derived from several different cell types. The possible role of adipocytes, macrophages (in
adipose tissue, liver and elsewhere), and hepatocytes is shown, along with secreted factors that modulate insulin action at the
cellular level. MCP, monocyte chemoattractant protein; IL, interleukin;TNF-α, tumor necrosis factor-α; PAI-1, plasminogen acti-
vator inhibitor type 1; RBP, retinol binding protein. From reference 29, with permission
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complications. The endocannabinoid system consists of
a family of endogenous agonists that are phospholipid
derivatives and locally produced (endocannabinoids)
and the receptors which they activate, i.e. GI/O-protein-
coupled CB1 receptors33–35.

It has been reported that the CB2 receptors are
located in key areas of the brain involved in the regu-
lation of appetite/satiety as well as in several
tissues/organs such as the autonomic nervous system,
the liver, skeletal muscle, gastrointestinal tract and
adipose tissue (Figure 4.10)31,36. There appears to be

key differences between classic neurotransmitters and
the endocannabinoid system as it is now described that
endocannabinoids are produced on demand post-
synaptically and degraded rapidly (Figure 4.11). There
is therefore considerable evidence supporting the
notion that the endocannabinoid system has an impor-
tant role in the regulation of energy balance37. For
example, it has been demonstrated that the endo-
cannabinoid administration increases energy intake
and this effect is not observed in animals lacking the
CB1 receptor38,39. Furthermore, animals lacking the

Liver
insulin resistance System

insulin resistance

Muscle
insulin resistance

Macrophage

Endocrine
inflammatory signals

Endocrine
inflammatory signals

Paracrine and autocrine
inflammatory signals

Fat
insulin

resistance

Overnutrition

Figure 4.8 The development of systemic insulin resistance in obesity-induced inflammation and stress. In obese states, adipose
tissue is under a constant state of metabolic stress, resulting in the activation of the stress and inflammatory response, which
leads to the accumulation of macrophages. In this state, adipocytes release cytokines, adipokines and free fatty acids, which can
act in a paracrine or autocrine fashion to amplify the proinflammatory state within adipose tissue and cause localized insulin
resistance. Adipose tissue also serves as an endocrine organ whereby these cytokines, adipokines and free fatty acids travel to
liver and muscle and may decrease insulin sensitivity. In addition to the adipose tissue-derived factors, stress and inflammatory
signals can arise independently within liver and muscle, and result in local insulin resistance within these organs. From reference
30, with permission

Cefalu Chapter 04  1/30/07  6:29 PM  Page 62



63

KEY REGULATORS INCLUDING THE ENDOCANNABINOID SYSTEM

receptor (knockout mice) are lean and appear to be
resistant to diet-induced obesity32. Because of these
observations, it was postulated that by blocking the
CB1 receptor, this approach would represent an
innovative approach for the management of high-risk
abdominal obesity and the related cardiometabolic
risk38. The results from recently completed phase III
clinical trials in overweight/ obese patients suggests
that this approach may indeed yield substantial
clinical benefits6,40,41.

Rimonabant was the first developed CB1 blocker.
Use of this agent in animals suggested that this drug
could induce a reduction in food intake, loss of body

weight and body fat, and could improve insulin sensi-
tivity and blood lipids31,36. It also appeared that
rimonabant could favorably alter the metabolic profile
beyond what could be explained by weight loss32. The
explanation put forth to explain the putative weight-
independent effect of the drug appeared to be related
to the discovery of the presence of CB1 receptors on
other tissues and organs among which there is adipose
tissue32,42. It has been suggested that the stimulation
of CB1 receptors in fat cells would promote lipogene-
sis leading to fat cell hypertrophy32.This in turn would
reduce production of adiponectin by enlarged adipose
cells.

Hypothalamus
Hunger/satiety

Limbic forebrain
Motivation for
palatable food

Ghrelin,
PYY, GLP-1

Gastric emptying
GI motility

Energy intake

Endocannabinoid
system

Digestion, absorption, transport

Metabolism or storage

Lipogenesis
Fatty acid synthesis
Hepatic glucose output

Glucose uptake,
Glucose, lipid oxidation

Lipolysis
Lipogenesis

Figure 4.9 The EC system has effects that modulate whole-body energy metabolism. Specifically, the system acts as a major
contributor to the energy balance by altering dietary intake. In addition, the system has effects on digestion, absorption, and
metabolism of substrates. PYY, peptide YY; GLP-1, glucagon-like protein-1
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Brain Adipose tissue Muscle Liver GI tract Pancreas

Receptors CB1

Immune system

T cells B cells

CB2

Monocytes

Spleen Tonsils

G-protein-coupled receptors

CB1 receptors are located in several areas of the brain and in a variety of tissues such as adipose tissue, liver, muscle,
the gastrointestinal tract, pancreas and sensory neurons

CB2 receptors are located in immune cells such as T cells

Figure 4.10 The cannabinoid (CB) receptors are described as G-protein-coupled receptors. These receptors are located
throughout the body, but have particular relevance in that they are present in the brain where major effects may be seen with
activation. Endocannabinoids control food intake by modulating the activity of several brain regions

The observations reported in animal studies appear
to be quite compatible with the human condition.
Specifically, an overstimulation of the endocanna-
binoid system in human abdominal obesity has been
suggested to lead to fat cell hypertrophy and to
markedly reduced plasma adiponectin levels, which
are well-described features of abdominal obesity43.
Furthermore, it was reported that the low plasma
adiponectin concentration observed in viscerally obese
patients was a key factor responsible for their marked-
ly reduced HDL-cholesterol levels43. The decreased
adiponectin level in subjects with visceral obesity
would be postulated to reduce intracellular insulin sig-
naling and therefore induce insulin resistance44. This
pathway could represent one of the mechanisms by
which the overstimulated endocannabinoid system of
abdominally obese patients contributes to insulin
resistance on a clinical level. In support of this concept
are recent data suggesting that an overactivated EC
system contributes to fat accumulation in the periph-
eral tissues such as liver, leading to related metabolic
impairments45–47. As therefore proposed, CB1 block-

ade with drugs such as rimonabant will reduce food
intake leading to weight loss and to related metabolic
improvements. But, it also appears that a weight-
loss-independent effect of this drug may be expected
from its mechanism of action, likely to be mediated by
the blockade of CB1 receptors located in key systemic
metabolic organs/tissues such as the liver and adipose
tissue40 (Figure 4.10).

Rimonabant is currently the first CB1 receptor
blocker under clinical development and the key
effects on anthropometric, metabolic and CVD risk
variables reported in completed clinical research stud-
ies are summarized (Table 4.1). In the first published
trial (RIO-Europe), it was reported that treatment
with rimonabant for 1 year resulted in a significant
weight loss, a substantial reduction in waist circumfer-
ence and improved metabolic risk factors for diabetes
and cardiovascular disease in patients with overall
obesity41. Specifically, treatment with rimonabant at
20 mg/day reduced fasting insulin, 2-hour plasma
insulin, increased HDL-cholesterol concentration and
reduced plasma triglyceride levels. It was also suggested
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that 50% of these metabolic effects were independent
from the weight loss, suggesting a systemic metabolic
effect on CB1 receptors located in peripheral tissues40.

A second 1-year study was designed to test the
effect of rimonabant in dyslipidemic overweight/obese
patients (RIO-Lipids). This study also reported that
rimonabant therapy at 20 mg/day significantly
decreased body weight as well as markedly improving

body composition indicated by a considerable reduc-
tion in waist circumference48. The weight loss and
change in body composition was related to significant
improvements in glucose tolerance, reduction in
plasma insulin levels, reduction in triglyceride
concentrations and increase in HDL-cholesterol levels.
An important observation was that the prevalence of
patients meeting the NCEP-ATP III criteria for the
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Figure 4.11 Differences between classic neurotransmitters (left) and the endocannabinoid system (ECS) (right). In the clas-
sic neurotransmission system, presynaptic release of a neurotransmitter interacts with receptors at the postsynaptic membrane
and channels open allowing ions to flow through. This causes a change in the postsynaptic membrane potential. In contrast to
this system, endocannabinoids are not stored in vesicles. An action potential triggers the opening of calcium channels and acti-
vates the synthesis of endocannabinoids from membrane-bound precursors. The endocannabinoids are released and enter the
synaptic cleft. They then bind to the cannabinoid (CB)1 receptor located presynaptically. This reverse pathway is called retro-
grade signaling. This is important in that the ECS is normally quiet until endocannabinoids are synthesized on demand, taken
back up into cells, and degraded. Thus, endocannabinoids act locally. Ach, acetylcholine; DAGL, diacylglycerol lipase; MAGL,
monoacylglycerol lipase; 2-AG, 2-arachidonoylglycerol; PLC, phospholipase C; NAT, N-acyltransferase; NAPE-PLD, N-
acylphosphatidyl-ethanolamine-specific phospholipase D; FAAH, fatty acid amide hydrolase; EMT, endocannabinoid mem-
brane transporter; NArPE, N-arachindonoyl-phosphatidyl-ethanolamine. Adapted from reference 31, with permission 
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metabolic syndrome was reduced by about 50%
among patients treated with rimonabant. In addition,
patients treated with rimonabant showed additional
improvements in other cardiometabolic risk markers
such as favorable effects on LDL particle size and
C-reactive protein levels. A low adiponectin concen-
tration was associated with insulin resistance, inflam-
mation and an atherogenic dyslipidemia in the
patients prior to treatment with rimonabant. How-
ever, plasma adiponectin levels increased by 57% in
subjects treated48. Therefore, it appears that the favor-
able improvement of abdominal fat distribution and
adiponectin levels are important factors contributing
to the effect of CB1 blockers such as rimonabant on
metabolic risk factors for type 2 diabetes and CVD42.
Thus, rimonabant therapy, by targeting both abdomi-
nal obesity and cardiometabolic risk factors in central-
ly obese patients, provides a novel therapeutic clinical
option not previously available.
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Table 4.1 Reported effects of rimonabant on anthropometric,  
 metabolic and cardiovascular disease risk variables

Anthropometric variables
↓ Body weight
↓ Waist circumference

Metabolic and cardiovascular disease risk variables
↓ Triglycerides
↑ HDL-cholestrol
↓ Cholesterol/HDL-cholesterol ratio
↓ Apolipoprotein B/apolipoprotein AI ratio
↑ LDL peak particle size
↓ Proportion of small LDL particles
↑ Proportion of large LDL particles
↑ Insulin sensitivity
↓ Insulin

Improved glucose tolerance
↑ Adiponectin
↓ Leptin
↓ C-reactive protein
↓ Systolic and diastolic blood pressure

LDL, low-density lipoprotein; HDL, high-density lipoprotein
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5 Traditional metabolic risk factors 

HYPERGLYCEMIA

Subjects with the metabolic syndrome have insulin
resistance as a core feature, which results in impaired
glucose tolerance or frank hyperglycemia.

Epidemiological studies have shown that patients
with diabetes mellitus and glucose intolerance are at
increased risk for coronary heart disease (CHD). In the
first 20 years of the Framingham Heart Study, the inci-
dence of cardiovascular disease among men with dia-
betes was twice that among men without diabetes, and
among women with diabetes the incidence of cardio-
vascular disease was three times that among women
without diabetes1. Also, in the Framingham Offspring
Study, compared with normal glucose tolerance, sub-
jects with impaired glucose tolerance or an impaired
fasting glucose were more likely, and those with dia-
betes were significantly more likely, to have subclinical
coronary atherosclerosis.

The 10-year follow-up of the Munich General
Practitioner Project was a prospective study evaluating
factors predicting macrovascular disease and overall
mortality in non-insulin-dependent diabetic
(NIDDM) patients. In a univariate analysis, those who
died from macrovascular causes had significantly
higher fasting blood glucose and hemoglobin (Hb)A1c
levels. After adjustment for traditional risk factors,
HbA1c remained an independent predictor of
macrovascular disease2. In the prospective EPIC-
Norfolk study, HbA1c concentrations predicted all
cause, cardiovascular, ischemic heart disease, and non-
cardiovascular mortality independent of age and
known risk factors. When diabetes status and HbA1c

concentration were both included in the same model,
diabetes was no longer a significant independent pre-
dictor of mortality. An increase of 1% in HbA1c con-
centration was associated with roughly a 40% increase
in cardiovascular or ischemic heart disease mortality.
After a history of diabetes or those with a HbA1c con-
centration of > 7%, and those with a prior history of
heart disease and stroke were excluded, the relative
risk of all cause mortality for a 1% increase in HbA1c
was 1.46 (1.00–2.12, p = 0.05) adjusted for age and
risk factors (Figure 5.1)3. Taken together these data
suggest that glycemia itself is an important risk factor
for adverse cardiovascular events. The beneficial effect
of glycemic control on cardiovascular outcomes was
suggested by early intervention trials which showed
that reducing glucose with oral hypoglycemics provid-
ed cardioprotection .

Recently two important studies have shed further
light on the importance of more intensive glycemic
control4,5.The Diabetes Control and Complications
Trial (DCCT) demonstrated that among patients with
type 1 diabetes mellitus, compared with conventional
treatment, intensive control of hyperglycemia with
insulin reduced the risk of any cardiovascular disease
outcome by 42% (Figure 5.2) and the risk of non-fatal
myocardial infarction, stroke, or death from cardio-
vascular disease by 57%4. Similarly the PROspective
pioglitAzone Clinical Trial In macroVascular Events
(PROACTIVE) which assessed the benefit of piogli-
tazone versus placebo in patients with type 2 diabetes
mellitus and vascular disease demonstrated that piogli-
tazone reduced the risk of macrovascular complica-
tions by 16% over 3 years (Figure 5.3)5.
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The exact mechanism by which hyperglycemia
increases cardiovascular risk is unclear. Several mecha-
nisms have been proposed  (Figure 5.4) including glyca-
tion of circulating proteins which leads to the produc-
tion of advanced glycation end products (AGE) which
are associated with increased clinical risk (Figure 5.5)6

and also have a number of diverse biological effects (Fig-
ure 5.6). Glycation of circulating lipoproteins also
increases the atherogenicity of LDL cholesterol and
thus may contribute to accelerated atherosclerosis.
Direct effects of glucose on the vessel wall may also con-
tribute to endothelial activation, resulting in increased
expression of adhesion molecules, reduced production
of tissue plasminogen activator (tPA), and increased
production of plasminogen activator inhibitor (PAI-1)
leading to a hypofibrinolytic state and inflammation.
Finally, hyperglycemia may contribute to increased left
ventricular (LV) stiffness and renal dysfunction which
are both independent predictors of clinical risk.

HIGH-DENSITY LIPOPROTEIN
CHOLESTEROL

The earliest histological lesion of atherosclerosis is the
fatty streak (Figure 5.7)7 which comprises of lipid-rich
‘foam cells’ derived from smooth muscle cells which
have migrated from the media and from macrophages
which originate as blood monocytes. Over time these
progress to a severe flow limiting stenosis (Figure 5.8)8

consisting of multilayered fibroatheroma (Figure
5.9)8.

The key role of high-density lipoprotein (HDL) as
a carrier of excess cellular cholesterol in the reverse
cholesterol transport pathway is believed to provide
protection against atherosclerosis. In reverse choles-
terol transport, peripheral tissues (e.g. vessel-wall
macrophages) remove their excess cholesterol through
the ATP-binding cassette transporter 1 (ABCA1) to
poorly lipidated apolipoprotein A-I, forming
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Figure 5.1 Age-adjusted risk of cardiovascular disease (CVD) and ischemic heart disease (IHD) by glycosylated hemoglobin
(HbA1c) concentration in men aged 45–79 years from the EPIC-Norfolk study. The risk of clinical events rose with increasing
HbA1c levels and was lowest in those with < 5% HbA1c, which is below the cut-off for a normal HbA1c. From reference 3,
with permission
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Figure 5.2 Data from the Diabetes Control and Complications Trial (DCCT) showing the cumulative incidence of any car-
diovascular disease outcome (a) and of the first occurrence of non-fatal myocardial infarction, stroke, or death from cardiovas-
cular disease (b) among patients with type 1 diabetes mellitus. Compared with conventional treatment, intensive control of
hyperglycemia with insulin reduced the risk of any cardiovascular disease outcome by 42% (p = 0.02) (a) and reduced the risk
of the first occurrence of non-fatal myocardial infarction, stroke, or death from cardiovascular disease by 57% (p = 0.02) (b).
From reference 4, with permission
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Figure 5.4 Schematic of the multiple effects of hyperglycemia. Glycation of collagen leads to increased arterial stiffness and
may contribute to increased risk of hypertension. Glycation of circulating proteins leads to the production of advanced glyca-
tion end products (AGE), which have a number of deleterious effects on the vessel wall. Glycation of circulating lipoproteins
increases the atherogenicity of LDL cholesterol and oxidized LDL. This leads to accelerated atherosclerosis and increased
endothelial cell apoptosis increasing the risk of thrombosis. Glycation of the renal microvasculature results in progressive dete-
rioration in renal function and contributes to increased cardiovascular risk. Direct effects of glucose on the endothelium con-
tribute to endothelial activation, resulting in increased expression of adhesion molecules, reduced production of tissue plas-
minogen activator (tPA), and increased production of plasminogen activator inhibitor (PAI-1) leading to hypofibrinolysis and
inflammatory cell accumulation. Finally, hyperglycemia may contribute to increased left ventricular (LV) stiffness and diastolic
dysfunction
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Figure 5.3 Data from the PROspective pioglitAzone Clinical Trial In macroVascular Events (PROACTIVE) which assessed the
benefit of pioglitazone vs. placebo in addition to standard care of patients with type 2 diabetes mellitus. Pioglitazone improved
glycemic control by an absolute value of 0.8% and reduced the risk of macrovascular complications by 16% over 3 years. From
reference 5, with permission
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Figure 5.6 Schematic of the biological effects of advanced glycation end products (AGE) at the vessel wall.AGE are the short-
and long-term modification products of glycation or glycoxidation of proteins and lipids and have been linked to premature ath-
erosclerosis in diabetic patients as well as in non-diabetic subjects. AGE are a heterogeneous group of compounds that have mul-
tiple biological effects, some of which are mediated by interacting with receptors, including the receptor for AGE (RAGE), on
endothelial cells, smooth muscle cells, and macrophages. AGE may contribute to the development of atherosclerosis by activat-
ing the transcription factor nuclear factor kB (NF-kB) through RAGE binding, resulting in induction of cellular adhesion mol-
ecule expression and cytokine activation, thus driving inflammation in the vessel wall. Glycoxidation of lipoproteins increases
foam cell formation. AGE also sequestrate NO and mediate impaired endothelial function. Increased AGE modification of long-
lived proteins, such as collagen, increases cross-linking and stiffening of arteries
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Figure 5.5 Adjusted risk of total (a) and CHD (b) mortality among non-diabetic women by quartiles of plasma AGE
(advanced glycation end products). Quartile 4 was associated with a higher risk of total and CHD mortality compared with
quartiles 1–3, even after adjusting for age, body mass index (BMI), hypertension, smoking, total cholesterol, HDL cholesterol,
and triglycerides. From reference 6, with permission
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Figure 5.9 Multilayered fibroatheroma in a coronary artery
cross-section made 0.5cm distal to that in Figure 5.8.There are
two lipid cores and two thick fibromuscular layers, with one
set of core and fibromuscular layer stacked upon the other set.
Lesions which severely obstruct the vessel lumen even without
superimposed thrombosis (as here) are found in severe hyper-
lipidemia. From Stary HC.Atlas of Atherosclerosis: Progression
and Regression, 2nd edn. Lancaster, UK: Parthenon Publishing,
2003: 104 (reference 8), with permission

Figure 5.8 Cross-section of anterior descending coronary
artery, greatly narrowed by a lipid-rich lesion about 3.5 cm
beyond the main bifurcation, viewed here before processing
for histology. From a 40-year-old man whose sudden and
unexpected death was due to myocardial infarction. From
Stary HC. Atlas of Atherosclerosis: Progression and Regres-
sion, 2nd edn. Lancaster, UK: Parthenon Publishing, 2003:
104 (reference 8), with permission

Figure 5.7 Histology of a fatty streak in the intima of the human aorta. The raised area comprises lipid-rich ‘foam cells’
derived from smooth muscle cells which have migrated from the media and from macrophages which originate as blood mono-
cytes. Fat is stained red with oil red O. From reference 7, with permission
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Figure 5.10 Schematic of the reverse cholesterol transport pathway. In reverse cholesterol transport, lipid-poor pre-β-HDL
cholesterol, rich in apolipoprotein A-I (ApoA-I), is synthesized by the liver or intestinal mucosa and released into the circula-
tion. There it promotes the transfer of excess cellular-free cholesterol (FC) from macrophages to ApoA-I by interacting with the
ATP-binding cassette transporter A1 (ABCA1) in arterial-wall macrophages. Plasma lecithin-cholesterol acyltransferase (LCAT)
converts free cholesterol in pre-β-HDL cholesterol to cholesteryl ester (CE), resulting in the maturation of pre-β-HDL choles-
terol to mature α-HDL cholesterol. α-HDL cholesterol is transported to the liver by a direct or indirect pathway. In the direct
pathway, selective uptake of cholesteryl ester by hepatocytes occurs with the scavenger receptor, class B, type 1 (SR-B1). In the
indirect pathway, HDL cholesterol cholesteryl ester is exchanged for triglycerides (TG) in apolipoprotein B-rich particles (B),
LDL cholesterol, and very-low-density lipoprotein (VLDL) cholesterol through cholesteryl ester-transfer protein (CETP), with
uptake of cholesteryl ester by the liver through the LDL receptor (LDLR). Cholesterol that is returned to the liver is secreted
as bile acids and cholesterol. Acquired triglycerides in the modified HDL cholesterol particle are subjected to hydrolysis by
hepatic lipase (HL), thereby regenerating small HDL cholesterol particles and pre-β-HDL cholesterol for participation in reverse
cholesterol transport. PL, plasma lecithin; E, apolipoprotein-E-rich particles. From reference 9, with permission
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pre-α-HDL. HDL consists of a heterogeneous class of
lipoproteins containing approximately equal amounts
of lipid and protein (Figure 5.10)9. The various HDL
subclasses vary in quantitative and qualitative content
of lipids, apolipoproteins, enzymes, and lipid transfer
proteins, resulting in differences in shape, density, size,
charge, and antigenicity. Beyond reverse cholesterol
transport HDL is believed to have other beneficial
effects including improving endothelial function
(Figure 5.11). HDL also attenuates expression of
adhesion molecules and inflammatory cytokines
which promote leukocyte extravasation into the vessel
wall. Infusion of HDL has been shown to increase
nitric oxide synthetase activity promoting vasodilata-
tion. HDL also inhibits the oxidation of LDL and the
formation of lipid hydroperoxides which reduce
inflammation. Sujects with metabolic syndrome have
low levels of HDL which is believed to contribute to
their cardiometabolic risk. The biological effects of
HDL are diverse (Figure 5.11) and in addition to

reverse cholesterol transport, antioxidant and anti
inflammatory effects are likely to be important.

A large number of prospective observational studies
have generally reported inverse associations between
HDL cholesterol concentrations and the risk of
CHD10–15, with the largest study reporting that a
1 mg/dL increase in HDL cholesterol is associated with
a CHD decrease of 2% in men and 3% in women10.
Furthermore, the association of HDL cholesterol is
proportionally about 50% stronger in women than in
men10. In the Honolulu Heart Study (Figure 5.12) the
age-adjusted incidence of atherosclerotic events was
higher in subjects with a low HDL at every level of
total cholesterol16. Among subjects with established
coronary disease the highest event rates were observed
among those with a HDL-C below 28 mg/dL and low-
est among those with a HDL above 50 mg/dL (Figure
5.13)17. The American National Cholesterol Education
Program considers HDL cholesterol to be an optional
secondary target of lipid treatment18, whereas the

Figure 5.11 Schematic of beneficial effects of HDL. Several studies have shown that HDL improves endothelial function.
HDL attenuates expression of adhesion molecules such as vascular intracellular adhesion molecule-1 (VCAM-1) and E-selectin,
as well as inflammatory cytokines such as interleukin (IL)-8 that promote leukocyte extravasation into the vessel wall. Infusion
of HDL has been shown to increase nitric oxide synthetase activity and therefore nitric oxide bioavailability, which promotes
vasodilatation. Other studies have shown that HDL inhibits endothelial apoptosis by the inhibition of typical apoptosis path-
ways, such as the activation of caspases, and activates protein kinase Akt, a mediator of antiapoptotic signaling. A growing body
of evidence suggests that HDL exerts part of its antiatherogenic effect by counteracting LDL oxidation. HDL inhibits the oxi-
dation of LDL and the formation of lipid hydroperoxides. Inhibition of LDL oxidation by HDL is also attributed to the high
content of antioxidants in HDL such as apoA-I and to the presence of several enzymes, such as paraoxonase, platelet activating
factor acetylhydrolase, and glutathione peroxidase, which prevent LDL oxidation or degrade its bioactive products
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Figure 5.12 Data from the Honolulu Heart Study demonstrating the age-adjusted incidence of atherosclerotic events per 1000
person years by HDL cholesterol (HDL-C), triglyceride, and total cholesterol levels (between 1970 and 1988). At every level of
total cholesterol, subjects with a low HDL are at increased risk of atherosclerotic events. From reference 16, with permission
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Figure 5.13 Data from the CARE trial showing coronary event rates according to baseline HDL-C concentrations in partici-
pants with baseline LDL < 125 or ≥ 125 mg/dL assigned to placebo. Median concentrations (mg/dL) are shown for each quin-
tile of HDL-C. The event rates were highest in those with a HDL-C below 28 mg/dL and lowest among those with a HDL
above 50 mg/dL. Note that all patients had a history of coronary artery disease. From reference 17, with permission

Ev
en

t r
at

e 
(%

)

35

30

5

15

10

25

20

0

Q1
< 28

Q2
32

Q3
36

Q4
41

p interaction 0.0008

Q5
> 50

LDL  < 125 mg/dL

LDL  ≥ 125 mg/dL

Quintiles HDL-C (mg/dL)

Cefalu Chapter 05  1/30/07  6:30 PM  Page 77



European Consensus Panel recommend a minimum
target for HDL of 1.03 mmol/L in certain patients such
as diabetics19.A variety of studies using fibrates have
assessed the relative merit of raising HDL or niacin. A
recent meta-analysis of these data suggests that there is
a 2.5% reduction in CHD events for every 1% rise in
HDL cholesterol with fibrates and a 1.7% reduction for
every 1% rise in HDL cholesterol with niacin20. In
addition there is now direct evidence of a beneficial
effect of niacin on the atherosclerotic process itself, as
niacin reduces the progression of carotid intima media
thickness (CIMT) (Figure 5.14)21.

ATHEROGENIC DYSLIPIDEMIA

Insulin resistant states such as the metabolic syn-
drome are commonly associated with an atherogenic
dyslipidemia that contributes to significantly higher
risk of atherosclerosis and cardiovascular disease.
Emerging evidence suggests that insulin resistance and
its associated metabolic dyslipidemia result from per-
turbations in key molecules of the insulin signaling

pathway, including overexpression of key phos-
phatases, and downregulation and/or activation of key
protein kinase cascades, leading to a state of mixed
hepatic insulin resistance and sensitivity. These signal-
ing changes in turn cause an increased expression of
sterol regulatory element binding protein (SREBP) 1c,
induction of de novo lipogenesis, and higher activity of
microsomal triglyceride transfer protein (MTP), which
together with high exogenous free fatty acid (FFA)
flux collectively stimulate the hepatic production of
apolipoprotein B (apoB)-containing very-low-density
lipoprotein (VLDL) particles (Figure 5.15). When
VLDL and triglyceride (TG) levels are high there is
enhanced transfer of TG to LDL and HDL making
these triglyceride rich and the reverse transport of
cholesteryl ester into VLDL occurs (Figure 5.16). Sub-
sequently, VLDL is broken down into small athero-
genic remnant particles and the triglyceride-rich LDL
is broken down by hepatic lipase into small dense
LDL. The TG-rich HDL are broken down into small
dense HDL which are easily cleared from the circula-
tion reducing the amount of HDL available for reverse
cholesterol transport. VLDL overproduction underlies
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Figure 5.14 Using assessment of carotid intima media thickness (CIMT), which is a surrogate of CV risk, has shown that rais-
ing HDL has a significant effect on retarding the progression of atherosclerosis. Data reference 21, with permission. *p < 0.001;
**p = 0.23
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Figure 5.15 Schematic of the most fundamental defect in patients with metabolic syndrome which is resistance to the cellu-
lar actions of insulin, particularly resistance to insulin-stimulated glucose uptake. Insulin insensitivity appears to cause hyper-
insulinemia, enhanced hepatic gluconeogenesis and increased glucose output. Reduced suppression of lipolysis in adipose tissue
leads to a high free fatty acid flux, and increased hepatic very-low-density lipoprotein (VLDL) secretion causing hypertrigly-
ceridemia and reduced plasma levels of high-density lipoprotein (HDL) cholesterol
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Figure 5.16 Schematic showing the consequences of hypertriglyceridemia and the genesis of atherogeneic dyslipidemia.When
VLDL and hence triglyceride (TG) levels are high there is enhanced transfer of TG to LDL and HDL making these triglyceride
rich, while there is reverse transport of cholesteryl estr into VLDL. Subsequently, VLDL is broken down into small atherogenic
remnant particles like intermediate-density lipoprotein (IDL). the triglyceride-rich LDL is broken down by hepatic lipase into
small dense LDL. The TG-rich HDL are broken down into small dense HDL which are easily cleared from the circulation
reducing the amount of HDL available for reverse cholesterol transport. CETP, cholesteryl ester-transfer protein
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the high triglyceride/low HDL cholesterol lipid profile
commonly observed in insulin resistant subjects.

Hypertriglyceridemia is a strong predictor of coro-
nary heart disease. Prospective studies such as MR FIT
study show that the adjusted risk of a fatal or non-fatal
CHD event is greater in subjects with a triglyceride
(TG) level of ≥ 200 mg/dL (Figure 5.17)22. This is irre-
spective of whether the subjects were in a fasting or
non fasting state. The Whitehall II study showed that
the potential relevance of combining TG and choles-
terol in risk prediction (Figure 5.18)23. There is also an
inverse relationship between serum levels of HDL
cholesterol and triglycerides, with low serum HDL
cholesterol levels representing an independent risk fac-
tor for cardiovascular disease and the so-called ‘athero-
genic lipid triad’ consists of high serum triglyceride
levels, low serum HDL cholesterol levels, and a pre-
ponderance of small, dense, low-density lipoprotein
(LDL) cholesterol particles. Small, dense, LDL choles-
terol particles are also highly atherogenic as they are
more likely to form oxidized LDL and are less readily
cleared, hence LDL particle size is a powerful predic-
tor of cardiovascular risk (Figure 5.19). Epidemiologi-
cal studies show a strong linear relationship between

the number of small dense LDL particles are subse-
quent risk of adverse clinical events (Figure 5.19)24

Therefore, measurement of LDL cholesterol does not
give the most accurate measurement of the number of
atherogenic particles in subjects with the metabolic
syndrome. For this reason some have advocated the
use of non-HDL cholesterol in risk stratification or the
measurement of apolipoprotein B which measures the
total number of atherogenic particles present (LDL,
VLDL and inter-mediate-density lipoprotein (IDL))
(Figure 5.20 and 5.21)25,26. In the AMORIS study
there was a linear relationship with respect to apoB
levels and risk of fatal MI25. In the Women’s Health
Study the risk of cardiovascular events increased with
increasing quintiles of non-HDL cholesterol, or quin-
tiles of apolipoprotein B26.

HYPERTENSION

Elevated blood pressure has been recognized as a risk
factor for cardiovascular disease for several decades
and the definition of what constitutes hypertension

Figure 5.17 Data from the MR FIT study showing the adjusted risk of a fatal or non-fatal CHD event in relation to a fasting
or non-fasting triglyceride (TG) level of ≥ 200 mg/dL. Compared with a TG of < 200 mg/dL, a TG of ≥ 200 mg/dL was associated
with a 46–64% increased risk, independent of other risk factors including lipid parameters. From reference 22, with permission
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Figure 5.18 Data from the Whitehall II study showing the isolated and combined predictive value of incremental non-fasting
triglyceride (TG) levels and subsequent risk of CHD events. (a) Univariate relative risk of CHD events in quartiles of TG. (b)
Stratification of proportion of CHD events by quartiles of TG and cholesterol. From reference 23, with permission
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Figure 5.19 Data from the Quebec Heart Study showing the odds ratios for ischemic heart disease (IHD) and probability levels
according to apolipoprotein (apo) B levels (a), the total/HDL cholesterol ratio (b), and LDL peak particle diameter (PPD). The
median of the distribution of apoB (120 mg/dL) and the total/HDL-C ratio (6.0) were used to classify men as having low or ele-
vated levels for these variables. For the present analysis, men with small LDL particles (LDL-PPD ≤ 25.64 nm) were compared with
those having intermediate and large LDL particles (LDL-PPD > 25.64 nm). Individuals with small LDL particles in the absence of
elevated apoB concentrations (apoB levels < 120 mg/dL, the median value of the distribution) were not at increased risk for IHD
compared with men with larger LDL particles and with relatively low apoB levels. Elevated apoB concentrations among individu-
als with large LDL particles resulted in a two-fold increase in IHD risk, which did not reach statistical significance. Among these
four groups, individuals having both elevated apoB levels and small LDL particles showed the greatest increase in IHD risk (OR
6.2; 95% CI 2.2–17.4; p < 0.001). A similar association was observed between LDL-PPD and the total/HDL cholesterol ratio,
because only men with small LDL particles and with an elevated total/HDL cholesterol ratio were at greater risk of IHD (OR 4.9;
95% CI 1.9–12.7) compared with men having both large LDL particles and a ratio < 6. From reference 24, with permission
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the metabolic syndrome is unclear. A possible link is
that among subjects with insulin resistance, hyper-
glycemia leads to glycation and cross-linking of colla-
gen, resulting in reduced elasticity and increased arte-
rial stiffness. In animal studies breaking these
cross-links results in a restoration of elasticity, further
supporting the potential role of glycation of collagen
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Figure 5.20 Data from the AMORIS study showing the age-adjusted risk of fatal myocardial infarction with respect to apoB
levels (log transformed) for men (a) and women (b). With increasing apoB levels the risk of fatal MI increases. From reference
25, with permission. *p < 0.05; **p < 0.001; ***p < 0.0001

Figure 5.21 Data from the Women’s Health Study showing the probability of a cardiovascular event across increasing quintiles
of non-HDL cholesterol (a) or quintiles of apolipoprotein B (b). Similar information was provided by using non-HDL-C as apoB.
From reference 26, with permission
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has been progressively lowered. Hypertension is an
important constituent of the metabolic syndrome and
is well established as an important risk factor for car-
diovascular disease. Several types of hypertension
have defined causes, such as renovascular hyperten-
sion (Figure 2.22)7 or Berger’s disease (Figure 5.23)7,
but the exact nature of the genesis of hypertension in
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in the etiology of hypertension among subjects with
the metabolic syndrome.

In a recent individual participant meta-analysis the
age-specific relationship between blood pressure and
cause-specific mortality was assessed in 1 million
adults with no previous vascular disease recorded at
baseline in 61 prospective observational studies (Fig-
ure 5.24)27. During 12.7 million person years at risk,
there were 56 000 vascular deaths at ages 40–89
years. Within each decade of age at death, the pro-
portional difference in the risk of vascular death asso-
ciated with a given absolute difference in usual blood
pressure was about the same down to 115 mmHg sys-
tolic and 75 mmHg diastolic blood pressure. At ages
40–69 years, each difference of 20 mmHg systolic
blood pressure (or, approximately equivalently,
10 mmHg diastolic blood pressure) was associated
with more than a two-fold difference in the stroke
death rate, and with two-fold differences in the death
rates from ischemic heart disease and from other vas-
cular causes. All of these proportional differences in
vascular mortality are about half as extreme at ages

80–89 years as at ages 40–49 years, but the annual
absolute difference in risk was greater in old age. The
age-specific associations were similar for men and
women, and for cerebral hemorrhage or ischemia. For
predicting vascular mortality from a single blood pres-
sure, the average of systolic and diastolic blood pres-
sure was slightly more informative than either alone,
and pulse pressure was much less informative.

There are important consequences of hyperten-
sion which could contribute to cardiovascular risk
(Figure 5.25) Elevated blood pressure results in
increased vasoreactivity and endothelial dysfunction
and increased oxidative stress. These changes con-
tribute to the endothelial dysfunction and inflamma-
tion. Additionally raised blood pressure increases
hydrostatic pressure thus increasing the deposition of
atherogenic particles in the vessel wall. Increased
after-load contributes to the deterioration in renal
function and also left ventricular diastolic dysfunction
and later systolic dysfunction resulting in heart fail-
ure. Although hypertension is a component of the
metabolic syndrome, cardiovascular risk is increased
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Figure 5.22 Digital subtraction angiogram showing a tight
renal artery stenosis due to localized fibromuscular dyplasia in
a 27-year-old nurse who had hypertension. Longer stenotic
segments often present with a ‘string-of-beads’ appearance.
From reference 7, with permission

Figure 5.23 Immunoflourescence of a renal glomerulus
showing granular deposits of IgA immune complex (yellow-
green) mainly in the mesangium, typical of IgA nephropathy
(Berger’s disease). Patients with IgA nephropathy often pres-
ent with hypertension, and are usually positive on urine stick
tests for blood and protein. From reference 7, with permission
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Figure 5.25 Schematic showing the pathological consequences of hypertension. Elevated blood pressure results in increased
vasoreactivity and endothelial dysfunction. Increased oxidative stress may further contribute to the endothelial dysfunction and
inflammation. Increased hydrostatic pressure increases the deposition of atherogenic particles in the vessel wall. Increased after-
load contributes to the deterioration in renal function which may further exacerbate hypertension. Increased afterload results in
increased left ventricular (LV) stiffness and diastolic dysfunction, and later systolic dysfunction

Figure 5.24 Data from the prospective studies collaboration showing the linear relationship between systolic (a) and diastolic
(b) blood pressure and mortality from ischemic heart disease (IHD) across decades of age. The data show the relationship between
blood pressure and risk of events is equal across each decade of age. However, as aging increases risk per se, the risk of any given
blood pressure increases with age. From reference 27, with permission
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with each additional component of the syndrome
(Figure 5.26)28.
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6 Non-traditional risk factors of cardiometabolic
risk

INFLAMMATION AND CARDIOVASCULAR
RISK

Inflammation is an intrinsic part of the pathogenesis of
atherosclerosis and cardiovascular disease (CVD)1.
Accumulation of inflammatory cells in the vessel wall
and predominantly in so-called vulnerable plaques
suggests that the most vulnerable sites in the vessel
wall have the most intense inflammatory activity2,3.
Inflammatory cells whether in the vessel wall or the
circulation produce a number of inflammatory pro-
teins called cytokines which are central to the proin-
flammatory response of the vessel wall and the sys-
temic acute phase response. Inflammatory cytokines
such as interleukin-1 (IL-1) and interleukin-6 (IL-6)
stimulate the production of C-reactive protein (CRP)
predominantly by the liver, but also by endothelial and
smooth muscle cells in the vessel wall (Figure 6.1).

INTERLEUKIN-6

Interleukin (IL)-6 is a pluripotent cytokine with a
broad range of humoral and cellular immune effects
relating to inflammation, host defense, and tissue
injury (Figure 6.2). It is produced in response to sever-
al factors, including infection; other cytokines, such as
IL-1, interferon-γ, and tumor necrosis factor; and is the
central mediator of the acute-phase response and the
primary determinant of hepatic production of CRP.
Inflammatory cells as well as endothelial and smooth
muscle cells produce IL-6. In apparently healthy indi-
viduals levels of IL-6 increase with an increase in the

number of traditional risk factors present4. In addition,
several epidemiological studies have demonstrated a
positive correlation between increasing IL-6 and car-
diovascular events (Figure 6.3)4,5.

C-REACTIVE PROTEIN

Several studies have shown that there is a significant
relationship between individual components of the
metabolic syndrome and CRP. The exact relationship
varies from component to component (Figure 6.4),
but broadly there is a positive relationship with blood
pressure, glucose, insulin resistance, obesity, and trigly-
cerides, and a negative relationship with HDL. That
CRP levels correspond with individual components of
the metabolic syndrome is consistent with the hypo-
thesized role of inflammation in several processes
critical to the development of atherothrombosis. Fur-
thermore, several cross-sectional studies have demon-
strated that there is a positive relationship between
the number of components of the metabolic syndrome
and CRP6,7 (Figure 6.5). Among healthy populations
such as the Women’s Health Study the average CRP
levels are higher among subjects with the metabolic
syndrome (average range 3.01–5.75 mg/L) compared
with those without (average range 0.68–1.93 mg/L).
Thus, some researchers have suggested that CRP may
be a useful ‘global barometer’ of cardiovascular risk
factor burden6.

It has now emerged that CRP rather than being an
innocent bystander and a mere marker of systemic
inflammation, may also, in part, directly have adverse
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Induces hepatic
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phase reactants
Endothelial
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Procoagulation

IL-6

Figure 6.2 Schematic of the multiple biological effects of IL-6. IL-6 plays an important role in driving the inflammatory
response by effects on inflammatory cells and the production of acute phase reactants and fever. It also has effects on coagula-
tion and endothelial activation

CRP

CRP

CRP

Upregulation of IL-1 production in inflammatory cells
in the vessel wall and in the circulation

Vessel wall

Liver

IL-6
'Messenger' cytokine

Pro-inflammatory risk factors

Circulation

Figure 6.1 Schematic demonstrating the cytokine ‘cascade’ leading to the production of CRP. The presence of inflammatory
risk factors results in the increased production of the ‘apical’ proinflammatory cytokine interleukin (IL)-1 by various inflamma-
tory cells. IL-1 in turn drives the increased production of a second downstream ‘messenger’ cytokine IL-6, which is the principal
determinant of CRP production mostly by the liver, and to a lesser degree by the vessel wall
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Figure 6.4 Relationship between individual components of the metabolic syndrome (x axis) and CRP (y axis) from the
PROVE IT-TIMI 22 trial. In this analysis Ray et al. demonstrated that for many of the components of the metabolic syndrome
such as glucose, diastolic BP, and HDL there were thresholds below or above which CRP remained fairly constant despite the
change in the risk factor. These thresholds may be useful targets in future for reducing inflammation. In contrast, an almost lin-
ear relationship was observed between systolic blood pressure, triglycerides, and BMI. From reference 6, with permission
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pathological effects. This suggests that CRP is an
important ‘player’ as well as a marker of cardiovascu-
lar risk (Figure 6.6). Its actions include adverse biolog-
ical effects on the vessel wall and on coagulation9. In
response to CRP, the vessel wall produces proteins
called adhesion molecules, which are able to bind cir-
culating inflammatory cells. These inflammatory cells
migrate into the vessel wall and release proteolytic
enzymes and inflammatory proteins which lead to
plaque rupture. Furthermore, CRP stimulates the
release of tissue factor from inflammatory cells which
can lead to clot formation.

More than 20 prospective studies have demon-
strated a relationship between elevated CRP and risk
of future cardiovascular disease. Using cut-offs of < 1,
1–3, and > 3 there is a linear relationship between
increasing CRP levels and CVD risk. For instance, the
Physicians’ Health Study (PHS)10, the Women’s
Health Study (WHS)11, Monitoring of Trends and
Determinants of Cardiovascular disease (MONICA)
study12 and the Atherosclerosis Risk in Communities
study (ARIC)13 demonstrated that a CRP > 3 mg/L
carried a nearly 2-fold excess risk of cardiovascular
events compared with a CRP level < 1 mg/L, which
was independent of other risk factors (Figure 6.7).
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Figure 6.5 Relationship between the number of compo-
nents of the metabolic syndrome and CRP in 14 719 appar-
ently healthy women, in the Women’s Health Study (values
shown are median levels). As the number of components
increase, so does CRP with an average increase of approxi-
mately 1 mg/L for each additional component of the meta-
bolic syndrome. For women without any component of the
syndrome CRP levels were 0.68 mg/L and for those with
every component the corresponding value was 5.75 mg/L.
From reference 8, with permission
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Figure 6.6 Schematic demonstrating the proinflammatory effects of CRP. NFκB, nuclear factor kappa B; RAGE, receptor for
advanced glycation end products; TF, tissue factor
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Significantly, several studies have demonstrated
that CRP adds prognostic information on cardiovascu-
lar risk above and beyond that available using the
Framingham risk score alone. The Pravastatin Inflam-
mation/CRP Evaluation (PRINCE) database has pro-
vided evidence that CRP picks up risk information that
cannot be gleaned from the individual Framingham
covariates15,16. Since nearly two-thirds of first coronary
events occur in individuals who would otherwise be
considered at low or moderate risk based on the Fram-
ingham risk calculation, this suggests that additional
markers or factors causal in CVD await discovery. In
groups of patients at moderate to low risk who would
otherwise not be identified, CRP levels provide further
risk stratification in prospective studies.

Several cardiovascular risk factors increase the
atherogenic potential of other risk factors when pres-
ent in combination. For example, high glucose levels
modify LDL cholesterol and make LDL cholesterol

more atherogenic. Data from the PROVE-IT TIMI 22
trial demonstrate that in addition to correlating with
several risk factors, CRP levels ‘detect’ the interaction
between risk factors such as LDL cholesterol and
glucose, thus providing additional information regard-
ing synergistic effects of combinations of risk factors
(Figure 6.8).

Data from the WHS show that at every level of the
Framingham risk score CRP levels provide additional
independent prognostic information, beyond tradi-
tional risk factors. Whether the Framingham risk esti-
mate is < 1% or 10–20%, a CRP > 3 mg/L carries
approximately a 2-fold excess risk of CHD vs. a CRP
< 1 mg/L (Figure 6.9).

Among patients at low (Framingham 10-year risk
of < 10%) or at intermediate risk (Framingham
10-year risk of 10–20%) more extreme high-sensitivity
(hs)CRP levels of > 10 mg/L carry a nearly 4.5-fold
excess risk compared with those with a CRP
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Figure 6.7 The relationship between low-grade systemic inflammation and risk of coronary events in the PHS (a), WHS (b),
MONICA (c) and ARIC (d) studies. After adjustment for Framingham risk factors there is an incremental relative risk with
increasing high-sensitivity (hs)CRP levels. From reference 14, with permission
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< 0.5 mg/L (Figure 6.10). Data from the Women’s
Health Study further demonstrate the important rela-
tionship between inflammation and cardiovascular
risk.

Among patients with the metabolic syndrome, the
Women’s Health Study demonstrated that at all levels
of severity of the metabolic syndrome, CRP added
important and independent prognostic information in
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Figure 6.8 Data from the PROVE-IT TIMI 22 trial showing that in addition to correlating with several risk factors, CRP lev-
els ‘detect’ the interaction between risk factors such as LDL cholesterol and glucose, thus providing additional information
regarding synergistic effects of combinations of risk factors. A statistically significant interaction (p = 0.034) was observed
between increasing LDL and glucose levels. From reference 6, with permission
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terms of future cardiovascular risk. This additive effect
was present in all study groups evaluated including
those with LDL cholesterol above and below
130 mg/dL and was applicable to the different meth-
ods used to define the metabolic syndrome. The prog-

nostic benefit of CRP also added to the information
obtained from assessing whether the metabolic syn-
drome was present or absent (Figure 6.11). Similar
data were observed in the West of Scotland Pravastatin
Study (WOSCOPS) which assessed only male patients
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risk was most apparent among those with three or more components of the metabolic syndrome. From reference 8, with
permission
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(Figure 6.12). The metabolic syndrome is believed to
antecede the development of diabetes. In the
WOSCOPS study the presence of CRP ≥ 3 mg/L was
a better predictor of new-onset diabetes than the
metabolic syndrome alone.

PLASMINOGEN-ACTIVATOR INHIBITOR
TYPE 1

In health there is an intrinsic balance between throm-
bus formation and fibrinolysis. Tissue plasminogen
activator (t-PA) is the human body’s endogenous fib-
rinolytic which is produced by the endothelium. Plas-
minogen-activator inhibitor (PAI) is the natural
inhibitor of t-PA which is also produced by the vessel
wall. Normally the net balance between t-PA and PAI-
1 favors fibrinolysis. However, in response to an
inflammatory stimulus, such as IL-1 or CRP, the
expression and release of PAI-1 is increased. At the
same time the expression and release of t-PA falls,
resulting in ‘hypofibrinolysis.’ Histological staining of
vulnerable coronary athrosclerotic plaques obtained
by atherectomy shows increased expression of tissue
factor (favoring thrombosis) and increased expression

of PAI-1, suggesting that an imbalance between coag-
ulation and fibrinolysis contributes to the pathogene-
sis of acute coronary events.

The main coagulation reactions are divided into the
intrinsic and extrinsic systems (Figure 6.13). Activa-
tion of factor XII on contact with a negatively charged
surface initiates the intrinsic coagulation system. (The
activated form of a factor is indicated by ‘a’.) The
extrinsic coagulation system induces the formation of
a complex composed of factor VII and tissue factor,
which is released after tissue injury. Intrinsic and
extrinsic activation of the coagulation cascade leads to
the generation of thrombin, the activation of fibrino-
gen, the release of fibrinopeptides, the formation of
soluble fibrin, and, finally, the formation of factor XIII-
mediated, cross-linked, insoluble fibrin. The main
fibrinolytic reactions involve the inhibition of fibrino-
lysis by PAI-1 and α2-antiplasmin. Fibrinolysis is initi-
ated by t-PA, urinary-type plasminogen activator (u-
PA), and plasmin. Plasmin bound to the surface of
fibrin initiates the lysis of insoluble, cross-linked fibrin,
with the subsequent generation of fibrin-degradation
products. Plasmin bound to the surface of fibrin is bet-
ter protected from inhibition by α2-antiplasmin than is
plasmin generated in the fluid phase16.
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Figure 6.12 Among both women (Women’s Health Study) (a) and men (WOSCOPS) (b) a CRP > 3 mg/L identifies groups
of patients at high and low risk. Among patients without the metabolic syndrome (MS), a CRP < 3 mg/L identifies the lowest
risk group. Among subjects with the metabolic syndrome a CRP > 3 mg/L further identifies a group at high risk of cardiac
events, with subjects having the metabolic syndrome and a high CRP being at greatest risk. Those subjects without the
metabolic syndrome and a high CRP or with the metabolic syndrome and a low CRP were at intermediate risk. From refer-
ences 8 and 18, with permission
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Figure 6.13 The main coagulation reactions are divided into the intrinsic and extrinsic systems. Activation of factor XII on con-
tact with a negatively charged surface initiates the intrinsic coagulation system. (The activated form of the factor is indicated by
‘a’.) The extrinsic coagulation system induces the formation of a complex composed of factor VII and tissue factor, which is
released after tissue injury. Intrinsic and extrinsic activation of the coagulation cascade leads to the generation of thrombin, the
activation of fibrinogen, the release of fibrinopeptides, the formation of soluble fibrin, and, finally, the formation of factor XIII-
mediated, cross-linked, insoluble fibrin. The main fibrinolytic reactions involve the inhibition of fibrinolysis by plasminogen-
activator inhibitor type 1 (PAI-1) and α2-antiplasmin. Fibrinolysis is initiated by tissue plasminogen activator (t-PA), urinary-type
plasminogen activator (u-PA), and plasmin. Plasmin bound to the surface of fibrin initiates the lysis of insoluble, cross-linked
fibrin, with the subsequent generation of fibrin-degradation products. Plasmin bound to the surface of fibrin is better protected
from inhibition by α2-antiplasmin than is plasmin generated in the fluid phase. From reference 16, with permission
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Epidemiological evidence suggests that circulating
PAI-1 levels are elevated in patients with coronary
heart disease and may play an important role in the
development of atherothrombosis. Many clinical stud-
ies have indicated that the metabolic syndrome is asso-
ciated with elevated plasma PAI-1 levels. PAI-1 is also
positively correlated with insulin, blood pressure, and
triglyceride levels, and negatively to HDL choles-
terol19–21. Central obesity which is a characteristic of
the metabolic syndrome may be particularly relevant
to the increased levels of PAI-1. Although PAI-1 is pre-
dominantly of endothelial origin the production of
PAI-1 by adipose tissue, in particular by tissue from
the omentum, has also been demonstrated and could
be an important contributor to the elevated plasma

PAI-1 levels observed in metabolic syndrome
patients22. Prospective cohort studies of patients with
previous myocardial infarction or angina pectoris have
underlined the association between increased plasma
PAI-1 levels and the risk of recurrent coronary events,
but the predictive capacity of PAI-1 is reduced after
adjustment for markers of insulin resistance23. Taken
together these results support the notion that PAI-1
can be a link between obesity, insulin resistance, and
cardiovascular disease.

In the PRIME study of nearly 10 500 subjects, PAI-
1 activity increased with body mass index, waist-to-
hip ratio, triglycerides, alcohol intake, and smoking,
and decreased with leisure physical activity. PAI-1
level was higher in diabetic subjects than in subjects

Thrombin Factor
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Factor XIII

Fibrin
clot

t-PA–PAI-1
complex

PAI-1

PAI-1

PAI-1
t-PA, u-PA

t-PA

t-PA

Plasmin

Plasminogen
activation

Fibrinogen

Formation
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fibrin

Fibrin-
degradation

products

Figure 6.14 Schematic of activation and inhibition of the fibrinolytic pathway. Tissue plasminogen activator (t-PA) circulates
in plasma as a complex with plasminogen-activator inhibitor type 1 (PAI-1) in a 1 : 1 ratio. The fibrin clot provides the surface
on which the reactions occur. Plasminogen is activated by t-PA or urinary-type plasminogen activator (u-PA). Plasminogen, t-PA,
and fibrin form a ternary complex that promotes the formation of plasmin and the subsequent lysis of cross-linked fibrin into
low-molecular-weight fragments (fibrin-degradation products). PAI-1 also binds to fibrin and, when bound, retains its inhibitory
activity against t-PA. α2-Antiplasmin is cross-linked to fibrin by factor XIII. From reference 16, with permission
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without diabetes. Cardiovascular risk factors explained
26% of the total variance in PAI-1. The odds ratio for
cardiovascular disease associated with a rise of one
standard deviation in PAI-1 was 1.38 (95% CI
1.27–1.49, p < 0.001). After adjustment for cardiovas-
cular risk factors, this association was attenuated but
remained highly significant. Similarly data from the
prospective Northwick Park Heart Study also demon-
strated a strong, long-term relationship between a low
level of plasma fibrinolytic activity at enrollment and
the subsequent incidence of coronary artery disease in
young men, suggesting that low fibrinolytic activity
precedes heart disease24. In prospective studies of
healthy subjects at risk of myocardial infarction a lin-
ear relationship between increasing PAI-1 and risk of
first myocardial infarction has been observed (Figure
6.15).

ENDOTHELIAL DYSFUNCTION

Over the past two decades, it has become evident that
the endothelium is more than an inert, single-cell lin-
ing covering the internal surface of blood vessels. Nor-
mally, the endothelium actively decreases vascular
tone by producing nitric oxide, maintains vascular

permeability within narrow bounds, inhibits platelet
adhesion and aggregation, limits activation of the coag-
ulation system, and stimulates fibrinolysis. Endothelial
dysfunction can be considered present when its func-
tions, either in the basal state or after stimulation, are
altered in a way that is inappropriate to the preserva-
tion of organ function. Endothelial dysfunction has
been associated to many cardiovascular risk factors
including diabetes, hypertension, and hypercholes-
terolemia. In addition, endothelial dysfunction may
play a crucial role in the development and progression
of atherosclerosis.

The normal healthy endothelium produces nitric
oxide (NO) and very little endothelin-1 stimulating
vasodilatation. There is very little expression of adhe-
sion molecules, such as E-selectin or ICAM, which
reduces platelet and inflammatory cell adhesion to the
vessel wall. Production of thrombomodulin (the
intrinsic natural anticoagulant) on the vessel wall binds
thrombin which then activates protein C (which
forms the body’s natural anticoagulant cascade). In
subjects with endothelial dysfunction nitric oxide pro-
duction is reduced and endothelin production
increased favoring vasoconstriction, adhesion mole-
cules are expressed which bind inflammatory cells, and
tissue factor is expressed with very little thrombo-
modulin favoring thrombus formation (Figure 6.16).

Studies have investigated which components of the
metabolic syndrome are closely linked with endothe-
lial dysfunction as assessed by changes in coronary
flow in response to an agonist (Figure 6.17)26.
Specifically waist circumference, systolic blood pres-
sure, and insulin resistance were significantly negative-
ly correlated with coronary vasodilatation. This sug-
gests the greater the extent of obesity, the higher the
blood pressure and the greater the extent of insulin
resistance the worse the degree of endothelial dys-
function26.

Halcox et al. studied the relationship between
endothelium-dependent coronary vascular function
and acute cardiovascular events in subjects with angio-
graphically normal coronary arteries. Subjects with the
greatest vasodilator reserve had the lowest incidence
of acute cardiovascular events (Figure 6.18)27. Similar
findings have been observed in subjects with mild
angiographic coronary disease28.

The integrity of the vessel wall depends upon the
ability of the body to repair the damaged endo-
thelium. Central to this are the bone marrow-derived
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Figure 6.15 The data shown demonstrates that among
patients with PAI-1 levels in quartile 4 there is an approxi-
mately three-fold excess risk compared with those in the
lowest quartile, p < 0.0001. This risk was attenuated after
adjustment for traditional risk factors. From reference 25,
with permission

Cefalu Chapter 06  1/30/07  6:30 PM  Page 97



98

ATLAS OF CARDIOMETABOLIC RISK

endothelial progenitor cells which circulate in blood.
Recent evidence suggests that there is an inverse cor-

relation between circulating progenitor cells and the
risk of cardiovascular events29. Importantly many of
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Figure 6.17 Under normal conditions there is an increasing vasodilator response to increasing doses of the agonist metacholine
(MCH) in Caucasians and African Americans. This relationship is significantly attenuated in both groups in the presence of the
metabolic syndrome (MS) demonstrating the presence of endothelial dysfunction. From reference 26, with permission

PAI-1 Endothelint-PA Thrombomodulin
Nitric
oxide

Adhesion
molecules

Tissue
factor

Hypofibrinolysis Vasoconstriction Local
inflammation

Clot formation

Dysfunctional endothelium

Vessel
lumen

Predisposition to acute cardiovascular events
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the factors which contribute to the metabolic syn-
drome are associated with a reduction in circulating
numbers of progenitor cells. Therefore, not only could
the metabolic syndrome contribute to endothelial dys-
function but it may also reduce the reparative capacity
of the vessel wall.

Hill et al. studied the relationship between the
reparative capacity (number of endothelial progenitor

cells (EPC) colony forming units) and the Framing-
ham risk score and flow-mediated dilatation. They
found a significant inverse relationship between EPC
and the Framingham risk score and a significant posi-
tive relationship between EPC and the flow-mediated
dilatation (Figure 6.19). The data strongly support the
notion that the presence of reduced numbers of EPC
contributes to cardiovascular risk30.
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MICROALBUMINURIA

Microalbuminuria is defined by the American Dia-
betes Association as the presence of 30–299 mg of
albumin in a 24-hour collection, or an albumin to

creatinine ratio of 30–299 μg/mg. The corresponding
values for normality or frank macroalbuminuria are
< 30 and ≥ 300, respectively. Microalbuminuria is
more prevalent among diabetics and in subjects with
hypertension; however, some epidemiological data

Diabetes hypertension Renal dysfunction

Increased leakiness
of capillaries

Increased accumulation
of atherogenic lipoproteins

Endothelial dysfunction Microalbuminuria

Increased
inflammation

Figure 6.20 Schematic of the postulated multiple mechanisms by which microalbuminuria may be associated with cardio-
vascular risk
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suggest that the prevalence in middle-aged non-dia-
betics is as high as 10–15%. In a cross-sectional study
of approximately 3500 Chinese subjects, the waist-to-
hip ratio, systolic and diastolic pressure, serum trigly-
ceride level, fasting plasma glucose, and homeostasis
model assessment-insulin resistance (HOMA-IR) were
all significantly increased in those subjects with
microalbuminuria compared with normal subjects31.
The prevalence of microalbuminuria was also signifi-
cantly increased with an incremental rise in the num-
ber of components of the metabolic syndrome (p for
trend < 0.001). However, the only independent pre-
dictors of microalbuminuria were hypertension and
hyperglycemia (OR 2.15 and 1.64, respectively).

Mechanisms by which microalbuminuria may be
associated with cardiovascular risk are shown in Figure
6.20. Microalbuminuria may be an early renal mani-
festation of endothelial dysfunction. It may also be a
manifestation of increased systemic vascular perme-
ability, which may facilitate an increased flux of
atherogenic particles into the arterial wall. These
effects may be further accelerated in hypertension or
diabetes.

The presence or absence, and the magnitude of
albuminuria are powerful predictions of long-term risk
(Figures 6.21 and 6.22).

A number of important markers of cardiovascular
risk are strongly correlated with microalbuminuria.
For example, type 2 diabetic patients with micro-
albuminuria have more severely impaired coronary
endothelium-dependent vasodilatation than those
with normoalbuminuria, suggesting a common
pathophysiological process for both coronary vasomo-
tor abnormalities and microalbuminuria34. In addi-
tion, microalbuminuria predicts silent ischemia
among diabetics further supporting a pathological
role. Furthermore, several cardiovascular risk factors,
such as left ventricular mass index and systolic and
diastolic dysfunction, are associated with micro-
albuminuria35,36.
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7 Clinical outcomes of patients with
cardiometabolic risk factors

‘metabolic syndrome’ has been used to describe the
combination of modifiable risk factors that identifies
patients at an elevated risk for future cardiovascular
events. Several risk factors in the metabolic syndrome
also identify patients at risk for developing type 2 dia-
betes mellitus.

Table 7.1 lists the numerous cardiometabolic risk
factors. This chapter will review the risk of cardiovas-
cular complications and outcomes associated with
each of these cardiometabolic risk factors.

HYPERTENSION

Hypertension continues to be one of the most preval-
ent and treatable components of the cardiometabolic
syndrome. A recent review of the National Health and
Nutrition Examination Survey (NHANES) suggests
that an estimated 58.4 million Americans have high
blood pressure requiring therapy1. Worldwide, the
prevalence of hypertension has been estimated to be as
high as 1 billion people with 7.1 million deaths per
year related to its complications2. In the US, hyper-
tension continues to be underdiagnosed and under-
treated with approximately 30% of patients remaining
unaware of their hypertension, 40% of patients not
receiving any treatment, and another two-thirds with
blood pressure above 140/903. The prevalence of
hypertension increases with age with approximately
75% of patients aged 70 or older demonstrating high
blood pressure4. The recent Seventh Report of the
Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure

Hypertension

Abdominal adiposity

Low HDL cholesterol

High LDL cholesterol

Hypertriglyceridemia

Impaired glucose tolerance, impaired fasting glucose, 

   insulin resistance, and diabetes

Metabolic syndrome

Smoking

Inflammatory markers including C-reactive protein

Table 7.1 Cardiometabolic risk factors

INTRODUCTION

Despite major advances in prevention and manage-
ment, cardiovascular disease continues to be the lead-
ing cause of death in the United States. Although sig-
nificant efforts have been made to reduce the burden
of cardiovascular risk, the prevalence of risk factors
continues to be high within the US population. As our
understanding of the pathophysiology of cardio-
vascular disease grows, new risk factors such as the
metabolic syndrome and markers of inflammation
including C-reactive protein (CRP) are being recog-
nized. These newly defined risk factors identify addi-
tional patients at increased risk of cardiovascular
events that may not have been previously recognized.
Furthermore, the majority of patients now present
with multiple risk factors that may have a syner-
gistic effect on overall cardiovascular risk. The term
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Coronary artery disease

Left ventricular systolic dysfunction leading to congestive

   heart failure

Left ventricular diastolic dysfunction leading to congestive 

   heart failure

Left ventricular hypertrophy

Atrial fibrillation

Cerebrovascular disease

Peripheral arterial disease

Table 7.3 Cardiovascular complications of hypertensionTable 7.2 Classification of blood pressure in adults. From
 reference 3, with permission 

BP classification SBP (mmHg)  DBP (mmHg)

  

Normal  < 120  and < 80

Prehypertension  120–139  or 80–89

Stage 1 hypertension  140–159  or 90–99

Stage 2 hypertension  ≥ 160 or ≥ 100

BP, blood pressure; SBP, systolic blood pressure; DBP, diastolic blood pressure

(JNC VII) proposed new definitions for hypertension
and prehypertension (Table 7.2)3.

Because of its increasing prevalence and wide-
reaching effects on morbidity and mortality, hyperten-
sion continues to be a crucial target in cardiovascular
risk reduction. Many consider hypertension to be the
dominant risk factor for premature onset cardiovascu-
lar disease because it is more common than smoking,
dyslipidemia, and diabetes5. The cardiovascular com-
plications of hypertension include coronary artery dis-
ease, left ventricular systolic and diastolic dysfunction
leading to congestive heart failure, left ventricular
hypertrophy, atrial fibrillation, cerebrovascular disease,
and peripheral arterial disease (Table 7.3). The World
Health Organization has suggested that poorly con-
trolled blood pressure may be responsible for up to
62% of cerebrovascular disease and 49% of coronary
artery disease3. The Framingham Heart Study has
demonstrated that the first manifestations of the car-
diovascular complications of hypertension tend to be
coronary artery disease in men and stroke in women6.
The risk of cardiovascular events has been shown to
increase according to the degree of hypertension, and
this relationship appears to strengthen with advancing
age7. A recent study revealed that both increasing
severity of systolic and diastolic hypertension corre-
lated with risk of all-cause and cardiovascular mor-
tality regardless of patient age, although a J-shaped
curve was suggested for diastolic blood pressure at
advanced ages (Figure 7.1)8. Data from observational
studies have demonstrated a linear relationship
between risk of death from both ischemic heart dis-
ease and stroke and increasing levels of systolic and
diastolic blood pressure in all age groups ranging from
40 to 89 years old (Figures 7.2 and 7.3)9. Before JNC
VII, patients with ‘prehypertension’ or blood pressures

ranging from 120 to 139 mmHg systolic and/or 80 to
89 mmHg diastolic were not widely recognized as a
population at increased risk for cardiovascular events.
However, long-term follow-up data from the Framing-
ham Heart Study have demonstrated a two-fold
increase in the relative risk of cardiovascular events
among patients with blood pressures of 130–139/
85–89 mmHg (Figure 7.4)10.

In addition to these cardiovascular complications,
hypertension is also an important cause of chronic
kidney disease (Figures 7.5 and 7.6) and may be a pre-
disposing factor in the development of type 2 dia-
betes mellitus. One study demonstrated that patients
with hypertension were nearly 2.5 times more likely
to develop type 2 diabetes than those without hyper-
tension12. In the Heart Outcomes Prevention Evalua-
tion (HOPE) study, patients at high risk for cardio-
vascular events receiving the antihypertensive
ramipril (an angiotensin-converting enzyme
inhibitor) had a significant reduction in the relative
risk of developing diabetes compared with those
receiving placebo13. It remains unclear whether
hypertension itself is a risk factor for the development
of diabetes or if it is associated with other factors such
as obesity that may contribute to insulin resistance
and diabetes. Furthermore, the reduction in the diag-
nosis of new diabetes among patients receiving
ramipril in the HOPE study may be related to intrin-
sic properties of the medication itself rather than its
blood pressure-lowering effects, as other antihyper-
tensives have not been shown to reduce the incidence
of diabetes. Frequently coexistent, hypertension and
diabetes in combination have a particularly potent
effect on the risk of cardiovascular disease. In the
Systolic Hypertension in the Elderly Program (SHEP)
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Figure 7.1 Risk surfaces for all-cause and cardiovascular mortality as a function of systolic and diastolic blood pressure by age
groups of < 65 or ≥ 65 years old. The surfaces demonstrate the relative risk for all-cause and cardiovascular mortality for com-
binations of systolic and diastolic blood pressure. From reference 8, with permission

study, hypertensive patients with diabetes receiving
blood pressure-lowering therapy with low-dose
diuretics demonstrated twice the absolute risk reduc-
tion in cardiovascular events compared with hyper-
tensive patients without diabetes14. In the Systolic
Hypertension in Europe (Syst Eur) Trial, the same
degree of blood pressure-lowering was associated
with a 76% risk reduction in cardiovascular mortality
among diabetic patients receiving antihypertensive
therapy compared with a 13% reduction among non-
diabetic patients15. These studies suggest that patients
with diabetes and hypertension are at a significantly

increased risk of cardiovascular events compared with
non-diabetics with hypertension and that aggressive
antihypertensive therapy should be pursued in these
high-risk patients. Even prehypertensive patients with
diabetes demonstrate a significantly higher risk of
cardiovascular events compared with non-diabetic
prehypertensive patients16.

A growing body of evidence has established hyper-
tension as one of the most important modifiable risk
factors for cardiovascular disease and an integral com-
ponent of the cardiometabolic syndrome. Hyperten-
sion significantly augments the risk of cardiovascular
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Figure 7.2 Ischemic heart disease mortality rate in each decade of age versus usual systolic (a) and diastolic (b) blood pres-
sure at the start of that decade. From reference 9, with permission

events when combined with other cardiometabolic
risk factors such as diabetes.

OBESITY AND ABDOMINAL ADIPOSITY

The problem of obesity has reached epidemic propor-
tions in the majority of developed nations worldwide.
The World Health Organization (WHO) has reported
that over 1 billion adults worldwide meet the defini-
tion for overweight (body mass index (BMI) of greater
than 25 kg/m2) and at least 300 million adults meet cri-
teria for clinical obesity (BMI of greater than
30 kg/m2)17. Obesity is associated with a myriad of
medical conditions including coronary artery disease,
peripheral arterial disease, cerebrovascular disease, con-
gestive heart failure, the metabolic syndrome, hyper-
tension, insulin resistance, type 2 diabetes mellitus,

dyslipidemia, obstructive sleep apnea, liver disease, and
degenerative joint disease. A subset of obese patients
demonstrate abdominal obesity or adiposity which is
defined by increasing waist circumference, sagittal
abdominal diameter, and waist-to-hip ratio. Waist
circumference and sagittal abdominal diameter have
been shown to correlate best with intra-abdominal
adiposity which is a risk factor for cardiovascular dis-
ease as well as for dyslipidemia and diabetes18. The
definition for abdominal adiposity varies between dif-
ferent ethnic populations as well as within the current
literature. A recent study revealed that 36.9% of men
and 55.1% of women in the US met the definition
of abdominal adiposity based on high-risk waist
circumference (waist circumference of greater than
102 cm in men and greater than 88 cm in women)19.

Overall obesity has been identified as a major risk
factor for cardiovascular events and mortality. A
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Figure 7.3 Stroke mortality rate in each decade of age versus usual systolic (a) and diastolic (b) blood pressure at the start of
that decade. From reference 9, with permission

prospective study of over 1 million adults in the US
evaluated the relationship between BMI and cardio-
vascular mortality as well as all-cause mortality20. The
risk of death from cardiovascular disease as well as all
causes was noted to increase progressively over the
range of overweight to clinically obese patients regard-
less of age or sex (Figure 7.7)20. One study demon-
strated that risk factors for coronary artery disease
such as low HDL cholesterol levels, systolic blood
pressure, triglycerides, glucose, and serum total choles-
terol often cluster with obesity21. The study also
demonstrated that a 2.25 kg weight reduction was
associated with a 48% reduction in the sum of risk fac-
tors for coronary artery disease in man and a similar
40% reduction in women21. A recent study investiga-
ted the relationship between being overweight or
obese at 40 years of age and life expectancy22. Over-
weight and obesity were both strongly associated with

large decreases in life expectancy, even among patients
who were non-smokers (Figure 7.8)22. Another recent
study investigated the impact of BMI and measures of
abdominal adiposity including waist circumference
and waist-to-hip ratio on the prognosis of patients
with stable cardiovascular disease who had been
enrolled in the Heart Outcomes Prevention Evalua-
tion (HOPE) study23. When compared with the first
tertile, the third tertile of BMI was associated with a
20% increase in the relative risk of myocardial infarc-
tion23. The third tertile of waist circumference was
associated with a 23% increase in the relative risk of
myocardial infarction, a 38% increase in the relative
risk of heart failure, and a 17% relative increase in total
mortality when compared with the first tertile23.
Patients within the third tertile of waist-to-hip ratio
demonstrated a 24% increased relative risk of cardio-
vascular death, a 20% increased relative risk of
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Figure 7.5 Histology showing a renal artery in the early stages of established hypertension showing medial hypertrophy and
intimal thickening causing an increase in wall: lumen ratio. Intimal thickening is a result of an increase in collagen and elastic
(black-staining) matrix proteins (elastica van Gieson). From reference 11, with permission

myocardial infarction, and a 32% relative increase in
total mortality23. Based on this study, obesity and,
more importantly, abdominal adiposity appear to cor-
relate with a worse prognosis among patients with
stable cardiovascular disease.

Like obesity, abdominal adiposity is associated with
other major cardiovascular risk factors including low
high-density lipoprotein (HDL) cholesterol levels,
high low-density lipoprotein (LDL) cholesterol, high
triglyceride levels, diabetes, and hypertension. While
abdominal adiposity is an important independent risk
factor for cardiovascular disease, it is also a component
of the diagnostic criteria for the metabolic syndrome.
An improved understanding of adipocyte pathophysi-
ology has given rise to the concept of adipose tissue as
an endocrine organ with widespread effects on lipid
metabolism, glucose control, vascular function, and
atherosclerosis24. In the INTERHEART study which

comprised 52 countries on every inhabited continent,
the relationship between multiple cardiovascular risk
factors and the incidence of myocardial infarction was
evaluated25. Abdominal adiposity and other major risk
factors including dyslipidemia, smoking, hypertension,
diabetes, and psychosocial factors were all significantly
associated with an increased incidence of myocardial
infarction25. In a prospective study of women partici-
pating in the Nurses’ Health Study, the relationship of
waist circumference and waist-to-hip ratio to the inci-
dence of coronary artery disease was evaluated26.
Greater waist circumference and increased waist-to-
hip ratio were found to be independently associated
with a significant age-adjusted increase in coronary
artery disease26. A recent study, utilizing the data from
the Paris Prospective Study I, investigated the rela-
tionship between overall obesity and abdominal obes-
ity on the risk of sudden cardiac death among men

Cefalu Chapter 07  1/30/07  6:31 PM  Page 111



112

ATLAS OF CARDIOMETABOLIC RISK

Figure 7.6 Histology of kidney in malignant hypertension showing areas of fibrinoid necrosis and intravascular coagulation.
The remaining terminal interlobular artery shows ‘onion-skin’ proliferative enarteritis probably as a healing response to acute
injury (Masson trichrome). From reference 11, with permission
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Figure 7.7 Multivariate relative risk of death from cardiovascular disease, cancer, and all other causes among men (a) and
women (b) who were never smokers and had no history of disease at the start of the study according to body mass index. From
reference 20, with permission
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without history of ischemic heart disease27. Increasing
sagittal abdominal diameter was shown to correlate
with proportional increases in the risk of sudden car-
diac death independent of BMI (Figure 7.9)27. In addi-
tion, patients in the fifth quintile of sagittal abdominal
diameter were 2.6 times more likely to develop a fatal
myocardial infarction compared with those in the first
quintile27. Based on these data, abdominal adiposity
has emerged as an independent and important cardio-
vascular risk factor.

Overall obesity and abdominal adiposity are also
associated with an increased risk of hyperglycemia,
insulin resistance, and overt diabetes. Intra-abdominal
adiposity has been shown to lead to impaired pancre-
atic beta cell function28. Furthermore, the extent of
intra-abdominal adiposity has been shown to correlate
strongly with increasing degrees of insulin resistance29.
A recent study compared BMI as a measure of overall
obesity with waist circumference and waist-to-hip
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ratio as measures of abdominal adiposity as risk factors
for the development of type 2 diabetes30. While both
overall obesity and abdominal adiposity were strong
independent risk factors for the development of type
2 diabetes, BMI and waist circumference were better
predictors than waist-to-hip ratio30. Another study
compared the effect of lifestyle modifications includ-
ing at least a 7% weight reduction and 150 minutes
per week of physical activity with that of metformin in
patients at an elevated risk for developing type 2 dia-
betes31. The lifestyle intervention group demonstrated
a 58% reduction in the incidence of type 2 diabetes
compared with placebo, while metformin was associ-
ated with a 31% reduction31. While this study suggest-
ed that lifestyle modifications lead to a greater reduc-
tion in the incidence of type 2 diabetes than
metformin, it also demonstrated the important role
that obesity plays in the pathogenesis of diabetes.

Although overall obesity has been a well-estab-
lished risk factor for cardiovascular disease and dia-
betes, abdominal adiposity has recently emerged as an
important and independent risk factor. An assessment
for abdominal adiposity, such as determination of the
waist circumference, in addition to estimation of the
BMI as a measure of overall obesity should be per-
formed in the evaluation of each patient’s overall car-
diometabolic risk.

LOW HIGH-DENSITY LIPOPROTEIN
LEVELS

While much of the current focus of therapy for dys-
lipidemia centers on management of high LDL cho-
lesterol, low HDL cholesterol levels have also been
established as a major cardiovascular risk factor. In
fact, the pattern of low HDL cholesterol levels with
normal LDL cholesterol levels appears to represent a
significant percentage of patients with coronary artery
disease when compared with isolated high LDL cho-
lesterol32. Low HDL cholesterol levels are also an
important part of the criteria for the metabolic syn-
drome, which includes a constellation of other risk fac-
tors that place patients at a markedly increased risk for
cardiovascular events. Low HDL cholesterol is defined
by the Third Report of the National Cholesterol Edu-
cation Program (NCEP) Expert Panel on Detection,
Evaluation, and Treatment of High Blood Cholesterol

in Adults (Adult Treatment Panel III (ATP III)) as a
serum level of less than 40 mg/dL33.

As an independent risk factor, low HDL cholesterol
levels have consistently been associated with an
increased risk of cardiovascular disease. In the Fram-
ingham Heart Study, patients with the highest levels of
HDL cholesterol demonstrated the lowest incidence
of coronary artery disease in long-term follow-up34. In
another study from the Framingham Heart Study,
patients with HDL cholesterol levels within the 80th
percentile demonstrated half of the risk of developing
coronary artery disease compared with those in the
20th percentile35. An analysis of men enrolled in the
Physicians’ Health Study evaluated the contribution of
low HDL cholesterol levels to the risk of myocardial
infarction36. Low HDL cholesterol levels correlated
with a significantly increased risk for myocardial
infarction and this relationship was even more pro-
nounced in patients with lower total cholesterol lev-
els36.A recent study compared the effects of LDL cho-
lesterol and HDL cholesterol on overall mortality with
the risk of cardiovascular disease among a group of
advanced elderly patients37. Cardiovascular disease
was the leading cause of death among the study
patients and this risk mortality was similar across all
tertiles of LDL cholesterol37. However, a low HDL
cholesterol level correlated with a significantly
increased risk of mortality from both myocardial
infarction and stroke37 (Figure 7.10). Low HDL cho-
lesterol levels have also been associated with a signifi-
cantly increased risk of restenosis after percutaneous
transluminal coronary angioplasty (PTCA)38. Another
study demonstrated that decreasing levels of HDL
cholesterol correlated with a significant increase in the
number of vessels affected with coronary artery dis-
ease as well as with the incidence of left main coronary
artery disease regardless of patient age or gender39.
Among patients with known coronary artery disease,
low levels of HDL cholesterol have also been shown to
be independently associated with a significantly
increased relative risk of recurrent cardiovascular
events when compared with patients with desirable
levels40.

Based on these data, patients should be assessed for
low HDL cholesterol as both an independent risk
factor for cardiovascular disease and an important
component of the metabolic syndrome. Although high
LDL cholesterol levels continue to be an important
modifiable risk factor, multiple studies suggest that
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Table 7.4 NCEP ATP III classification of LDL cholesterol in 2002. 
 From reference 33, with permission

Classification  LDL cholesterol (mg/dL)
  

Optimal  < 100

Near or above optimal  100–129

Borderline high  130–159

High  160–189

Very high  ≥ 190

New studies since 2002 may lead to further refinement in classification of LDL levels

Figure 7.10 Recent thombus can be seen at the origin of the right coronary artery close to aorta (left). Histology showing a
severely atheromatous coronary artery (right) shows residual media (deep pink-staining). The artery is narrowed by atheroma-
tous plaque comprising a mixture of pale fibrous tissue and clear lipid material. The plaque cap has ruptured, causing hemor-
rhage into the plaque and thrombosis of the lumen (H & E). From reference 11, with permission

HDL cholesterol should be an important target in the
reduction of cardiometabolic risk.

HIGH LOW-DENSITY LIPOPROTEIN LEVELS

High LDL cholesterol levels have gained increasing
importance over the past several years not only as a
major cardiovascular risk factor, but also as a crucial
target in primary and secondary prevention. The
NCEP ATP III classifies LDL cholesterol levels of less
than 100 mg/dL as optimal, 100–129 mg/dL as near or
above optimal, 130–159 mg/dL as borderline high,

160–189 mg/dL as high, and greater than or equal to
190 mg/dL as very high (Table 7.4)33. These classifi-
cations reflect the observation that patients with LDL
cholesterol levels that were previously thought to be
‘normal’ or ‘average’ still demonstrate an increased risk
for cardiovascular events when compared with
patients with lower levels (Figure 7.11).

Elevated levels of LDL cholesterol have been
demonstrated in numerous studies to be associated
with a significantly increased risk of cardiovascular
events including coronary artery disease. In a study of
2541 white men with and without coronary artery
disease, the relationships between levels of total, HDL,
and LDL cholesterol and risk of death from cardiovas-
cular and coronary artery disease were evaluated42.
Among patients with evidence of cardiovascular dis-
ease at baseline, a higher level of LDL cholesterol cor-
related with an increased risk of death from coronary
artery disease42. LDL cholesterol levels were also
shown to be significant predictors of death from car-
diovascular and coronary artery disease among
patients without a history of cardiovascular disease42.
Data from the Framingham Heart Study have also
demonstrated that LDL cholesterol is an effective
predictor of coronary artery disease risk in both men
and women43. The Lipid Research Clinics Coronary
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Figure 7.11 (a) Atheroma area is calculated by subtracting the lumen area from the area of the external elastic membrane
(EEM). (b) Patient randomized to 80 mg of atorvastatin. There is substantial reduction in atheroma area (from 13.0 to 7.4 mm2).
A lesser increase in lumen area is noted (from 7.7 to 9.8 mm2). See video at http://jama.com/cgi/content/full/291/9/1071/DC1.
From reference 41, with permission

Primary Prevention Trial evaluated the efficacy of low-
ering total and LDL cholesterol with cholestyramine
in the reduction of coronary artery disease risk among
asymptomatic men44. The cholesterol-lowering group
demonstrated an average reduction in LDL cholesterol
of 20.3% which was associated with a 19% reduction
in the primary end point of risk of death from coro-
nary artery disease and risk of non-fatal myocardial
infarction44. In addition, the cholesterol-lowering
group experienced reductions in the incidence of pos-
itive exercise stress tests, anginal episodes, and coro-
nary artery bypass surgery44. The study also demon-
strated a 19% relative risk reduction in coronary artery
disease with each 11% reduction in LDL cholesterol
level45. The West of Scotland Coronary Prevention
Study (WOSCOPS) evaluated the effect of lipid-
lowering with pravastatin among patients with hyper-
lipidemia and no history of coronary artery disease46.
The pravastatin treatment group experienced a 26%
reduction in LDL cholesterol compared with no
change in the placebo group46. Treatment with pravas-
tatin was associated with a 31% relative risk reduction

in coronary events including non-fatal myocardial
infarction or death from coronary artery disease46. Sig-
nificant risk reductions in non-fatal myocardial infarc-
tion, death from coronary heart disease, and death
from all cardiovascular causes were also observed46. In
the Air Force/Texas Coronary Atherosclerosis Preven-
tion Study (AFCAPS/TexCAPS), lovastatin was com-
pared with placebo in the prevention of first acute
major coronary events defined as fatal and non-fatal
myocardial infarction, unstable angina, or sudden car-
diac death among patients without known cardiovas-
cular disease and ‘average’ cholesterol levels (mean
LDL cholesterol level was 150 mg/dL)47. After average
follow-up of more than 5 years, lovastatin decreased
LDL cholesterol levels by 25% and led to significant
reductions in the incidence of first acute major coro-
nary events, myocardial infarction, unstable angina,
coronary revascularization procedures, coronary
events, and cardiovascular events47.

Several large randomized controlled trials have
evaluated the effect of LDL cholesterol lowering with
3-hydroxy-3-methyl-glutaryl-coenzyme A reductase

(a)

(b)
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Figure 7.12 Molecular and structural targets for imaging. Cross-section of a coronary artery containing plaque assumed to be
rupture-prone. Potential targets for imaging are highlighted. They comprise: the large lipid-rich necrotic core (orange asterisk),
thin fibrous cap (blue arrows), expansive remodeling (green arrow), and vasa vasorum and neovascularization (red open cir-
cles). From reference 48, with permission

inhibitors (statins) in patients with known cardiovas-
cular disease and ‘average’ serum levels on the risk of
cardiovascular events, showing a benefit in preventing
plaque rupture (Figures 7.12 and 7.13).

In the Cholesterol and Recurrent Events (CARE)
Trial, 4159 patients with myocardial infarction and a
mean LDL cholesterol level of 139 mg/dL were ran-
domized to LDL lowering with pravastatin or pla-
cebo50. The pravastatin therapy group demonstrated a
32% reduction in LDL cholesterol level which was
associated with a 24% relative risk reduction in fatal
coronary events or non-fatal myocardial infarction50.
Significant reductions in the need for coronary artery
bypass surgery, coronary angioplasty, and stroke were
also noted in the treatment group50. Of note, the risk
reduction in coronary events was greatest in the
patients with the highest pretreatment LDL choles-
terol levels50. The Heart Protection Study evaluated
the effects of simvastatin on mortality as well as fatal
and non-fatal vascular events among patients with
known cardiovascular disease or diabetes51. A signifi-
cant decrease in mortality largely attributable to an
18% reduction in coronary death rate was noted in the
simvastatin treatment group51. The study also demon-
strated significant reductions in non-fatal myocardial

infarction and coronary death, non-fatal or fatal stroke,
and coronary or non-coronary revascularization51.
Importantly, these reductions in cardiovascular events
were observed even in patients with LDL cholesterol
levels below 116 mg/dL and even below 100 mg/dL
suggesting that LDL levels considered to be ‘average’
were still associated with significant cardiovascular risk
and that statins may have intrinsic cardioprotective
effects in addition to their lipid-lowering effects51. In
the Pravastatin or Atorvastatin Evaluation and Infec-
tion Therapy – Thrombolysis in Myocardial Infarction
22 (PROVE IT-TIMI 22) study, 4162 patients who
were hospitalized for acute coronary syndromes
(ACS) were randomized to standard therapy with
40 mg of pravastatin daily or intensive LDL-lowering
therapy with 80 mg of atorvastatin52.The median LDL
cholesterol level achieved with standard therapy was
95 mg/dL compared with 62 mg/dL in the intensive
LDL-lowering therapy group52. A significant 16% rel-
ative risk reduction in the primary composite end
point of death from any cause, myocardial infarction,
documented unstable angina requiring hospitalization,
revascularization, and stroke was observed in the
intensive LDL-lowering group compared with stan-
dard therapy (Figure 7.14)52. The A to Z investigators
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compared an early intensive LDL-lowering regimen of
simvastatin 40 mg daily for 1 month followed by
80 mg daily thereafter with a delayed conservative
strategy with placebo for 4 months followed by sim-
vastatin 20 mg daily thereafter among patients with
ACS53. Although no significant difference in the pri-
mary composite end point of cardiovascular death,
non-fatal myocardial infarction, readmission for ACS,
and stroke was noted between the two groups during
the first 4 months, a 25% reduction in the risk of the
primary end point was observed after the first 4
months through follow-up in the early intensive ther-
apy group53. In the randomized controlled Treating to
New Targets (TNT) study, the effect of aggressive
LDL-lowering with atorvastatin 80 mg daily on car-
diovascular events was compared with low-intensity
therapy with atorvastatin 10 mg daily among patients
with stable coronary artery disease54. The mean LDL
cholesterol level achieved in the atorvastatin 80 mg
group was 77 mg/dL compared with 101 mg/dL in the
atorvastatin 10 mg group54. A 22% relative risk

reduction in the primary end point of first major car-
diovascular event as well as significant reductions in
major coronary events, non-fatal myocardial infarction
or death from coronary artery disease, and fatal or non-
fatal stroke were demonstrated in the atorvastatin
80 mg group (Figure 7.15)54. Of note, the atorvastatin
80 mg group experienced a greater incidence of ele-
vated aminotransferase levels than the 10 mg group54.
Figure 7.16 summarizes the relationship between
LDL cholesterol levels and the rate of cardiovascular
events among the major secondary prevention trials
utilizing statins54. The recent Incremental Decrease in
End Points Through Aggressive Lipid Lowering
(IDEAL) study compared intensive LDL-lowering
with atorvastatin 80 mg daily with standard therapy
with simvastatin 20 mg daily in the prevention of car-
diovascular events among patients with a history of
myocardial infarction55. During the treatment period,
mean LDL cholesterol levels were 81 mg/dL among
patients receiving atorvastatin 80 mg daily and
104 mg/dL among patients receiving simvastatin
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Lipid

Fatty streak

Fibrous

Apparent diffusion coefficient (×10–9 m2 s)

Figure 7.13 Apparent diffusion constants obtained by magnetic resonance from human aortic samples containing normal
fibrous tissue, fatty streaks, and complex lipid-laden lesions are seen in photomicrographs. The apparent diffusion constant
shows clear difference between the fibrous and lipid-rich tissue, with overlap noted between lipid-rich and fatty streak tissue
(studies performed in collaboration with Dr Renu Virmani). From reference 49, with permission
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20–40 mg daily55. Significant reductions in non-fatal
acute myocardial infarction, major cardiovascular
events including stroke, any coronary event including
hospitalization for unstable angina as well as coronary
revascularization procedures, and any cardiovascular
disease including peripheral arterial disease and non-
fatal congestive heart failure were demonstrated in the
atorvastatin 80 mg group55.

The large body of literature supporting the use of
LDL-lowering therapy such as statins for the primary
and secondary prevention of cardiovascular disease
highlights the importance of LDL cholesterol as a sig-
nificant cardiometabolic risk factor. Risk assessment
should include determination of a patient’s lipid
profile including the LDL cholesterol as well as inter-
pretation of the levels in the context of the patient’s
other risk factors and the LDL goals suggested by the
recent literature and the ATP III.

HYPERTRIGLYCERIDEMIA

Hypertriglyceridemia shares similarities with low
HDL cholesterol levels in that it is both an important
independent risk factor for cardiovascular disease and
part of the criteria for the metabolic syndrome.
Hypertriglyceridemia is generally diagnosed when
triglyceride levels are elevated above 150 mg/dL33. In
a meta-analysis of several large prospective trials, the
effect of hypertriglyceridemia on the incidence of
cardiovascular disease was investigated56. Hyper-
triglyceridemia was associated with nearly a 30%
increase in the relative risk of cardiovascular disease
among men and a 75% increase among women56.
Although the relative risk increases attenuated after
adjustment for HDL cholesterol levels and other risk
factors, a statistically significant increase in risk
persisted for both men and women suggesting that
hypertriglyceridemia was an independent risk
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Figure 7.14 Kaplan–Meier estimates comparing the incidence of the primary composite end point of death from any cause
or a major cardiovascular event including myocardial infarction, documented unstable angina requiring hospitalization, revas-
cularization, and stroke among the intensive lipid-lowering group (atorvastatin 80 mg daily) and the standard therapy group
(pravastatin 40 mg daily) in the PROVE IT-TIMI 22 trial. From reference 52, with permission
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predictor for cardiovascular disease56. The Prospec-
tive Cardiovascular Munster (PROCAM) Study
demonstrated a significant and independent relation-
ship between elevated serum triglyceride levels and
major coronary events57. A recent study also con-
firmed that elevated levels of triglycerides were asso-
ciated with an increased risk of coronary artery dis-
ease independent of other lipid abnormalities such as
elevated total cholesterol and low HDL cholesterol58.
These studies suggest that hypertriglyceridemia is an
important component of the cardiometabolic syn-
drome and that triglyceride levels should be deter-
mined as part of the cardiovascular risk factor assess-
ment offered to patients.

IMPAIRED GLUCOSE TOLERANCE,
IMPAIRED FASTING GLUCOSE, INSULIN
RESISTANCE, AND DIABETES

Impaired glucose tolerance, impaired fasting glucose,
insulin resistance, and diabetes mellitus represent a
spectrum of disorders that is associated with an
elevated risk of cardiovascular complications. Impaired
glucose tolerance, impaired fasting glucose, and insulin
resistance are also risk factors for the development of
overt diabetes. Importantly, the NCEP ATP III consid-
ers diabetes to be a coronary heart disease risk equiva-
lent, conferring the same risk for coronary events as
would be observed in a patient with known coronary
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artery disease33. While diabetes has been a well-estab-
lished cardiovascular risk factor, impaired glucose tol-
erance, impaired fasting glucose, and insulin resistance
are emerging risk factors that are also associated with
the metabolic syndrome as well as the development of
overt diabetes. In general, impaired glucose tolerance
is determined with an oral glucose tolerance test,
impaired fasting glucose is detected by serum glucose
after a fast, and insulin resistance is suggested by an
elevated fasting serum insulin level.

A study of three European cohorts from the
Whitehall Study, the Paris Prospective Study, and the
Helsinki Policemen Study evaluated the relationship
between hyperglycemia and mortality among non-dia-
betic men59. Men with fasting glucose levels in the
upper 2.5% of values and upper 20% of 2-hour glu-
cose levels after an oral glucose tolerance test demon-
strated a significant increase in all-cause mortality
when compared with those in lower distributions55.
Men in the upper 2.5% of values for both fasting and
2-hour glucose levels were also at higher risk for car-
diovascular and coronary artery disease-related
death59. The Framingham Offspring Study investiga-
ted the effect of impaired glucose tolerance, impaired
fasting glucose, and type 2 diabetes mellitus on the

development of coronary artery disease among
patients without known cardiovascular disease56.
Compared with those with normal glucose tolerance,
patients with impaired glucose tolerance and impaired
fasting glucose had a trend toward an increased inci-
dence of subclinical coronary atherosclerosis as sug-
gested by electron beam computed tomography
(EBCT)60. Patients with overt diabetes were signifi-
cantly more likely to have EBCT evidence of coronary
artery disease60. Furthermore, patients with evidence
of insulin resistance were twice as likely to have sub-
clinical coronary atherosclerosis compared with those
who did not60. The recent Strong Heart Study evalu-
ated the relationship between prehypertension,
impaired glucose tolerance, impaired fasting glucose,
diabetes, and cardiovascular risk16. Compared with
normotensive patients, patients with prehypertension
only, prehypertension and impaired glucose tolerance,
prehypertension and impaired fasting glucose, prehy-
pertension and diabetes, and diabetes only had a
significantly higher incidence of cardiovascular disease
(Figure 7.17)16.

The impact of overt diabetes and poor glycemic
control on the risk of cardiovascular disease is well-
established in the literature. Among patients with type

IDEAL S20/40
IDEAL A80A2Z 80

A2Z 20

TNT 10

TNT 80

4S-P

4S-S
HPS-P

LIPID-P

CARE-P

PROVE-IT-PR
PROVE-IT-AT

LIPID-S

HPS-S

CARE-S

y = 0.1629x · 4.6776
r2 = 0.9029
p < 0.0001

C
H

D
 e

ve
nt

s 
(%

)

30 50 70 90 110 130 150 170 190 210

LDL cholesterol (mg/dL)

30

25

20

15

10

5

0

Figure 7.16 The relationship between cardiovascular event rates and LDL cholesterol levels during statin therapy in major
secondary prevention trials. HPS, Health Protection Study; CARE, Cholesterol And Recurrent Events; LIPID, Long-term Inter-
vention with Pravastatin in Ischemic Disease; 4S, Scandinavian Simvastatin Survival Study; TNT, Treating to New Targets.
Adapted and updated from reference 54, with permission

Cefalu Chapter 07  1/30/07  6:31 PM  Page 121



2 diabetes, one study demonstrated a significant
increase in coronary artery disease-related death and
coronary events associated with HbA1c levels of
greater than 7.0% compared with lower levels61. The
UKPDS 23 study evaluated a panel of proposed risk
factors for coronary artery disease among patients with
non-insulin dependent diabetes62. In addition to
increased levels of LDL cholesterol, decreased levels of
HDL cholesterol, hypertension, and smoking, hyper-
glycemia as determined by HbA1c levels was a signif-
icant predictor for the incidence of coronary artery
disease62. Another study demonstrated that hyper-
glycemia as detected by HbA1c was also a strong
predictor of stroke in patients with type 2 diabetes63.
In the Munich General Practitioner Project, several
risk predictors for macrovascular mortality were
evaluated among patients with type 2 diabetes64. After
10 years of follow-up, HbA1c was demonstrated to be
a significant risk predictor for macrovascular 
mortality64. Another study of diabetic patients includ-
ing a large subset of Mexican-American patients

investigated the relationship of hyperglycemia to all-
cause and cardiovascular mortality65. The study
demonstrated that while diabetes was itself a strong
predictor of all-cause and cardiovascular mortality,
patients in the fourth quartile of baseline fasting plas-
ma glucose experienced a 4.9-fold increase in all-cause
mortality and a 4.7-fold increase in cardiovascular
mortality65. The more recent UKPDS 35 study was
designed to determine the relationship between
hyperglycemia and the risk of macrovascular and
microvascular complications in patients with type 2
diabetes66. The investigators found a significant rela-
tionship between increasing HbA1c level and the inci-
dence of both macrovascular and microvascular dis-
ease (Figure 7.18)66. Furthermore, they found that
each 1% reduction in mean HbA1c was associated
with a 14% reduction in the risk of myocardial
infarction66. In addition to hyperglycemia, microalbu-
minuria has also been shown to be a significant
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independent predictor of coronary artery disease-
related events in patients with diabetes67.

Studies of patients with type 1 diabetes mellitus
have also documented similar trends in cardiovascular
disease and mortality. In a cohort study of 292 patients
with juvenile-onset type 1 diabetes, the incidence of
premature coronary artery disease was increased and

the coronary artery disease-related mortality rate was
markedly higher, especially among patients with renal
complications, when compared with non-diabetic
patients from the Framingham Heart Study68. The
rates of angina, acute non-fatal myocardial infarction,
and asymptomatic coronary artery disease as detected
by stress test were also higher in type 1 diabetic
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patients68. The Diabetes UK cohort study followed
23 751 patients with type 1 diabetes to examine the
difference in coronary artery disease-related mortality
among diabetics and the general population69. At all
ages, patients with type 1 diabetes had higher coronary
artery disease-related mortality than the general popu-
lation regardless of gender69. In the Pittsburgh insulin-
dependent diabetes mellitus (IDDM) Morbidity and
Mortality study, patients with type 1 diabetes older
than 20 years of age were observed to have at least 20
times the mortality of the general US population70. A
prospective study investigated the predictive value of
several cardiovascular risk factors among patients with
type 1 diabetes71. In multivariate Cox regression
analysis, hyperglycemia as detected by high HbA1c
levels was one of the only significant risk predictors
after adjustment for other cardiovascular risk factors71.
In the recent Diabetes Control and Complications
Trial/ Epidemiology of Diabetes Interventions and
Complications (DCCT/EDIC) Study, the effect of
intensive glycemic control on the long-term incidence
of cardiovascular disease was compared with that of
standard therapy72. Intensive glycemic control led to
significantly lower HbA1c levels and reduced the risk
of any cardiovascular disease event by 42%, and the
risk of non-fatal myocardial infarction, stroke, or death
from cardiovascular disease by 57% compared with
standard insulin therapy (Figure 7.19)72. These data
suggest that hyperglycemia is associated with a signif-
icant increase in the risk of cardiovascular events and
that intensive diabetes control is effective in mitigating
this risk72.

Based on the large number of studies linking disor-
ders of glucose metabolism to the incidence of cardio-
vascular disease, the assessment of cardiometabolic
risk factors should include consideration not only for
overt diabetes mellitus, but also for other disorders on
the spectrum such as impaired glucose tolerance,
impaired fasting glucose, and insulin resistance.

THE METABOLIC SYNDROME

The metabolic syndrome is a recently defined constel-
lation of known risk factors that has been associated
with an increased risk of cardiovascular disease as well
as the development of diabetes. While many of the
cardiometabolic risk factors have the tendency to
cluster in patients, the components of the metabolic

syndrome occur together with great frequency. Sever-
al definitions of the metabolic syndrome exist includ-
ing ones from the NCEP ATP III, the WHO, and the
International Diabetes Federation. In general, most
definitions endorse the following basic criteria: a meas-
ure of abdominal adiposity, hypertriglyceridemia, low
HDL cholesterol levels, hypertension, and evidence of
impaired glucose metabolism. The NCEP ATP III
defines the metabolic syndrome as any three of the
following: elevated triglycerides (≥ 150 mg/dL), low
HDL cholesterol (men < 40 mg/dL and women
< 50 mg/dL), impaired fasting glucose (≥ 110 mg/dL),
high blood pressure (≥ 130/85 mmHg), and increased
waist circumference (men > 40 inches, or > 102 cm,
and women > 35 inches, or > 88 cm) (Table 7.5)33. The
prevalence of the metabolic syndrome has steadily
increased especially among middle-aged adults in the
US, in part because of increasing clinician comfort
with diagnosis, but also secondary to increasing preva-
lence of risk factors such as abdominal obesity73. The
unadjusted prevalence of the metabolic syndrome was
23.1% among participants in NHANES III
(1988–1994) compared with 26.7% in NHANES
1999–200073.

Numerous studies have established the metabolic
syndrome as an important marker of cardiovascular
risk. In a study of 4483 patients, the relationship
between the metabolic syndrome as defined by the
WHO criteria (which include microalbuminuria in
place of impaired fasting glucose) and cardiovascular
risk was examined74. Patients meeting criteria for the
metabolic syndrome experienced a 3-fold increase in
the risk of coronary artery disease and stroke74. Cardio-
vascular mortality was increased to 12% among
patients with the metabolic syndrome compared with
2.2% in patients not meeting the WHO definition74.
Of the various criteria constituting the WHO
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Increased waist circumference (in men > 40 inches (> 102 cm)

   and in women > 35 inches (> 88 cm))

Elevated triglycerides (≥ 150 mg/dL)

Low HDL cholesterol (men < 40 mg/dL and women < 50 mg/dL)

High blood pressure (≥ 130/85 mmHg) 

Impaired fasting glucose (≥ 110 mg/dL)

Table 7.5 NCEP ATP III criteria for the metabolic syndrome. 

 From reference 33, with permission
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definition, microalbuminuria conferred the greatest
risk of cardiovascular mortality with a relative risk
increase of 2.874. In a cohort study of patients partici-
pating in the Framingham Heart Study, the risk of car-
diovascular disease and coronary artery disease was
evaluated in patients with the metabolic syndrome75.
For men, the metabolic syndrome age-adjusted relative
risk was 2.88 (95% CI 1.99–4.16) for cardiovascular
disease and 2.54 (95% CI 1.62–3.98) for coronary
artery disease75. Among women, the metabolic syn-
drome was associated with a relative risk of 2.25 (95%
CI 1.31–3.88) for cardiovascular disease and 1.54 (95%

CI 0.68–3.53) for coronary artery disease75. Recently,
an analysis of several prospective studies evaluated the
impact of the metabolic syndrome on the relative risk
of all-cause mortality and cardiovascular disease (Fig-
ure 7.20)76. For studies using the exact NCEP defini-
tion, the metabolic syndrome was associated with a rel-
ative risk of 1.27 (95% CI 0.90–1.78) for all-cause
mortality and 1.65 (95% CI 1.38–1.99) for cardiovas-
cular disease76. Among studies using the exact WHO
definition, the metabolic syndrome was associated with
a relative risk of 1.37 (95% CI 1.09–1.74) for all-cause
mortality, 1.93 (95% CI 1.39–2.67) for cardiovascular
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Figure 7.20 Associations between the metabolic syndrome, using the National Cholesterol Education Program (NCEP) defi-
nition, and all-cause mortality (a); associations between the metabolic syndrome, using the NCEP definition, and cardiovascu-
lar disease (b); associations between the metabolic syndrome, using a modified NCEP definition, and cardiovascular disease (c);
associations between the metabolic syndrome, using the NCEP and a modified NCEP definition, and cardiovascular disease (d).
Blue, studies using the NCEP definition; yellow, studies using a modified NCEP definition; M, men; W, women; CRP, C-reactive
protein. From reference 76, with permission
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disease, and 2.60 (95% CI 1.55–4.38) for coronary
artery disease76. Regardless of the definition utilized to
diagnose it, the weight of evidence from these studies
supports the metabolic syndrome as an important risk
factor for cardiovascular events.

In addition to its role as a risk factor for cardiovas-
cular disease, the metabolic syndrome is also an impor-
tant predictor for the development of diabetes. In an
analysis of patients enrolled in the Framingham Heart
Study, the metabolic syndrome was associated with
significant relative risks for the development of type 2
diabetes of 6.92 in men and 6.90 in women75.A recent
analysis of prospective studies using the NCEP and
WHO definitions evaluated the relationship between
the metabolic syndrome and the incidence of dia-
betes76. Patients meeting the NCEP definition of the
metabolic syndrome demonstrated a significant rela-
tive risk of 2.99 (95% CI 1.96–4.57) for the develop-
ment of diabetes (Figure 7.21)76.

Comprised of known cardiovascular risk factors,
the metabolic syndrome has emerged as an important
independent disorder that places patients at an
increased risk for both cardiovascular events and the
development of type 2 diabetes. A comprehensive
cardiometabolic assessment should include screening
for this group of risk factors.

SMOKING

Smoking remains one of the most potent modifiable
risk factors for cardiovascular disease. Despite numer-
ous studies documenting the cardiovascular sequelae
of smoking and multiple public education campaigns,
a significant subset of the US population continues to
smoke. Smokers not only place themselves at risk for
cardiovascular events, but also those around them as
increasing data suggest that second-hand smoke is an
underestimated and under-recognized risk factor.

Smoking is a significant and independent risk fac-
tor for coronary artery disease, stroke, peripheral vas-
cular disease, and increased cardiovascular mortality. A
prospective cohort study performed in South Korea
evaluated the effect of cigarette smoking on the
incidence of cardiovascular disease among men with
relatively low serum total cholesterol levels77. Smok-
ing was found to be a significant independent risk fac-
tor for coronary artery disease, cerebrovascular disease,
and total atherosclerotic cardiovascular disease77. In
the Finnmark Study, the incidence of myocardial
infarction was increased 6-fold in women and 3-fold in
men who smoked at least 20 cigarettes a day com-
pared with patients who had never smoked78. The
Finnmark Study suggested that women may be more
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Figure 7.21 Associations between the metabolic syndrome, using the NCEP definition, and diabetes. From reference 76, with
permission
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susceptible to the cardiovascular effects of smoking
when compared with men78. In a subsequent study,
female smokers demonstrated a relative risk for
myocardial infarction of 2.24 compared with a relative
risk of 1.43 among male smokers79. This gender differ-
ence did not attenuate even after adjustment for other
major cardiovascular risk factors such as hypertension,
total and HDL cholesterol, triglyceride levels, and dia-
betes79. The INTERHEART study evaluated the con-
tributions of several known cardiovascular risk factors
including smoking to the incidence of myocardial
infarction among patients from 52 countries and every
inhabited continent25. Among several other risk fac-
tors, smoking was shown to be a significant contribu-
tor to the risk of developing acute myocardial infarc-
tion among this ‘real world’ patient population25. A
cohort study of Finnish men investigated the relation-
ship between cigarette smoking and all-cause and
coronary artery disease-related mortality80.At 35 years
of follow-up, persistent smoking correlated with a
significant increase in all-cause and coronary artery
disease-related mortality80. Smoking is also associated
with adverse outcomes among patients with estab-
lished cardiovascular disease. In a follow-up study
from the Bezafibrate Infarction Prevention (BIP) trial,
smoking was found to be a potent independent risk
predictor for sudden cardiac death among patients
with known coronary artery disease81. Among patients
who have undergone percutaneous coronary revascu-
larization, persistent smoking has been shown to
increase significantly the risk of death and Q-wave
myocardial infarction82. Among patients with left ven-
tricular systolic dysfunction in the SOLVD trial, per-
sistent smoking was associated with significant in-
creases in all-cause mortality and the incidence of
death, recurrent congestive heart failure requiring hos-
pital admission, or myocardial infarction83.

Several studies have also established passive smok-
ing, or second-hand smoke, as a significant cardiovas-
cular risk factor. The Nurses’ Health Study assessed
exposure to passive smoking at home and at work, and
its relationship to the incidence of coronary artery dis-
ease in non-smoking women84. Non-smoking women
exposed to second-hand smoke demonstrated almost
twice the incidence of coronary artery disease as com-
pared with women not exposed to environmental
smoke84. A large meta-analysis evaluated 18 epidemi-
ological studies to define the risk of coronary artery
disease associated with passive smoking85. The study

revealed that both male and female non-smokers
exposed to passive smoking experienced approximate-
ly a 25% increase in the relative risk of coronary artery
disease and that the increased risk followed a
dose–response relationship85. In the American Cancer
Society’s Cancer Prevention Study II, a cohort of
353 180 women and 126 500 men was followed to
assess the relationship between self-reported passive
exposure to tobacco smoke and the incidence of coro-
nary artery disease86. After adjustment for other major
cardiovascular risk factors, non-smoking patients
exposed to second-hand smoke demonstrated an
approximately 20% higher rate of death from coronary
artery disease than those not exposed to environmen-
tal smoke86. A recent review has shown that the large
majority of epidemiological studies have established
second-hand smoke as a significant risk factor for coro-
nary artery disease (Figure 7.22)87.

Based on the data presented above, both active and
passive smoking should be considered as potent and
modifiable cardiovascular risk factors. A complete
cardiometabolic risk assessment should include
screening for smoking as well as exposure to second-
hand smoke.

INFLAMMATORY MARKERS

An improved understanding of the pathophysiology of
atherosclerosis and atherothrombosis has given rise to
an increasing interest in the role of inflammation in
the pathogenesis of cardiovascular disease. Chronic
inflammation, including a strong macrophage response
triggered by vascular injury, oxidized LDL cholesterol,
and possibly infection, drives the process of athero-
sclerosis leading to the development of vulnerable
plaques88 (Figure 7.23). Rupture of these vulnerable
atherosclerotic plaques leads to an acute inflammato-
ry response that gives rise to the process of
atherothrombosis and ultimately ACS88. A growing
body of evidence has suggested that elevated markers
of systemic inflammation, such as C-reactive protein
(CRP), interleukin 6 (IL-6), serum amyloid A (SAA),
and tumor necrosis factor α, are important predictors
of cardiovascular risk. CRP remains the most impor-
tant of these markers of inflammation as the majority
of studies have validated CRP as the most potent and
consistent predictor of cardiovascular risk (Figure
7.24). Furthermore, CRP is currently the best studied
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systemic marker of inflammation that is widely avail-
able means of detection.

Numerous studies have validated CRP as a marker
of systemic inflammation and as a strong predictor of
cardiovascular disease.A study of men in the Honolulu
Heart Program was designed to evaluate the relation-
ship between CRP and the incidence of myocardial
infarction91. After adjustment for major cardiovascular
risk factors, the odds of myocardial infarction
increased with progressive elevation in CRP91. A
prospective case–control analysis of patients enrolled
in the Physicians’ Health Study investigated the value
of CRP as a risk predictor for sudden cardiac death92.

Patients in the highest quartile of CRP demonstrated a
2.78-fold increase in the risk of sudden cardiac death
when compared with the lowest quartile92. The signif-
icance of CRP as a risk predictor of sudden cardiac
death persisted even after adjustment for other car-
diovascular risk factors92. In an analysis of patients
enrolled in the Cholesterol and Recurrent Events
(CARE) trial, CRP and SAA levels from post-myocar-
dial infarction patients who experienced recurrent
non-fatal myocardial infarction or a fatal coronary
event were compared with levels from patients who
remained free from recurrent events93. Patients with a
CRP level within the highest quintile experienced a
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Figure 7.22 Summary of epidemiological studies on the relationship between passive smoking and the incidence of coronary
artery disease and the results of random-effects meta-analysis. M, men; W, women. From reference 87, with permission
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75% increase in the relative risk of recurrent events
when compared with patients with values in the low-
est quintile (Figure 7.25)93. A similar trend was
observed for SAA levels93. In an analysis of patients
participating in the Physicians’ Health Study, men
with baseline plasma CRP levels within the highest
quartile were approximately three times as likely to
experience myocardial infarction and almost twice as
likely to suffer from an ischemic stroke when com-

pared with patients with values in the lowest quar-
tile94. These trends persisted even after adjustment for
smoking and lipid-related and non-lipid-related risk
factors94. Among patients enrolled in the Women’s
Health Initiative, baseline CRP and IL-6 levels were
both significantly associated with a 2-fold increase in
the odds of a coronary artery disease-related event
after adjustment for lipid and non-lipid risk factors95.
Among the various systemic markers evaluated includ-
ing SAA and IL-6, CRP appears to be the strongest
and most consistent predictor of cardiovascular risk
(Figure 7.26)96. A recent analysis of patients enrolled
in the Women’s Health Study investigated the rela-
tionship between CRP, LDL cholesterol, and the inci-
dence of cardiovascular events97. After adjustment for
age, smoking status, diabetes, hypertension, and use of
hormone replacement therapy, higher quintiles of
both CRP and LDL cholesterol were significantly asso-
ciated with an increasing relative risk for cardiovascu-
lar events97. However, CRP proved to be a stronger
predictor of cardiovascular events than LDL choles-
terol97. In addition, 77% of events occurred in patients
with LDL cholesterol levels of less than 160 mg/dL
and 46% of events occurred in those with LDL cho-
lesterol levels below 130 mg/dL97. These data suggest
that CRP identified patients who remained at high risk
for cardiovascular events despite favorable LDL cho-
lesterol levels97. Furthermore, this study demonstrated
that CRP adds additional prognostic information to
both LDL cholesterol and the Framingham Risk Score
(Figure 7.27)97.

In addition to its role in cardiovascular disease,
inflammation is also believed to play a significant role
in the pathogenesis of diabetes. In a prospective
case–control study of healthy middle-aged patients
enrolled in the Women’s Health Study, the relation-
ship between the incidence of type 2 diabetes and the
inflammatory markers CRP and IL-6 was investigat-
ed98. The incidence of confirmed clinically diagnosed
type 2 diabetes was significantly more common among
patients with elevated levels of CRP and IL-698. The
relative risk for developing diabetes among women in
the highest quartile of inflammatory marker levels
compared with the lowest quartile was 15.7 for CRP
and 7.5 for IL-698. A significant positive relationship
between inflammatory markers and the incidence of
diabetes persisted even after adjustment for BMI, fam-
ily history of diabetes, smoking, exercise, use of alco-
hol, and hormone replacement therapy98. The results

Figure 7.23 Atheroma at the left main coronary artery
bifurcation. Extracellular lipid, including cholesterol crystals,
makes up the lipid core. In addition to causing thickening of
the arterial wall, the accumulated lipid may weaken the wall
by displacing the structual smooth muscle cells that are
normally present at this location. From Stary HC. Atlas of
Atherosclerosis: Progression and Regression, 2nd edn. Lan-
caster, UK: Parthenon Publishing, 2003: 78 (reference 89),
with permission
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Bone-marrow-derived EPCs 
play a critical role in endothelial 
repair. CRP inhibits EPC survival 
and function.
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Figure 7.24 CRP participates in key processes linked to atherothrombosis. Reprinted from reference 90, with permission
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Figure 7.26 Prognostic value of various cardiovascular and
inflammatory biomarkers in healthy women enrolled in the
Women’s Health Study. *Top vs. bottom quartile after
adjustment for age and smoking; sVCAM-1, soluble vascular
adhesion molecule-1; sICAM-1, soluble intracellular adhe-
sion molecule-1. From reference 96, with permission
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of this study support the hypothesis that inflammation
may play a significant role in the pathogenesis of type
2 diabetes and that markers of inflammation such as
CRP may be important risk predictors for diabetes.

While the most effective way to utilize measures of
systemic inflammation in cardiovascular risk assess-
ment is still being evaluated, a significant body of evi-
dence suggests that these markers are important
predictors of cardiovascular events. Markers of sys-
temic inflammation appear to be independent predic-
tors of cardiovascular risk and may help to identify
high-risk patients who would not be recognized as
such using conventional risk factors such as LDL cho-
lesterol. Of these markers of systemic inflammation,
CRP offers the greatest opportunity for clinical utility
given that it has a widely available assay and a strong
correlation with cardiovascular risk.

CONCLUSIONS

The importance of the concept of assessing overall
cardiometabolic risk is highlighted by the fact that car-
diovascular risk factors do not occur in isolation of
each other and that some predispose patients to other
risk factors. The majority of patients present with mul-
tiple cardiometabolic risk factors, and their cardiovas-
cular outcomes are driven by combinations of these
risk factors which are often more potent than suggest-
ed by their sums. Cardiometabolic risk encompasses
emerging risk predictors, such as the metabolic syn-
drome and markers of inflammation, that may be
present in patients without other more traditional risk
factors. An evaluation that only assesses for traditional
risk factors may fail to identify patients at elevated risk
for adverse cardiovascular outcomes. Therefore, assess-
ment and knowledge of all the cardiometabolic risk
factors and associated risks have become a crucial part
of cardiovascular risk assessment.
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8 Managing cardiometabolic risk – a brief review

INTRODUCTION

As the rates of various cardiometabolic risk factors
rise, new treatments for such diseases and conditions
continue to proliferate. While the development of
therapeutic agents to combat risk factors, such as obes-
ity and diabetes, still lags behind the epidemic, there
are a variety of current therapies, both pharmacologi-
cal and other, to arm the clinician in the battle to
reduce cardiometabolic risk. While a full review of all
the available treatments for cardiometabolic risk is
beyond the scope of this chapter and, indeed, this vol-
ume, what follows is a brief summary of major treat-
ment modalities.

Diet and nutrition

It has long been recommended that a healthy diet is
the foundation of therapy to modify cardiometabolic
risk. The landmark trial of diet-based modification of
blood pressure tested what has become known as the
DASH (Dietary Approaches to Stop Hypertension)
diet (fruits, vegetables, low-fat dairy products) in con-
junction with lowering sodium intake to alter signifi-
cantly both systolic and diastolic blood pressures1. Not
only was there a significant 6.7 mmHg drop in systolic
between the high and low sodium control diets, but
adding the DASH diet boosted that effect (Figure
8.1).

Diets balanced with protein or unsaturated fats,
such as those in the Optimal Macronutrient Intake
Trial for Heart Health (OMNIHEART)2, also demon-
strated the ability to modify factors such as blood pres-

sure and low-density lipoprotein (LDL). One hundred
and sixty-four participants in either intervention arm
(protein modified or unsaturated fat modified), versus
those in the standard carbohydrate diet group,
exhibited a greater decrease in systolic blood pressure
and LDL despite there being no difference in weight
loss among the three groups. Figure 8.2 shows the food
guide pyramid for a balanced diet3. In 2005, Dansinger
et al. compared four ‘fad’ diets, the Atkins, Ornish,
Weight Watchers, and Zone diets, in a randomized trial
of 160 participants4. They found that each had a sim-
ilar, mild effect on weight, as well as other cardio-
metabolic risk factors such as LDL/high-density
lipoprotein (HDL) ratio and C-reactive protein (CRP)
(tied to the weight loss effects). This attenuated effect
was probably the result of poor long-term compliance
with the diets across the board (Table 8.1).

In a recent publication, the Women’s Health Initia-
tive randomized nearly 50 000 women to intense
dietary counseling to reduce dietary fat intake and
increase fruits and vegetables versus the comparison
group that received educational materials5. The trial
did not demonstrate a significant effect on cardiovas-
cular end points over a mean of 8 years of follow-up,
in part because of only modest improvement in diet in
the intervention group. Thus, compliance remains the
key barrier (Figure 8.3).

Exercise and weight loss

Like diet, exercise and weight loss have also been asso-
ciated with lower cardiometabolic risk factors; how-
ever, these interventions are equally difficult to sustain
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BMI, body mass index (calculated as weight in kilograms divided by the square of height in meters); BP, blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoproteins; mo, months.
SI conversions: to convert glucose to mmol/L, multiply by 0.0555; HDL, LDL, and total cholesterol to mmol/L, multiply by 0.0259; insulin to pmol/L, multiply by 6.945; and triglycerides to mmol/L, 
multiply by 0.0113.  *For Atkins group, the actual numbers of records available were 31 at 2 months, 22 at 6 months, and 21 at 12 months; for Zone group, 33 at 2 months, 26 at 6 months,
and 26 at 12 months; for Weight Watchers group, 33 at 2 months, 30 at 6 months, and 26 at 12 months; for Ornish group, 29 at 2 months, 21 at 6 months, and 20 at 12 months.
† p < 0.01 for difference from baseline within the group.
‡p < 0.05 for difference from baseline within the group

                                 Diet group, mean change (SD)  

   Atkins  Zone  Weight watchers  Ornish  p Value for trend 
Variable (n = 40)  (n = 40)  (n = 40)  (n = 40)  across diets

Weight (kg) 
  2 mo  –3.6 (3.3)† –3.8 (3.6)† –3.5 (3.8)† –3.6 (3.4)† 0.89
  6 mo  –3.2 (4.9)† –3.4 (5.7)† –3.5 (5.6)† –3.6 (6.7)† 0.76
  12 mo  –2.1 (4.8)† –3.2 (6.0)† –3.0 (4.9)‡ –3.3 (7.3)† 0.40
BMI
  2 mo  –1.3 (1.1)† –1.3 (1.2)† –1.2 (1.3)† –1.2 (1.1)† 0.83
  6 mo  –1.1 (1.7)† –0.9 (2.4)‡ –1.2 (2.0)† –1.2 (2.3)† 0.65
  12 mo  –0.7 (1.6)† –1.1 (2.0)† –1.1 (1.7)† –1.4 (2.5)‡ 0.36
Waist circumference (cm)
  2 mo  –3.3 (3.1)† –3.0 (3.5)† –3.5 (4.2)† –2.7 (3.2)† 0.37
  6 mo  –3.2 (4.9)† –2.9 (5.2)† –3.5 (5.9)† –2.5 (5.3)† 0.69
  12 mo  –2.5 (4.5)† –2.9 (5.3)† –3.3 (5.4)† –2.2 (5.5)‡ 0.89
Total cholesterol (mg/dL)
  2 mo  –1.8 (24)  –18.4 (25)† –14.8 (26)† –19.0 (28)† 0.01
  6 mo  –0.9 (18)  –6.2 (19)‡ –8.1 (21)‡ –11.4 (26)† 0.03
  12 mo  –4.3 (23)  –10.1 (35)  –8.2 (24)‡ –10.8 (21)† 0.35
LDL cholesterol (mg/dL)
  2 mo  1.3 (18)  –9.7 (27)‡ –12.1 (25)† –16.5 (25)† 0.001
  6 mo  –2.7 (14)  –6.7 (22)  –7.0 (24)  –10.5 (22)† 0.10
  12 mo  –7.1 (24)  –11.8 (34)‡ –9.3 (27)‡  –12.6 (19)† 0.46
HDL cholesterol (mg/dL)
  2 mo  3.2 (6.2)† 1.8 (7.6)  –0.2 (11.8)  –3.6 (7.3)† 0.001
  6 mo  3.8 (6.4)† 3.6 (10.5)‡ 2.4 (9.0)  –1.5 (7.0)  0.005
  12 mo  3.4 (7.1)† 3.3 (10.3)‡ 3.4 (9.9)‡ –0.5 (6.5)  0.06
Total/HDL cholesterol ratio
  2 mo  –0.36 (0.66)† –0.66 (1.06)† –0.49 (1.86)  –0.18 (1.01)  0.40
  6 mo  –0.38 (0.68)† –0.46 (0.93)† –0.60 (1.57)‡ –0.25 (1.07)  0.75
  12 mo  –0.39 (0.69)† –0.52 (1.04)† –0.70 (1.67)‡ –0.30 (0.96)  0.89
LDL/HDL cholesterol ratio
  2 mo  –0.18 (0.57)  –0.33 (0.79)† –0.42 (1.55)  –0.21 (0.67)  0.81
  6 mo  –0.30 (0.55)† –0.30 (0.74)† –0.47 (1.37)‡ –0.22 (0.70)  0.90
  12 mo  –0.39 (0.81)† –0.40 (0.81)† –0.55 (1.39)‡ –0.31 (0.68)† 0.92
Triglycerides (mg/dL)
  2 mo  –32.3 (66)† –54.1 (105)† –9.2 (39)  –0.4 (77)  0.01
  6 mo  –10.6 (40)  –14.8 (57)  –1.5 (55)  –2.3 (71)  0.35
  12 mo  –1.2 (84)  2.5 (147)  –12.7 (61)  5.6 (36)  0.93
Systolic BP (mmHg)
  2 mo  –4.2 (13)‡ –4.1 (14)  –4.8 (13)‡ –1.3 (8.8)  0.19
  6 mo  –3.7 (10)‡ –3.9 (14)  –4.8 (14)‡ –0.6 (8.7)  0.32
  12 mo  –0.2 (12)  1.4 (15)  –2.7 (13)  0.5 (7.7)  0.71
Diastolic BP (mmHg)
 2 mo  –4.2 (8.3)† –4.8 (7.6)† –3.1 (7.4)‡  –2.5 (7.1)‡ 0.19
  6 mo  –4.0 (6.5)† –4.0 (9.1)† –1.8 (6.9)  –0.3 (6.2)  0.01
  12 mo  –1.4 (7.5)  –1.2 (9.5)  –1.7 (6.4)  0.2 (4.6)  0.40
Glucose (mg/dL)
  2 mo  –9.8 (30)‡ –9.0 (29)  –5.5 (24)  –3.1 (23)  0.21
  6 mo  –7.8 (26)  –8.2 (33)  –3.8 (22)  –5.1 (25)  0.50
  12 mo  1.4 (30)  –4.2 (18)  –4.7 (19)  –4.1 (30)  0.34
Insulin (μIU/mL)
  2 mo  –5.1 (13)† –7.1 (12)† –1.8 (6.0)  –1.7 (12)  0.06
  2 mo  –2.3 (11)  –1.9 (16)  –2.5 (7.1)  –0.4 (18)  0.60
  12 mo  –1.2 (6.7)  –5.4 (14)† –2.6 (6.1)† –3.0 (6.3)‡ 0.70
C-reactive protein (mg/L)
  2 mo  –0.33 (1.6)  –0.22 (1.9)  –0.04 (1.2)  –0.61 (2.6)  0.61
  6 mo  –0.71 (2.0)‡ –0.42 (1.9)  –0.50 (1.5)‡ –0.70 (2.8)  0.97
  12 mo  –0.70 (2.1)‡ –0.58 (2.1)  –0.58 (1.3)† –0.88 (2.4)‡  0.70

Table 8.1 Changes in weight and cardiac risk factors in an analysis in which baseline values were carried forward in the case of missing data*. 
 From reference 4, with permission
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over long periods of time. In a ‘call to action,’ Manson
et al. demonstrated both the advantages and barriers to
weight loss, and provided a good approach to con-
quering those barriers and realizing the benefits. They
recommend diet, physical activity, and behavioral
therapy to achieve weight loss in those with a body
mass index (BMI) between 25 and 27, and pharma-
cotherapy for patients with a BMI up to 30 or with co-
morbidities6. Bariatric surgery is only recommended
for patients with a BMI over 40, or > 35 for those with
co-morbidities (Tables 8.2–8.4)6.

Pharmacotherapy to reduce body weight has also
demonstrated a concurrent improvement in biochem-
ical marking of cardiometabolic risk. Sibutramine, a
weight loss agent that speeds satiety and increases
basal metabolic rate by inhibiting uptake of the neu-
rotransmitters noradrenaline and serotonin, was tested
in a randomized placebo-controlled trial of 1002 obese
patients over 44 weeks. Over this period, an improve-
ment in lipid profile concurrent with sibutramine’s
weight loss effects was demonstrated (Figure 8.4)7.

Trials of the new endocannabinoid antagonist,
rimonabant, have also provided good evidence of its
ability to modify cardiometabolic risk factors through
both weight loss and effects independent of weight
change. In several trials of over 1000 overweight
patients, the Rimonabant In Obesity (RIO) program

Physical activity
  

Take the stairs whenever possible

Purchase a pedometer, aim for 10 000 steps per day

Display 'exercise prescription' in a visible place

If you drive to work or stores, park in a space far away from the
door and walk

If you take public transportation, get off a stop early and walk

Walk on your lunch break

Try exercising with friends or a group

Consider strength training for 20 min 2–3 times per week

Table 8.3 Possible elements for a 'prescription' for increased 
 physical activity. From reference 6, with permission 

Nutrition
  
Pay attention to portions; avoid supersizing; when eating out, 
consider splitting an entrée

Set regular times to eat: 3 meals and no more than 2 snacks per day

Limit saturated and trans fats

Increase daily intake of fruit and vegetables: at least 5, aim for 7–9

Since fiber can increase the feeling of fullness, aim for 2–3 servings
of whole grain food per day

Limit sweetened beverages, drink water, or non-fat or 1% milk

Table 8.4 Possible elements for a 'prescription' for weight loss 
 or maintenance. From reference 6, with permission 

Table 8.2 Barriers to weight loss and increased physical activity.  From reference 6, with permission 

Barrier Possible solution
  

Personal

Lack of perceived benefits Explain hazards of overweight and sedentary lifestyle including potential years of life lost as well
  as benefits of weight control and physical activity

Lack of time Advise patient that accumulation of short periods of activity each day is an alternative to 
  lengthy periods; healthy eating need not take more time than unhealthy eating

Lack of motivation Write a 'prescription' for weight loss or increased physical activity, help patient set realistic 
  initial goals, and monitor progress

Lack of support Encourage patient to schedule physical activity with a partner, friend, or club at work;
  schedule follow-up visits to monitor progress

Environmental

Lack of access to exercise facilities,  Compile and distribute a list of local centers that offer exercise facilities: community centers, 
concerns about neighborhood safety YMCA/YWCAs, educational institutions, etc.

Built environment Take part in the CDC and Prevention's Active Community Environments program

Lack of healthy food or physical As a physician-citizen, encourage the school board to offer healthier choices in school lunches
education in schools and maintain or increase daily activity time
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demonstrated dose–response improvements not only
in weight loss, but also in other risk factors such as
LDL, HDL, and triglycerides. These effects were
commonly significant at 1 year of follow-up8–10.

There is one caveat to the trials involving pharma-
cological agents for weight loss: they predominantly
include patients who are obese or morbidly obese.Thus,
the effects of these medications and their abilities to
improve cardiometabolic risk in persons of normal to
slightly overweight body habitus are largely unknown.

Smoking cessation

While many patients are aware of its dangers and can
quit smoking for a period, it takes an average of three
attempts to quit successfully in the long term. How-
ever, this is well worth it, as the reduction in mortali-
ty is substantial, and has been consistently demon-
strated across studies. In 2003, Critchley and Capewell
reviewed outcomes of over 12 000 patients in trials of
smoking cessation to quantify a 36% relative risk
reduction of mortality for those patients who quit
smoking (Figure 8.5)11.

New agents are also in the pipeline to assist in this
challenge, including varenicline, a new nicotine recep-
tor blocker. It proved superior to bupropion in terms
of abstainers at the 3- and 12-month marks (Table
8.5)12. However, the absolute percentages of patients
who had abstained for a full 12 months (23% in the
varenicline group vs. 15% for bupropion) was still low
overall, demonstrating both the difficulty of success-
fully intervening and the progress that has yet to be
made in smoking cessation therapies.

Antiplatelet therapy

Antiplatelet therapies, the cornerstone of pharma-
cological cardiovascular prevention, play a vital role in
minimizing events, although they do not actually mod-
ify an individual’s cardiovascular risk factors.

Aspirin has long been found significantly to reduce
a host of events, with the expected effect magnifica-
tion in more high-risk patients. This was quantified in
a meta-analysis by Hayden et al., which identified a
28% reduction in non-fatal MI or coronary death, and
statistically non-significant trends towards reducing
coronary disease mortality, stroke, and all-cause mor-
tality in the primary prevention setting (Figure 8.6)13.
Following the large placebo-controlled trials for pri-
mary prevention, the Antithrombotic Trialists’ Collab-
oration reviewed 195 trials of more than 135 000
patients. They identified not only benefits in both pri-
mary and secondary prevention across subgroups, but
also found little benefit associated with daily aspirin at
doses below 75 mg. (Figure 8.7)14.

The role of aspirin in secondary prevention of
cardiovascular events was demonstrated in the PARIS
II15. The daily dose of aspirin was further refined based
on the bleeding incidence results of the Clopidogrel in
Unstable angina to prevent Recurrent Events (CURE)
trial16. They found a dose-response of major bleeding
with aspirin at daily doses above 100 mg (Figure 8.8)16.

An alternative platelet agent, clopidogrel, is an irre-
versible inhibitor of the P2Y12 ADP receptor on
platelets. Several trials have demonstrated its role as
either a replacement for, or an adjunctive to, aspirin in
various clinical settings. The Clopidogrel versus

*OR and p value compared with varenicline

Parameter Varenicline Bupropion Placebo
  
Study 1 n = 349 n = 329 n = 344
Rate (%), OR, p value*

 weeks 9–12 44.4 29.5, 1.96, < 0.0001 17.7, 3.91, < 0.0001
 weeks 9–52 22.1 16.4, 1.45, 0.064 8.4, 3.13, < 0.0001

Study 2 n = 343 n = 340 n = 340
Rate (%), OR, p value* 

 weeks 9–12 44.0 30.0, 1.89, < 0.0001 17.7, 3.85, < 0.0001
 weeks 9–52 23.0 15.0, 1.72, < 0.0001 10.3, 2.66, < 0.0001

Table 8.5 Rates of continuous smoking abstinence in two studies comparing varenicline, bupropion, and placebo. Weeks 9–12, primary end
 point; weeks 9–52, secondary end point. From reference 12, with permission
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Aspirin in Patients at Risk of Ischaemic Events
(CAPRIE) trial randomized over 19 000 patients with
some manifestation of atherosclerotic disease to
receive either aspirin or clopidogrel, with a mean fol-
low-up of almost 2 years. By reducing the risk of MI,
ischemic stroke, or vascular death, the trial established
clopidogrel’s superiority to aspirin in preventing recur-
rent ischemic events in this high-risk population (Fig-
ure 8.9)17.

The CURE18, CLARITY-TIMI 2819, and COM-
MIT20 trials collectively randomized approximately
62 000 patients with acute coronary syndromes to
receive either clopidogrel or placebo in addition to
usual therapies (Figures 8.10–8.12). They demonstrat-
ed the superiority of treatment with clopidogrel for
both clinical and angiographic end points in durations
of up to 1 year, and that these benefits were maxi-
mized with earlier treatment. However the Clopido-
grel for High Atherothrombic Risk and Ischemic Sta-
bilization, Management and Avoidance (CHARISMA)

trial failed to demonstrate the use of clopidogrel in the
primary prevention setting (Table 8.6)21.

Statin therapy

As the role of LDL cholesterol in atherothrombotic
events became clear and, subsequently, 3-hydroxy-3-
methylglutaryl coenzyme A (HMG-CoA) reductase
inhibitors (statins) to lower LDL were developed,
several trials demonstrated the impressive translation
of pharmacotherapy lowering LDL to a reduction in
atherosclerosis and clinical event rates (Figure 8.13).
Placebo-controlled trials, for both primary and sec-
ondary prevention, have been summarized in the
Cholesterol Treatment Trialists’ (CTT) meta-analysis
(Figures 8.14–8.16)23. This collective experience of
90 000 patients in 14 randomized trials demonstrated
a significant 12% reduction in all-cause mortality for
every mmol/L (~38 mg/dL) reduction of LDL, signif-
icant within the first year of treatment. The highly
significant reductions in vascular events were roughly

CI, confidence inteval
The secondary efficacy end point was the first occurrence of myocardial infarction, stroke, death from cardiovascular cause, or hospitilization for unstable angina, a transient ischemic attack,
or a revascularization procedure (coronary, cerebral, or peripheral) 

End point

Clopidogrel plus
Aspirin n = 7802
(n (%))

Placebo plus
Aspirin n = 7801
(n (%))

Relative risk
(95% CI) p Value

Efficacy end points

Primary efficacy end points 534 (6.8) 573 (7.3) 0.93 (0.83–1.05) 0.22

Death from any cause 371 (4.8) 374 (4.8) 0.99 (0.86–1.14) 0.90

Death from cardiovascular cause 238 (3.1) 229 (2.9) 1.04 (0.87–1.25) 0.68

Myocardial infarction (non-fatal) 147 (1.9) 159 (2.0) 0.92 (0.74–1.16) 0.48

Ischemic stroke (non-fatal) 132 (1.7) 160 (2.1) 0.82 (0.66–1.04) 0.10

Stroke (non-fatal) 149 (1.9) 185 (2.4) 0.80 (0.65–0.997) 0.05

Secondary efficacy end point 1301 (16.7) 1395 (17.9) 0.92 (0.86–0.995) 0.04

Hospitalization for unstable angina, transient 866 (11.1) 957 (12.3) 0.90 (0.82–0.98) 0.02
ischemic attack, or revascularization 

Safety end points

Severe bleeding 130 (1.7) 104 (1.3) 1.25 (0.97–1.61) 0.09

Fatal bleeding 26 (0.3) 17 (0.2) 1.53 (0.83–2.82) 0.17

Primary intracranial hemorrhage 26 (0.3) 27 (0.3) 0.96 (0.56–1.65) 0.89

Moderate bleeding 164 (2.1) 101 (1.3) 1.62 (1.62–2.10) < 0.001

Table 8.6 Results of the CHARISMA trial: primary and secondary end points comparing clopidogrel aspirin versus aspirin alone. From 
reference 21, with permission
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20–30% and maintained significance across sub-
groups. This was true even for patients who started in
the lowest range of LDL levels (≤ 3.5 mmol/L or
~133 mg/dL), as well as those with higher LDL val-
ues. These findings were consistent with the 2002
Heart Protection Study, which not only confirmed the
benefit of statins in secondary prevention, but also
demonstrated a treatment effect even for those
patients with an LDL below 3.0 mmol/L
(116 mg/dL) at the time of randomization (Figure
8.17)24. The Collaborative Atorvastatin Diabetes
Study (CARDS) also verified the primary preventive
value of statins in patients with low LDL
(~120 mg/dL); they randomized nearly 4000 high-
risk type 2 diabetic patients to either placebo or low-
dose atorvastatin. The primary end point of acute
coronary syndrome, coronary revascularization, or
stroke was met at a median follow-up of 3.9 years, 2
years earlier than the design of the trial had anticipat-
ed (Figure 8.18)25.

This begged the critical question: how low should
we go? Subsequently, trials of high- versus standard-
dose statins, such as PROVE IT-TIMI 22, yielded
median LDL levels in the two treatment arms (ator-
vastatin 80 mg vs. pravastatin 40 mg) of 62 and
95 mg/dL, respectively. This difference proved that
there was a significant benefit of continued lowering
of LDL to reduce clinical cardiovascular events (Figure
8.19)26. However, the benefits of statins extend
beyond lowering LDL, as they have also been shown,
in several trials, to reduce C-reactive protein (CRP), a
known inflammatory marker for atherosclerotic dis-
ease.

Fibrates

Raising HDL and triglyceride lowering with the use of
fenofibrate has also been demonstrated to affect clini-
cal events, although to a lesser extent than LDL low-
ering. The Veterans Affairs High-density lipoprotein
cholesterol Intervention Trial (VAHIT) of 2531
patients found that gemfibrozil was associated with a
20% reduction in the risk of death or MI27.The Fenofi-
brate Intervention and Event Lowering in Diabetes
(FIELD) trial randomized almost 10 000 diabetics
who were not taking a statin to receive fenofibrate or
placebo (Figure 8.20)28. After an average of 5 years of
follow-up, reduction in the primary end point of coro-
nary death or MI was not significant despite a signifi-

cant 24% reduction in non-fatal MI alone. However,
the treatment effect of fenofibrate raised HDL only
marginally compared with placebo, and significantly
more patients in the placebo arm than in the fenofi-
brate arm began statin therapy during the trial. Thus,
it is possible that interventions with greater treatment
effects on HDL could yield more convincing clinical
results.

Diabetes

Historically, strict blood glucose control in diabetics
was only shown to reduce or delay the onset of
microvascular disease such as retinopathy and neu-
ropathy (Figures 8.21, 8.22 and 8.23)29. The UK
Prospective Diabetes Study (UKPDS) compared con-
ventional glucose control (fasting glucose
< 15 mmol/L) with an intensive strategy (< 6 mmol/L)
in over 4000 patients. Early data demonstrated the
relationship between glycosylated hemoglobin
(HbA1c) and microvascular events, and also hinted at
a relationship with acute myocardial infarction rates
(Figures 8.24–8.26)30. However, more recently the
Diabetes Control and Complications Trial/Epidemiol-
ogy of Diabetes Interventions and Complications
(DCCT/EDIC) Study compared conventional treat-
ment (preventing symptoms of hypoglycemia or
hyperglycemia) with intensive glucose control (glu-
cose 3.9–6.7 mmol/L and HbA1c < 6.05%)32. They
demonstrated that, in 1400 patients over 17 years of
follow-up (but a mean treatment period of 6.5 years),
type 1 diabetics with stricter glucose control had

*p < 0.001 active antihypertensive therapy vs. placebo

  Placebo Active treatment* 
  n = 70 n = 73
  

Accelerated hypertension 12 0

Stroke 4 1

Coronary event 2 0

Congestive heart failure 2 0

Renal damage 2 0

Deaths 4 0

Table 8.7 Benefit of antihypertensive treatment Data from the
 VA Cooperative Study, 1967: assessable morbid/fatal
 events. From reference 36, with permission
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lower rates of major cardiovascular events (cardiovas-
cular death, any acute coronary syndrome, stroke,
revascularization) than those with conventional treat-
ment (Figure 8.27)32.

The above trials used either sulfonylureas or insulin
to alter the cardiometabolic risk associated with glu-
cose intolerance. However, another class of medica-
tions for diabetes, the thiazolidinediones (TZDs), can
have a pleiotropic effect on cardiometabolic risk. The
PROspective pioglitAzone Clinical Trial In macroVas-
cular Events (PROactive) randomized 5200 high-risk
type 2 diabetes patients to receive either pioglitazone
or placebo for a mean of 34 months33. Pioglitazone
was found to reduce the main secondary end point of
death, non-fatal MI, or stroke, despite a non-significant
reduction in the broader primary end point (Figure
8.28). In addition, both pioglitazone and rosiglitazone
have also been found to reduce inflammatory bio-
markers associated with cardiovascular disease, partic-
ularly CRP34,35.

Hypertension

One of the earliest studies to demonstrate a clinical
benefit of reducing blood pressure was the VA Coop-
erative Study, where patients in the treated arm had
far fewer coronary, cerebral, or renal vascular events
even in the small study size of 143 (Table 8.7)36. The
next question raised was whether it mattered how the
blood pressure was lowered: were newer calcium
channel blockers and angiotensin converting enzyme
(ACE) inhibitors better than older alpha-blockers and
diuretics? In a quest to provide the answer, the Anti-
hypertensive and Lipid-Lowering Treatment to Pre-
vent Heart Attack Trial (ALLHAT) compared these
four drugs in over 42 000 patients. After the doxazosin
arm was terminated early due to its clear inferiority,
the remaining three drugs proved equivalent in their
abilities to reduce coronary death or non-fatal MI
(Figure 8.29)37. Thus, the thiazide diuretics became
the primary antihypertensive medication in uncompli-
cated patients. However, therapies for hypertension
have continued to evolve, requiring re-evaluation of
the newest agents. The Anglo-Scandinavian Cardiac
Outcomes Trial-Blood Pressure Lowering Arm
(ASCOT-BPLA) compared the combination of calci-
um channel blocker and ACE inhibitor (amlodipine ±
perindopril) with a beta-blocker and diuretic (atenolol

± bendroflumethiazide) in over 19 000 patients (Fig-
ure 8.30)37. Unfortunately, the 10% reduction in the
primary end point (coronary death or non-fatal MI) in
the amlodipine/perindopril arm did not reach statisti-
cal significance when the trial was stopped early owing
to a higher incidence of all-cause mortality in the beta-
blocker and diuretic arm.

With regard to the question of how low the blood
pressure should be, the Hypertension Optimal Treat-
ment (HOT) trial enrolled almost 19 000 patients to
determine the relationship between diastolic pressure
reduction and clinical events. While the lowest rate of
major cardiovascular events was at a mean diastolic
pressure of 82.6 mmHg, there was no significant dif-
ference in events between the overall groups with
diastolic pressures less than 90, 85, or 80 mmHg (Fig-
ure 8.31)38. However, those in the more sensitive
diabetic subgroup exhibited a strong dose–response
relationship suggesting a real, yet small, treatment
effect (Figure 8.32)39.

Eplerenone

A newer aldosterone-blocking antihypertensive,
eplerenone, is more selective for the mineralocorticoid
receptor than its older sibling spironolactone. The
Eplerenone Post-Acute Myocardial Infarction Heart
Failure Efficacy and SUrvival Study (EPHESUS) com-
pared eplerenone with placebo in 6500 patients with
acute MI complicated by left ventricular dysfunction.
They demonstrated a reduction in cardiovascular
death, MI, stroke, ventricular arrhythmia, or hospital-
ization for heart failure over a mean follow-up of 16
months (Figure 8.33)40.

CONCLUSION

Just as the problem of increasing cardiometabolic risk
is multifactorial, so must be the approach to treating
it. The evidence briefly reviewed here demonstrates
the effective pharmacological agents available to
reduce biochemical markers and the risk of events.
However, these therapies must be considered within
the greater problem of rising obesity and its associated
pathologies. Physicians must continue to emphasize
that there remains no substitute for lifestyle modifica-
tion to combat cardiometabolic risk.
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Red
meat;

butter

Use sparingly

Multiple vitamins
for most

Alcohol in
moderation

(unless
contraindicated)

Dairy or calcium
supplement, 1–2 times/day

Fish, poultry, eggs,
0–2 times/day

Nuts, legumes, 1–3 times/day

Daily exercise and weight control

Vegetables
(in abundance) Fruits, 2–3 times/day

Whole grain foods
(at most meals)

Plants oils, including olive,
canola, soy, corn, sunflower,

peanut and other vegetable oils

White
rice,
white
bread,
potatoes
and pasta;
sweets

Use foods from the base of the food guide pyramid
as the foundation of your meals

Figure 8.2 The food guide pyramid provides a structure for selecting foods. At the bottom are the whole grains, breads, and
cereals. Above them are the fruits and vegetables, and above that the meats, cheese, and dairy products, with the recommend-
ed range of servings for each. From reference 3, with permission
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Figure 8.1 The effect on systolic blood pressure (a) and diastolic blood pressure (b) of reduced sodium intake and the DASH
diet. *p < 0.05; †p < 0.01; ‡p < 0.001. From reference 1, with permission
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Figure 8.3 Effects of dietary intervention in the Women’s Health Initiative. Kaplan–Meier estimates in all participants for
myocardial infarction (MI), coronary heart disease (CHD), or revascularization (a) and for stroke (b), and in participants with-
out a history of cardiovascular disease for MI, CHD, or revascularization (c) and for stroke (d). HR, hazard ratio; CI, confidence
interval. From reference 5, with permission Continued

Cefalu Chapter 08 rev  1/30/07  6:32 PM  Page 145



146

ATLAS OF CARDIOMETABOLIC RISK

C
um

ul
at

iv
e 

ha
za

rd

0.06

0.05

0.04

0.03

0.02

0.01

0
0 1 2 4

Time (years)

HR 1.02 (95% CI 0.93–1.17)

3 5 6 7 8

Events
Intervention
Comparison

24
48

47
48

46
60

40
60

40
52

52
74

53
75

27
36

41
62

No. at risk
Intervention
Comparison

18 265
27 343

18 453
28 598

18 533
27 025

17 841
26 796

18 053
26 096

17 637
26 484

17 352
26 186

15 131
22 765

4960
7470

10 027
15 090

9

(d)

C
um

ul
at

iv
e 

ha
za

rd

0.06

0.05

0.04

0.03

0.02

0.01

0
0 1 2 4

Time (years)

HR 0.94 (95% CI 0.86–1.02)

3 5 6 7 8

Events
Intervention
Comparison

59
95

64
125

102
154

78
135

95
151

117
199

114
178

61
75

85
142

No. at risk
Intervention
Comparison

18 231
27 223

18 435
27 552

18 533
27 025

17 720
26 528

17 981
26 898

17 469
26 130

17 131
25 731

14 094
22 307

4878
7294

9844
14 767

9

(c)

Figure 8.3 Continued
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Figure 8.4 Difference in mean (SE) plasma lipid levels between placebo, continuous, and intermittent therapies with 15 mg
of sibutramine hydrochloride. From reference 7, with permission

0.1 1.0 10
RR (95% Cl)

  Ceased smoking  Continued smoking
Study  Patients   Deaths  Patients  Deaths   Weight   RR 
 (n) (n) (n) (n) (%) (95% CI)

Aberg et al., 1983 542 110 443 142 8.3 0.63 (0.51–0.79)

Baughman ., 1982 45 9 32 14 1.8 0.46 (0.23–0.92)

., 1984 455 136 555 205 9.3 

Burr 665 27 521 41 3.5 

Daly ., 1983 217 80 157 129 9.0 

Greenwood et al., 1995 396 64 138 29 4.5 0.76 (0.51–1.12)

Gupta et al., 1993 173 56 52 24 4.9 0.70 (0.49–1.01)

Halstrom et al., 1986 91 34 219 104 6.1 0.79 (0.58–1.06)

., 1997 435 41 734 97 5.2 0.71 (0.50–1.01)

83 31 74  40 5.2 

115 20 102 31 3.2 

Johansson et al., 1985 81 14 75 27 2.6 0.48 (0.27–0.84)

Perkins and Dick, 1985 52 9 67 30 2.1 0.39 (0.20–0.74)

Salonen, 1980 221 26 302 60 4.0 0.59 (0.39–0.91)

Sato et al., 1992 59 5 28 7 0.9 0.34 (0.12–0.97)

56 10 139 40 2.3 –1.15)

Tofler 173 14 220 37 2.5 –

Van Domburg et al., 2000 238 109 318 202 9.8 0.72 (0.61–0.85)

Vietstra et al., 1986 1490 223 2675 586 10.4 0.68 (0.59–0.78)

Voors et al., 1996 72 26 95 37 4.4 0.93 (0.62–1.38)

Overall 5659 1044 6944 1884 100.00 0.64 (0.58–0.71)

Ceased smoking       Continued smoking

Figure 8.5 Pooled relative risks of mortality when patients with CHD stop smoking: random-effects meta-analysis of 20 stud-
ies. From reference 11, with permission
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(b)

0.20 0.50 1.0 2.0 5.0
Favors aspirin Favors control

   OR  OR 
Study (reference)  Aspirin (n/n)  Control (n/n)  (95% CI random)  Weight (%)  (95% CI random)

BMD (5)  89/3429  47/1710    37.2  0.94 (0.66–1.35)
PHS (4)  34/11 037  53/11 034    25.6  0.64 (0.42–0.99)
TPT (7)  36/1268  34/1272    21.1  1.06 (0.66–1.71)
HOT (8)  14/9399  14/9391    8.7  1.00 (0.48–2.10)
PPP (9)  11/2226  13/2269    7.4  0.86 (0.39–1.93)

Total (95% CI)  184/27 359  161/25 676    100.0  0.87 (0.70–1.09)

(a)

0.20 0.50 1.0 2.0 5.0
Favors aspirin Favors control

   OR  OR 
Study (reference)  Aspirin (n/n)  Control (n/n)  (95% CI random)  Weight (%)  (95% CI random)

BMD (5)  169/3429  88/1710    22.0  0.96 (0.73–1.24)
PHS (4)  163/11 037  266/11 034    27.8  0.61 (0.50–0.74)
TPT (7)  83/1268  107/1272    19.6  0.76 (0.57–1.03)
HOT (8)  82/9399  127/9391    20.9  0.64 (0.49–0.85)
PPP (9)  26/2226  35/2269    9.7  0.75 (0.45–1.26)

Total (95% CI)  523/27 359  623/25 676    100.0  0.72 (0.60–0.87)

Figure 8.6 Meta-analysis of the effect of aspirin on total heart disease events (a), coronary heart disease mortality (b), fatal
and non-fatal stroke events (c), and all-cause mortality (d). From reference 13, with permission Continued
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(d)

0.20 0.50 1.0 2.0 5.0
Favors aspirin Favors control

   OR  OR 
Study (reference)  Aspirin (n/n)  Control (n/n)  (95% CI random)  Weight (%)  (95% CI random)

BMD (5)  270/3429  151/1710    20.9  0.88 (0.72–1.09)
PHS (4)  217/11 037  227/11 034    25.6  0.95 (0.79–1.15)
TPT (7)  113/1268  110/1272    12.0  1.03 (0.79–1.36)
HOT (8)  284/9399  305/9391    33.6  0.93 (0.79–1.09)
PPP (9)  62/2226  78/2269    7.9  0.80 (0.57–1.13)

Total (95% CI)  946/27 359  871/25 676    100.0  0.93 (0.84–1.02)

Figure 8.6 Continued

(c)

0.20 0.50 1.0 2.0 5.0
Favors aspirin Favors control

   OR  OR 
Study (reference)  Aspirin (n/n)  Control (n/n)  (95% CI random)  Weight (%)  (95% CI random)

BMD (5)  91/3429  39/1710    18.4  1.17 (0.80–1.71)
PHS (4)  119/11 037  98/11 034    29.8  1.22 (0.93–1.59)
TPT (7)  18/1268  26/1272    8.4  0.69 (0.38–1.27)
HOT (8)  146/9399  148/9391    35.6  0.99 (0.78–1.24)
PPP (9)  16/2226  24/2269    7.7  0.68 (0.36–1.28)

Total (95% CI)  390/27 359  335/25 676    100.0  1.02 (0.85–1.23)
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0 0.5 1.0

Odds ratio (Cl)
Antiplatelet : control

1.5
Antiplatelet better Antiplatelet worse

Treatment effect p < 0.0001

2.0

  No (%) of vascular events    % Odds 
 No of trials Allocated Adjusted Observed–  reduction
Category of trial with data antiplatelet control expected  Variance (SE)

Previous myocardial  12 1345/9984 1708/10 022 –159.8 567.6 25 (4)

infarction (13.5) (17.0)

Acute myocardial  15 1007/9658 1370/9644 –181.5 519.2 30 (4)

infarction (10.4) (14.2)

Previous stroke/transient  21 2045/11 493 2464/11 527 –152.1 625.8 22 (4)

ischemic attack 

Acute stroke 7 1670/20 418 1858/20 403 –94.6 795.3 11 (3)

(8.2) (9.1)

Other high risk 140 1638/20 359 2102/20 543 –222.3 737.0 26 (3)

Subtotal: all except  188 6035/51 494 7644/51 736 –715.7 2449.6 25 (2)

acute stroke

All trials 195 7705/71 912 9502/72 139 –810.3 3244.9 22 (2)

(10.7) (13.2)

Heterogeneity of odds reductions between:

Figure 8.7 Data from the Antithrombotic Trialists’ Collaboration (ATC) demonstrating the efficacy of antiplatelet therapy on
myocardial infarction, stroke, or vascular death. From reference 14, with permission
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Figure 8.9 Efficacy of clopidogrel compared with aspirin
in myocardial infarction, ischemic stroke, or vascular death
in 19 185 patients at risk of ischemic events. Annual rate of
events is shown. *ITT (intention to treat) analysis. From ref-
erence 17, with permission
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Figure 8.11 Efficacy of clopidogrel in reducing cardiovascular death, myocardial infarction or urgent revascularization compared
with placebo in patients with ST elevation myocardial infarction treated with thrombolysis. From reference 19, with permission
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Figure 8.10 Data from the Clopidogrel in Unstable angina to prevent Recurrent Events trial demonstrating the benefit of clopi-
dogrel therapy compared with placebo on cardiovascular death, stroke, or myocardial infarction within the first 1–30 days (a) and
from 31 days to 1 year (b) of treatment in patients with unstable angina or non-ST elevation myocardial infarction. ASA, acetyl-
salicylic acid; RRR, relative risk ratio. From reference 18, with permission

Cefalu Chapter 08 rev  1/30/07  6:32 PM  Page 151



152

ATLAS OF CARDIOMETABOLIC RISK

Figure 8.13 Intravascular ultrasound (IVUS) image (A) and elastogram (B) with corresponding histology of a coronary artery
with a vulnerable plaque. The IVUS image reveals an eccentric plaque between the 6- and 12-o’clock positions. The elastogram
shows high-strain regions (yellow) at the shoulders of the plaque surrounded by low-strain values (blue). The histology reveals
a plaque with a typical vulnerable appearance: a thin cap with a lack of collagen at the shoulders (C) and a large atheroma with
heavy infiltration of macrophages (D). From reference 22, with permission
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Figure 8.12 Effect of clopidogrel on death in patients with acute ST elevation myocardial infarction. ASA, acetylsalicylic acid.
From reference 20, with permission
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Figure 8.14 Cholesterol Treatment Trialists’ collaboration showing the effects of statins on mortality per mmol/L LDL cho-
lesterol reduction. Adapted from reference 23, with permission

0.5

Treatment
better

Control
better

1.0 1.5

 Events (%) RR (Cl) Rate ratio
End point  Treatment  Control (Treatment : control) (Cl)

Non-fatal MI 2001 (4.4) 2769 (6.2) 0.74 (0.70–0.79)

CHD death 1548 (3.4) 1960 (4.4) 0.81 (0.75–0.87)

Any major coronary event 3337 (7.4) 4420 (9.8) 0.77 (0.74–0.80)

CABG 713 (3.3) 1006 (4.7) 0.75 (0.69–0.82)

PTCA 510 (2.4) 658 (3.1) 0.79 (0.69–0.90)

Unspecified 1397 (3.1) 1770 (3.9) –

Any coronary revascularization 2620 (5.8) 3434 (7.6) 0.76 (0.73–0.80)

Hemorrhagic stroke 105 (0.2) 99 (0.2) 1.05 (0.78–1.41)

Presumed ischemic stroke 1235 (2.8) 1518 (3.4) –

Any stroke 1340 (3.0) 1617 (3.7) 0.83 (0.78–0.88)

Any major vascular event 6354 (14.1) 7994 (17.8) –0.81)
pp << 0.00010 0001

Figure 8.15 Cholesterol Treatment Trialists’ collaboration showing the effects of statins on major vascular events. MI, myocar-
dial infarction; CABG, coronary artery bypass graft; PTCA, percutaneous transluminal coronary angioplasty. Diamonds, sum-
mary; squares, data. From reference 23, with permission
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0.5

Treatment
better

Control
better

1.0 1.5

 Events (%) RR (Cl) Heterogeneity/trend
Groups  Treatment  Control (Treatment : control) p value

Prior disease

Post-MI 1681 (11.7) 2207 (15.4) p =0.2

Other CHD 568 (8.7) 744 (11.4)

None 1088 (4.5) 1469 (6.1)

Age (years)

1671 (6.1) 2344 (8.5) p =0.01

1666 (9.5) 2076 (11.9)

Gender

Male 2686 (7.8) 3630 (10.6) p =0.1

Female 651 (6.1) 790 (7.3)

Treated hypertension

Yes 2038 (8.2) 2596 (10.4) p =0.2

No 1299 (6.4) 1824 (9.1)

History of diabetes

Yes 776 (8.3) 979 (10.5) p =0.8

No 2561 (7.2) 3441 (9.6)

Diastolic BP

≤90 mmHg 2711 (7.8) 3590 (10.3) p =0.8

>90mmHg 618 (6.1) 827 (8.2)

Overall 3337 (7.4) 4420 (9.8) 0.77 (0.74–0.80)
p < 0.000010 00001

Figure 8.16 Cholesterol Treatment Trialists’ collaboration showing the effects of statins on major coronary events subdivided
by baseline prognostic factors. From reference 23, with permission
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0.4 0.6 0.8 1.0 1.2 1.4
Simvastatin better Placebo better

Presenting   Simvastatin- Placebo- Event rate ratio Heterogeneity
feature allocated allocated (95% CI) or trend χ2

Prior disease
Prior MI 999/4257 (23.5%) 1250/4253 (29.4%) 0.18
Other CHD 460/2437 (18.9%) 591/2439 (24.2%)
No prior CHD 574/3575 (16.1%) 744/3575 (20.8%)

Sex 
Male  1666/7727 (21.6%) 2135/7727 (27.6%) 0.76
Female 367/2542 (14.4%) 450/2540 (17.7%)

Age (years)
831/4903 (16.9%) 1091/4936 (22.1%) 0.73

≥ 65 < 70 512/2447 (20.9%) 665/2444 (27.2%)
690/2919 (23.6%) 829/2887 (28.7%)

< 5.0 360/2030 (17.7%) 472/2042 (23.1%) 0.44
744/3942 (18.9%) 964/3941 (24.5%)

≥ 6.0 929/4297 (21.6%) 1149/4284 (26.8%)

LDL cholesterol (mmol/L)
< 3.0 598/3389 (17.6%) 756/3404 (22.2%) 0.10
≥ 3.0 < 3.5 484/2549 (19.0%) 646/2514 (25.7%)
≥ 3.5 951/4331 (22.0%) 1183/4394 (27.2%)

< 0.9 818/3617 (22.6%) 1064/3559 (29.9%) 1.98
≥ 0.9 < 1.1 560/2795 (20.0%) 720/2871 (25.1%)
≥ 1.1 655/3857 (17.0%) 801/3837 (20.9%)

< 2.0 1101/6011 (18.3%) 1432/6034 (23.7%) 0.65
743/3445 (21.6%) 939/3443 (27.3%)

≥ 4.0 189/813 (23.2%) 214/790 (27.1%)

Prerandomization LDL response
Smaller (< 38%) 700/3516 (19.9%) 911/3558 (25.6%) 0.08
Average 649/3252 (20.0%) 822/3272 (25.1%)
Larger (≥ 48%) 684/3501 (19.5%) 852/3437 (24.8%)

Creatinine
Normal 1851/9623 (19.2%) 2317/9584 (24.2%) 2.25
Slightly elevated* 182/646 (28.2%) 268/683 (39.2%)

Cigarette smoking
Never regular 406/2594 (15.7%) 531/2580 (20.6%) 0.45
Ex-cigarette 1298/6229 (20.8%) 1638/6220 (26.3%)
Current 329/1446 (22.8%) 416/1467 (28.4%)

Treated hypertension
Yes 942/4211 (22.4%) 1195/4246 (28.1%) 0.00
No 1091/6058 (18.0%) 1390/6021 (23.1%)

Aspirin
Yes 1370/6482 (21.1%) 1784/6502 (27.4%) 1.35
No 663/3787 (17.5%) 801/3765 (21.3%)

  -blockers
Yes 519/2661 (19.5%) 705/2618 (26.9%) 3.27
No 1514/7608 (19.9%) 1880/7649 (24.6%)

Yes 495/1989 (24.9%) 568/1990 (28.5%) 3.75
No 1538/8280 (18.6%) 2017/8277 (24.4%)

Vitamin allocation
Vitamins 1014/5135 (19.7%) 1292/5134 (25.2%) 0.03
Placebo 1019/5134 (19.8%) 1293/5133 (25.2%)

All patients 2033/10 269 (19.8%) 2585/10 267 (25.2%) 0.76 (0.72–0.81)
pp < 0.0001< 0 0001

Figure 8.17 Beneficial effects of simvaststin 40 mg across multiple subgroups of patients in the Heart Protection Study. From
reference 24, with permission
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Figure 8.19 Early benefit in reducing the incidence of death, myocardial infarction or recurrent severe ischemia with inten-
sive (high-dose) statin therapy compared with standard therapy (pravastatin 40 mg daily) in the PROVE IT-TIMI 22 trial. From
reference 26, with permission
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Figure 8.18 Effect of atorvastatin in the CARDS trial on the primary end point: acute coronary syndrome, coronary revascu-
larization, or stroke. From reference 25, with permission
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(d)(c)

Time since randomization (years) Time since randomization (years)
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0
0 1 2 3 4 5 6

No. at risk
Placebo 4900 4818 4693 4567 4423 2457 796
Fenofibrate 4895 4817 4698 4592 4445 2476 820

HR 0.79 (95% Cl 0.68–0.93) p = 0.003
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HR 0.89 (95% Cl 0.75–1.05) p = 0.16
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No. at risk: non-fatal MI
Placebo 4900 4835 4741 4646 4547 2541 837
Fenofibrate 4895 4837 4745 4664 4555 2553 850

No. at risk: CHD death
Placebo 4900 4866 4815 4759 4689 2651 882
Fenofibrate 4895 4866 4806 4740 4649 2638 889

*Non-fatal MI: HR 0.76 (95% Cl 0.62–0.94) p = 0.010
†CHD death: HR 1.19 (95% Cl 0.90–1.57) p = 0.22

*

†

Figure 8.20 Benefit of intensive fibrate therapy in the FIELD trial. Cumulative risk to time of first coronary heart disease
(CHD) events (non-fatal myocardial infarction (MI) plus CHD death (a), non-fatal MI and CHD death (b), total cardiovascu-
lar disease events (c), and coronary revascularization (d)). From reference 28, with permission
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Figure 8.21 Background diabetic retinopathy with occa-
sional scattered microaneurysms and dot hemorrhages. From
reference 29, with permission

Figure 8.22 Severe background diabetic retinopathy
includes venous changes, clusters and large blot hemorrhag-
es, intraretinal microvascular abnormalities (IRMA), an early
cottonwool spot and a generally ischemic appearance, This
type of retinopathy is usually a prelude to proliferative
change. From reference 29, with permission

Figure 8.23 Digital arterial calcification in a diabetic foot.
Peripheral vascular disease is a particularly common vascular
complication of diabetes and about half of all lower limb
amputations involve diabetic patients. From reference 29,
with permission

Cefalu Chapter 08 rev  1/30/07  6:32 PM  Page 158



159

MANAGING CARDIOMETABOLIC RISK

A
dj

us
te

d 
in

ci
de

nc
e 

pe
r 

10
00

 p
er

so
n 

ye
ar

s 
(%

)

80

60

40

20

0
5 6 7 8 9 10 11

Updated mean hemoglobin A1c concentration (%)

Myocardial infarction
Microvascular end points

Figure 8.24 Incidence rates of myocardial infarction and
microvascular end points by mean hemoglobin A1c concen-
tration. From reference 30, with permission
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Figure 8.25 Incidence rates of microvascular end points
(renal failure or death, vitreous hemorrhage or photocoagu-
lation) over time from randomization. From reference 31,
with permission
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Figure 8.26 Incidence rates of myocardial infarction over time from randomization. From reference 31, with permission
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Figure 8.27 Benefit of treatment of diabetes. Cumulative incidence of the first of any predefined cardiovascular disease out-
come (a) and of the first occurrence of non-fatal myocardial infarction, stroke, or death from cardiovascular disease (b). From
reference 32, with permission
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Figure 8.28 Effect of pioglitazone on a secondary end point of death, myocardial infarction or stroke. From reference 33, with
permission

15

10

5

0

Chlorthalidone

(%)

Amlodipine

RR = 0.98

p = 0.65

15

10

5

0

Chlorthalidone Lisinopril

RR = 0.99

p = 0.81

Figure 8.29 Mortality with difference antihypertensive agents in the ALLHAT trial. From reference 37, with permission
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0.50 0.70 1.00

Amlodipine-based 
regimen better

Atenolol-based 
regimen better

1.45 2.00

  Amlodipine-based  Atenolol-based
 regimen (n = 9639)  regimen (n = 9618)
   Rate per  Number   Rate per  Unadjusted HR
  Number (%) 1000 (%) 1000 (95% Cl) p Value

Primary end points
Non-fatal myocardial infarction  429 (5%) 8.2 474 (5%) 9.1 0.90 (0.79–1.02)  0.1052
(including silent) + fatal CHD
Secondary end points
Non-fatal myocardial infarction  390 (4%) 7.4 444 (5%) 8.5 0.87 (0.76–1.00) 0.0458
(excluding silent) + fatal CHD
Total coronary end point 753 (8%) 14.6 852 (9%) 16.8 0.0070
Total cardivascular events 1362 (14%) 27.4 1602 (17%) 32.8 <0.0001
and procedures  
All-cause mortality 738 (8%) 13.9 820 (9%) 15.5 0.0247
Cardiovascular mortality  263 (3%) 4.9 342 (4%) 6.5 0.0010
Fatal and non-fatal stroke 327 (3%) 6.2 422 (4%) 8.1 0.77 (0.66–0.89) 0.0003
Fatal and non-fatal heart failure 134 (1%) 2.5 159 (2%) 3.0 0.84 (0.66–1.05) 0.1257
Tertiary end points
Silent myocardial infarction 42 (0.4%) 0.8 33 (0.3%) 0.6 1.27 (0.80–2.00) 0.3089
Unstable angina 73 (1%) 1.4 106 (1%) 2.0 0.68 (0.51–0.92) 0.0115
Chronic stable angina 205 (2%) 3.9 208 (2%) 4.0 0.8323
Peripheral arterial disease 133 (1%) 2.5 202 (2%) 3.9  0.0001
Life-threatening arrhythmias 27 (0.3%) 0.5 25 (0.3%) 0.5 1.07 ( 0.8009
Development of diabetes mellitus 567 (6%) 11.0 799 (8%) 15.9 <0.0001
Development of renal impairment 403 (4%) 7.7 469 (5%) 9.1 0.0187
Post-hoc end points
Primary end point + coronary 596 (6%) 11.5 688 (7%) 13.4 0.86 (0.77–0.96) 0.0058
revascularization procedures
Cardiovasular death + myocardial 796 (8%) 15.4 937 (10%) 18.4 0.84 (0.76–0.92) 0.0003
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Figure 8.31 Cardiovascular events in groups based on the target blood pressure in the HOT trial. From reference 39, with
permission

Figure 8.30 Benefit of amlodipine-based antihypertensive treatment compared with atenolol-based treatment. From reference
38, with permission
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Figure 8.32 Outcomes of the HOT trial of different blood pressure agents in diabetic patients. From reference 39, with
permission
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Figure 8.33 Benefits of eplerenone post myocardial infarction. Kaplan–Meier estimates of the rate of death from cardio-
vascular causes or hospitalization for cardiovascular events. From reference 40, with permission
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