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General introduction

General introduction

Cardiovascular disease continues to impose a heavy burden on the Western world
because of its associated morbidity and mortality1; the incidence and prevalence
of cardiovascular diseases are expected to increase over the next 20 years.2 The
underlying pathology of cardiovascular disease is usually atherosclerosis, which has
different stages starting with endothelial dysfunction, endothelial injury and vessel
wall inflammation.3,4 Atherosclerotic vascular diseases can become clinically manifest
at several sites in the arterial tree leading to cerebrovascular disease, coronary heart
disease, peripheral arterial disease or abdominal aortic aneurysm. Well-established
risk factors are dyslipidemia, hypertension, hyperglycemia, smoking, and abdominal
obesity.5 Patients with cardiovascular disease or type 2 diabetes mellitus are
particularly prone to develop (new) cardiovascular events.6,7 Worldwide, the number
of patients with type 2 diabetes is expected to at least double between now and
2030.8 The increased burden of cardiovascular disease1 and type 2 diabetes8 can partly
be attributed to the significant increase in the prevalence of abdominal obesity and
associated insulin resistance.9-11 In the Netherlands, as in most developed countries,
the prevalence of overweight (BMI ≥25 kg/m2) and obesity (BMI ≥30 kg/m2) has clearly
risen in adult males from respectively 37% and 4% in 1981 to 51% and 10% in 200412
and is now considered to be an important medical health problem.13

Insulin resistance and atherosclerotic vascular disease
Insulin resistance
Insulin is the key hormone for regulation of plasma glucose by activating the
glucose uptake in various tissues including skeletal muscle and adipose tissue, and
inhibiting the hepatic glucose production. In addition, insulin has stimulating effects
on the lipogenesis and glycogen- and protein synthesis and inhibitory effects on
glycogenolysis, lipolysis and protein breakdown. Insulin resistance is the result of
impaired signalling in the intra-cellular transduction pathway downstream of the
insulin receptor.14,15 Consequently, this leads to an insufficient response of target
organs resulting in decreased glucose uptake in adipocytes and skeletal muscle
cells and an increased hepatic glucose production (Figure 1). Although factors such
as genetic susceptibility, physical inactivity, and ageing appear to be involved,
adipose tissue is recognized as the main driving force behind insulin resistance.16 In
case of adiposity, the release of free fatty acids and inflammatory cytokines (such as
tumor necrosis factor-alpha (TNF-α) and interleukine-6 (IL-6)) from adipocytes and
macrophages is increased, whereas the release of adiponectin, an anti-inflammatory
adipocytokine solely derived from adipocytes, is reduced. This altered production of
adipokines induces insulin resistance in adipose tissue, skeletal muscle cells, and the
liver, particularly by inhibiting insulin-receptor mediated phosphorylation of intracellular proteins thereby impairing the insulin signalling cascade.16-18
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Figure 1. Insulin resistance

Insulin resistance and vascular consequences
Patients with high insulin resistance have an increased cardiovascular risk.19,20 Although
insulin resistance is an important factor in the development of endothelial dysfunction
and progressive atherosclerotic vascular disease21, the underlying mechanisms have
not fully been determined. Insulin resistance is considered to be the major driver of
interrelated vascular risk factors (e.g. hypertension, dyslipidemia, and hyperglycemia),
and may thereby enhance the cardiovascular risk.22-25 The clustering of several of these
risk factors is often referred to as metabolic syndrome and is typically the result of
obesity-induced insulin resistance (Table 1).26 The metabolic syndrome is highly
prevalent, approximately 24% in healthy adults27, and is expected to become more
prevalent due to the increasing prevalence of obesity.12 Patients with metabolic
syndrome have a two- to threefold higher risk of developing atherosclerotic
vascular disease compared to those without metabolic syndrome.28,29 This increased
cardiovascular risk is largely attributed to the clustering of individual risk factors.
However, metabolic syndrome was found to be associated with greater vascular
damage than what was to be expected from the separate vascular risk factors30,
suggesting that other mechanisms might be involved. Several other mechanisms
associated with insulin resistance (metabolic syndrome), such as low-grade
inflammation, oxidative stress, hypercoagulability, and oxidized small-dense LDLcholesterol, might contribute to the atherosclerotic process as well.31-35
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Table 1. Most used definition of metabolic syndrome according to revised NCEP (ATP III) criteria
Combination of 3 or more of the following metabolic abnormalities:
Abdominal obesity:

waist circumference >102 cm (men) or >88 cm (women)

High blood pressure:

≥130 mmHg systolic or ≥85 mmHg diastolic and/or medication

High fasting glucose: fasting serum glucose ≥5.6 mmol/l and/or medication
Hypertriglyceridemia: serum triglycerides ≥1.70 mmol/l
Low HDL-cholesterol: serum HDL-cholesterol <1.04 mmol/l for men and <1.29 mmol/l for women
NCEP: National Cholesterol Education Program.
ATP III: Adult Treatment Panel III.

Moreover, in case of insulin resistance, elevated levels of pro-inflammatory
adipocytokines and free fatty acids and decreased levels of adiponectin may
directly cause endothelial dysfunction, by impairing vasodilatation, and stimulate
smooth muscle cell proliferation thereby accelerating atherosclerosis.34,36-38 Also,
hyperinsulinemia, as a result of insulin resistance, has direct effects on the vascular
endothelium by stimulating endothelin-1-mediated vasoconstriction.34 A recent
meta-analysis found hyperinsulinemia to be associated with increased cardiovascular
mortality, independent of other risk factors.39 Nevertheless, it remains unclear whether
insulin itself accelerates atherosclerosis independently of insulin resistance. In most
studies, insulin resistance was found to be associated with atherosclerotic vascular
disease.19,20,40 However, findings were inconsistent as to the independent role of insulin
resistance in the atherosclerotic process.
In an insulin resistant pre-diabetic state, during which glucose concentrations are
maintained near normal levels by compensatory hyperinsulinemia, the cardiovascular
risk is already increased.41 Type 2 diabetes can be seen as an end-stage of insulin
resistance in which there is an inadequate compensatory production of insulin42,43,
meaning that pancreatic beta-cells fail to adapt to an increasing insulin resistance.
Patients with type 2 diabetes have an even higher risk of cardiovascular events44-46,
which is almost as high as that of patients with vascular disease.47,48 Moreover,
cardiovascular disease is the most common cause of morbidity and mortality in
diabetic patients.49 Conceptually, several mechanisms underlie the increased
cardiovascular risk in diabetic patients. Hyperglycemia does not appear to be the
major determinant for the development of macrovascular disease in diabetic patients,
as has been established in the UK Prospective Diabetes Study.50 The high prevalence
of cardiovascular risk factors29 together with other risk factors associated with insulin
resistance contribute to the accelerated atherosclerosis in patients with type 2
diabetes. Recent clinical trials showed that treatment directed at multiple risk factors
(insulin resistance and/or vascular risk factors) reduces the cardiovascular risk in these
patients.51-53
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Adipose tissue and atherosclerotic vascular disease
Adipose tissue
Adipose tissue can be found in different parts of the body and can be classified into
subcutaneous and visceral adipose tissue. Adipose tissue comprises many cells including
adipocytes, preadipocytes, endothelial cells, macrophages, lymphocytes, mast cells
and fibroblasts. Although different studies use different terminologies, the following
terms are used most often to refer to various depots of adipose tissue. The term visceral
adipose tissue refers to intra-abdominal fat. Fat accumulation within organs (e.g. heart,
liver, and skeletal muscle) is typically called ectopic fat. Perivascular fat, also known as
periadventitial fat, refers to the adipose tissue directly surrounding the arteries and the
heart. Recently, two types of perivascular fat have gained more attention: fat along the
major branches of the aorta (periaortic fat) and fat surrounding the heart (pericardial fat).
Pericardial fat includes epicardial adipose tissue (EAT) and paracardial fat separated by
the fibrous pericardium. The term EAT refers to the adipose tissue between the surface
of the heart and the fibrous pericardium, and is mainly concentrated in the atrio- and
interventricular grooves, along the coronary arteries, and over the right ventricle free
wall and apex. Peri-coronary fat is defined as the adipose tissue between the surface of
the heart and the fibrous pericardium that directly surrounds the coronary arteries.
14

Function of adipose tissue
The primary physiological role of adipose tissue is to take up free fatty acids from the
blood after hydrolysis of triglycerides from triglyceride-rich lipoproteins by lipoprotein
lipase and to release free fatty acids during the fasting state (adipocyte lipolysis). Intraabdominal adipose tissue is currently recognized as an active endocrine and paracrine
organ affecting many organs and tissues such as muscle and liver, rather than being
solely a simple storage depot for free fatty acids.54,55 Abdominal adipose tissue is
capable of secreting large quantities of adipokines into the systemic circulation
(hepatic portal circulation), which are involved in lipid metabolism (e.g. free fatty
acids, cholesteryl ester transfer protein), glucose metabolism (e.g. adiponectin), blood
pressure regulation and energy homeostasis. In addition, adipose tissue influences
inflammation and hemostasis by producing pro-inflammatory cytokines (e.g. TNF-α,
leptin, IL-6) and hemostatic factors (e.g. plasminogen activator inhibitor-1 (PAI-1)).
Perivascular fat is widely assumed to serve as a structural support of the vasculature.
Only recently interest is going out to the physiological role of perivascular fat.56,57 It has
been proposed that perivascular fat itself might locally regulate vascular tone or might
do so by modulating the systemic vasodilating effects of insulin.57,58 Several studies in
rats demonstrated that both periaortic and perimesenteric artery fat have inhibitory
effects on vascular contraction, independent of endothelial-derived nitric oxide, by
releasing vasoactive substances.58-61 In addition, EAT may function as a local energy
source for cardiomyocytes due to the fact that it has a greater capacity of free fatty acid
release and uptake than other fat depots in guinea pigs.62 Moreover, perivascular fat
has the potential to locally secrete chemokines and cytokines and may therefore act as
an endocrine and paracrine organ like abdominal fat.63-65
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Abdominal fat and vascular diseases
Abdominal obesity contributes to chronic inflammation and is associated with the
development of both insulin resistance (metabolic syndrome, type 2 diabetes) and
atherosclerotic vascular disease.9 Intra-abdominal fat accumulation causes altered
adipocyte function, leading to high systemic plasma levels of TNF-α, IL-6, and free fatty
acids, as well as low plasma concentrations of adiponectin, all involved in accelerating
atherosclerosis.37,54,66 Abdominal fat may lead to progressive atherosclerosis through
the direct effect of adipocytokines (mainly decreased plasma levels of adiponectin
and increased plasma levels of TNF-α) on the vascular endothelium and smooth
muscle cells. Furthermore, in case of obesity, TNF-α and free fatty acids may induce
insulin resistance in adipocytes, skeletal muscle cells and the liver through various
mechanisms such as attenuating the insulin signalling cascade, stimulating adipocyte
lipolysis, suppressing the inhibitory effect of insulin on adipocyte lipolysis and hepatic
glucose production.17,18,25 Adiponectin, an anti-inflammatory cytokine, decreases
insulin resistance.67 In insulin resistant obese patients, an increased flux of free fatty
acids to the liver leads to the development of atherogenic dyslipidemia (elevated
plasma concentration of triglycerides and secondary to that low HDL-cholesterol).23
Furthermore, an imbalanced production of adipocytokines may promote systemic lowgrade inflammation (elevated plasma concentrations of C-reactive protein, IL-6 and
TNF-α) and decreased fibrinolytic capacities (elevated PAI-1 plasma concentrations)
thereby accelerating the atherothrombotic process.54,66 In the causal relation between
abdominal fat and atherosclerosis it is not known what the relative contributions are
of indirect effects through insulin resistance and the direct effects of adipocytokines
on the vessel wall.
Perivascular fat and the development of vascular diseases
Atherosclerosis is considered to be a process driven primarily by systemic levels of risk
factors, such as plasma lipids, blood pressure, and inflammatory cytokines. However,
there is growing evidence that perivascular fat may also affect atherogenesis by the
local release of a large number of pro-inflammatory factors that potentially impair
vascular function and stimulate local inflammation.56,57,68,69 Although nearly all arteries
are surrounded by perivascular fat, particularly at sites predisposed to atherosclerosis,
the role of perivascular fat in affecting vascular function has only very recently
gained attention. It has been shown that periaortic fat is a source of cytokines and
chemokines with potential chemotactic activity reflected by the accumulation of
leukocytes at the interface between periaortic fat and the adventitia of atherosclerotic
aortas.65 Therefore, periaortic fat might contribute to chronic vascular inflammation
and atherosclerosis thereby affecting the aortic wall.65,69 Fat surrounding coronary
arteries has the potential for local production of adiponectin and inflammatory
cytokines (IL-6, TNF-α)63,64 and was found to be associated with abdominal obesity.70
Due to its proximity to coronary arteries71 and its local production of pro-atherogenic
adipocytokines63,64, fat surrounding coronary arteries may contribute to an increased
atherosclerosis and plaque instability from ‘outside to inside’. In porcine coronary
arteries in vivo, adventitial treatment with inflammatory mediators resulted in
the migration of macrophages into the vascular wall and intima thickening.72,73
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So far, the direct contribution of fat surrounding coronary arteries to the development
of coronary atherosclerosis is subject of current research.74,75

Objectives
The objectives of the studies in this thesis are (1) to investigate the relation between
presence of insulin resistance and advanced vascular damage in patients with manifest
arterial disease, and the occurrence of (new) vascular events in insulin resistant patients
with and without evident vascular disease (chapters 2, 3 and 4), and (2) to investigate
the relationship between adipose tissue (abdominal fat and fat surrounding coronary
arteries) and atherosclerotic vascular damage (chapters 5, 6 and 7).

Outline of this thesis

16

The prevalence of metabolic syndrome has been investigated in many populations,
although not in patients with already manifest arterial disease. In chapter 2 we describe
the overall and gender-specific prevalence of metabolic syndrome and its components
in patients with manifest arterial disease. The underlying pathophysiology of metabolic
syndrome is not fully understood, however insulin resistance is considered to be an
important determinant. Although both insulin resistance and metabolic syndrome are
important factors in the development of cardiovascular diseases, there is uncertainty
regarding the independent role of insulin resistance. In chapter 3 we examined the
relation between insulin resistance and metabolic disturbances and investigated
whether advanced vascular damage in patients with manifest arterial disease without
known diabetes can be explained by insulin resistance per se, or is mediated by the
components constituting metabolic syndrome. Patients with type 2 diabetes and
evident coronary heart disease have an excess risk of atherosclerotic vascular events.
The aim of chapter 4 was to compare the risk of new cardiovascular events between
type 2 diabetic patients with cerebrovascular disease, coronary heart disease or
peripheral arterial disease and between diabetic patients with a different number
of sites clinically affected by vascular disease. Also, we investigated the additional
influence of atherosclerotic burden, assessed as carotid intima-media thickness and
albuminuria, on the relationship between clinically evident cardiovascular disease and
new cardiovascular events in diabetic patients.
Intra-abdominal fat induces insulin resistance thereby stimulating the development of
metabolic syndrome and cardiovascular disease. Intra-abdominal fat may also affect
atherogenesis directly by an imbalanced production of pro- and anti-inflammatory
adipocytokines. Inflammatory processes appear to be involved in the degeneration of
the aortic wall. Therefore, intra-abdominal fat and metabolic syndrome may contribute
to the process of aortic dilatation. In chapter 5 we examined the association between
intra-abdominal fat, as well as metabolic syndrome, and infrarenal aortic diameter
in patients with manifest arterial disease. Perivascular fat directly surrounding the
coronary arteries might aggravate coronary artery disease. To further clarify the
possible relation between fat surrounding coronary arteries and coronary atherosclerosis, it is important to reliably quantify this adipose tissue. In chapter 6 the

General introduction

reliability of various measurements of EAT and peri-coronary fat using cardiac CT
was investigated. Additionally, we examined whether EAT and peri-coronary fat
measurements are associated with obesity and metabolic syndrome in patients
undergoing coronary angiography. Aim of chapter 7 was to determine the relation
between EAT volume, as well as peri-coronary fat thickness, and the severity of
coronary atherosclerosis and the extent of coronary artery calcification in patients
undergoing coronary angiography. In chapter 8 the main findings of the above
studies are discussed. Lastly, a summary of the results presented in this thesis is given
in chapter 9.
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Prevalence of the metabolic syndrome
in patients with coronary heart disease,
cerebrovascular disease, peripheral arterial
disease or abdominal aortic aneurysm

Prevalence of metabolic syndrome in patients with vascular disease

Abstract
Metabolic syndrome patients are at increased risk for developing cardiovascular
morbidity and mortality. The increasing prevalence of the metabolic syndrome in
various asymptomatic populations has been well documented, however, limited
information is available about the prevalence in manifest atherosclerotic vascular
disease patients. The aim of this study is to determine the overall and gender-specific
prevalence of the metabolic syndrome and its components in these patients. This
cross-sectional survey of 1117 patients, aged 18-80 years, mean age 60 ± 10 years,
comprised patients with coronary heart disease (n = 527), cerebrovascular disease
(n = 258), peripheral arterial disease (n = 232) or abdominal aortic aneurysm (n = 100).
Metabolic syndrome was defined by Adult Treatment Panel III. The prevalence of the
metabolic syndrome in the study population was 46%: 58% in PAD patients, 41% in
CHD patients, 43% in CVD patients and 47% in AAA patients. Overall, women had a
higher prevalence than men (56% versus 43%). Age did not influence the metabolic
syndrome prevalence; crude odds ratios (crude OR) 1.00 (95% CI: 0.99-1.02). Our results
demonstrate a high prevalence of the metabolic syndrome in patients with manifest
atherosclerotic vascular disease. Screening for metabolic syndrome in patients with
high risk for new vascular incidents may identify patients with even higher vascular
risk and may direct anti-atherosclerotic treatment in order to prevent new vascular
incidents in the same or another vascular bed.
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Patients with metabolic syndrome have a high risk of developing cardiovascular
morbidity and mortality.1-4 The combination of risk factors comprising the metabolic
syndrome interacts synergistically causing or accelerating the progression of
atherosclerosis.1 In patients with metabolic syndrome, a two- to three-fold increased
risk of coronary heart disease (CHD) and stroke and cardiovascular mortality has been
reported.1,2,4,5 Several studies evaluated the presence of the metabolic syndrome in
different populations. Reported prevalences of the metabolic syndrome in healthy
subjects vary between 9 and 22% (24% after age adjustment).2,6,7 A study in drug-treated
hypertensive patients revealed a prevalence varying from 0.8 to 35.3% depending on
the definition used.8 In nearly 80% of the patients with type 2 diabetes mellitus, the
metabolic syndrome was present.1 Variability in the study populations and the use of
different diagnostic criteria for the metabolic syndrome are, at least in part, reasons for
differences in prevalence rate.2,6-9
Although several studies evaluated the prevalence of the metabolic syndrome in
different populations without a history of cardiovascular diseases, limited information
is available about the prevalence in patients with different clinical manifestations
of atherosclerotic vascular disease. Screening for metabolic syndrome in an already
high-risk population may help to identify patients with even higher risks for
vascular complications and may direct therapy. It is therefore the aim of the current
cross-sectional study to assess the overall and gender-specific prevalence of the
metabolic syndrome and its components in a cohort of patients with different clinical
manifestations of atherosclerotic vascular disease.
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Methods
Study settings, participants and design
The Second Manifestations of ARTerial disease (SMART) study, initiated in 1996, is an
ongoing, single-centre, prospective cohort study. Patients who are newly referred to
the University Medical Centre Utrecht with clinical manifest atherosclerotic vascular
disease (coronary heart disease, cerebrovascular disease (CVD), peripheral arterial
disease (PAD) or abdominal aortic aneurysm (AAA)) or with marked risk factors for
atherosclerosis (hyperlipidemia, type 1 diabetes, type 2 diabetes or hypertension)
are included. Patients are non-invasively screened for (asymptomatic) atherosclerosis
and for vascular risk factors. Not enrolled in the study are patients above 80 years or
those with terminal malignant disease. The Medical Ethics Committee has approved
the study and all subjects gave their written informed consent before participating in
the study. The main objectives of the SMART study are to determine the prevalence
of additional vascular disease and of risk factors for atherosclerosis and to study the
incidence of future cardiovascular events. A detailed description of the study design
and the criteria used to define the different manifest atherosclerotic vascular diseases
was published previously.10
For the present study, a cross-sectional evaluation, analyses were based on the
screening period of 1 January 1999 to 1 July 2002 and were limited to patients for
whom complete data for assessment of the metabolic syndrome were available. A
total of 1117 patients, aged 18-80 years, were included. They were newly referred to
our hospital and diagnosed with coronary heart disease (n = 527), cerebrovascular
disease (n = 258), peripheral arterial disease (n = 232) or abdominal aortic aneurysm
(n = 100). CHD includes angina pectoris and myocardial infarction; CVD includes
transient ischemic attack, cerebral infarction, amaurosis fugax, and retinal infarction;
PAD includes symptomatic and documented obstruction of distal arteries of the leg
(Fontaine II and III); AAA includes abdominal aortic aneurysm.
Data collection
At inclusion, patients were asked to complete a standardised health questionnaire
covering medical history, symptoms of cardiovascular disease and risk factors, current
and former smoking habits, presence of vascular diseases in first degree relatives and
information about the use of current medical treatment. All patients entering the
SMART study had to undergo a standardised diagnostic protocol including physical
examination (weight, length, waist circumference, systolic and diastolic blood
pressure) and laboratory tests to determine the lipid profile (serum triglycerides, serum
total cholesterol, serum HDL-cholesterol and fasting serum glucose). The laboratory
techniques used have been published previously.10 BMI was calculated as weight in
kilograms divided by the square of height in meters.
Definitions
The National Cholesterol Education Program (NCEP) Expert Panel on Detection,
Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult Treatment
Panel III or ATP III) published criteria for the diagnosis of the metabolic syndrome.11
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Participants having three or more of the following abnormalities were defined as
having the metabolic syndrome:
Abdominal obesity: waist circumference >102 cm in men or >88 cm in women.
High blood pressure: ≥130 mmHg systolic or ≥85 mmHg diastolic.
Hypertriglyceridemia: serum triglycerides ≥1.70 mmol/l (150 mg/dl).
Low HDL-cholesterol: serum HDL-cholesterol <1.04 mmol/l (40 mg/dl) in men or
<1.29 mmol/l (50 mg/dl) in women.
5. High fasting glucose: fasting serum glucose ≥6.1 mmol/l (110 mg/dl).

1.
2.
3.
4.

Subjects who did not meet the ATP III criteria for high blood pressure or high fasting
glucose, but were treated with anti-hypertensive drugs or (self-)reported diabetes
mellitus, were also considered to fulfil the criteria for high blood pressure or high
fasting glucose, respectively.
Diabetes mellitus was defined as having self-reported diabetes or newly detected
diabetes (fasting serum glucose concentrations ≥7.0 mmol/l).12 History of vascular
diseases included atherosclerotic vascular diseases in the medical history other than
the vascular diagnosis at inclusion. Current or past smoking included currently smoking
patients, those who recently stopped or smoked in the past.
28

Statistical analysis
Values are given as percentages with number of patients in parenthesis, as mean ±
S.D. for normally distributed variables and as median with the interquartile range
in parenthesis for non-normally distributed variables. Multiple logistic regression
analysis was performed to investigate the independent association of variables with
the metabolic syndrome; results were expressed as crude odds ratios (crude OR) with
95% CI or as adjusted odds ratios (adjusted OR) with 95% CI. Presence of the metabolic
syndrome was taken as the dependent variable and age, gender and localisation
of vascular disease were the independent variables. Variables were included if they
significantly changed the crude odds ratio. The statistical analyses were performed
with SPSS for Windows 10.1.

Results
Baseline characteristics of the patients are presented in Table 1 according to the
presenting disease: CHD, CVD, PAD or AAA. The majority of the patients were male
(79%), and the mean age was 60 years. AAA patients had the highest frequency of
a history of vascular diseases (41%). A history of CHD was most common. Diabetes
mellitus was present in 19% (n = 213) of all patients and most prevalent in patients
with PAD (Table 1); in 90% it was diagnosed as type 2 diabetes.
Table 2 displays the prevalence of the metabolic syndrome and its components
in relation to gender and vascular disease. The overall prevalence of the metabolic
syndrome was 46% and it was most prevalent in the PAD patients (58%). Women
had a higher prevalence of the metabolic syndrome than men (56% versus 43%). The
prevalence was particularly high in patients with diabetes mellitus: 84% in those who
presented with CHD, 76% with CVD, 82% with PAD and 88% with AAA.

52 (48)
8 (7)
22 (20)
39 (36)

81 (350)

6 (27)

15 (65)

29 (125)

54 (233)

84 ± 11

27 ± 3

98 ± 9

131 ± 18

77 ± 9

History of vascular diseases , % (n)

Diabetes mellitus§, % (n)

Anti-hypertensive treatment, % (n)

Lipid-lowering treatment, % (n)

Body weight (kg)

BMI (kg/m²)

Waist circumference (cm)

Systolic blood pressure (mmHg)

Diastolic blood pressure (mmHg)

23 (16)

30 (49)
28 (46)
33 (53)
30 (49)
82 ± 13
26 ± 4
97 ± 11
141 ± 21
81 ± 9

14 (9)
39 (26)
39 (26)
66 ± 11
25 ± 4
84 ± 9
144 ± 27
80 ± 13

85 ± 12

142 ± 20

98 ± 11

26 ± 3

81 ± 12

26 (24)

46 (43)

14 (13)

40 (38)

87 (82)

69 ± 6

83 ± 14

143 ± 16

88 ± 14

26 ± 7

69 ± 18

17 (1)

17 (1)

50 (3)

50 (3)

100 (6)

66 ± 10

6 (6)

5.8 (5.4-6.3)

5.5 (5.1-6.3)

5.9 (5.4-6.5)

5.5 (5.2-6.1)

5.9 (5.4-6.8)

5.7 (5.2-6.6)

All data in percentages (number of patients), mean ± S.D. or median (interquartile range).
* CHD: coronary heart disease; CVD: cerebrovascular disease; PAD: peripheral arterial disease; AAA: abdominal aortic aneurysm.
†
Still smoking, recently stopped smoking or previously smoking.
‡
History of vascular disease other than the inclusion diagnosis.
§
Fasting serum glucose ≥7.0 mmol/l or self-reported diabetes mellitus.

Fasting serum glucose (mmol/l)

5.8 (5.4-6.4)

6.9 (5.8-9.2)

1.03 (0.89-1.22) 1.22 (1.08-1.53) 1.10 (0.92-1.30) 1.41 (1.16-1.71) 1.00 (0.85-1.25) 1.14 (0.96-1.41) 1.13 (0.93-1.36) 1.09 (0.92-1.32)

81 ± 10

149 ± 25

89 ± 12

27 ± 5

71 ± 16

38 (26)

36 (25)

59 ± 11

94 (94)

Serum HDL-cholesterol (mmol/l)

84 ± 11

146 ± 21

97 ± 9

26 ± 4

82 ± 12

32 (62)

32 (22)

94 (153)

80 (53)
6 (4)

87 (60)

58 ± 10

60 ± 11

30 (69)

70 (163)

26 (66)

Women

AAA (n = 100)
Men

1.63 (1.21-2.31) 1.55 (1.15-2.07) 1.55 (1.17-2.09) 1.48 (1.07-2.11) 1.78 (1.34-2.73) 1.89 (1.41-2.26) 1.56 (1.16-1.98) 1.67 (1.36-2.64)

74 ± 9

137 ± 21

91 ± 11

28 ± 4

73 ± 11

40 (37)

46 (88)

21 (41)

26 (50)

84 (162)

61 ± 11

74 (192)

Women

PAD (n = 232)
Men

Women

CVD (n = 258)
Men

Serum triglycerides (mmol/l)

‡

Smoking, current or past†, % (n)

61 ± 9

57 ± 9

Age (years)

18 (93)

82 (434)

Women

Patients, % (n)

Men

CHD (n = 527)

Table 1. Baseline characteristics in 18-80-year-old patients with CHD, CVD, PAD or AAA*
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29

30

1117

510

Number

46

Percentage

Prevalence of
metabolic syndrome

162

434

192

258

89

163

94

100

4

43

47

67

46

47

65

55

58

39

44

43

60

37

41

2

35

37

37

43

80

23

52

75

60

125

185

377

Number

33

37

37

54

26

34

35

27

29

65

29

35

34

Percentage

Abdominal obesity

5

75

80

60

132

192

52

159

211

66

255

321

804

83

80

80

87

81

83

79

83

82

71

59

61

72

3

41

44

40

91

131

26

78

104

45

195

240

519

50

44

44

58

56

56

39

41

40

48

45

46

46

4

40

44

43

92

135

27

80

107

51

218

269

555

67

43

44

62

56

58

41

42

41

55

50

51

50

4

34

38

27

78

105

19

79

98

32

148

180

421

67

36

38

39

48

45

29

41

38

34

34

34

38

Number Percentage Number Percentage Number Percentage Number Percentage

High blood pressure Hypertriglyceridemia Low HDL-cholesterol High fasting glucose

* CHD: coronary heart disease; CVD: cerebrovascular disease; PAD: peripheral arterial disease; AAA: abdominal aortic aneurysm. Metabolic syndrome was based on the
ATP III criteria (Adult Treatment Panel III). See Section ‘Methods’ for a description of the criteria used for each component of the metabolic syndrome.

Women 6

Men

AAA

45

134

26

85

111

232

Women 69

Men

PAD

Women 66

Men

CVD

56

218

527

Women 93

Men

CHD

Localisation of vascular disease

Total

Patients (n)

Table 2. Prevalence of the metabolic syndrome and its different components in 18-80-year-old patients with CHD, CVD, PAD or AAA*
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High blood pressure was the component of the metabolic syndrome most often
observed, especially in women (78%). High blood pressure, hypertriglyceridemia and
low HDL-cholesterol was the most common combination of metabolic abnormalities
(n = 246, 48%) in the 510 metabolic syndrome patients. Presence of one or more
components of the metabolic syndrome was common, in both sexes: 20% had one
component, 27% had two components, 25% had three components, 14% had four
components and 7% had five components (Table 3). Only a limited number of patients
displayed the full cluster of metabolic abnormalities. Metabolic syndrome patients and
non-metabolic syndrome patients had the same mean age (60 ± 10 years). Smoking
habits were also comparable (82%).
In the diabetic population of our cohort (n = 213), 2% had one component of the
metabolic syndrome, 16% had two components, 31% had three components, 28%
had four components and 23% had five components. The mean age in this diabetic
population was 61 ± 9 years in patients with the metabolic syndrome compared to 63
± 10 years in patients without the metabolic syndrome.
In the whole cohort, patients with the metabolic syndrome had more frequently a
medical history of vascular diseases (21% versus 15%), particularly CVD patients (24%
versus 18%) and PAD patients (36% versus 23%). Thirty-four percent of the metabolic
syndrome patients were diagnosed with diabetes mellitus compared to 6% in patients
without the metabolic syndrome. There was no difference between the number of
patients treated with lipid-lowering agents (41%), but patients with the metabolic
syndrome were more often treated with anti-hypertensive medication than patients
without this syndrome (46% versus 27%).
Multiple logistic regression showed that the metabolic syndrome was 1.7 times
more common in women compared to men (reference); OR 1.7 (95% CI: 1.3-2.3). The
prevalence of the metabolic syndrome depended not on age (yearly); OR 1.00 (95% CI:
0.99-1.02) and was highest among PAD patients (OR 1.9; 95% CI: 1.4-2.7). Localisation
of vascular disease with CHD as reference, showed for CVD and AAA the following
ORs (95% CI): 1.1 (0.8-1.4); 1.3 (0.8-2.0). The ORs remained essentially the same after
adjustment for gender, age or type of presenting disease, whichever was relevant.

31

32

60

13

Men

Women

6

7

7

18

7

5

CVD

PAD

AAA

5

3

7

8

22

37

54

114

39

188

227

22

16

21

22

17

21

20

26

54

75

152

51

256

307

Percentage Number

2

26

23

29

29

22

29

27

25

66

65

126

65

217

282

Percentage Number

3

25

28

25

24

28

25

25

16

40

34

61

40

111

151

Percentage Number

4

16

17

13

12

17

13

14

6

28

12

31

26

51

77

Percentage Number

5

6

12

5

6

11

6

7

Percentage

* CHD: coronary heart disease; CVD: cerebrovascular disease; PAD: peripheral arterial disease; AAA: abdominal aortic aneurysm. Metabolic syndrome was based on the
ATP III criteria (Adult Treatment Panel III). See Section ‘Methods’ for a description of the criteria used for each component of the metabolic syndrome.

43

CHD

1

Percentage Number

Localisation of vascular disease

73

Total

Number

0

No. of components

Table 3. Prevalence of the number of components of the metabolic syndrome in 18-80-year-old patients with CHD, CVD, PAD or AAA*
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Discussion
Evaluation
In the present study, we describe that the metabolic syndrome, according to the ATP III
criteria, is highly prevalent in patients with a recent diagnosis of a clinical manifestation
of atherosclerosis (46%), especially in PAD patients (58%). Particularly in patients with
CHD, the metabolic syndrome was more often present in women than in men (60%
versus 37%). The prevalence of the metabolic syndrome was not influenced by age.
Patients with a recently established atherosclerotic vascular disease are at high risk for
developing another vascular complication in the same or another part of the vascular
system. Patients with the metabolic syndrome are at increased risk for developing
cardiovascular morbidity and mortality.1-4 Hence, it is in our view clinically relevant
to screen already high-risk patients for the metabolic syndrome. The metabolic
syndrome comprises a combination of metabolic disorders including known risk
factors like dyslipidemia, hyperglycemia and hypertension, but also risk factors not
routinely measured like hyperinsulinemia, decreased fibrinolysis, oxidative stress, small
dense LDL-cholesterol and increased inflammation.2,6,13 Instead of treating individual
components of the metabolic syndrome, treating the underlying pathophysiological
disturbance (for instance, insulin resistance) would ideally be the therapeutic option of
first choice. This means initiating interventions aimed at treatment of overweight and
stimulating physical activity before or in addition to conventional medical treatment of
individual classical risk factors clustering in the metabolic syndrome. Future research
may reveal whether early medical treatment of insulin resistance even in the absence
of hyperglycemia may reduce the incidence of macrovascular complications, and may
delay the development of diabetes mellitus.
In a cross-sectional study in healthy US adults, the metabolic syndrome was present
in 22% (24% after age adjustment) of the participants, also using the definition of ATP
III, whereas in subjects over 60 years of age this was around 40%.7 The prevalence of
the metabolic syndrome in our study in patients with manifest atherosclerotic vascular
disease was 46% irrespective of age. With the same definition, the Kuopio Ischaemic
Heart Disease Risk Factor Study, a prospective cohort study, reported a prevalence of
9% in a middle-aged (42-60 year) cohort of men without diabetes mellitus and without
known clinical manifest vascular disease.2 In our study, the prevalence of the metabolic
syndrome in men in the age range of 42-60 years was also 46% because age was not a
determinant of the prevalence.
Different definitions
Previous estimates of the prevalence of the metabolic syndrome have differed because
of differences in diagnostic criteria and in study populations, hindering meaningful
comparisons between populations.8,9 The first working definition of the metabolic
syndrome published by the World Health Organisation (WHO) in 1998 was based
on variation in plasma glucose concentration.12 Recently, ATP III proposed the, in our
view, most useful definition for daily clinical practice. The WHO and ATP III criteria
gave similar prevalences of the metabolic syndrome in the Third National Health and
Nutrition Examination Survey: 25.1% and 23.9%, respectively; 86.2% were classified
the same under the two approaches.14
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In our study, the prevalence of the metabolic syndrome was different in men and
women (43% versus 56%). In the Botnia study, the metabolic syndrome (WHO
definition) was more prevalent in males compared to females.1 In older persons, the
prevalence is higher in women than in men. In a study by Trevisan et al. in patients aged
50 or above, women had a higher prevalence than men.3 A study in US adults showed
that the prevalence of the metabolic syndrome (ATP III criteria) differed little among
men and women in the general population (24% versus 23% after age adjustment),
but after 70 years of age women had a higher prevalence.7
The presence of the metabolic syndrome is associated with increased cardiovascular
mortality compared to subjects without the syndrome (12.0% versus 2.2%).1 Metabolic
syndrome-associated mortality is higher in male patients with the syndrome than
in female patients.1 In our study, only survivors of vascular incidents were included
which may have led to an overrepresentation of female patients with the metabolic
syndrome. Also, the diagnostic criteria for the metabolic syndrome differ between
men and women with respect to waist circumference (102 cm versus 88 cm) and
HDL-cholesterol (1.04 mmol/l versus 1.29 mmol/l) and may induce differences in
prevalences between sexes. Another explanation may be that other risk factors for
the development of atherosclerotic diseases are more relevant in male patients. In the
present study, male patients were more often past or present smokers.
Future directions
Several studies have shown that the metabolic syndrome is associated with an increased risk for the development of vascular diseases. However, it is not known whether
patients with both a history of clinically manifest vascular disease and the metabolic
syndrome are at a particularly increased risk for new macrovascular complications.
In the Botnia study, patients with the metabolic syndrome and microalbuminuria
were at markedly increased risk for cardiovascular death (relative risk 2.8) compared
to patients with the metabolic syndrome but without microalbuminuria.1 Microalbuminuria is thought to be a surrogate for endothelial dysfunction and is an early
marker for increased cardiovascular risk.15,16 This may indicate that patients with the
metabolic syndrome and vascular damage or vascular dysfunction are at increased
risk compared to patients with the metabolic syndrome but without vascular damage.
Future research in cohorts of patients with clinically manifest vascular diseases is
needed to really establish whether the metabolic syndrome is an additional risk factor
in these patients.
Limitations of the study
We acknowledge some of the limitations of our study. In the present study, taking
lipid-lowering medication was not included in the definition of low HDL-cholesterol
or hypertriglyceridemia, because the effects of drugs on HDL and triglycerides may
vary. In their study, Liese et al. also did not incorporate lipid-lowering treatment into
the dyslipidemia definition in the ARIC cohort study because of the same reason.17 It
can be argued that this underestimates the presence of dyslipidemia and thus leads to
an underestimation of the prevalence of the metabolic syndrome. Incorporating lipid-
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lowering treatment into the definition of low HDL-cholesterol or hypertriglyceridemia
resulted in our study in an overall prevalence of 53%. As mentioned before, this cohort
only comprises patients who survived their vascular disease. Finally, we could not
assess any conclusions about women with AAA, because of the limited number of
patients.
Conclusions
In conclusion, our findings clearly indicate a high prevalence of the metabolic
syndrome: 41% in CHD patients, 43% in CVD patients, 58% in PAD patients and 47%
in AAA patients. Screening for metabolic syndrome in patients with clinically manifest
atherosclerotic vascular diseases may identify patients with an even higher risk for the
development of cardiovascular complications. This may direct secondary preventive
measures, aiming at improvement of the underlying insulin resistance, in order to
prevent new vascular incidents in the same or another vascular bed.
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Advanced vascular damage due to insulin
resistance or components of metabolic
syndrome in patients with manifest
arterial disease without known diabetes?
The SMART study

Insulin resistance and advanced vascular damage

Abstract
Objective
Insulin resistance and metabolic syndrome are important factors in the development
of cardiovascular disease. Metabolic syndrome is associated with advanced atherosclerosis in patients with manifest arterial disease. We investigated whether advanced
vascular damage in patients with manifest arterial disease without known diabetes can
be explained by insulin resistance per se, or is mediated by the individual components
of metabolic syndrome.
Methods
Cross-sectional study in 1372 patients with manifest arterial disease without known
diabetes. Homeostasis model assessment of insulin resistance (HOMA-IR) was used
to quantify insulin resistance. Carotid intima-media thickness (CIMT) and albuminuria
were used as indicators of advanced vascular damage. The relation of HOMA-IR with
CIMT and presence of albuminuria was assessed with linear and logistic regression
analyses, and adjusted for single components constituting metabolic syndrome.
Results
In patients with manifest arterial disease without known diabetes, high HOMA-IR
was not associated with an increased CIMT, adjusted for age and gender (quartile 4
versus quartile 1, β 0.009; 95% CI -0.024, 0.043). Prevalence of albuminuria increased
across quartiles of HOMA-IR (quartile 4 versus quartile 1, age- and gender-adjusted
OR 2.05; 95% CI 1.32-3.20). After adjustment for individual components of metabolic
syndrome, patients with HOMA-IR levels in the highest quartile still had a 60% higher
risk of prevalent albuminuria compared to patients with HOMA-IR levels in the lowest
quartile (OR 1.61; 95% CI 0.91-2.85).
Conclusions
In patients with already manifest arterial disease without known diabetes, elevated
insulin resistance is associated with an increased prevalence of albuminuria, only
partly mediated by the components of metabolic syndrome, whereas not with an
increased CIMT.
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Both insulin resistance and metabolic syndrome are recognized as important factors
in the development of cardiovascular disease.1,2 Obesity-induced insulin resistance
is considered to be the major driver of the clustering of interrelated metabolic
disturbances (e.g. dyslipidemia, hyperglycemia, elevated blood pressure)3, often
referred to as metabolic syndrome4, thereby leading to an increased cardiovascular risk.
Although insulin resistance may provide the unifying pathophysiological mechanism
underlying metabolic syndrome3, there is uncertainty regarding the independent role
of insulin resistance in the development of atherosclerotic vascular disease.1,5-12 In this
field, studies are rather limited in patients with arterial diseases.13,14
Metabolic syndrome is highly prevalent in patients with manifest arterial disease (46%)15
and is associated with advanced vascular damage16, thereby identifying patients with
an even higher risk of cardiovascular events. The high cardiovascular risk may be due
to the combination of non-classical risk factors associated with insulin resistance, e.g.
inflammation, hyperinsulinemia, oxidative stress, and hypercoagulability, together with
the separate components of metabolic syndrome.17-19 Nevertheless, the magnitude of
the association between insulin resistance and advanced vascular damage in these
high-risk patients is not yet elucidated. In addition, it is not known whether insulin
resistance per se has an influence on the extent of advanced vascular damage or
that it is mediated by the components of metabolic syndrome. Carotid intima-media
thickness (CIMT)20-22 and albuminuria23-25 are well-established markers for generalized
atherosclerosis and can therefore be used to assess the extent of advanced vascular
damage. CIMT and albuminuria are indicators of different stages of the atherosclerotic
process; CIMT is an indicator of advanced atherosclerosis, while albuminuria could be
seen as a reflection of endothelial dysfunction.
Aim of the current cross-sectional study is (1) to investigate the relation between
insulin resistance and metabolic disturbances, (2) to determine whether insulin
resistance, derived by homeostasis model assessment of insulin resistance (HOMAIR), is associated with CIMT and albuminuria in patients with manifest arterial disease
without known diabetes, and (3) to evaluate to what extent this relation can be
explained by the individual components of metabolic syndrome.
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Methods
Study settings, participants and design
In this study, we used data from patients enrolled in the Second Manifestations of
ARTerial disease (SMART) study. The SMART study is an ongoing prospective singlecentre cohort study in patients with manifest arterial disease or cardiovascular
risk factors.26 Started in September 1996, patients aged 18-80, were referred to the
University Medical Centre (UMC) Utrecht with a recent diagnosis of manifest arterial
disease or a cardiovascular risk factor. Not approached are patients with terminal
malignant disease, those not independent in daily activities (Rankin scale >3) or not
sufficiently fluent in Dutch. Patients entered the SMART study if participation in the
study was supported by the treating specialist and if the patients themselves consented
to participate. The Medical Ethics Committee approved the study, and all participants
gave their written informed consent. The rationale and design of the SMART study
and a detailed description of the criteria used to define the different manifest arterial
diseases were published previously.26
For the current study, the data of the 1730 participants with clinical manifestations
of arterial disease (coronary heart disease, cerebrovascular disease, peripheral arterial
disease or abdominal aortic aneurysm) included between August 1, 2003 and March
1, 2007 were considered. A total of 250 patients with known type 1 or type 2 diabetes
(use of oral glucose-lowering agents or insulin therapy) were excluded. Also, 108
participants were excluded due to incomplete data for glucose, insulin, albuminuria or
CIMT. Finally, 1372 patients were used for the analyses.
Data acquisition
All measurements were performed on a single day at the UMC Utrecht. Medical history,
use of current medication and current and past smoking habits were derived from a
questionnaire described elsewhere.26 Height, weight, waist circumference and blood
pressure were measured. Blood samples were collected after an overnight fast. Total
cholesterol, triglycerides, high-density lipoprotein (HDL)-cholesterol, creatinine, and
high sensitive-CRP (hs-CRP) levels were measured. Plasma glucose was measured
using commercial enzymatic dry chemistry kits (Johnson and Johnson). Plasma insulin
was measured with an immunometric technique on an IMMULITE 1000 Analyzer
(Diagnostic Products Corporation, Los Angeles, USA). The lower limit of detection was
2 mIU/l and inter-assay coefficient of variation was 9% at 7 mIU/l and <5.5% at 20-120
mIU/l. HOMA-B was used to quantify the degree of pancreatic beta-cell function and
was calculated using the formula: HOMA-B = 20 x (fasting serum insulin (mIU/l)/(fasting
serum glucose (mmol/l) – 3.5)).27
Assessment of insulin resistance
HOMA-IR was used as quantitative estimate of the degree of insulin resistance at
baseline. The value for insulin resistance can be assessed by the formula: HOMA-IR
= (fasting serum glucose (mmol/l) x fasting serum insulin (mIU/l)/22.5).28 HOMAIR correlates well with measurements obtained by means of the euglycemic clamp
technique29, therefore provides a reliable approach to estimate insulin resistance and
lends itself to use in large epidemiological studies.30
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Metabolic syndrome
Metabolic syndrome was defined according to the Adult Treatment Panel (ATP) III
criteria.4 Metabolic syndrome requires the presence of at least three of the following
metabolic abnormalities: abdominal obesity (waist circumference >102 cm in men
and >88 cm in women), high blood pressure (≥130 mmHg systolic or ≥85 mmHg
diastolic), hypertriglyceridemia (serum triglycerides ≥1.70 mmol/l (150 mg/dl)), low
HDL-cholesterol (serum HDL-cholesterol <1.04 mmol/l (40 mg/dl) in men and <1.29
mmol/l (50 mg/dl) in women), high fasting glucose (fasting serum glucose ≥5.6 mmol/
l (100 mg/dl)). Patients on anti-hypertensive medication were regarded as having high
blood pressure.
Assessment of Carotid IMT and albuminuria
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CIMT was measured in supine position in the left and right common carotid arteries in
anterolateral, posterolateral and mediolateral direction, the head turned 45 degrees
away from the side being scanned. An ATL Ultramark 9 (Advanced Technology
Laboratories, Bethel, WA, USA) equipped with a 10 MHz linear array transducer was
used. Reference point for measurement of the CIMT was the onset of the dilatation of
the carotid bulb, with loss of the parallel configuration of the near and far walls of the
common carotid artery. An R-wave-triggered optimal longitudinal image of the far wall
was frozen and stored on video-tape. On this image, the leading edges corresponding
to the transition zone between lumen-intima and media-adventitia were traced, over
a length of 1 cm proximal to the reference point and the total intima-media surface
of this selected area was calculated.26 The mean CIMT of these six measurements
was calculated only, if at least four of six measurements were available. Previously,
an interobserver coefficient of variation of 11.7% for CIMT measurements has been
reported.31
A morning urine portion was collected for measuring albumin and creatinine concentrations. Creatinine was measured with a commercial enzymatic dry chemistry kit
(Johnson and Johnson) and albumin was determined with an immunoturbidimetric
assay (Boehringer-Mannheim). Albuminuria is defined as a ratio of >3 mg albumin/
mmol creatinine.32
Statistical analysis
Differences in metabolic disturbances across quartiles of HOMA-IR were tested with
one-way ANOVA (continuous normal distributed variables), chi-square (categorical
variables) or Kruskal-Wallis test (continuous skewed variables).
The relation of HOMA-IR and separate indicators of advanced vascular damage was
determined with linear regression analysis (CIMT) and logistic regression analysis
(albuminuria). HOMA-IR was categorized into quartiles. Results are expressed as beta
(β) coefficients with 95% confidence intervals (CI) and as odds ratios (OR) with 95% CI.
Three models were used to estimate the relation between HOMA-IR as independent
and CIMT and albuminuria as dependent variable. First, we estimated the relationship
adjusted for variables which we considered to be confounders: age and gender. In the
second model, additional adjustment was performed for waist circumference, HDLcholesterol, triglycerides, fasting glucose and systolic blood pressure to evaluate to what
extent this relationship is mediated by the single components of metabolic syndrome.
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All covariates were included as continuous variables. Additionally, models with (model
III) and without (model I) presence of metabolic syndrome were compared.
A trend between the number of components of metabolic syndrome and HOMA-IR was
investigated with analysis of covariance (ANCOVA, general linear model procedure),
and adjusted for age and gender.
To reduce bias and increase statistical efficiency, missing values (HDL-cholesterol
(n = 1), triglycerides (n = 1), creatinine (n = 1), diastolic (n = 8) and systolic (n = 8) blood
pressure, waist circumference (n = 48), hs-CRP (n = 6)) in the data were completed by
regression imputation.33,34 Significance was taken at the 5% level (two-sided).

Results
Study population
The mean age was 59 ± 11 years and 70% of patients were male. HOMA-IR levels
(median (interquartile range)) were 2.4 (1.6-3.9) for male and 2.2 (1.4-3.2) for female.
General characteristics of the study population according to quartiles of HOMA-IR are
listed in Table 1.
Table 1. General characteristics of patients with manifest arterial disease without known diabetes
according to quartiles of HOMA insulin resistance (n = 1372)
HOMA-IR
(Range)
HOMA-IR

Quartile 1

Quartile 2

Quartile 3

Quartile 4

(0.4-1.5)

(1.6-2.3)

(2.4-3.6)

(3.7-23.3)

n = 344

n = 344

n = 341

n = 343

1.2 (0.9–1.4) 2.0 (1.7–2.2) 2.9 (2.6–3.2) 5.0 (4.2–6.3)

Age (years)

59 ± 11

59 ± 11

58 ± 10

60 ± 11

Male gender, n (%)

229 (67)

235 (68)

228 (67)

267 (78)

24 ± 3

26 ± 3

28 ± 3

29 ± 4

Ever smoking (current or past), n (%)

270 (79)

260 (76)

273 (80)

292 (85)

Creatinine clearance (Cockroft) (ml/min/1.73m2)

77 ± 17

77 ± 21

79 ± 22

80 ± 24

Lipid-lowering agents, n (%)

227 (66)

235 (68)

248 (73)

277 (81)

Blood pressure-lowering agents, n (%)

217 (63)

239 (70)

254 (75)

296 (86)

Cerebrovascular disease, n (%)

111 (32)

104 (30)

111 (33)

73 (21)

Coronary heart disease, n (%)

183 (53)

205 (60)

207 (61)

244 (71)

Peripheral arterial disease, n (%)

62 (18)

48 (14)

57 (17)

67 (20)

Abdominal aortic aneurysm, n (%)

23 (7)

28 (8)

16 (5)

22 (6)

Body mass index (kg/m²)

Medications

Manifest arterial disease*

All data in n (%), mean ± standard deviation or median (interquartile range).
HOMA-IR: Homeostasis model assessment determined insulin resistance (fasting serum glucose x fasting
serum insulin / 22.5).
* Ever or current diagnosis, a single person can be classified into more than one disease category.
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Insulin resistance and metabolic disturbances
Prevalence of metabolic syndrome was 38%. Metabolic syndrome was more prevalent
in the highest HOMA-IR quartile compared with the lowest quartile (71% versus 10%)
(Table 2). Individual components of metabolic syndrome were generally more adverse
among patients with higher levels of insulin resistance. Level of hs-CRP was higher
among patients with higher insulin resistance levels. In Table 3 it is shown that HOMAIR increased with an increment in the number of components of metabolic syndrome,
adjusted for age and gender (p-value for trend <0.001).

Table 2. Metabolic risk factors in patients with manifest arterial disease without known diabetes according
to quartiles of HOMA insulin resistance (n = 1372)
HOMA-IR
(Range)
HOMA-IR

Quartile 1

Quartile 2

Quartile 3

Quartile 4

(0.4-1.5)

(1.6-2.3)

(2.4-3.6)

(3.7-23.3)

n = 344

n = 344

n = 341

n = 343

1.2 (0.9–1.4)

2.0 (1.7–2.2)

2.9 (2.6–3.2)

5.0 (4.2–6.3)

5 (4-6)

8 (7-9)

11 (10-13)

18 (16-22)

<0.001

53 (38-67)

82 (64-100)

104 (80-129)

142 (107-190)

<0.001

1.3 (0.6-2.7)

1.5 (0.7-3.3)

2.0 (1.0-3.7)

2.1 (1.1-4.4)

<0.001

Fasting insulin (mIU/l)
HOMA-B
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hs-CRP (mg/l)*

P-value

Metabolic syndrome components
Metabolic syndrome (ATP III)
Fasting glucose (mmol/l)

35 (10)

88 (26)

152 (45)

245 (71)

<0.001

5.2 (4.9-5.5)

5.5 (5.1-5.8)

5.7 (5.4-6.0)

6.1 (5.7-6.9)

<0.001

Triglycerides (mmol/l)

1.04 (0.83-1.40) 1.20 (0.96-1.70) 1.39 (1.09-1.94) 1.70 (1.22-2.38) <0.001

HDL-cholesterol (mmol/l)

1.43 (1.19-1.74) 1.33 (1.11-1.58) 1.23 (1.03-1.47) 1.13 (0.95-1.32) <0.001

Waist circumference (cm)

86 ± 10

91 ± 11

94 ± 10

101 ± 11

<0.001

Blood pressure systolic (mmHg)

140 ± 21

143 ± 21

144 ± 22

144 ± 20

0.07

All data in n (%), mean ± standard deviation or median (interquartile range).
HOMA-IR: Homeostasis model assessment determined insulin resistance (fasting serum glucose x fasting
serum insulin / 22.5).
HOMA-B: Homeostasis model assessment determined beta-cell function (20 x (fasting serum insulin/
(fasting serum glucose – 3.5))).
* high sensitive C-Reactive Protein (plasma values >15 mg/l excluded from analyses (n = 71)).

Insulin resistance and indicators of advanced vascular damage
In patients with manifest arterial disease without known diabetes, CIMT was 0.91 ±
0.24 mm in patients within the highest HOMA-IR quartile compared to 0.89 ± 0.26
mm in patients within the lowest quartile. High HOMA-IR was not associated with
an increased CIMT, adjusted for age and gender (quartile 4 versus quartile 1, β 0.009;
95% CI -0.024, 0.043) (Table 4). A β coefficient of 0.009 indicates that CIMT is 0.009 mm
higher in patients within the highest HOMA-IR quartile relative to patients within the
lowest quartile, but the confidence interval includes 0 meaning there is no association
and the observed β coefficient could have been obtained by chance.
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Table 3. HOMA insulin resistance in relation to metabolic syndrome (ATP III) and the number of
components in patients with manifest arterial disease without known diabetes (n = 1372)
N

HOMA-IR*

Metabolic syndrome no

852

2.2 ± 0.1

Metabolic syndrome yes

520

4.1 ± 0.1

0

84

1.5 ± 0.2

1

345

1.8 ± 0.1

2

423

2.6 ± 0.1

3

316

3.8 ± 0.1

4

150

4.3 ± 0.2

5

54

5.7 ± 0.3

P-value for trend*
<0.001

Components

<0.001

All data are means ± standard errors. * Adjusted for age and gender. P-value for trend for differences in
HOMA-IR derived using log-transformed variables with backtransformed values presented in the Table.

Table 4. HOMA insulin resistance in relation to advanced vascular damage, as assessed by carotid intimamedia thickness and albuminuria, in patients with manifest arterial disease without known diabetes
(n = 1372)
HOMA-IR
Model
(Range)

Quartile 1

Quartile 2

Quartile 3

Quartile 4

(0.4-1.5)

(1.6-2.3)

(2.4-3.6)

(3.7-23.3)

β (95% CI)

β (95% CI)

β (95% CI)

β (95% CI)

CIMT
I

0

-0.006 (-0.039, 0.028)

0.017 (-0.017, 0.050)

0.009 (-0.024, 0.043)

II

0

-0.021 (-0.056, 0.013) -0.009 (-0.046, 0.028)

-0.027 (-0.070, 0.016)

III

0

-0.012 (-0.046, 0.021)

-0.017 (-0.055, 0.020)

0.002 (-0.033, 0.037)

Albuminuria
OR (95% CI)

OR (95% CI)

OR (95% CI)

OR (95% CI)

I

1

1.31 (0.82, 2.09)

1.22 (0.76, 1.97)

2.05 (1.32, 3.20)

II

1

1.19 (0.73, 1.93)

1.01 (0.60, 1.71)

1.61 (0.91, 2.85)

III

1

1.26 (0.79, 2.02)

1.12 (0.68, 1.84)

1.76 (1.07, 2.89)

CIMT: carotid intima-media thickness, β: regression coefficient, OR: odds ratio, 95% CI: 95% confidence
interval.
CIMT: β indicates the difference in CIMT (mm) relative to the quartile with the lowest HOMA-IR levels.
Albuminuria: >3.0 mg/mmol: The OR indicates the risk of presence of albuminuria relative to the quartile
with the lowest HOMA-IR levels.
Model I: adjusted for age and gender.
Model II: Model I, additionally adjusted for waist circumference, fasting glucose, triglycerides, HDLcholesterol, systolic blood pressure.
Model III: Model I, additionally adjusted for presence of metabolic syndrome (ATP III).
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Of patients within the highest HOMA-IR quartile, a total of 66 patients (19%) had
albuminuria compared to 36 patients (10%) within the lowest HOMA-IR quartile (ageand gender-adjusted OR 2.05; 95% CI 1.32-3.20) (Table 4). Additional adjustment for the
individual components of metabolic syndrome attenuated the association, pointing
to a role in the pathogenesis of the relationship. However, patients with HOMA-IR
levels in the highest quartile still had a 60% higher risk of presence of albuminuria
compared to patients with HOMA-IR levels in the lowest quartile (OR 1.61; 95% CI 0.912.85). Additional adjustment for presence of metabolic syndrome instead of single
components also attenuated the association (Table 4).

Discussion
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Our study in patients with already manifest arterial disease without known diabetes
confirms that insulin resistance clusters with metabolic abnormalities. Also, an elevated
level of insulin resistance was associated with an increased prevalence of albuminuria;
this association was only partly explained by components of metabolic syndrome.
High insulin resistance was not related with an increased CIMT.
In general, patients with high insulin resistance are at an increased cardiovascular risk.1,6
The mechanisms by which insulin resistance leads to atherosclerotic cardiovascular
disease are not fully understood. Both direct effects of insulin on the vessel wall, such
as stimulating the release of vasoconstrictor endothelin-1, and indirect effects through
accelerating chronic inflammation, oxidative stress, and metabolic abnormalities (e.g.
hyperglycemia, dyslipidemia, and elevated blood pressure) have been implicated
to contribute to endothelial dysfunction thereby enhancing atherosclerotic cardiovascular disease.19,35 CIMT is a well-established marker for advanced atherosclerosis
and an indicator for a high cardiovascular risk.20-22 Many36-40 but not all studies41-43 in
the general population or in diabetic patients show positive associations of indices of
insulin resistance with CIMT. Differences in studies with regard to eligible criteria, e.g.
whether diabetic patients have been excluded or not, definitions for insulin resistance
and control in the analyses, potentially contribute to the lack of inconsistency. In the
current study, among patients with manifest arterial disease without known diabetes,
those with a high insulin resistance (HOMA-IR) did not have higher age- and genderadjusted CIMT levels. This implies that although elevated insulin resistance is a major
driver of the underlying clustering of metabolic abnormalities, insulin resistance per
se is not directly related to an increased CIMT. An explanation may be that we studied
patients with already manifest arterial disease generally having larger CIMT than the
general population.
Albuminuria is associated with vascular dysfunction and therefore an indicator
of a high cardiovascular risk.23-25 In the present study, insulin resistance, derived by
HOMA-IR, was associated with the presence of albuminuria in patients with manifest
arterial disease without known diabetes. Our findings are in agreement with several
studies44,45 that found high insulin resistance to be associated with albuminuria in
patients without both established arterial disease and diabetes. In our study, classical
components of metabolic syndrome constituted part of the link between insulin
resistance and albuminuria, but did not fully account for the observed relation.
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This indicates that insulin resistance is in part directly associated with albuminuria
regardless of its relationship with hyperglycemia, arterial systolic blood pressure and
other metabolic abnormalities. One of the mechanisms may be that elevated plasma
insulin levels, accompanying insulin resistance, sustain glomerular hyperfiltration, and
increase vascular permeability, leading to an increased albuminuria.46 This reasoning
is supported by the presence of higher creatinine clearance in patients with higher
insulin resistance levels (80 ± 24 ml/min versus 77 ± 17 ml/min) (Table 1) compared
to those with lower levels. Our findings suggest that in patients with manifest arterial
disease but without known diabetes, insulin resistance alone has an adverse effect on
vascular function, as reflected by albuminuria, which may therefore play an important
role linking insulin resistance to atherosclerotic cardiovascular disease.
In addition, we have examined the relationship between insulin resistance and
metabolic disturbances in patients with manifest arterial disease without known
diabetes. Waist circumference, fasting glucose level, triglycerides level and systolic
blood pressure were higher in patients within the highest HOMA-IR quartile, whereas
HDL-cholesterol level was lower. Also, insulin resistance was elevated in patients with
a higher number of metabolic syndrome components. These results demonstrated
a clustering of metabolic abnormalities across HOMA-IR quartiles confirming the
pathophysiological rationale behind the metabolic syndrome in these high-risk
patients.3
Our data may help to further unravel the pathogenesis of the development of
atherosclerotic cardiovascular diseases as a result of insulin resistance. Our findings
indicate a different effect of insulin resistance on CIMT and albuminuria in patients
with manifest arterial disease without known diabetes, suggesting that insulin
resistance may play a role in different stages of the atherosclerotic process. In most
studies, albuminuria is associated with an increased CIMT47, however, albuminuria
and an increased CIMT do not always exist together supporting a difference in
pathophysiological mechanisms. In our study, the lack of an association between
insulin resistance and CIMT suggests that in patients with already manifest arterial
disease without known diabetes, insulin resistance alone does not further enhance
atherosclerosis in the arterial wall. Additionally, we found that insulin resistance per
se is in part directly associated with albuminuria in patients with manifest arterial
disease without known diabetes. This suggests that in these high-risk patients, insulin
resistance identifies patients with more generalized vascular dysfunction, as reflected
by albuminuria, who may be more susceptible for progression of atherosclerosis and/
or the development of instable atherosclerotic plaques both leading to clinical events.
Improvement of insulin sensitivity may ameliorate the impaired vascular function
thereby delaying the progression of structural vascular damage.
We acknowledge some limitations of our study. Due to the cross-sectional design,
only assumptions about possible etiological relationships can be made. Furthermore,
HOMA-IR was used to estimate the level of insulin resistance. The euglycemic clamp
technique is the standard for measuring insulin resistance48, however, this technique
is unsuitable for epidemiologic studies. HOMA-IR seems to be a reliable tool in the
assessment of insulin resistance due to its strong relation to clamp-measured insulin
resistance in both patients with and without diabetes.29,30 Also, misclassification of
subjects according to insulin resistance is very rare with HOMA.29,30 Moreover, there is
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not a single clinical definition for the clustering of metabolic abnormalities. We used
the ATP III-definition of metabolic syndrome4 because it is most commonly used in
studies, best related with the development of vascular diseases and easy to use in
clinical practice. However, we realize that there are more definitions for the metabolic
syndrome.3
In conclusion, in patients with already manifest arterial disease but without known
diabetes, elevated insulin resistance is associated with an increased prevalence of
albuminuria, only partly mediated by components of metabolic syndrome, whereas
not with an increased CIMT.
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The impact of site and extent of clinically
evident cardiovascular disease and
atherosclerotic burden on new
cardiovascular events in patients
with type 2 diabetes.
The SMART study

Cardiovascular disease and risk of new cardiovascular events in type 2 diabetes

Abstract
Objective
Patients with type 2 diabetes and coronary heart disease (CHD) have an excess
cardiovascular risk. The relationship of both other sites (cerebrovascular disease,
peripheral arterial disease (PAD)) and the extent of clinically evident cardiovascular
disease (CVD) with the occurrence of new cardiovascular events have not been
investigated previously in patients with diabetes. We aimed to quantify this relationship
and to assess the additional influence of atherosclerotic burden.
Methods
From 1996 to 2005, 776 patients with type 2 diabetes with (n = 458) and without (n = 318)
clinically evident CVD were followed prospectively for cardiovascular events (cardiovascular
death, non-fatal ischemic stroke or myocardial infarction). CVD was classified according to
the site (cerebrovascular disease, CHD, PAD); the extent of atherosclerosis was expressed as
the number of affected sites. Carotid intima-media thickness and albuminuria were used
as markers of atherosclerotic burden.
Results
Compared with patients with diabetes without CVD, the hazard ratio (HR) for a
cardiovascular event was 3.8 (95% confidence interval 1.7, 8.5), adjusted for age, gender
and potential confounders, in those with cerebrovascular disease, 4.3 (1.9, 9.5) in those
with CHD, and 4.6 (2.1, 10.2) in those with PAD. Findings were similar after additional
adjustment for atherosclerotic burden. Adjusted HR was 3.4 (1.6, 6.9) for patients with
diabetes with one affected site and 6.6 (3.0, 14.3) for those with two or more sites.
Conclusions
Patients with type 2 diabetes and cerebrovascular disease, CHD or PAD have strongly
increased risks for future cardiovascular events which are comparable. This risk
increases markedly with the number of different cardiovascular sites affected and is
irrespective of atherosclerotic burden.
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Patients with type 2 diabetes have a two- to threefold higher risk of cardiovascular
events than those without diabetes.1,2 Moreover, cardiovascular events are the cause
of death in approximately 65% of subjects with diabetes.3 The cardiovascular risk in
patients with type 2 diabetes is almost as high as that of patients with cardiovascular
disease (CVD), which suggests that in patients with diabetes cardiovascular risk factors
should be managed as aggressively as in CVD patients.4-8 Others have concluded that
type 2 diabetes might be a coronary heart disease (CHD) risk equivalent, but only in
women9 or for certain definitions of CHD.10 A recent study has shown a gradation in
risk of CHD in subjects with diabetes depending on the existing risk factors.11
Subjects with diabetes who have experienced CVD are at higher risk of new
cardiovascular events than those without such a history.7,9,12,13 Indeed, recent guidelines
recognize that these patients need more aggressive lipid-lowering treatment.14
Thus far, investigating the risk of new cardiovascular events in patients with type 2
diabetes who already have clinically apparent CVD has been confined to those with
CHD.4,5,10,12,15
Consequently, the risk associated with arterial disease in other cardiovascular beds has
not been investigated previously in a single cohort of subjects with diabetes.16 Because
the site at which atherosclerosis occurs is influenced by differences in cardiovascular
risk factors17, the risk of new events may vary among subjects with diabetes and
cerebrovascular disease, CHD or peripheral arterial disease (PAD). In addition, the
impact of the extent of clinically evident CVD (expressed as the number of affected
sites) on variation in cardiovascular risk in subjects with diabetes is unclear.16 Identifying
patients at highest risk of recurrent events among those already at high risk might be
useful in the development of new treatment strategies, such as lower treatment goals
for cardiovascular risk factors, to prevent subsequent cardiovascular events.
Atherosclerotic burden (carotid intima-media thickness (CIMT)) has been associated
with an increased risk of CHD in patients with diabetes.18 As patients with diabetes
and advanced CVD are likely to have a high prevalence of atherosclerotic burden, this
may influence the relation between clinically evident CVD and new cardiovascular
events.
The aim of the current prospective study was to quantify and compare the effect of the
site of clinically evident CVD on the risk of new cardiovascular events in patients with
type 2 diabetes. The impact of the number of sites clinically affected by CVD and the
influence of the extent of atherosclerotic burden on the risk of new events were also
investigated.

Cardiovascular disease and risk of new cardiovascular events in type 2 diabetes

Subjects and methods
Study population
Patients were recruited from the Second Manifestations of ARTerial disease (SMART)
study, an ongoing prospective single-centre cohort study in patients with CVD or
cardiovascular risk factors.19 Beginning in September 1996, patients aged 18-80 years
referred to the University Medical Centre Utrecht (UMCU) with a recent diagnosis
of clinically evident CVD (cerebrovascular disease, CHD, PAD or abdominal aortic
aneurysm) or an increased risk for CVD (hypertension, hyperlipidemia or diabetes
mellitus) were recruited. Patients with terminal malignant disease, those not
independent in daily activities (Rankin scale >3) or not sufficiently fluent in Dutch were
excluded. Patient entered the SMART study if participation in the study was supported
by the treating specialist and if the patients themselves consented. The local Ethics
Committee approved the study, and all participants gave their written informed
consent. The rationale and design of the SMART study have been described in detail
elsewhere.19
For the current prospective study, 776 patients with type 2 diabetes, with and without
clinically evident CVD, who were included in the SMART study between 1 September
1996 and 1 March 2005 were enrolled (Figure 1). The presence of documented type 2
diabetes was ascertained by inclusion diagnosis and medical history (use of glucoselowering medications). Not included were patients with self-reported type 1 diabetes
or probable type 1 diabetes (based on diagnosis of diabetes at age ≤30 years and
requiring insulin treatment) or with serum creatinine >350 µmol/l.
The presence of clinically evident CVD was based on inclusion diagnosis or
cardiovascular history (Table 1). A cardiovascular history was assessed by a medical
history questionnaire. In all analyses, patients with abdominal aortic aneurysm were
included in the group of patients with PAD.
Data acquisition
Medical history, use of current medication and diabetes duration were derived from
a questionnaire described elsewhere.19 Duration of diabetes was calculated as years
since first diagnosis of diabetes. All patients underwent a non-invasive standardized
diagnostic protocol on a single day at the UMCU, including physical examination
(height, weight and blood pressure), CIMT measurements and fasting measurements of
lipid profile (total cholesterol, high-density lipoprotein (HDL)-cholesterol, triglycerides),
glucose and creatinine.19 Low-density lipoprotein-cholesterol was calculated with
Friedewald`s formula. A morning urine sample was collected for measuring albumin
and creatinine concentrations.
Atherosclerotic burden
CIMT and albuminuria can be used as markers of generalized atherosclerosis and as
indicators of cardiovascular risk.20-22 The extent of atherosclerotic burden was therefore
assessed with measurement of CIMT and determination of albuminuria. CIMT was
measured at the left and right common carotid arteries. The arteries were examined
in anterolateral, posterolateral and mediolateral direction with an ATL Ultramark
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9 (Advanced Technology Laboratories, Bethel, WA, USA) equipped with a 10-MHz
linear array transducer as previously described elsewhere.19 The mean CIMT of the six
measurements was used for analysis. Albuminuria was defined as a ratio of >3 mg
albumin/mmol creatinine in a morning urine sample.

September 1, 1996 - March 1, 2005
Clinically evident CVD or a cardiovascular risk factor; n = 4831

Excluded: No documented
diabetes; n = 3893

Documented diabetes
(use of glucose lowering
medications);
n = 938
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Documented
Type 2 diabetes
(use of glucose lowering
medications);
n = 776

No clinically evident CVD
n = 318

Exluded: Type 1 diabetes;
n = 159 or serum creatinine
>350 μmol/l; n = 3

Clinically evident CVD
n = 458
Included with risk factor,
+ a cardiovascular history
before entering the study
n = 97
Included with
Cerebrovascular disease
n = 106
Included with
PAD
n = 117
Included with
CHD
n = 138
1 site of CVD
n = 351
≥2 sites of CVD
n = 107

Figure 1. Study population. CVD, cardiovascular disease; PAD, peripheral arterial disease; CHD, coronary
heart disease.

Cardiovascular disease and risk of new cardiovascular events in type 2 diabetes
Table 1. Classification of clinically evident CVD categories based on inclusion diagnosis and cardiovascular
history
Clinically evident CVD

Inclusion diagnosis

Cardiovascular history

Cerebrovascular disease

Cerebral ischemia, transient ischemic
attack, amaurosis fugax, minor ischemic
stroke, or retinal infarction

Stroke

Coronary heart disease

Patients with coronary artery stenosis
on coronary angiography referred for
elective PTCA or CABG

Myocardial infarction, angina
pectoris, CABG or PTCA

Peripheral arterial disease

Intermittent claudication, rest pain,
gangrene, ulcers, resting ABPI ≤0.90

Peripheral arterial disease,
arterial surgery, PTA leg, or
amputation leg

Abdominal aortic aneurysm

Distal aortic anteroposterior diameter
≥3.0 cm and/or distal/proximal ratio
≥1.5 cm

Abdominal aortic aneurysm,
surgery for abdominal aortic
aneurysm

CABG, coronary artery bypass graft; CVD, cardiovascular disease; PTCA, percutaneous transluminal
coronary angioplasy; PTA, percutaneous transluminal angioplasty; ABPI, ankle brachial pressure index.

Follow-up
Biannually, patients were asked to complete a questionnaire on hospital admissions
and out-patient clinic visits in the preceding 6 months. Events of interest for this study
were ischemic stroke, myocardial infarction and cardiovascular death. Definitions
of events are given in Table 2.19 The primary outcome was the composite of these
cardiovascular events and was defined as the first fatal or non-fatal cardiovascular
event during follow-up. When a possible event was recorded by a participant, hospital
discharge letters and results of relevant laboratory and radiology examinations
were collected. With this information, all events were audited by three members of
the Outcome Event Committee, comprising physicians from different departments.
Follow-up duration (years) was defined as the period between study inclusion and first
cardiovascular event, date of loss to follow-up, date of death not due to cardiovascular
causes or the preselected date of 1 March 2005. Twenty-five of the 776 participants
(3%) were lost to follow-up due to migration or discontinuation of the study.
Statistical analysis
Cumulative absolute risks for the incidence of a new cardiovascular event were
computed with Kaplan-Meier survival analysis. Cox proportional hazard models were
built to estimate the hazard ratios (HRs) with corresponding 95% confidence intervals
(CIs) of the site of CVD (CHD, PAD or cerebrovascular disease) and the number of
different sites affected for the occurrence of new cardiovascular events. If a patient had
multiple events, the first was taken. Patients were censored if they were lost to followup or died due to non-cardiovascular causes. Subjects with diabetes without clinically
evident CVD served as the reference group. In order to determine the impact of site
of CVD on the risk of new cardiovascular events, subjects with diabetes and clinically
evident CVD were categorized into four groups: those with a cardiovascular history but
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Table 2. Definitions of events
Cardiovascular event

Cardiovascular death (as defined below)
Ischemic stroke (as defined below)
Myocardial infarction (as defined below)

Cardiovascular death

Sudden death: unexpected cardiac death occurring within
1 hour after onset of symptoms, or within 24 hours given
convincing circumstantial evidence
Death from ischemic stroke
Death from intracerebral hemorrhage (hemorrhage on CT scan)
Death from congestive heart failure
Death from myocardial infarction
Death from rupture of abdominal aortic aneurysm
Cardiovascular death from other cause, such as sepsis following
stent placement

Ischemic stroke

Definite: relevant clinical features that have caused an increase
in impairment of at least one grade on the modified
Rankin scale, accompanied by a fresh ischemic infarction on a
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repeat CT scan
Probable: clinical features that have caused an increase in
impairment of at least one grade on the modified Rankin
scale; no CT documentation needed
Myocardial infarction

Myocardial infarction: at least two of the following criteria
1. chest pain for at least 20 minutes, not disappearing after
administration of nitrates
2. ST elevation >1 mm in two following leads or a left bundle
branch block on the ECG
3. CK elevation of at least two times the normal value of CK
and a MB-fraction >5% of the total CK

CT, computer tomography; ECG, electrocardiogram; CK, creatinine kinase; MB, myocardial band.

no inclusion diagnosis of CVD, and those with an inclusion diagnosis of cerebrovascular
disease, CHD or PAD. Four models were constructed, the first with adjustment for age
and gender. In model II, additional adjustments were performed for other potentially
confounding variables, namely diabetes duration, fasting glucose, use of insulin, and
oral glucose-lowering agents. In model III, we additionally adjusted for body mass
index, total cholesterol, HDL-cholesterol, systolic blood pressure and ever smoking
to assess the effect of site of clinically evident CVD on the risk of new cardiovascular
events independent of cardiovascular risk factors. Furthermore, the influence of
atherosclerotic burden was determined by comparing the models with (model IV) and
without (model II) adjustment for CIMT (continuously) and albuminuria.

Cardiovascular disease and risk of new cardiovascular events in type 2 diabetes

For assessing the effect of the extent of CVD (number of different sites of clinically
evident CVD), a participant was considered to have one site of clinically evident CVD
regardless of the previous number of clinically evident episodes at that site. The four
models mentioned above were constructed.
Variables measured on a continuous scale were used as such in the regression models,
except for diabetes duration, which was categorized into quintiles because of the
skewed distribution. Total cholesterol and fasting glucose were log-transformed to
obtain normally distributed variables. The proportional hazards assumption was
satisfied on the basis of logminlog plots.

Results
Baseline characteristics
In Table 3, the baseline characteristics of 776 patients with type 2 diabetes are listed: 318
patients (41%) without clinically evident CVD, 97 (13%) patients with a cardiovascular
history and 361 patients (47%) with an inclusion diagnosis of clinically evident CVD
stratified according to the cardiovascular site. Median duration of diabetes was equally
distributed in patients with different sites of clinically evident CVD (range 4-5 years).
Of the subjects with diabetes and clinically evident CVD (n = 458), 77% had CVD at
one site (n = 351) and 23% at two or more different sites (n = 107) (Table 4). Subjects
with CVD at two or more different sites were older (64 ± 9 vs. 61 ± 10 vs. 54 ± 11
years; ANOVA p-value <0.0001) and had a longer duration of diabetes (6.0 (2.0-13.0)
vs. 4.0 (1.0-10.0) vs. 2.0 (0.5-6.0) years; Kruskal-Wallis p-value <0.0001) than subjects
with CVD at one site or without CVD. Atherosclerotic burden was most often present in
patients with clinically evident CVD at two or more different sites (n = 107); 34 patients
(32%) had albuminuria and the mean CIMT was 1.14 ± 0.34 mm. Mean CIMT was 1.21
± 0.42 mm in patients with albuminuria (n = 34) and 1.11 ± 0.30 mm in those without
albuminuria (n = 73).
Follow-up
During a median (interquartile range) follow-up of 2.9 (1.4-5.4) years, 2631 person-years,
87 patients experienced a first fatal or non-fatal cardiovascular event: 37 cardiovascular
deaths, 31 myocardial infarctions (five occurred during percutaneous coronary
intervention) and 19 ischemic strokes (two occurred during carotid endarterectomy).
The number of non-cardiovascular deaths was 31 (4%).
The cumulative 3-year risk of a new cardiovascular event was 3.8% (95% CI 1.3, 6.2) in
patients with diabetes without clinically evident CVD, and 15.2% (11.4, 18.9) in those
with clinically evident CVD. The corresponding HR for new vascular events was 4.0
(95% CI 2.0, 8.1), adjusted for age, gender, diabetes duration, fasting glucose, use of
insulin and oral glucose-lowering agents.
Site of clinically evident CVD and risk of new cardiovascular events
The cumulative 3-year risk of new cardiovascular events was 15.6% (95% CI 6.5, 24.8)
in subjects with diabetes with a cardiovascular history but no inclusion diagnosis of
CVD, 14.8% (95% CI 7.5, 22.0) in those with cerebrovascular disease, 13.9% (7.3, 20.1)
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64

30 ± 6
208 (65)

BMI (kg/m²)¹

Ever smoking, n (%)

3.1 (2.4-3.9)

LDL-cholesterol (mmol/l)²

62 (20)

Oral glucose-lowering agents, n (%)

Use of insulin, n (%)

n = 97

32 (33)

57 (59)

51 (53)

48 (50)

71 (73)

3.1 (2.4-3.6)

1.11 (0.96–1.31)

1.72 (1.22–2.51)

8.6 (6.9–10.9)

83 ± 13

145 ± 26

4.0 (0.5-10.0)

69 (71)

29 ± 5

59 (61)

59 ± 10

15 (14)

69 (65)

48 (45)

82 (77)

63 (59)

3.0 (2.2-3.7)

1.06 (0.88-1.32)

1.65 (1.14–2.45)

8.6 (6.6–10.7)

84 ± 11

156 ± 20

4.0 (1.0-10.0)

88 (83)

27 ± 4

81 (76)

64 ± 9

n = 106

34 (25)

70 (51)

87 (63)

97 (70)

111 (80)

2.6 (2.2-3.2)

1.05 (0.89–1.25)

1.72 (1.28–2.48)

8.4 (7.1–10.7)

79 ± 10

142 ± 20

5.0 (1.5-10.0)

103 (75)

29 ± 4

105 (76)

61 ± 9

n = 138

29 (25)

60 (51)

41 (35)

49 (42)

62 (53)

3.2 (2.5-4.1)

1.05 (0.87-1.30)

1.86 (1.33–2.91)

8.3 (7.0–10.3)

78 ± 10

148 ± 20

4.0 (1.0-12.0)

96 (82)

27 ± 4

89 (76)

63 ± 10

n = 117

All data in number (percentages), or as indicated: ¹mean ± S.D. or ²median (interquartile range).
* Patients without an inclusion diagnosis of clinically evident CVD, but with a cardiovascular history before entering the study.
†
Patients with an inclusion diagnosis or a cardiovascular history of CHD, PAD or cerebrovascular disease. Disease groups are not mutually exclusive.
CVD, cardiovascular disease; PAD, peripheral arterial disease; CHD, coronary heart disease; BMI, body mass index; HDL, high-density lipoprotein; LDL, low-density
lipoprotein; CIMT, carotid intima-media thickness.

80 (25)
192 (60)

Lipid-lowering agents, n (%)

30 (9)

Anti-platelet agents, n (%)

Blood pressure-lowering agents, n (%)

150 (47)

1.13 (0.91–1.38)

HDL-cholesterol (mmol/l)²

Medication use

1.93 (1.27–2.74)

Triglycerides (mmol/l)²

8.8 (7.1–11.5)

85 ± 11

Diastolic blood pressure (mmHg)¹

Fasting glucose (mmol/l)²

142 ± 20

Systolic blood pressure (mmHg)¹

2.0 (0.5-6.0)

188 (59)

Male gender, n (%)

Diabetes duration (years)²

54 ± 11

Age (years)¹

n = 318

No clinically evident Cardiovascular history* Inclusion diagnosis of Inclusion diagnosis of Inclusion diagnosis of
CVD
cerebrovascular disease
CHD
PAD

Table 3. Baseline characteristics in patients with type 2 diabetes (n = 776) with and without clinically evident CVD according to categories of CVD
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-

CHD, n (%)

PAD, n (%)

23 (24)

59 (61)

31 (32)

28 (29)

0.98 ± 0.32

n = 97

n = 138
0.97 ± 0.31
18 (13)

8 (6)
138 (100)
8 (6)

n = 106
1.10 ± 0.38
31 (29)

106 (100)
25 (24)
13 (12)

117 (100)

28 (24)

24 (21)

36 (31)

1.08 ± 0.35

n = 117

All data in number (percentages), or as indicated: ¹mean ± S.D. or ²median (interquartile range).
* Patients without an inclusion diagnosis of clinically evident CVD, but with a cardiovascular history before entering the study.
†
Patients with an inclusion diagnosis or a cardiovascular history of CHD, PAD or cerebrovascular disease. Disease groups are not mutually exclusive.
CVD, cardiovascular disease; PAD, peripheral arterial disease; CHD, coronary heart disease; BMI, body mass index; HDL, high-density lipoprotein; LDL, low-density
lipoprotein; CIMT, carotid intima-media thickness.

-

72 (23)

0.84 ± 0.22

n = 318

No clinically evident Cardiovascular history* Inclusion diagnosis of Inclusion diagnosis of Inclusion diagnosis of
CVD
cerebrovascular disease
CHD
PAD

Cerebrovascular disease, n (%)

Presence of clinically evident CVD†

Albuminuria >3.0 mg/mmol, n (%)

CIMT (mm)¹

Atherosclerotic burden

Table 3. Continued

Cardiovascular disease and risk of new cardiovascular events in type 2 diabetes

65

Chapter 4
Table 4. Baseline characteristics in patients with type 2 diabetes (n = 776) according to the number of
sites of clinically evident CVD
Clinically evident
CVD at one site*

Clinically evident CVD
at two or more sites*

n = 318

n = 351

n = 107

Age (years)¹

54 ± 11

61 ± 10

64 ± 9

Male gender, n (%)

188 (59)

248 (71)

86 (80)

BMI (kg/m²)¹
Ever smoking, n (%)
Diabetes duration (years)²
Systolic blood pressure (mmHg)¹
Diastolic blood pressure (mmHg)¹

30 ± 6

28 ± 4

27 ± 3

208 (65)

262 (75)

94 (88)

2.0 (0.5-6.0)

4.0 (1.0-10.0)

6.0 (2.0-13.0)

142 ± 20

146 ± 22

153 ± 20

85 ± 11

81 ± 11

80 ± 11

8.8 (7.1–11.5)

8.6 (6.8–10.7)

8.3 (7.1–10.6)

Triglycerides (mmol/l)²

1.93 (1.27–2.74)

1.70 (1.23–2.48)

2.00 (1.46–2.81)

HDL-cholesterol (mmol/l)²

1.13 (0.91–1.38)

1.09 (0.91–1.29)

1.02 (0.85-1.26)

LDL-cholesterol (mmol/l)²

3.1 (2.4-3.9)

2.9 (2.3-3.6)

3.0 (2.3-3.6)

247 (78)

256 (73)

87 (81)

150 (47)

237 (68)

70 (65)

30 (9)

205 (58)

71 (66)

Lipid-lowering agents, n (%)

80 (25)

159 (45)

68 (64)

Oral glucose-lowering agents, n (%)

192 (60)

204 (58)

52 (49)

Use of insulin, n (%)

62 (20)

76 (22)

34 (32)

0.84 ± 0.22

1.00 ± 0.34

1.14 ± 0.34

72 (23)

79 (23)

34 (32)

Cerebrovascular disease, n (%)

-

96 (27)

73 (68)

CHD, n (%)

-

169 (48)

81 (76)

PAD, n (%)

-

86 (25)

75 (70)

Fasting glucose (mmol/l)²

NCEP metabolic syndrome, n (%)

66

No clinically
evident CVD

Medication use
Blood pressure-lowering agents, n (%)
Anti-platelet agents, n (%)

Atherosclerotic burden
CIMT (mm)¹
Albuminuria >3.0 mg/mmol, n (%)
Presence of clinically evident CVD*

All data in number (percentages), or as indicated: ¹mean ± S.D. or ²median (interquartile range).
* Patients with an inclusion diagnosis or a cardiovascular history of CHD, PAD and/or cerebrovascular
disease.
CVD, cardiovascular disease; PAD, peripheral arterial disease; CHD, coronary heart disease; BMI, body mass
index; HDL, high-density lipoprotein; LDL, low-density lipoprotein; CIMT, carotid intima-media thickness;
NCEP, National Cholesterol Educational Program.
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in those with CHD, and 18.2% (10.2, 26.1) in those with PAD. As shown in Table 5, the
corresponding HRs for new cardiovascular events, adjusted for potential confounders
(model II), were similar regardless of the site of CVD, compared with data for patients
with diabetes without CVD.
Atherosclerotic burden did not influence the relationship between different sites of
CVD and new cardiovascular events, because adjustments for CIMT and albuminuria
did not materially affect the strengths of the HRs (model II vs. model IV).
Extent of clinically evident CVD and risk of new cardiovascular events
The cumulative 3-year risk of new cardiovascular events was 11.5% (95% CI 7.7, 15.3) in
those with clinically evident CVD at one site and 25.9% (16.6, 35.3) in those with clinically
evident CVD at two or more sites. Compared with patients with diabetes without CVD,
those with CVD at one site had a HR for a cardiovascular event of 3.4 (95% CI 1.6, 6.9)
adjusted for potential confounders (model II), those with CVD at two or more sites an
adjusted HR of 6.6 (3.0, 14.3) (Table 5). After adjustment for atherosclerotic burden, the
associations were not materially altered (HR 3.3 (1.5, 6.8); HR 6.8 (3.1, 14.9)) (model IV).

Table 5. Hazard ratios (HR) for new cardiovascular events in patients with type 2 diabetes and clinically
evident CVD according to the site of CVD and the number of different affected sites of CVD
N No. of events

Model I

Model II

Model III

Model IV

HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)
Site of clinically evident CVD
No clinically evident CVD

318

10

Reference

Reference

Reference

Reference

Cardiovascular history*

97

13

3.8 (1.6-8.6)

3.5 (1.5-8.1) 3.3 (1.4-7.8)

3.4 (1.4-7.9)

Cerebrovascular disease†

106

21

3.8 (1.7-8.4)

3.8 (1.7-8.5) 3.7 (1.6-8.6)

3.7 (1.6-8.6)

†

CHD

138

20

4.4 (2.0-9.7)

4.3 (1.9-9.5) 4.0 (1.8-8.9)

4.4 (2.0-9.9)

PAD†

117

23

4.6 (2.1-9.9) 4.6 (2.1-10.2) 4.5 (2.0-10.2) 4.2 (1.8-9.3)

318

10

Reference

Reference

Reference

Reference

351

47

3.6 (1.8-7.2)

3.4 (1.6-6.9) 3.2 (1.6-6.7)

3.3 (1.5-6.8)

Clinically evident CVD at ≥2 sites‡ 107

30

6.3 (2.9-13.4) 6.6 (3.0-14.3) 6.3 (2.9-13.9) 6.8 (3.1-14.9)

Extent of clinically evident CVD
No clinically evident CVD
Clinically evident CVD at 1 site

‡

Model I, adjusted for age and gender.
Model II, Model I with additional adjustment for diabetes duration (quintiles), (log) fasting glucose, use of
insulin, and oral glucose-lowering agents.
Model III, Model II with additional adjustment for body mass index, (log) total cholesterol, HDL-cholesterol,
systolic blood pressure, and ever smoking.
Model IV, Model II with additional adjustment for CIMT and albuminuria.
* Patients without an inclusion diagnosis of clinically evident CVD, but with a cardiovascular history before
entering the study.
†
Patients with an inclusion diagnosis of clinically evident CVD.
‡
Patients with an inclusion diagnosis or a cardiovascular history of CHD, PAD, and/or cerebrovascular
disease.
Median (interquartile range) follow-up was 2.9 (1.4-5.4) years. CVD, cardiovascular disease; PAD, peripheral
arterial disease; CHD, coronary heart disease; HDL, high-density lipoprotein; CIMT, carotid intima-media
thickness.
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Figure 2 displays a Cox proportional hazard survival curve according to the extent
of clinically evident CVD and adjusted for potential confounders. The incidence of
cardiovascular events increased with the number of sites of clinically evident CVD.

Probability of new vascular events

0.4
0.3

DM2, CVD at ≥ 2 sites

0.2
DM2, CVD at 1 site

0.1
DM2, No CVD

0.0
0

1

2

3

4

5

Follow-up (years)
68

No. at Risk
DM2, No CVD

318

264

222

157

125

102

DM2, CVD at 1 site

351

280

221

164

126

90

DM2, CVD at ≥2 sites

107

86

67

55

42

30

Figure 2. Probability of a new cardiovascular event stratified for type 2 diabetes (DM2) and number of
sites of clinically evident cardiovascular disease (CVD). Adjusted for age, gender, diabetes duration, fasting
glucose, use of insulin, and oral glucose-lowering agents.

Discussion
In the present study, patients with type 2 diabetes and cerebrovascular disease, CHD or
PAD had a similar three- to fourfold higher risk of new cardiovascular events compared
with patients with diabetes without CVD. Moreover, it was found that subjects with
diabetes and clinically evident CVD at two or more sites had a sixfold higher risk of
new events than those without CVD. This risk was not influenced by the extent of
atherosclerotic burden.
Previous studies have investigated the cardiovascular risk in subjects without diabetes
or CHD, those with diabetes, those with CHD and those with both diabetes and
CHD.4,7,12,15 In the present study, the risk of cardiovascular events was quantified and
compared in a single cohort of patients with diabetes with and without clinically
evident CVD, stratified by the cardiovascular site affected. In a 10-year follow-up study,
subjects with diabetes and CVD (stroke, CHD or PAD) had a sixfold higher age-adjusted
risk of cardiovascular events than those without diabetes or CVD.9 The same relative
risk was found when patients with diabetes and only myocardial infarction were
studied. The 10-year age-adjusted risk of CHD mortality in subjects with diabetes who
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previously had a myocardial infarction was higher (HR 10.6; 6.9, 16.0) than in those
with a prior stroke (HR 3.9; 2.0, 7.6)13, compared with those without diabetes.
In the current study, the risk of cardiovascular events was increased in patients with type
2 diabetes with already clinically evident CVD irrespective of the site (cerebrovascular
disease, CHD or PAD). A possible explanation may be that we studied patients with
advanced atherosclerotic disease. Atherosclerosis is considered to be a generalized
process, particularly in a high-risk population. Therefore, these patients may already
have had widespread (sub)clinical atherosclerosis at other sites of CVD and were prone
to new cardiovascular events.23,24 Atherosclerotic plaques become manifest at sites
with a higher plaque vulnerability, but are present in all arterial beds.25 It is therefore
likely that subjects with diabetes with already clinically evident CVD have a similar
cardiovascular risk regardless of the site of the atherosclerotic manifestation.
In addition, the risk of new cardiovascular events according to the extent of clinically
evident CVD has not been quantified previously in subjects with diabetes. Notably,
patients with diabetes have a higher number of affected coronary vessels than
those without26, and increased severity of CHD is associated with a poorer long-term
prognosis.27 Interestingly, a recent community-based study has shown that multiple
disease locations increase the 1-year event rate of cardiovascular events by a factor
of approximately 2 in subjects without diabetes.16 In concordance with this study, we
have shown that patients with diabetes with two or more sites of clinically evident CVD
have a twofold higher risk of new cardiovascular events compared with those with
one site of CVD. The association remained strong even after additional adjustment
for age, diabetes duration, fasting glucose, and traditional cardiovascular risk factors,
indicating that these factors do not explain the excess risk.
Atherosclerotic burden, as measured by CIMT or albuminuria, did not influence the
relationships between site and extent of clinically evident CVD and the occurrence
of new cardiovascular events in subjects with diabetes. This indicates that although
the presence of atherosclerotic burden contributes to disease progression, it does
not incorporate additional prognostic information above the cardiovascular damage
already sustained in patients with diabetes and evident CVD. An explanation for this
might be that clinically evident CVD already reflects the arterial damage brought about
by cardiovascular risk factors and atherosclerotic burden. Measures of atherosclerotic
burden do not indicate higher risk above the presence of evident CVD and are therefore
not of use for risk stratification in patients with diabetes and clinically evident CVD.
Our findings indicate that the prognostic implications for the occurrence of new
cardiovascular events for different sites of CVD seem to be equal in subjects with
diabetes. Moreover, these data support the view that there is variability in cardiovascular
risk in patients with diabetes.11 Counting the number of cardiovascular sites affected
may improve risk stratification in patients with diabetes. It is an easy way in clinical
practice to identify patients at highest risk of recurrent events from the generally highrisk diabetes population, who may gain from lower treatment goals for dyslipidemia
than currently recommended.28
The present study had a number of potential limitations. First, misclassification
of clinically evident CVD may have occurred. However, this will only lead to an
underestimation of the effect of pre-existing CVD. Second, HbA1c was not measured
routinely in the screening programme, and thus we could not adjust for glycemic
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control. Third, we were unable to do subanalyses on specific cardiovascular outcomes
due to the limited number of events. Fourth, although the median follow-up was 2.9
years (1.4-5.4), a longer follow-up would provide more information about the impact
of different clinically evident CVD and its extent on the prognosis of patients with
diabetes. Nevertheless, our results suggest there is no reason to expect that the effects
of clinically evident CVD on the risk of cardiovascular events would change with longer
follow-up (Figure 1). Lastly, the atherosclerotic burden was not assessed in the coronary
bed. However, CIMT can be used as a reliable marker of generalized atherosclerotic
burden in the coronary and other cardiovascular beds.20,21
In conclusion, these prospective findings indicate that patients with type 2 diabetes
and clinically evident CVD have a three- to fourfold higher risk of experiencing new
cardiovascular events than patients with diabetes without CVD, irrespective of the site
of CVD. This risk increases markedly with the number of different sites of CVD and is not
influenced by atherosclerotic burden. These data may contribute to the identification
of patients with diabetes at the highest risk of new cardiovascular events.
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Intra-abdominal fat and metabolic
syndrome are associated with larger
infrarenal aortic diameters in
patients with manifest arterial
disease. The SMART study

Intra-abdominal fat, metabolic syndrome and infrarenal aortic diameter

Abstract
Objective
Abdominal obesity and its associated metabolic consequences are major determinants
for the development of vascular disease. Fat tissue in close proximity of arteries may
also directly affect atherogenesis. Aim was to examine whether intra-abdominal fat
accumulation is an independent determinant of infrarenal aortic diameter in patients
with manifest arterial disease. In addition, the relationship between metabolic
syndrome and infrarenal aortic diameter was assessed in this patient group.
Methods
Cross-sectional study in 2726 patients with manifest arterial disease enrolled in
the SMART study (Second Manifestations of ARTerial disease). Intra-abdominal
fat was measured with ultrasonography and by measuring waist circumference.
Metabolic syndrome was defined according to Adult Treatment Panel III. The maximal
anteroposterior diameter of the infrarenal aorta was measured using ultrasonography.
The relation between intra-abdominal fat, as well as metabolic syndrome, and infrarenal
aortic diameter was determined with linear regression analyses.
Results
Infrarenal aortic diameter (mm) increased across quartiles of intra-abdominal fat
derived by ultrasonography (quartile 4 vs. quartile 1, β 1.38; 95% CI 0.76-2.01) and
across quartiles of waist circumference (quartile 4 vs. quartile 1, β 1.56; 95% CI 0.932.19) after adjustment for age, gender, height and smoking. Patients with metabolic
syndrome had slightly larger infrarenal aortic diameters (β 0.70; 95% CI 0.27-1.13,
adjusted for age, gender, height and smoking) compared to those without metabolic
syndrome.
Conclusions
Intra-abdominal fat accumulation and metabolic syndrome are associated with larger
infrarenal aortic diameters in patients with manifest arterial disease. These data
indicate a role for intra-abdominal fat in the development of larger aortic diameters.

77

Chapter 5

Introduction

78

Abdominal obesity is associated with an increased risk of atherosclerotic vascular
disease.1 Intra-abdominal fat accumulation causes an altered adipocyte function,
leading to high systemic plasma levels of tumor necrosis factor-alpha (TNF-α),
interleukine-6 (IL-6), and free fatty acids, as well as low plasma concentrations of
adiponectin, all involved in accelerating atherosclerosis2 and contributing to the
development of insulin resistance.3 Insulin resistance is considered to be an essential
feature in the development of vascular risk factors (e.g. elevated blood pressure,
dyslipidemia, and hyperglycemia).4 The clustering of all these metabolic abnormalities,
often referred to as metabolic syndrome5, is most often the result of obesity-induced
insulin resistance and is associated with a high cardiovascular risk.6
Patients with an enlarged diameter of the abdominal aortic artery are at high risk
for cardiovascular morbidity and mortality.7,8 In addition to proteolytic degradation
and remodeling of the elastic media9,10, atherosclerosis is recognized as an important
feature in the process of aortic dilatation.11 Indeed, vascular risk factors, such as
smoking12-15, elevated blood pressure15-17, body weight16-18 and dyslipidemia13-15,17,
are associated with an enlarged diameter of the abdominal aorta in the general
population. Inflammatory cytokines appear to be involved as well18-21 by mediating
connective tissue destruction of the aortic wall.22
Intra-abdominal fat accumulation and its associated metabolic abnormalities may
contribute to the dilatation of the abdominal aortic artery by accelerating aortic wall
degeneration. Since obesity-related insulin resistance can induce elevated blood
pressure by activation of the sympathetic nerve system, increased renal sodium retention and endothelial dysfunction23, this could be one of the underlying mechanisms.
Moreover, obesity-induced insulin resistance and high plasma levels of inflammatory
cytokines might aggravate inflammation in the peri-aortic fat, which is in close
proximity to the aortic adventitia and locally secretes inflammatory cytokines.24
Although increased intra-abdominal fat and metabolic syndrome are highly prevalent
in patients with manifest arterial disease25, it is not known whether they are related
to abdominal aortic diameter in these high-risk patients. Aim of the current etiologic
study was to examine whether intra-abdominal fat accumulation is an independent
determinant of infrarenal aortic diameter in patients with manifest arterial disease. In
addition, the relationship between metabolic syndrome and infrarenal aortic diameter
was assessed in these patients.
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Methods
Study settings, participants and design
In this study, we used data from patients enrolled in the Second Manifestations of
ARTerial disease (SMART) study. The SMART study is an ongoing prospective singlecentre cohort study in patients with manifest atherosclerotic arterial disease or
cardiovascular risk factors.26 Started in September 1996, patients aged 18-80, were
referred to the University Medical Centre (UMC) Utrecht with a recent diagnosis of
manifest arterial disease or a cardiovascular risk factor. Not approached are patients
with terminal malignant disease, those not independent in daily activities (Rankin scale
>3) or not sufficiently fluent in Dutch. Patients entered the SMART study if participation
in the study was supported by the treating specialist and if the patients themselves
consented to participate. The Medical Ethics Committee approved the study, and all
participants gave their written informed consent. The rationale and design of the
SMART study and a detailed description of the criteria used to define the different
manifest arterial diseases were published previously.26
For the current study, analyses were based on the inclusion period from May 2000
to March 2007 and were limited to patients with manifest arterial disease (coronary
heart disease, cerebrovascular disease, peripheral arterial disease or abdominal aortic
aneurysm) (n = 3020). A total of 64 patients with previous surgery for abdominal aortic
aneurysm were excluded. Also, 195 patients were excluded because of incomplete
data for waist circumference and intra-abdominal fat. Subsequently, 35 patients were
excluded due to poor visualization of the aorta. Finally, 2726 patients were used for
the analyses.
Data acquisition
All patients underwent a non-invasive standardised diagnostic protocol on a single
day at the UMC Utrecht. Medical history, use of current medication, and current and
past smoking habits were derived form a standardised health questionnaire described
elsewhere.26 Physical examination (weight, height, waist circumference, diastolic
and systolic blood pressure) was performed. Height and weight were measured
while participants wore indoor clothes and no shoes. Blood pressure was measured
two times in sitting position at the right and left upper arm with a non-random
sphygmomanometer. The mean value of the two blood pressure measurements was
taken as the blood pressure. Blood samples were collected after an overnight fast.
Total cholesterol, triglycerides, high-density lipoprotein (HDL)-cholesterol, glucose
and creatinine levels were measured. Low-density lipoprotein (LDL)-cholesterol was
calculated by use of Friedewald`s formula if triglyceride plasma level was <4.5 mmol/l.
The left and right ankle-brachial pressure indexes (ABPI) at rest were determined.26
Definitions
Metabolic syndrome was defined according to the Adult Treatment Panel (ATP) III
criteria.5 Metabolic syndrome requires the presence of at least three of the following
metabolic abnormalities: abdominal obesity (waist circumference >102 cm in men
and >88 cm in women), high blood pressure (≥130 mmHg systolic or ≥85 mmHg
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diastolic), hypertriglyceridemia (serum triglycerides ≥1.70 mmol/l (150mg/dl)), low
HDL-cholesterol (serum HDL-cholesterol <1.04 mmol/l (40 mg/dl) in men and <1.29
mmol/l (50 mg/dl) in women), high fasting glucose (fasting serum glucose ≥5.6 mmol/
l (100 mg/dl)). Patients on glucose-lowering agents or anti-hypertensive medication
were regarded as having high fasting glucose or high blood pressure, respectively.
Presence of documented diabetes mellitus was ascertained by medical history (use of
glucose-lowering medications). Ever smoking was defined as current or past smoking
including currently smoking patients, those who recently stopped and smoked in the
past. A reduced ABPI was defined as a resting ABPI ≤0.9.26
Assessment of intra-abdominal fat
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Intra-abdominal fat was estimated anthropometrically and ultrasonographically. Waist
circumference was measured halfway between the lower rib and the iliac crest and
was taken in standing position. B-mode ultrasound of the abdomen was obtained
to measure intra-abdominal fat and performed by well-trained registered vascular
technologists in a certified vascular laboratory. Ultrasonographic measurements were
made in supine position using an ATL HDI 3000 (Philips Medical Systems, Eindhoven,
Netherlands) with a C 4-2 transducer. There was no bowel prep performed before the
ultrasound measurement. Intra-abdominal fat was ultrasonographically measured as
the distance between the peritoneum and the lumbar spine or psoas muscles using
electronic calipers. A strict protocol, including the position of and pressure on the
transducer, was used. The transducer was placed on a straight line drawn between
the left and right midpoints of the lower rib and the iliac crest. Measurements were
performed at the end of a quiet inspiration, applying minimal pressure without
displacement or compression of the abdominal cavity. The distance was measured three
times at three different positions.27 Previously, the ultrasound protocol for measuring
intra-abdominal fat was compared with computed tomography (CT) at our center.27
Ultrasonographic measurements were strongly associated with CT measurements
of intra-abdominal fat: Pearson`s correlation coefficient was 0.81 (p <0.001). Also, an
inter-observer coefficient of variation of 5.4% was found for ultrasound measurements
of intra-abdominal fat, indicating good reproducibility.
Assessment of infrarenal aortic diameter
B-mode ultrasound scanning was carried out to measure the maximal anteroposterior
diameter of the infrarenal aorta using the same ATL HDI 3000 as for intra-abdominal
fat. The measurements were performed in transverse sections, taking special care to
perform the diameter measurements perpendicular to the longitudinal axis of the
vessel. The echo-free lumen of the vessel was measured between the inner edge of the
anterior wall and the inner edge of the posterior wall.26 Ultrasonography is a reliable
method to assess the infrarenal aortic diameter.28,29
Statistical analysis
The association between intra-abdominal fat and infrarenal aortic diameter was
quantified using linear regression analysis. Intra-abdominal fat was categorized into
quartiles, and the lowest quartile was considered as reference. Results are expressed
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as beta (β) coefficients with 95% confidence intervals (CI). Three models were used
to estimate the relation between intra-abdominal fat as independent and infrarenal
aortic diameter as dependent variable. In the first model adjustments were made for
age and gender. In the second model, additional adjustments were performed for
other potentially confounding variables, namely height and ever smoking. In the third
model, additional adjustment was performed for intermediate variables (triglycerides,
HDL-cholesterol, fasting glucose, systolic blood pressure) to investigate whether they
explained the association between intra-abdominal fat and infrarenal aortic diameter.
The covariates were included as continues variables, except gender and ever smoking
were included as categorical variables. Potential effect modification of a reduced
ABPI and presence of diabetes30 on the relationship between intra-abdominal fat and
infrarenal aortic diameter was investigated by entering the cross-products of a reduced
ABPI, as well as diabetes, and intra-abdominal fat (continuously) in the regression
models. In assessing the potential modifying effect of a reduced ABPI, diabetic patients
(n = 321) were excluded because ABPI assessment may be inadequate in these patients
because of medial arterial calcification.31 Interaction was considered present when the
p-value of the interaction term in the model was <0.05.
Linear regression analysis was also performed with metabolic syndrome and the
number of components of metabolic syndrome as independent variables respectively
and infrarenal aortic diameter as dependent variable, and adjusted for age, gender,
height and ever smoking.
To reduce bias and increase statistical efficiency, missing values (fasting glucose (n =
33), total cholesterol (n = 23), triglycerides (n = 30), HDL-cholesterol (n = 30), creatinine
(n = 26), diastolic (n = 10) and systolic (n = 10) blood pressure, and ABPI (n = 17)) in the
data were completed by regression imputation.32,33

Results
Baseline characteristics
In Table 1 the baseline characteristics of the study population are listed according
to quartiles of ultrasonographically measured intra-abdominal fat. The distribution
of characteristics was comparable across quartiles of waist circumference (data not
shown). Mean age was 59 ± 10 years, and 74% of patients were male. Mean intraabdominal fat was 9.3 ± 2.6 cm and mean waist circumference was 95 ± 12 cm.
Prevalence of metabolic syndrome was 46%; metabolic syndrome was more prevalent
in the highest quartile of ultrasonographically measured intra-abdominal fat compared
to the lowest quartile (76% versus 21%). Individual components of metabolic syndrome
were generally more adverse among patients with more intra-abdominal fat.
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Table 1. Baseline characteristics in patients with manifest arterial disease according to quartiles of intraabdominal fat (n = 2726)
Intra-abdominal fat (cm)

Quartile 1

Quartile 2

Quartile 3

Quartile 4

(2.7-7.5)

(7.6-9.0)

(9.1-10.9)

(11.0-20.6)

n = 724

n = 646

n = 707

n = 649

Intra-abdominal fat (cm)

6.2 ± 1.0

8.3 ± 0.4

9.9 ± 0.5

12.8 ± 1.6

Age (years)

57 ± 11

59 ± 10

60 ± 10

60 ± 10

Male gender, n (%)

403 (56)

478 (74)

585 (83)

559 (86)

24 ± 3

26 ± 3

28 ± 3

30 ± 4

534 (74)

509 (79)

598 (85)

550 (85)

54 (8)

52 (8)

88 (12)

127 (20)

(Range)

Body mass index (kg/m²)
Ever smoking (current or past), n (%)
Diabetes mellitus*
Creatinine clearance (ml/min/1.73m2)

76 ± 21

77 ± 21

78 ± 23

82 ± 25

2.6 (2.0-3.3)

2.7 (2.1-3.5)

2.7 (2.1-3.4)

2.7 (2.1-3.3)

Use of lipid-lowering agents, n (%)

416 (58)

396 (61)

464 (66)

416 (64)

Use of blood pressure-lowering
agents, n (%)

419 (58)

418 (65)

501 (71)

465 (72)

†

LDL-cholesterol (mmol/l)‡

Metabolic syndrome
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Metabolic syndrome ATP III, n (%)
Fasting glucose (mmol/l)

152 (21)

235 (36)

384 (54)

496 (76)

5.5 (5.1-5.9)

5.7 (5.3-6.2)

5.9 (5.4-6.6)

6.2 (5.7-7.5)

Triglycerides (mmol/l)

1.15 (0.90-1.53) 1.35 (1.03-1.93) 1.53 (1.15-2.09) 1.79 (1.28-2.60)

HDL-cholesterol (mmol/l)

1.36 (1.11-1.70) 1.23 (1.04-1.48) 1.16 (0.96-1.40) 1.11 (0.91-1.33)

Waist circumference (cm)

85 ± 10

93 ± 8

98 ± 8

106 ± 9

139 ± 22

142 ± 21

144 ± 21

145 ± 21

81 ± 11

82 ± 11

84 ± 11

84 ± 11

Cerebrovascular disease, n (%)

264 (37)

171 (27)

193 (27)

146 (23)

Coronary artery disease, n (%)

384 (53)

410 (64)

451 (64)

457 (70)

Peripheral arterial disease, n (%)

127 (18)

113 (18)

120 (17)

123 (19)

35 (5)

38 (6)

49 (7)

56 (9)

Blood pressure systolic (mmHg)
Blood pressure diastolic (mmHg)
Manifest arterial disease§

Abdominal aortic aneurysm, n (%)

All data in n (%), mean ± S.D. or median (interquartile range).
* Patients on glucose-lowering agents.
†
According to Cockroft-Gault.
‡
Calculated by use of Friedewald`s formula.
§
Ever or current diagnosis, a single person can be classified into more than one disease category.

Intra-abdominal fat measurements in relation to infrarenal aortic diameter
Mean infrarenal aortic diameter was 18 ± 6 mm; male patients had larger infrarenal
aortic diameters than female patients (19 ± 6 mm versus 15 ± 4 mm). Infrarenal aortic
diameter was 19 ± 7 mm in patients within the highest intra-abdominal fat quartile
compared to 16 ± 5 mm in patients within the lowest quartile. Infrarenal aortic diameter
(mm) increased across quartiles of intra-abdominal fat (quartile 4 versus quartile 1,
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β 1.46; 95% CI 0.84-2.09) and across quartiles of waist circumference (quartile 4 versus
quartile 1, β 1.83; 95% CI 1.20-2.46) after adjustment for age, and gender (Table 2).
This indicates that patients within the highest quartile of intra-abdominal fat or waist
circumference had respectively 1.46 mm and 1.83 mm larger infrarenal aortic diameters
than those within the lowest quartile. Height and ever smoking did not materially
change the relationship of intra-abdominal fat (quartile 4 versus quartile 1, β 1.38; 95%
CI 0.76-2.01), and waist circumference (quartile 4 versus quartile 1, β 1.56; 95% CI 0.932.19) with infrarenal aortic diameter. Additional adjustment for intermediate variables
(triglycerides, HDL-cholesterol, fasting glucose, and systolic blood pressure) did not
markedly change the associations.

Table 2. Intra-abdominal fat in relation to infrarenal aortic diameter (mm) in patients with manifest arterial
disease (n = 2726)
Intra-abdominal fat (cm)
(Range)

Quartile 1

Quartile 2

Quartile 3

Quartile 4

(2.7-7.5)

(7.6-9.0)

(9.1-10.9)

(11.0-20.6)

β (95% CI)

β (95% CI)

β (95% CI)

β (95% CI)

I

0

0.36 (-0.25; 0.98)

0.45 (-0.16; 1.06)

1.46 (0.84; 2.09)

II

0

0.31 (-0.30; 0.92)

0.39 (-0.22; 1.00)

1.38 (0.76; 2.01)

III

0

0.27 (-0.35; 0.88)

0.35 (-0.27; 0.97)

1.38 (0.72; 2.04)

Quartile 1

Quartile 2

Waist circumference (cm)
(Range)

Quartile 3

Quartile 4

(59-88)

(89-95)

(96-102)

(103-149)

β (95% CI)

β (95% CI)

β (95% CI)

β (95% CI)

I

0

0.51 (-0.11; 1.13)

0.80 (0.17; 1.42)

1.83 (1.20; 2.46)

II

0

0.39 (-0.23; 1.00)

0.55 (-0.08; 1.18)

1.56 (0.93; 2.19)

III

0

0.30 (-0.32; 0.92)

0.49 (-0.15; 1.14)

1.53 (0.87; 2.19)

All data: Beta regression coefficients (β) with 95% confidence interval (CI).
β indicates the difference in infrarenal aortic diameter (mm) relative to the quartile with the lowest intraabdominal fat or waist circumference.
Model I: age and gender adjusted.
Model II: Model I, additional adjusted for height, and ever smoking.
Model III: Model II, additional adjusted for triglycerides, HDL-cholesterol, fasting glucose, systolic blood
pressure.

The magnitude of the positive association between intra-abdominal fat (ultrasonography) and infrarenal aortic diameter was higher in the 450 patients with a
reduced ABPI (Model II: β 0.46; 95% CI 0.21-0.71), than in the 1955 patients without
a reduced ABPI (Model II: β 0.19; 95% CI 0.09-0.30), p-value for interaction = 0.02. The
relationship between intra-abdominal fat (ultrasonography) and infrarenal aortic
diameter was not modified by the presence of diabetes (p-value for interaction = 0.3).
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Metabolic syndrome in relation to infrarenal aortic diameter
Patients with metabolic syndrome had slightly larger infrarenal aortic diameters (mm)
compared to those without metabolic syndrome (β 0.70; 95% CI 0.27-1.13, adjusted
for age, gender, height and ever smoking) (Table 3). Patients with five components
of metabolic syndrome had larger infrarenal aortic diameters than those with less
components (adjusted β 1.74; 95% CI 0.46-3.01).

Table 3. Metabolic syndrome and its components in relation to infrarenal aortic diameter in patients with
manifest arterial disease (n = 2726)
Infrarenal aortic diameter (mm)
Model I

Model II

N

β (95% CI)

β (95% CI)

1267

0.72 (0.29; 1.15)

0.70 (0.27; 1.13)

0

131

0

0

1

518

0.42 (-0.68; 1.52)

0.51 (-0.58; 1.60)

2

810

0.72 (-0.34; 1.79)

0.79 (-0.26; 1.85)

3

680

0.93 (-0.15; 2.01)

1.02 (-0.05; 2.09)

4

400

1.60 (0.47; 2.73)

1.66 (0.53; 2.78)

5

187

1.80 (0.51; 3.08)

1.74 (0.46; 3.01)

Metabolic syndrome present*
Number of components
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* According to ATP III.
All data: Beta regression coefficients (β) with 95% confidence interval (CI).
β indicates for presence of metabolic syndrome: the difference in infrarenal aortic diameter (mm) between
patients with and without metabolic syndrome; and for components of metabolic syndrome: the difference
relative to patients without any component of metabolic syndrome.
Model I: age and gender adjusted.
Model II: Model I, additional adjusted for height, and ever smoking.

Discussion
In this study, intra-abdominal fat accumulation is associated with larger infrarenal aortic
diameters in patients with manifest atherosclerotic arterial disease. Moreover, among
these high-risk patients, infrarenal aortic diameter was slightly larger in patients with
metabolic syndrome compared to those without metabolic syndrome, and increased
with an increment in the number of metabolic syndrome components.
Our findings are in agreement with several studies, that found weight17, waist
circumference17,18 and body mass index16,17 to be associated with larger aortic diameters
or presence of abdominal aortic aneurysm in the general population. In contrast, a
recent study did not find a difference in body mass index in middle-aged men with
and without abdominal aortic aneurysm.20 Because waist circumference is considered
to be a crude measure of abdominal visceral obesity, we accurately measured intraabdominal fat using ultrasonography.34 In addition, we measured waist circumference
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because of its usefulness in clinical practice. In the current study, both intra-abdominal
fat and waist circumference were associated with larger infrarenal aortic diameters in
patients with atherosclerotic arterial disease.
Several factors may explain the increased diameters of the infrarenal aortic artery
among patients with more intra-abdominal fat. Intra-abdominal fat is associated with
the development of interrelated metabolic abnormalities clustering in the metabolic
syndrome, all involved in accelerating atherosclerotic disease.4 The dilatation of the
abdominal aortic artery is a complex process in which atherosclerosis plays a leading
role.11 Indeed, we found that patients with metabolic syndrome, the clustering of
metabolic abnormalities associated with obesity, had larger infrarenal aortic diameters
than those without. This was in line with previous studies that found metabolic
abnormalities, such as elevated blood pressure, and dyslipidemia, to be associated
with abdominal aortic diameter16,17 or abdominal aortic aneurysm13-15,20 in the general
population. However, these studies provided conflicting results particular for elevated
blood pressure.
Furthermore, the increased diameters of the infrarenal aortic artery among patients
with more intra-abdominal fat could be due to the increased insulin resistance
associated with obesity. In an insulin resistant state, abdominal fat secretes in the
systemic circulation large quantities of inflammatory cytokines, such as TNF-α and IL-6,
all involved in the process of atherosclerosis2 thereby contributing to aortic dilatation.11
In addition to accelerating atherosclerosis, inflammatory processes likely mediate the
connective tissue destruction of the aortic wall.22 Adipocytokines, such as TNF-α, cause
the release of proteases that weaken the aortic matrix21 and inhibit the synthesis of
collagen.35
An accumulation of intra-abdominal fat may also directly affect the aortic wall from
‘outside to inside’ by releasing a large number of pro-inflammatory adipocytokines
(TNF-α, IL-6) in close proximity to the aortic artery. Macrophages attracted by
abdominal fat-derived signals may subsequently traverse across the peritoneum to
the aortic wall and elicit a local inflammatory response. Additionally, intra-abdominal
fat may generate cytokine signals to the aortic wall through the peri-aortic fat.
Human peri-aortic fat was found to be a source of cytokines and chemokines with
potential chemotactic activity.24 Also, the amount of peri-aortic fat markedly increased
by a high-fat diet in rodents, implying a role for periaortic fat in obesity-associated
vascular disease.24,36 In the current study, we found that an accumulation of intraabdominal fat, accurately measured by ultrasound, was associated with larger aortic
diameters. Although the precise underlying mechanisms were not determined in this
study, our data suggest that intra-abdominal fat plays a role in the process of aortic
dilatation. Thus, interventions aimed at lowering waist may help to modify the chronic
inflammatory state, insulin resistance and associated hypertension and dyslipidemia
and therefore delay the enlargement of the aortic diameter.
In addition, several studies indicate that patients with diabetes are less likely to have
an enlargement of the aortic diameter than those without diabetes.30,37 These studies
proposed that glycemia-associated alterations in vascular matrix may protect against
dilatation of the aortic wall due to the fact that high glucose accelerates synthesis
of collagen38, and deposition of advanced glycation endproducts may impair matrix
re-modeling and proteolysis.39 However, in the present study the relation of intra-
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abdominal fat with infrarenal aortic diameter was not different in patients with and
without diabetes. Also, several studies reported an association between abdominal
aortic dilatation and peripheral arterial occlusive disease40, and abdominal obesity
is highly prevalent in patients with peripheral arterial disease.25 In line with this, we
found that the association between intra-abdominal fat and infrarenal aortic diameter
was stronger in patients with a reduced ABPI.
We acknowledge study limitations. Due to the cross-sectional design, only assumptions about possible etiological relationships can be made. Furthermore, CT has been
considered to be the most accurate and reproducible technique for measuring intraabdominal fat.41 However, ultrasonography has been proposed as a valid alternative
technique to accurately measure intra-abdominal fat.27,42 Moreover, we used the ATP
III-definition of metabolic syndrome5 because it is most commonly used in studies, best
related with the development of vascular diseases and easy to use in clinical practice.
However, we realize that there are more definitions for the metabolic syndrome.4
In conclusion, intra-abdominal fat accumulation and metabolic syndrome are associated with larger infrarenal aortic diameters in patients with manifest atherosclerotic
arterial disease. These data indicate a role for intra-abdominal fat in the development
of larger aortic diameters.
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Quantification of epicardial and peri-coronary
fat using cardiac computed tomography;
reproducibility and relation with obesity
and metabolic syndrome in patients
suspected of coronary artery disease

Quantification of epicardial and peri-coronary fat using cardiac computed tomography

Abstract
Objective
Adipose tissue surrounding coronary arteries may contribute to the development of
coronary atherosclerosis given its localisation and potential for local production of
inflammatory cytokines. We compared various measurements for quantifying epicardial
adipose tissue (EAT) and peri-coronary fat using cardiac computed tomography (CT).
Additionally, we estimated their relationship with obesity and metabolic syndrome in
patients suspected of coronary artery disease (CAD).
Methods
EAT and peri-coronary fat measurements were performed on cardiac multi-slice CT
scans in 60 patients (aged 50-70 yrs) referred for coronary angiography. EAT was
measured as thickness on the right ventricular free wall, as area at the base of the
ventricles, and as volume. Peri-coronary fat was assessed as thickness and crosssectional area surrounding the three main coronary arteries. Linear regression analysis
was used to assess the relation of EAT and peri-coronary fat with obesity and metabolic
syndrome (ATP III criteria).
Results
Volumetric EAT measurements showed good reproducibility with low coefficients
of variation (CVs) varying between 3.0% and 5.0%. Measurements of EAT and pericoronary fat thickness and area were moderately reproducible (CVs 11.0%-23.4%). The
amount of EAT and peri-coronary fat (per standard deviation) was related with obesity
(BMI ≥30 kg/m²) (β 1.24; 95% CI 0.66; 1.81) and metabolic syndrome (β 0.81; 95% CI
0.28; 1.33).
Conclusions
Volumetric quantification of EAT using cardiac CT is highly reproducible compared
to more simple measurements as EAT and peri-coronary fat thickness and area. The
quantity of EAT and peri-coronary fat is related with the presence of obesity and
metabolic syndrome in patients suspected of CAD.
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Abdominal obesity is associated with an increased risk of coronary artery disease
(CAD).1 Dyslipidemia, hypertension and insulin resistance are important risk factors
associated with obesity.2 The clustering of these risk factors is often referred to as
metabolic syndrome.3 Moreover, abdominal adipose tissue is able to produce large
quantities of tumor necrosis factor-alpha (TNF-α), interleukine-6 (IL-6), free fatty
acids (FFA), plasminogen activator inhibitor-1 (PAI-1) and adipocytokines such as
adiponectin.4-6 Increased plasma concentrations of TNF-α, IL-6, FFA, and PAI-1 and
decreased concentrations of adiponectin lead to accelerated atherosclerosis, plaque
instability, and arterial thrombosis.4,7,8
Adipose tissue surrounding the coronary arteries, often called epicardial adipose
tissue (EAT), may also act as an endocrine organ given the production of a comparable
pattern of adipocytokines.9,10 It could be hypothesized that adipocytokines produced
by fat surrounding the coronary arteries might contribute to the amplification of
vascular inflammation and pro-atherogenic processes from ‘outside-to-inside’ the
vessel wall (Figure 1).11,12
To further clarify the possible relation between fat surrounding coronary arteries and
the development of CAD, it is important to reliably quantify this adipose tissue. In a few
studies adipose tissue around the heart has been measured by magnetic resonance
imaging, computed tomography (CT) or echocardiography.13-18 Furthermore, there are
differences in anatomic description (pericardial versus epicardial fat) and measurement
techniques (volume or thickness).13,14,16 A measurement of adipose tissue directly
surrounding the coronary arteries has not been published. Conceptually, this pericoronary fat might be most interesting because of its close anatomic relation with the
coronary arteries.
CT provides a more accurate quantification of adipose tissue due to its higher spatial
resolution compared to magnetic resonance imaging and ultrasound. However, limited
methods for measuring fat surrounding coronary arteries using cardiac CT have been
explored.16
In this cross-sectional study, we compared the reproducibility of various methods for
quantifying EAT and peri-coronary fat using cardiac CT in patients suspected of CAD
referred for angiography. In addition, we estimated the relationship of the quantity of
EAT and peri-coronary fat with obesity and metabolic syndrome and its components.
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Figure 1. Potential role of adipocytes in the process of coronary atherosclerosis, plaque instability, and arterial thrombosis. TNF-α, tumor necrosis factor-alpha; IL-6,
interleukine-6; PAI-1, plasminogen activator inhibitor-1; TF, tissue factor; ICAM, VCAM, endothelial adhesion molecules.
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Methods
Study settings, participants and design
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Patients originated from a diagnostic study at the University Medical Centre Utrecht
designed to establish the diagnostic accuracy of multi-slice computed tomography
coronary angiography (CTA) compared to conventional coronary angiography (CAG)
in the detection of significant coronary obstruction. Patients (n = 60) were referred for
diagnostic coronary angiography or percutaneous coronary intervention because of
stable angina pectoris (n = 48) or unstable angina pectoris (n = 12).19,20 The inclusion
criteria were: aged 50-70 years, and stable sinus rhythm. Patients with previous PTCA
or CABG, serum creatinine levels >140 µmol/l, or known iodine-based contrast allergy
were not included. CTA was performed in all patients within a month before or after
CAG. The Medical Ethics Committee approved the study and all participants gave their
written informed consent.
Clinical information was obtained using a standardised health questionnaire. Height,
body weight, and blood pressure were measured. Fasting blood was sampled to
determine lipid, glucose and creatinine levels. Diabetes mellitus was defined as selfreported diabetes mellitus. Metabolic syndrome was diagnosed according to the
Adult Treatment Panel III (ATP III) criteria as the presence of three or more metabolic
abnormalities.3 Because waist circumference was not available, a BMI of ≥30 kg/m² was
used as determinant for obesity.21 By visual assessment of CAGs by cardiologists the
severity of CAD was classified as single, two or three vessel disease. A ≥50% luminal
diameter stenosis was regarded as significant.22
CT technique and image analyses
EAT and peri-coronary fat were quantified on ECG-gated diagnostic cardiac CT scans.
CT studies were performed on a 64 detector-row CT scanner (Brilliance 64, Philips
Medical Systems, Cleveland, OH, USA). Scan duration time was 7-10 s. Average heart
rate during image acquisition was 56 ± 10 beats/min. Standard coronary imaging
protocols were applied including the use of intra-venous beta-blockers for patients
with heart rates >65 beats/min (unless contraindicated) and image acquisitions
were performed during a breath-hold in inspiration. Imaging parameters were: slice
collimation of 64 mm x 0.625 mm, gantry rotation time of 420 ms, tube voltage of 120
kV, and tube current of 900 mAs. Contrast agent used was iopromide (Schering AG,
Berlin, Germany), which was injected intravenously (1.6-2.0 g iodine/s depending on
the patient’s body weight).
Measurements were performed in the most motionless phase of the cardiac cycle,
which was most frequently a mid-diastolic phase, with retrospective cardiac gating
at 70-80% of the R-R interval. The window settings were adjusted to properly visualise
the adipose tissue and the pericardium.
To establish the intra- and interobserver variability for measurement techniques of
EAT and peri-coronary fat, all cardiac CT scans were analysed independently by two
observers who were blinded for their own and each others results and for patient
characteristics.
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EAT quantification
EAT was defined as the adipose tissue between the surface of the heart and the visceral
layer of the pericardium (visceral epicardium).
EAT thickness
EAT thickness (mm) was determined on the right ventricular (RV) anterior free wall.
Measurements were performed at the base of the ventricles (basal level) on short-axis
views of a regular Philips CT workstation (Figure 2A). Basal level was defined as the level
at the base of the ventricles.16 Three measurements of EAT thickness were made: inferior,
centre and superior, chosen at 25%, 50% and 75% level of the RV wall, respectively,
from the visceral epicardium to the outside of the myocardium and perpendicular to
the surface of the heart. The mean of the three measurements (referred to as ‘EAT RV
thickness’) was used for analyses.
A

Pericardium
EAT

RV
LV

B

EAT

RV
LV

C
Peri-coronary fat

RV

LV

Figure 2 Epicardial adipose tissue (EAT) and peri-coronary fat
measurements. (A) EAT RV thickness (green) (inferior, centre, and
superior) at basal level of the ventricles. (B) Region of interest
(ROI) (yellow) on a cross-sectional image to determine the EAT
area (green). EAT volume is the sum of the EAT areas on cross-

Figure 2. Epicardial adipose tissue (EAT) and peri-coronary
fat measurements. (A) EAT RV thickness (green) (inferior,
centre, and superior) at basal level of the ventricles. (B)
Region of interest (ROI) (yellow) on a cross-sectional image
to determine the EAT area (green). EAT volume is the sum of
the EAT areas on cross-sectional images. (C) Peri-coronary
fat thickness and area (green). (For colour figure, see page
167).
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EAT area
EAT area (cm2) was measured using two dedicated software programs (Extended
Brilliance Workspace and Easy Vision, Philips Medical Systems, Best, The Netherlands).
Measurements were performed on short-axis views of 2-mm-slice-thickness and 3mm-intersection gaps. The stack of the short-axis views started at the apex just below
the fibrous pericardium and extended until the centre of the left atrium. One section of
the short-axis image, at the base of the ventricles (basal level), was used to determine
‘EAT area at basal level’. An EAT area measurement was assessed by tracing a single
region of interest (ROI) containing heart and EAT (Figure 2B). ROI’s were placed at the
visceral epicardium to exclude pericardial fluid. A density range between -200 and -30
Hounsfield Units was used to isolate adipose tissue.
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EAT volume
EAT volume (cm3) was obtained as the sum of the EAT areas on short-axis images using
the same software programs, short-axis views and range of Hounsfield Units as for ‘EAT
area at basal level’. A cursor pointer was used to trace a ROI (Figure 2B). The computer
software program produced an accurate volume of EAT by adding up the EAT areas
and taking into account slice thickness and intersection gap.
Firstly, ‘EAT truncated volume’ was obtained as the sum of the EAT areas made of 2025 sections extending from below the apex up to a cut-off point 1 cm (two sections)
above the last visible segment of the left coronary artery (LCA). Second, ‘EAT total
volume’ was assessed by adding up EAT areas of 4-6 sections (until the centre of the
left atrium) to the ’EAT truncated volume’.
Peri-coronary fat quantification
Peri-coronary fat was defined as the adipose tissue between the surface of the heart
and the visceral epicardium directly surrounding the main coronary arteries.
Peri-coronary fat thickness
Peri-coronary fat thickness (mm) was quantified on axial views of a regular Philips
CT workstation. In order not to overestimate the peri-coronary fat due to obliquity,
thickness measurements were performed on images in which the axial sections were
perpendicular to the surface of the heart. In each of the regions of the right coronary
artery (RCA), LCA and left circumflex (LCX), maximal fat thickness assessed as the
largest distance from myocardium to visceral epicardium was determined (Figure 2C).
Mean thickness of the peri-coronary fat surrounding the three coronary arteries was
used for analyses (‘peri-coronary fat thickness’).
Peri-coronary fat area
Separately for the three coronary arteries, the cross-sectional area (cm2) of fat
surrounding the coronary artery was determined on axial sections by tracing a ROI
(Figure 2C). In case fat area covered both the RCA and the LCA region, ROI extended
halfway between both regions, and the area was measured for the involved coronary
artery. Mean cross-sectional area surrounding the three main coronary arteries was
used for analyses (‘peri-coronary fat area’).
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Relationship of EAT and peri-coronary fat with obesity and metabolic syndrome
To evaluate the relation of EAT and peri-coronary fat quantity with obesity and metabolic
syndrome and its components, we used (a) the most reproducible measurement (EAT
truncated volume); (b) the measurement most commonly used in previous studies (EAT
RV thickness); and (c) the most interesting measurement from a pathophysiological
point of view (peri-coronary fat thickness).
Statistical analysis
Mean differences with 95% confidence intervals (CI) of EAT and peri-coronary fat
measurements between two observers or between repeated measurements of one
observer were tested with the paired t-test (two-sided). To assess the intra- and
interobserver reproducibility, a coefficient of variation (CV) was calculated using the
formula: (standard deviation (S.D.) of the differences between the measurements/
overall mean of the measurements) x 100. Repeatability coefficient (RC) was computed
as 2 x (S.D. of the differences between two measurements). The limits of agreement
were calculated as mean difference ± (1.96 x (S.D. of the differences)).
The relationship of the amount of EAT and peri-coronary fat with obesity and
metabolic syndrome and its components was determined with linear regression
analyses. To compare the various dimensions of fat measurements, we determined
the age- and gender-adjusted regression coefficient beta (β) (95% CI) corresponding
to a 1 S.D. change in fat measurement. Variables were log-transformed if they were
skewly distributed. To adjust mean EAT and peri-coronary fat levels for age and gender
differences between the number of components of metabolic syndrome we used
analysis of covariance (ANCOVA, general linear model). To reduce bias and increase
statistical efficiency, missing values (HDL-cholesterol (n = 8), triglycerides (n = 8),
fasting glucose (n = 2), systolic (n = 6) and diastolic (n = 6) blood pressure) in the data
were completed by regression imputation.23,24

Results
Baseline characteristics
Patients (n = 60) had a mean age of 61 ± 5 years (range 50-70 years) and the mean
body mass index (BMI) was 27 ± 4 kg/m2 (Table 1). Mean creatinine clearance (CockroftGault) was 87 ± 23 ml/min/1.73m2. Dyslipidemia (LDL-cholesterol >2.5 mmol/l or use
of lipid-lowering agents) was present in 57 patients (93%).
EAT and peri-coronary fat quantification and reproducibility
The overall mean ± S.D. for intra- and interobserver measurements of EAT and pericoronary fat are depicted in Table 2. Peri-coronary fat thickness was 15.9 ± 3.0 mm
for the RCA region, 5.7 ± 2.1 mm for the LCA region, and 11.0 ± 2.1 mm for the LCX
region.
EAT truncated volume and EAT total volume were highly reproducible (interobserver
CVs 4.8% and 5.0%, respectively). EAT area at basal level and EAT RV thickness appeared
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Table 1. Baseline characteristics of the study population (n = 60)
Characteristics

Data

Age (years)1

61 ± 5

Male gender, n (%)

44 (73)

Body mass index (kg/m2)1

27 ± 4

Systolic blood pressure (mmHg)

152 ± 23

1

Diastolic blood pressure (mmHg)1

82 ± 13

Creatinine clearance (ml/min/1.73m )*
2

≥90 ml/min/1.73m2, n (%)

23 (38)

60-89 ml/min/1.73m , n (%)

33 (55)

30-59 ml/min/1.73m2, n (%)

4 (7)

2

Current smoking , n (%)

21 (35)

Diabetes mellitus‡, n (%)

7 (12)

Metabolic syndrome ATP III, n (%)

22 (37)

†

Laboratory measurements
Fasting glucose (mmol/l)2

5.9 (5.0–6.4)

Total cholesterol (mmol/l)

4.4 (3.8–5.1)

LDL-cholesterol (mmol/l)§,2

2.25 (1.87–3.11)

HDL-cholesterol (mmol/l)2

1.26 (1.08–1.58)

Triglycerides (mmol/l)2

1.38 (1.07–2.19)

2

100

Medications
Blood pressure-lowering agents, n (%)

53 (88)

Lipid-lowering agents, n (%)

45 (75)

Parameters of coronary artery disease
Stable angina pectoris, n (%)

48 (80)

History of myocardial infarction, n (%)

13 (22)

Severity of coronary artery disease⎥⎥
No significant affected vessels, n (%)

11 (18)

1-Vessel disease, n (%)

28 (47)

2-Vessel disease, n (%)

11 (18)

3-Vessel disease, n (%)

10 (17)

Mean ± S.D.
Median with interquartile range.
* Categorisation of creatinine clearance (Cockroft-Gault) according to K/DOQI criteria for
the degree of renal insufficiency.
†
Still smoking or recently (<1 month before study inclusion) stopped smoking.
‡
Self-reported diabetes mellitus.
§
Calculated by use of Friedewald’s formula.
⎥⎥
According to conventional coronary angiograms, ≥50% is defined as significant stenosis.
1
2

118.2 ± 50.3

EAT total volume (cm3)

2.3 ± 1.1

Peri-coronary fat area (cm2)

0.12 (0.03; 0.21)

0.54 (0.20; 0.88)

-0.13 (-1.07; 0.82)

0.88 (0.02; 1.73)

1.28 (0.27; 2.28)

0.05 (-0.10; 0.19)

(-0.56; 0.81)

(-2.03; 3.11)

(-7.32; 7.06)

(-5.60; 7.35)

(-6.32; 8.87)

(-1.06; 1.15)

(LLA; ULA)†

Intra-observer
Mean difference
(95% CI)

15.2%

12.0%

3.1%

3.0%

11.0%

11.5%

CV‡

4.8 ± 1.9
35.5 ± 16.6
110.1 ± 46.6
117.8 ± 50.2

10.9 ± 1.9
2.1 ± 1.0

7.8
6.6
7.3

2.6
0.7

(-1.39; 1.79)
(-9.16; 11.47)

(-9.55; 10.77)

0.41 (0.28; 0.53)

0.64 (0.27; 1.00)

(-0.56; 1.38)

(-2.15; 3.43)

0.68 (-0.84; 2.21) (-10.89; 12.26)

1.15 (-0.21; 2.51)

0.61 (-0.73; 1.95)

0.20 (-0.01; 0.41)

(LLA; ULA)†

Inter-observer
Mean ± S.D.* Mean difference
(95% CI)

1.1

RC§

* Overall mean of the measurement ± S.D.
†
LLA, lower limit of agreement; ULA, upper limit of agreement.
‡
CV, coefficient of variation, calculated as S.D. of the differences between the measurements/overall mean, multiplied by 100.
§
RC, coefficient of repeatability, calculated as 2 x S.D. of the differences between the measurements.

10.9 ± 1.9

Peri-coronary fat thickness (mm)

Peri-coronary fat

110.2 ± 46.7

EAT truncated volume (cm3)

4.9 ± 2.0

35.2 ± 16.5

EAT area at basal level (cm2)

EAT RV thickness (mm)

EAT

Mean ± S.D.*

Table 2. Distribution and intra- and interobserver reproducibility of epicardial adipose tissue (EAT) and peri-coronary fat measurements (n = 60)

23.4%

13.1%

5.0%

4.8%

14.6%

16.9%

CV‡

1.0

2.8

11.8

10.5

10.4

1.6

RC§
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to be moderately reproducible; CVs varied between 11.0 and 16.9%. Interobserver
repeatability coefficient was 1.6 mm for EAT RV thickness with regard to an overall
mean of 4.8 mm. Peri-coronary fat thickness and area measurements were moderately
(CV 13.1%) and poorly reproducible (CV 23.4%), respectively (Table 2). Bland-Altman
analysis25 showed similar results (data not shown). For all measurements, Pearson’s
correlation coefficients revealed no relation between intra- and interobserver
differences and the range of fat quantity (data not shown).

Table 3. Measurements of epicardial adipose tissue (EAT) and peri-coronary fat in relation to obesity and
metabolic syndrome and its components (n = 60)
EAT truncated
EAT RV
volume
thickness
(1 S.D. = 46.17 cm³) (1 S.D. = 1.88 mm)

Peri-coronary fat
thickness
(1 S.D. = 1.86 mm)

β (95% CI)*

β (95% CI)*

β (95% CI)*

0.17 (0.11; 0.22)

0.14 (0.08; 0.20)

0.19 (0.13; 0.24)

Systolic blood pressure per 10 mmHg

-0.05 (-0.17; 0.06)

-0.02 (-0.14; 0.09)

0.02 (-0.09; 0.14)

Fasting glucose per 1.0 mmol/l†

0.33 (-0.50; 1.16)

-0.05 (-0.88; 0.78)

0.38 (-0.46; 1.22)

Triglycerides per 0.5 mmol/l

0.16 (-0.34; 0.67)

-0.13 (-0.63; 0.38)

0.25 (-0.26; 0.76)

HDL-cholesterol per 0.1 mmol/l

-0.01 (-0.09; 0.07)

-0.05 (-0.13; 0.03)

-0.06 (-0.13; 0.02)

Diabetes mellitus‡

0.36 (-0.44; 1.16)

0.77 (-0.01; 1.55)

0.39 (-0.42; 1.20)

Metabolic syndrome ATP III

0.70 (0.18; 1.23)

0.30 (-0.24; 0.85)

0.81 (0.28; 1.33)

Continuous variables
BMI per 1.0 kg/m²
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†

Dichotomous variables

BMI ≥30 kg/m²

1.18 (0.61; 1.75)

0.88 (0.27; 1.49)

1.24 (0.66; 1.81)

≥130 mmHg systolic or ≥85
mmHg diastolic and/or BP
lowering agents

0.50 (-0.54; 1.54)

0.30 (-0.74; 1.35)

0.34 (-0.72; 1.40)

Fasting glucose ≥5.6 mmol/l
or diabetes mellitus‡

0.48 (-0.03; 0.99)

0.19 (-0.33; 0.71)

0.31 (-0.21; 0.83)

Triglycerides ≥1.70 mmol/l

-0.01 (-0.57; 0.56)

-0.29 (-0.84; 0.27)

0.19 (-0.38; 0.76)

HDL-cholesterol <1.04 mmol/l
(men) or <1.29 mmol/l (women)

-0.08 (-0.70; 0.53)

0.10 (-0.52; 0.71)

0.18 (-0.45; 0.80)

β: Beta regression coefficient. For continuous variables, β indicates the absolute change in S.D. of the
corresponding fat measurement associated with an increase of one unit in the metabolic syndrome
component (e.g. increase of 1 kg/m2 in BMI leads to a change in EAT truncated volume of 0.17 S.D.,
meaning 0.17 x 46.17 = 7.85 cm3). For dichotomous variables, β should be interpreted as follows: β x S.D.
is the difference between groups (e.g. patients with metabolic syndrome have a 0.70 x 46.17 = 32.32 cm3
higher EAT truncated volume than patients without metabolic syndrome).
* Adjusted for age, and gender.
†
β (95% CI) derived using log-transformation.
‡
Self-reported diabetes mellitus.

Quantification of epicardial and peri-coronary fat using cardiac computed tomography

Relationship of EAT and peri-coronary fat with obesity and metabolic syndrome
An age- and gender-adjusted association was found for the quantitative estimates of
EAT and peri-coronary fat (per S.D.) with obesity (BMI ≥30 kg/m²) (for EAT RV thickness:
β 0.88, 95% CI (0.27; 1.49), for EAT truncated volume: 1.18, (0.61; 1.75) and for pericoronary fat thickness: 1.24, (0.66; 1.81) (Table 3). A comparable age- and genderadjusted relation with metabolic syndrome was found for EAT truncated volume
(β 0.70, 95% CI (0.18; 1.23) and peri-coronary fat thickness (0.81, (0.28; 1.33)). EAT
RV thickness was less and non-significantly associated with metabolic syndrome
(0.30, (-0.24; 0.85)) (Table 3). Fat surrounding the coronary arteries (mean ± standard
error) gradually increased with the number of components (0 or 1−4 or 5): EAT
truncated volume (90.5 ± 13.1 to 144.6 ± 15.6 cm3, p-value for trend 0.038), and pericoronary fat thickness (9.7 ± 0.5 to 12.1 ± 0.6 mm, p-value for trend 0.015).

Discussion
Quantifying EAT volume with cardiac CT scanning is highly reproducible compared to
more simple measurement techniques, such as EAT and peri-coronary fat thickness
and area. The amount of this adipose tissue was associated with obesity and metabolic
syndrome in patients clinically suspected of CAD.
Adipose tissue surrounding the coronary arteries (EAT or peri-coronary fat) has the
potential for local production of inflammatory cytokines.9,10,26 An increased quantity or
dysfunction of this adipose tissue may contribute to a pro-atherogenic environment
on the outside of coronary arteries affecting vascular function. Thus far, the direct
contribution of fat surrounding coronary arteries to the development of CAD is still
under investigation.17,27 For investigating this relationship it is important to establish a
reliable quantification of this adipose tissue.
CT technique allows for the precise measurement of fat surrounding coronary arteries,
because the fibrous pericardium can be easily visualised due to the high spatial
resolution. So far, limited methods for measuring this adipose tissue using cardiac
CT have been published.16 Previous studies evaluated the use of cardiac CT for the
assessment of pericardial fat volume instead of EAT volume and used the centre of the
right pulmonary artery13 and the atrial appendage15 as cut-off points for the extent
of volume. Pericardial fat includes EAT and paracardial fat separated by the fibrous
pericardium. Conceptually, measuring EAT or peri-coronary fat (surrounding the
coronary arteries) might be more important than quantifying pericardial fat.13,15 In
the present study, we have used various dimensions (thickness, area and volume) to
quantify EAT and peri-coronary fat with cardiac CT in a relevant population.
Our results demonstrate that volumetric quantification of EAT using cardiac CT is
feasible and yields superior reproducibility compared to thickness and area measurements. This is consistent with a recent study showing that a magnetic resonance
imaging-based volumetric approach was highly reproducible (CV 6%).18 In our study,
the most reproducible measurement was the EAT truncated volume. Because the cutoff point was set at 1 cm above the last segment of the LCA, all fat volume surrounding
the coronary arteries was evaluated. It should be noted that volumetric assessment
is time consuming, requires an advanced cardiac imaging workstation and should be
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done by a skilled observer with sufficient knowledge of cardiac anatomy. Recently,
EAT thickness measurement on the RV wall has been performed on short-axis views
of CT-scans to evaluate EAT distribution instead of reliability.16 In the present study,
we established a moderate reproducibility for EAT RV thickness measured with CT.
This is probably due to the little variation in recognising basal level and tracing the
cursor pointer to measure thickness in millimetres. However, this method is more easy
to perform and less time consuming compared to the labour-intensive determination
of EAT volume with cardiac CT. Previous studies mainly measured EAT thickness using
echocardiography.14,17 The ability to measure EAT with echocardiography is modest
compared to the use of CT; it can not give an adequate window of all cardiac segments
and moreover is highly dependent on acoustic windows, which are often inadequate
for subtle assessments in obese patients.16 Remarkably, a low interobserver CV (3%)
for echocardiographic EAT RV thickness was reported.14 EAT is accurately visualised
on CTA, but in contrast to echocardiography, CTA requires the use of an intravenous
contrast agent and a radiation dose of 5-15 mSv.
In line with previous findings28, the amount of EAT and peri-coronary fat was strongly
associated with obesity in patients suspected of CAD. Adipose tissue is a major driver
of insulin resistance, an essential pathophysiological feature for the development
of metabolic disorders, including e.g. hyperglycemia, hypertension and low HDLcholesterol.2,29 Presence of metabolic syndrome3 could therefore be seen as an
estimation of the insulin resistance state. In an obesity-related insulin resistant state,
adipocytes produce large quantities of pro-atherogenic factors (e.g. TNF-α, IL-6,
PAI-1).4-6 In agreement with previous studies showing that echocardiographic EAT
thickness was related with metabolic abnormalities28, and insulin resistance30 in obese
subjects, our results indicate that EAT and peri-coronary fat accumulation cluster with
metabolic syndrome and its components in patients suspected of CAD. This may
implicate that adipose tissue directly surrounding coronary arteries may be involved in
pathophysiological processes leading to the development of coronary atherosclerosis
seen in obesity, insulin resistance and metabolic syndrome.
Some limitations of this study have to be taken into account. This is a cross-sectional
study, which means that only assumptions about possible etiological relationships
can be made. Moreover, due to the sample size, the confidence intervals are quite
wide indicating that the point estimates for the relationship of EAT and peri-coronary
fat with obesity and metabolic syndrome and its components are less precise.
Furthermore, waist circumference was not measured, thus we could not evaluate the
relationship between EAT/peri-coronary fat and abdominal obesity. However, when
waist circumference is missing, a BMI ≥30 kg/m2 is recommended as determinant for
obesity to assess the presence of metabolic syndrome21, and both are indicators of
a high cardiovascular risk in patients with cardiovascular disease.31 Finally, data were
obtained in routine medical care. Markers of dysfunction of fat surrounding coronary
arteries (IL-6, TNF-α, PAI-1) were not measured in fat samples, and leptin and fasting
insulin were not measured. Future studies are needed to reveal the etiologic relation
between the quantity and the quality of EAT or peri-coronary fat and CAD.
In conclusion, volumetric quantifications of EAT using cardiac CT were highly
reproducible compared to more simple thickness and area measurements of EAT
and peri-coronary fat. The quantity of adipose tissue surrounding coronary arteries is
related with obesity and metabolic syndrome in patients clinically suspected of CAD.
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Epicardial fat, peri-coronary fat and coronary artery disease

Abstract
Objective
Fat surrounding coronary arteries might aggravate coronary artery disease (CAD). Aim
was to investigate the relationship between epicardial adipose tissue (EAT) and pericoronary fat and coronary atherosclerosis and coronary artery calcification (CAC) in
patients suspected of CAD, and whether this relationship is modified by total body
weight.
Methods
Cross-sectional study in 128 patients with angina pectoris (61 ± 6 years) undergoing
coronary angiography. EAT volume and peri-coronary fat thickness were measured with
cardiac computed tomography (CT). Severity of coronary atherosclerosis was assessed
by the number of stenotic (≥50%) coronary vessels; extent of CAC was determined
by Agatston score. Patients were stratified for median total body weight (body mass
index (BMI) 27 kg/m2).
Results
Overall, EAT and peri-coronary fat were not associated with severity of coronary
atherosclerosis and extent of CAC. In patients with low BMI, those with multi-vessel
disease had higher EAT volume (99.7 vs. 66.5 cm³, p-value = 0.04) and peri-coronary
fat thickness (9.8 vs. 8.4 mm, p-value = 0.06) compared to those without CAD. Also,
patients with severe CAC had more EAT volume (108.0 vs. 68.7 cm³, p-value = 0.02) and
peri-coronary fat thickness (10.0 vs. 8.2 mm, p-value = 0.01) compared to those with
minimal or absent CAC.
Conclusions
EAT and peri-coronary fat were not associated with severity of coronary atherosclerosis
and CAC in patients suspected of CAD. However, in those with low BMI, high EAT
and peri-coronary fat are related to more severe coronary atherosclerosis and
CAC. Fat surrounding coronary arteries may be involved in the process of coronary
atherosclerosis, although this is different for patients with low and high BMI.
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Obesity-induced insulin resistance is considered to be an essential feature in the
development of metabolic abnormalities (e.g. hypertension, inflammation, and
dyslipidemia) and the associated increased risk of coronary artery disease (CAD).1-3
This clustering of risk factors is often referred to as metabolic syndrome.4 Moreover,
abdominal fat is able to produce large quantities of tumor necrosis factor-alpha (TNFα), interleukine-6 (IL-6), free fatty acids and plasminogen activator inhibitor-1 (PAI-1)
all involved in accelerating atherosclerosis, plaque instability and arterial thrombosis.5-7
Adiponectin is solely produced by adipocytes and has anti-atherosclerotic properties.8
The production of adiponectin is reduced in obesity and in insulin resistance.9
Inflammatory cytokines, such as TNF-α, contribute to the development of insulin
resistance and hypoadiponectinemia8,10,11, both associated with an increased cardiovascular risk.3,12,13
It could be hypothesized that an increased quantity and/or dysfunctional adipose
tissue around the coronary arteries contributes to the development of CAD. Since this
adipose tissue, often called epicardial adipose tissue (EAT), produces adipocytokines
(such as TNF-α, IL-6)14,15 and is in close contact with the adventitia of the coronary
arteries, it potentially aggravates inflammation in the vessel wall and stimulates the
progression of atherosclerosis from ‘outside to inside’. Indeed, levels of adiponectin in
adipose tissue around the heart were lower in patients with CAD compared to those
without CAD.16 Nevertheless, it is still unclear whether this small quantity of adipose
tissue by itself or in combination with abdominal fat contributes to the pathogenesis
of CAD.17,18
As body mass index (BMI) and abdominal fat are strongly associated with EAT18,19,
and are important determinants for the development of coronary atherosclerosis2,20,
the influence of fat mass around the heart on the development of CAD may differ in
patients with low and high BMI.21
Previously, the association between EAT thickness and CAD has been evaluated using
echocardiography.17,18 However, computed tomography (CT) is more accurate to
quantify adipose tissue accumulation due to its higher spatial resolution.22
Aim of the present study is to investigate the relationship between EAT volume and
peri-coronary fat thickness, quantified using cardiac CT, and the severity of coronary
atherosclerosis and extent of coronary artery calcification (CAC) in patients suspected
of CAD referred for coronary angiography (CAG), and whether this relationship is
modified by body weight.
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Methods
Study settings, participants and design
Patients originated from a diagnostic study at the University Medical Centre Utrecht
designed to establish the diagnostic accuracy of multi-slice computed tomography
coronary angiography (CTA) compared to conventional CAG in the detection of
significant coronary obstruction. Patients (n = 128) were referred for diagnostic CAG
or percutaneous coronary intervention because of stable angina pectoris (n = 100)
or unstable angina pectoris (n = 28)23,24 as clinically indicated at the discretion of the
referring cardiologist. Subjects were divided by median BMI (cut off value: 27 kg/m2)
into patients with low and high total body weight (BMI). The inclusion criteria were:
age 50-70 years, and stable sinus rhythm. Patients with previous PTCA or CABG,
serum creatinine levels >140 µmol/l, or known iodine-based contrast allergy were not
included. CTA was performed in all patients within a month before or after CAG. The
Medical Ethics Committee approved the study and all participants gave their written
informed consent.
Clinical information was obtained using a standardised health questionnaire. Height,
body weight, and blood pressure were measured. Fasting blood was sampled to
determine lipid, glucose and creatinine levels. Metabolic syndrome was diagnosed
according to the Adult Treatment Panel III (ATP III) criteria as the presence of at least
three or more metabolic abnormalities.4 Because waist circumference was not available,
a BMI of ≥30 kg/m² was used as determinant for obesity.25
CT technique and image analyses
EAT and peri-coronary fat were quantified on ECG-gated diagnostic cardiac CT scans.
CT studies were performed on a 64 detector-row CT scanner (Brilliance 64, Philips
Medical Systems, Cleveland, OH, USA). Scan duration time was 7-10 seconds. Standard
coronary imaging protocols were applied including the use of intra-venous betablockers for patients with heart rates >65 beats/min (unless contraindicated) and
image acquisitions were performed during a breath-hold in inspiration. Imaging
parameters were: slice collimation of 64 x 0.625 mm, gantry rotation time of 420 ms,
tube voltage of 120 kV, tube current of 900 mAs. Contrast agent used was iopromide
(Schering AG, Berlin, Germany), which was injected intravenously (1.6-2.0 g iodine/s
depending on patient’s body weight).
Measurements were performed in the most motionless phase of the cardiac cycle,
which was most frequently a mid-diastolic phase, with retrospective cardiac gating
at 70-80% of the R-R interval. The window settings were adjusted to properly visualise
the adipose tissue and the pericardium.
Quantification of EAT volume
EAT volume was defined as the total amount of adipose tissue between the surface of the
heart and the visceral layer of the pericardium (visceral epicardium). EAT volume (cm3)
was measured using two dedicated software programs (Extended Brilliance Workspace
and Easy Vision, Philips Medical Systems, Best, The Netherlands). Measurements were
performed on short-axis views of 2-mm-slice-thickness and 3-mm-intersection gaps.
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The stack of the short-axis views started at the apex just below the fibrous pericardium
and extended until the centre of the left atrium. An EAT area measurement was performed
by tracing a single region of interest (ROI) containing heart and EAT (Figure 1A) on the
section obtained at each level. ROI’s were placed at the visceral epicardium to exclude
pericardial fluid. A density range between -200 and -30 Hounsfield Units (HU) was used
to isolate the adipose tissue. Subsequently, the computer software program produced
an accurate volume of EAT by adding up the EAT areas of 25-30 sections and taking into
account slice thickness and intersection gap. The intra- and interobserver coefficient of
variations (CVs), measured for 60 CT scans, were 3.1% and 5.0%, respectively.26
Quantification of peri-coronary fat thickness
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Peri-coronary fat was defined as the adipose tissue between the surface of the heart
and the visceral epicardium directly surrounding the three main coronary arteries.
A
Peri-coronary fat thickness (mm) was quantified
on axial views of a regular Philips
EAT
CT workstation. In order not to overestimate the peri-coronary
fat due to obliquity,
thickness measurements were performed on images in which the axial sections were
perpendicular to the surface of the heart. In each of the regions of the main coronary
arteries (i.e. right coronary artery (RCA), left coronary artery (LCA) and left circumflex
(LCX)), maximal fat thickness assessed as the largest distance from myocardium to
RV
visceral epicardium was determined (Figure 1B). Mean thickness
of the peri-coronary
fat surrounding the three coronary arteries was used for analyses (‘peri-coronary
fat
LV
thickness’). The intra- and interobserver CVs, measured for 60 CT scans, were 12.0%
and 13.1%, respectively.26
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Peri-coronary
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Figure 1. Epicardial adipose tissue (EAT) and peri-coronary fat measurements. (A) Region of interest (ROI)

(yellow)
on a cross-sectional image to determine the EAT area (green). EAT volume is the sum of the EAT
areas
on cross-sectional
images. (B) Peri-coronary fat thickness (green). (For colour figure, see page 167).
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Severity of coronary atherosclerosis
Conventional coronary angiograms were recorded in multiple projections for left and
right coronary arteries, and reviewed for significant coronary artery obstructions by
cardiologists unaware of the amount of EAT and peri-coronary fat. The severity of
coronary atherosclerosis was classified as the number of coronary arteries (RCA, LCA,
and LCX) with a ≥50% luminal diameter stenosis.27 Subjects were classified as having 0,
1, 2 or 3-vessel disease. Left main artery stenosis was scored as 2-vessel disease.
Extent of CAC
CAC imaging was performed using multi-slice CT scanning. Non-contrast scans, with
3-mm-slice-thickness and an increment of 1.5 mm, were performed during a single
breath-hold. The CAC score was obtained using dedicated software for calcium
scoring (Heartbeat-CS, Extended Brilliance Workspace, Philips Medical Systems, Best,
The Netherlands). A single experienced investigator blinded to clinical data performed
the CAC scoring using the Agatston method.28 All regions with a density >130 HU were
identified as potential calcifications. To reduce the influence of noise, the minimum
size of calcified lesion was set at 0.5 mm2. The peak density in HU and the area in mm2
of each selected region were calculated and multiplied by a weighting factor.28 The
scores of individual lesions were added to obtain the Agatston calcium score for the
entire coronary tree.
CAC outcome was expressed as ordinal categories, based on cut-offs that have been
widely used in the literature and are proposed by Rumberger et al.29: ≤10 (minimal or
non-significant CAC), 11-100 (mild CAC), 101-400 (moderate CAC), 401-1000 (severe
CAC), and >1000 AU (extensive CAC).29
Statistical analysis
Differences in mean EAT volume and peri-coronary fat thickness between patients
with 0, 1, and ≥2-vessel disease, and between patients with various CAC scores were
determined using analysis of covariance (ANCOVA, general linear model procedure)
in order to adjust for all variables that were considered to be confounders: age
(continuously), and gender. To assess the independent relation of EAT and pericoronary fat with severity of CAD, we additionally adjusted for BMI (continuously).
The modifying effect of BMI on the relationship of EAT volume and peri-coronary fat
thickness with severity of coronary atherosclerosis and extent of CAC was examined
by calculating the differences in mean EAT volume and peri-coronary fat thickness for
the different subgroups of vessel disease and CAC scores in patients with low and high
BMI (cut off point: median BMI 27 kg/m2).
To reduce bias and increase statistical efficiency, missing values (HDL-cholesterol
(n = 21), triglycerides (n = 20), fasting glucose (n = 5), creatinine (n = 5), diastolic
(n = 12) and systolic (n = 12) blood pressure) in the data were completed by regression
imputation.30,31 Significance was taken at the 5% level (two-sided).
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Results
Baseline characteristics
In Table 1 the clinical characteristics of the study population are listed according to
tertiles of EAT volume. The distribution of characteristics among tertiles of pericoronary fat thickness was comparable to the distribution among tertiles of EAT
volume (data not shown). The majority of patients were male (70%), and the mean
age was 61 ± 6 years. Sixty-three (49%) and 29 (23%) patients had a BMI ≥27 and ≥30
kg/m2, respectively. The prevalence of metabolic syndrome was 43%.

Table 1. General characteristics of the study population according to tertiles of EAT volume (n = 128)
EAT volume

Tertile 1

(Range)

Tertile 3

(27.9-84.9 cm )

(86.1-127.1 cm )

(129.3-270.7 cm3)

n = 43

n = 43

n = 42

EAT volume (cm )

64 ± 14

105 ± 12

161 ± 28

Age (years)

59 ± 6

62 ± 5

61 ± 6

Male gender, n (%)

28 (65)

31 (72)

30 (71)

Current smoking*, n (%)

13 (30)

17 (40)

12 (29)

3
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Tertile 2
3

Diabetes mellitus , n (%)

3

5 (12)

11 (26)

8 (19)

Creatinine clearance (ml/min/1.73m2)‡

81 ± 17

92 ± 21

93 ± 29

Metabolic syndrome ATP III, n (%)

13 (30)

20 (47)

22 (52)

BMI (kg/m2)

26 ± 3

28 ± 3

30 ± 3

Systolic blood pressure (mmHg)

148 ± 25

155 ± 22

151 ± 19

Diastolic blood pressure (mmHg)

82 ± 14

82 ± 12

78 ± 13

†

Glucose (mmol/l)

5.4 (5.0-6.2)

6.0 (5.1-7.2)

5.9 (5.4-7.3)

Triglycerides (mmol/l)

1.38 (0.98-2.22)

1.65 (1.05-2.10)

1.40 (1.06-2.14)

HDL-cholesterol (mmol/l)

1.37 (1.10-1.56)

1.22 (1.01-1.42)

1.28 (1.02-1.69)

Blood pressure-lowering agents, n (%)

38 (88)

38 (88)

39 (93)

Lipid-lowering agents, n (%)

32 (74)

35 (81)

33 (79)

37 (86)

29 (67)

34 (81)

2 (5)

3 (7)

3 (7)

Medications

Parameters of coronary artery disease
Stable angina pectoris, n (%)
History of unstable angina pectoris, n (%)
History of myocardial infarction, n (%)

13 (30)

6 (14)

10 (24)

Family history of vascular disease, n (%)

17 (40)

19 (44)

23 (55)

All data in n (%), mean ± S.D. or median (interquartile range).
* Still smoking or recently (<1 month before study inclusion) stopped smoking.
†
Self-reported diabetes mellitus.
‡
According to Cockroft-Gault.
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EAT volume and peri-coronary fat thickness measurements
Mean EAT volume was 109.9 ± 44.1 cm³ (range 27.9-270.7 cm³); 110.2 ± 42.7 cm³ for
male and 109.1 ± 47.5 cm³ for female patients. Average peri-coronary fat thickness
around the coronary arteries was 10.4 ± 2.0 mm. Peri-coronary fat thickness was higher
in the RCA region (15.9 ± 3.1 (range 8.9-25.5) mm), compared to the LCX region (10.0
± 2.2 (range 4.3-15.8) mm); paired t-test p-value <0.001, and the LAD region (5.2 ± 1.9
(range 1.7-10.9) mm); paired t-test p-value <0.001.
EAT volume and peri-coronary fat thickness in relation to severity of coronary
atherosclerosis
A total of 109 (85%) patients had a ≥50% stenosis in at least one major coronary artery.
EAT volume and peri-coronary fat thickness were not associated with the number of
stenotic coronary arteries, adjusted for age and gender (Table 2). Additional adjustment
for BMI did not markedly change the results. Among patients with a BMI <27 kg/m2,
those with ≥2 vessel disease (multi-vessel disease) had a higher EAT volume (99.7 ±
6.4 cm3) compared to those without CAD (66.5 ± 11.5 cm3), p-value for trend = 0.04.
Patients with a BMI ≥27 kg/m2 tended to have lower EAT volumes (p-value for trend
= 0.2) and peri-coronary fat thickness (p-value for trend = 0.2) in combination with a
higher number of stenotic coronary arteries.
Table 2. EAT volume and peri-coronary fat thickness in relation to the number of stenotic coronary vessels
(≥50% stenosis) in all patients and in subpopulations stratified by total body weight
No vessel
disease

1-vessel
disease

≥ 2-vessel
disease

P-value for
trend

19 (15)

54 (42)

55 (43)

104.4 ± 10.8

110.3 ± 6.1

111.4 ± 6.1

0.9

10.1 ± 0.5

10.3 ± 0.3

10.5 ± 0.3

0.7

10 (15)

27 (42)

28 (43)

66.5 ± 11.5

87.8 ± 6.7

99.7 ± 6.4

0.04

8.4 ± 0.5

9.2 ± 0.3

9.8 ± 0.3

0.06

9 (14)

27 (43)

27 (43)

154.9 ± 14.9

133.5 ± 8.2

120.0 ± 8.5

0.2

12.5 ± 0.6

11.5 ± 0.3

11.2 ± 0.3

0.2

All patients, n = 128
n (%)
EAT volume (cm³)*
Peri-coronary fat thickness (mm)*
Patients stratified by BMI
BMI <27, n = 65
n (%)
EAT volume (cm³)*
Peri-coronary fat thickness (mm)*
BMI ≥27, n = 63
n (%)
EAT volume (cm³)*
Peri-coronary fat thickness (mm)*

EAT: epicardial adipose tissue. All data in mean ± se. * Adjusted for age and gender. Patients were divided
according to total body weight based on median BMI (27 kg/m²).
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EAT volume and peri-coronary fat thickness in relation to extent of CAC
The median CAC score was 181 (37-544). EAT volume and peri-coronary fat thickness
were not related to the extent of CAC in the whole study population, adjusted for age
and gender (Table 3). Additional adjustment for BMI did not alter the relationship. In
patients with a BMI <27 kg/m2, those with severe or extensive CAC had a higher EAT
volume (108.0 ± 7.4 cm³ vs. 68.7 ± 10.4 cm³, p-value for trend = 0.02) and peri-coronary
fat thickness (10.0 ± 0.3 mm vs. 8.2 ± 0.5 mm, p-value for trend = 0.01) compared to
those with minimal or absent CAC.

Table 3. EAT volume and peri-coronary fat thickness in relation to coronary artery calcification (according
to Agatston) in all patients and in subpopulations stratified by total body weight
CAC

CAC

CAC

CAC

≤ 10

11-100

101-400

≥ 401

P-value
for trend

21 (16)

28 (22)

37 (29)

42 (33)

EAT volume (cm³)*

111.8 ± 9.9

110.8 ± 8.4

102.2 ± 7.4

115.1 ± 7.0

0.6

Peri-coronary fat thickness (mm)*

10.4 ± 0.4

10.5 ± 0.4

10.0 ± 0.3

10.7 ± 0.3

0.4

10 (15)

15 (23)

20 (31)

20 (31)

68.7 ± 10.4

89.8 ± 8.5

81.6 ± 7.4

108.0 ± 7.4

0.02

8.2 ± 0.5

9.7 ± 0.4

8.8 ± 0.3

10.0 ± 0.3

0.01

11 (17)

13 (21)

17 (27)

22 (35)

129.4 ± 10.3

115.3 ± 9.7

0.1

11.4 ± 0.4

11.1 ± 0.4

0.1

All patients, n = 128
n (%)
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Patients stratified by BMI
BMI <27, n = 65
n (%)
EAT volume (cm³)*
Peri-coronary fat thickness (mm)*
BMI ≥27, n = 63
n (%)
EAT volume (cm³)*
Peri-coronary fat thickness (mm)*

159.9 ± 13.7 134.3 ± 11.7
12.7 ± 0.5

11.3 ± 0.5

EAT: epicardial adipose tissue; CAC: coronary artery calcification. All data in mean ± se. * Adjusted for age
and gender. Patients were divided according to total body weight based on median BMI (27 kg/m²).

Discussion
In this study, it is shown that EAT and peri-coronary fat, quantified using cardiac CT, are
not related to the severity of coronary atherosclerosis and extent of CAC in patients
suspected of CAD. However, in patients with a low BMI, EAT volume and peri-coronary
fat thickness are related to a higher number of stenotic coronary vessels and more
severe CAC.
Adipose tissue surrounding the heart may contribute to the progression of coronary
atherosclerosis due to its proximity to coronary arteries and potential for local secretion
of adipocytokines.14,15 Accordingly, in porcine coronary arteries in vivo, adventitial
treatment with inflammatory mediators resulted in the migration of macrophages
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into the vascular wall and intima thickening.32,33 In the present study, we indeed found
that an accumulation of EAT (volume) and peri-coronary fat (thickness), measured with
cardiac CT, was related to an increased severity of CAD in patients with a low BMI.
Our study provides a plural assessment of the severity of CAD, in the context of the
severity of coronary atherosclerosis (the number of coronary arteries with ≥50%
stenosis), which roughly estimates the luminal coronary burden, and the extent of
CAC, which also measures early atherosclerotic changes before luminal stenosis occurs.
Extent of CAC can be applied as an estimate of the severity of CAD; it is associated
with the probability of coronary artery stenosis and related to the risk of developing
CAD and the overall coronary plaque burden.34-36 Moreover, two different estimates of
fat accumulation surrounding the coronary arteries, measured with cardiac CT, were
used. Namely, a volumetric method of EAT to accurately estimate the total amount of
EAT. In addition, a peri-coronary fat thickness measurement to assess the fat thickness
directly surrounding the coronary arteries which is conceptually most interesting.
Previous studies evaluating the relationship between EAT and angiographic CAD
provided conflicting results probably due to differences in measurement techniques
and study populations.17,18 A positive correlation was shown between EAT thickness and
severity of CAD in mainly non-obese patients with known CAD (mean BMI 24 ± 3 kg/
m2).18 In contrast, another study did not detect an association between EAT thickness
and angiographic CAD.17 That study mainly included patients with obesity (BMI ≥30
kg/m2). Both studies17,18 used a single echocardiographic thickness measurement
to estimate the EAT quantity. The present study is unique in the sense that it adds
an accurate volumetric assessment of the total amount of EAT and a thickness
measurement of peri-coronary fat, measured with cardiac CT, which were both
associated with an increased severity of CAD in patients with a low BMI. Interestingly,
it has been shown that pericardial fat (EAT and paracardial fat) volume, measured
with CT, was related to angiographic CAD in patients with a BMI <25 kg/m2. 21 Neither
pericardial fat nor BMI, and visceral abdominal fat were independently correlated
with CAD in patients with a BMI ≥25 kg/m2.
In the present study, the lack of an association of EAT volume and peri-coronary fat
thickness with severity of CAD in the whole study population may be the result of
effect modification by body weight. In line with previous findings21, our results indicate
that there might be a differential effect of fat surrounding coronary arteries (regional
body fat) on CAD in patients with low and high BMI. This may be due to several
reasons. Although adipose tissue around the heart is strategically located close to
the coronary arteries, it is a relatively small visceral fat depot compared to abdominal
fat. Patients with a high BMI are often insulin resistant leading to higher systemic
plasma levels of inflammatory cytokines thereby accelerating atherogenesis. In that
case, the local production of adipocytokines by epicardial adipocytes adds little to the
inflammatory process in the vessel wall. This reasoning is supported by the absence of
an association between EAT thickness and angiographic CAD in a study where 76% of
the patients had a BMI ≥30 kg/m2.17 Moreover, patients with a high BMI are generally
obese and therefore also have an increased amount of EAT or peri-coronary fat. In case
of the absence of insulin resistance, adipocytes do not produce large quantities of
inflammatory cytokines (e.g. IL-6, TNF-α), and therefore this adipose tissue does not
lead to large metabolic abnormalities (e.g. hypertension, hyperglycemia, and low HDL-
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cholesterol) and adds little to the atherosclerotic process. Further studies are needed
to clarify this.
We acknowledge potential limitations of the present study. Firstly, due to the crosssectional study design only assumptions about possible etiological relationships
could be made. Secondly, although the definitions for severity of CAD (the number of
coronary arteries with a ≥50% luminal diameter stenosis and extent of CAC) are often
used in the literature27,28, they do not account for the presence of plaque instability
which may lead to acute coronary artery stenosis. Furthermore, waist circumference
was not measured; therefore we could only stratify for total body weight according to
BMI. However, fat surrounding coronary arteries was related to waist circumference and
BMI18,19, which are both indicators of a high cardiovascular risk.20 Lastly, the functional
characteristics of fat surrounding the coronary arteries may be more important in the
pathofysiology of CAD than the amount. Our data were obtained in routine medical
care. Therefore, markers of dysfunction of fat surrounding coronary arteries (IL-6, TNFα, PAI-1) were not measured in fat samples.
In conclusion, EAT and peri-coronary fat, quantified using cardiac CT, are not related
to the severity of coronary atherosclerosis and extent of CAC in patients suspected of
CAD. However, in those with a low BMI, high EAT and peri-coronary fat are related to
more severe coronary atherosclerosis and CAC. EAT or peri-coronary fat may play a role
in the process of coronary atherosclerosis, although this is different for patients with
low and high BMI.
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General discussion

Cardiovascular risk: insulin resistance or glucose intolerance?
From the perspective of glucose metabolism there is a classical view on the spectrum
of cardiovascular risks ranging from patients with normal glucose tolerance to prediabetic patients (impaired fasting glucose, impaired glucose tolerance, metabolic
syndrome) to patients with type 2 diabetes (Figure 1A). Metabolic syndrome refers
to a clustering of vascular risk factors1 in which insulin resistance and impaired
beta-cell function are coexisting underlying conditions. In our view, detecting
metabolic syndrome, also called pre-diabetes or cardiometabolic syndrome, or
diabetes itself may not adequately estimate actual cardiovascular risk, leaving
patients at high risk undetected and classifying patients at high-risk while their
actual risk is moderate or even low. Focusing on the degree of insulin resistance and
subsequent metabolic abnormalities (e.g. hypertension, atherogenic dyslipidemia,
and inflammation) seems a more promising strategy to estimate cardiovascular
risk level. Namely, insulin resistant patients with metabolic syndrome may carry
multiple metabolic abnormalities that put them already at a high cardiovascular
risk level, even before the onset of the clinical diagnosis of diabetes (Figure 1B). It is
even suggested that insulin resistance and associated inflammation are common
antecedents for both diabetes and vascular disease, indicating that atherosclerosis
might not be simply a consequence of diabetes.2,3 In order to effectively target aggressive intervention strategies at patients with the highest vascular risk, precise cardiovascular risk assessment is warranted. A categorization assumes that cardiovascular
risk is a discrete process whereas it should be seen as a continuum. In our view,
cardiovascular risk increases on a gradual scale with respect to insulin resistance rather
than jumping abruptly whenever a patient shifts to a higher glycemic level. A recent
study showed that the increased cardiovascular risk in individuals with impaired
fasting glucose or diabetes was found to be largely attributable to the accompanying
metabolic disorders rather than hyperglycemia per se.4 We advocate that early
recognition and coherent treatment of insulin resistance and modifiable metabolic
disorders should be given more consideration in cardiovascular disease prevention than just focusing on the glycemic state. Moreover, large-scale epidemiological
studies are needed to further investigate the relative contribution of coexisting
metabolic disturbances and hyperglycemia per se to cardiovascular risk. This calls for
studies investigating whether hyperglycema in metabolic syndrome or diabetes carries
any additional cardiovascular risk independent of other metabolic abnormalities.
We think that the concept of metabolic syndrome1 is an easy tool in clinical practice
to identify (pre-diabetic) insulin resistant patients who are prone to develop atherosclerotic vascular disease as well as type 2 diabetes. Although a variety of opinions exists
on the clinical utility of metabolic syndrome and on the definition, it is now generally
accepted that risk factors commonly aggregate and cluster with insulin resistance.
In this thesis, we describe that in patients with already manifest arterial disease the
metabolic syndrome is highly prevalent (46%). Results from our group indicate that the
presence of metabolic syndrome was indeed associated with more advanced vascular
damage in these high-risk patients5, and is associated with a higher risk of subsequent
occurrence of vascular events regardless of the presence of diabetes. Nevertheless, the
cardiovascular risk of patients with metabolic syndrome appears to differ according
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Figure 1A. Classical view of cardiovascular risk with respect to the glycemic state. IFG; impaired
fasting glucose, IGT; impaired glucose tolerance, HDL-C; high-density lipoprotein cholesterol.
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Figure 1B. Proposed view of cardiovascular risk with respect to insulin resistance and associated
metabolic abnormalities
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to the presence of the different components.4,6 Thus, although metabolic syndrome
can be used to select patients deserving increased attention, individualized risk
assessment should be performed in these patients to focus on those who will benefit
the most from aggressive intervention strategies. In one of the studies presented in
this thesis (chapter 3), we showed that insulin resistance per se was associated with
an increased prevalence of albuminuria in patients with manifest arterial disease
without known diabetes. This association was only partly explained by components of
metabolic syndrome. Elevated insulin resistance was not associated with an increased
carotid intima-media thickness, as previously found for patients with metabolic
syndrome.5 This may indicate that insulin resistance plays a role in different stages of
the atherosclerotic process. Also, metabolic syndrome may not be the sine qua non of
insulin resistance. It is still an unresolved issue whether metabolic syndrome really is a
useful tool to simply diagnose an insulin resistant state in individual patients.
American guidelines classify patients into low risk, moderate risk, high risk (e.g.
established vascular disease or type 2 diabetes) and very high cardiovascular risk (e.g.
both type 2 diabetes / metabolic syndrome and vascular disease) in order to guide
therapy intensity.7 We think that presence of insulin resistance and metabolic disorders
confer additional risk of atherosclerotic vascular disease across all risk levels. The
elevated cardiovascular risk among diabetic patients largely depends on concomitant
metabolic abnormalities8, implying that insulin resistance and metabolic disturbances
play an important role in their cardiovascular risk and not all diabetic patients can
simply be considered as high-risk patients. Findings from the Steno-2 trial showed that
multifactorial risk factor intervention (insulin resistance and metabolic abnormalities)
reduced the cardiovascular risk in diabetic patients; nonetheless, a considerable risk
remained.9 Among glucose-lowering agents only metformin and thiazolidinediones,
both reducing insulin resistance, convincingly reduced the risk of macrovascular
events in patients with type 2 diabetes.10,11 However, there is still debate regarding
the applicability of certain insulin sensitizers to vascular disease.11 Patients with type
2 diabetes (or metabolic syndrome) and coronary heart disease obtained additional
benefit from intensive lipid-lowering treatment12,13, indicating that it is reasonable to
achieve lower treatment goals for vascular risk factors, such as LDL-cholesterol <1.8
mmol/l, in these very high-risk patients.7
Thus, another approach to differentiate between cardiovascular risk in patients with
diabetes may be the presence of clinical manifest arterial diseases. In this thesis it is
shown that diabetic patients with cerebrovascular disease, peripheral arterial disease
or coronary heart disease have a similar increased cardiovascular risk. We also found
that among patients with type 2 diabetes and evident vascular disease there is still
variability in cardiovascular risk; the incidence of vascular events increased with the
number of different sites clinically affected by vascular disease, irrespective of the
presence of vascular risk factors. Thus, counting the number of sites of evident vascular
disease, irrespective of the type of vascular disease, may help to simply identify those
patients with diabetes type 2 particularly at very high risk for new macrovascular
complications from a generally high-risk diabetic population. Adding presence (and
the number) of vascular diseases to the UK Prospective Diabetes Study risk model
may improve individualized risk assessment for diabetic patients. However, whether
diabetic patients with two or more sites of vascular diseases indeed derive incremental
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benefit from lowering treatment goals for vascular risk factors should be assessed in a
randomized clinical trial.

Perivascular fat: potential role in vascular disease or innocent
bystander?
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Impaired endothelium function is considered to be the initial step in the atherosclerotic process, driven primarily by systemic levels of risk factors such as plasma
lipids, blood pressure, and inflammatory cytokines. Therefore, the extravascular
compartment, comprising adventitia, vaso vasorum and perivascular fat, is often
overlooked as a potential modulator of vascular function, even though arteries
predisposed to atherosclerosis are covered with it. It is generally recognized that
an increased quantity or inflamed intra-abdominal fat is a major risk factor for the
development of vascular diseases. The observation that perivascular fat expresses
chemokines and has the potential for local secretion of inflammatory cytokines is
intriguing.14-19 Combined with its proximity to the arterial wall, this may support a
potential role for perivascular fat in atherogenesis20-22, which could be of importance
with respect to the current obesity epidemic. It is tempting to speculate that both
local and distant inflammation contribute to the pathogenesis of atherosclerosis
through the interplay (cross-talk) between various fat depots. In case of adiposity,
macrophages may migrate to perivascular fat tissue and interact with other cells
adjacent to the arterial wall (adipocytes, adventitial cells, smooth muscle cells) thereby
enhancing vascular inflammation and promoting intima thickening from ‘outside to
inside’. Macrophages could enter a plaque through perivascular fat in a paracrine
manner, traversing the arterial wall by diffusion, or by the vaso vasorum.23 Accordingly,
macrophage density was found to be increased in perivascular fat of coronary arteries
with lipid plaques compared to perivascular fat of nonatherosclerotic arteries.20
Both local and distant inflammatory processes may be involved in the dilatation of
the aortic artery. As presented in this thesis, more intra-abdominal fat was associated
with larger infrarenal aortic diameters in patients with manifest arterial disease. This
could implicate that intra-abdominal fat plays a role in the process of aortic dilatation.
In our view, abdominal fat might do so by producing inflammatory cytokines, which
are known to be involved in the degeneration of the aortic wall.24 Abdominal fat may
secrete large quantities of cytokines into the systemic circulation or may locally release
adipocytokines thereby directly affecting the aortic wall from ‘outside to inside’ (partly
through periaortic fat16,21). Among various perivascular fat depots, fat surrounding
coronary arteries has received most attention. Considerable effort has been invested
in the quantification of fat around the heart, particularly using echocardiography
and magnetic resonance imaging, in order to assess the relationship between this
fat tissue and cardiovascular risk. At the moment, there is no ‘reference standard’ for
measuring fat surrounding coronary arteries. Our first attempt in this field was to
develop a reliable quantification of fat surrounding coronary arteries using cardiac
computed tomography (CT). CT is an accurate technique to quantify adipose tissue
accumulation.25,26 We found that volumetric quantifications of epicardial adipose tissue
(EAT) were highly reproducible compared to thickness and area measurements of EAT
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and peri-coronary fat. Nonetheless, volumetric measurements are time-consuming
and automated quantification is needed.
In general, the amount of fat surrounding coronary arteries was found to be more
associated with visceral adiposity than with total body weight.27-29 In line with this
finding, we showed in chapter 6 that EAT and peri-coronary fat accumulation were
both associated with the clustering of vascular risk factors (metabolic syndrome)
in patients undergoing coronary angiography. We assume that the amount of fat
around the heart and its capacity to produce adipokines are susceptible to variation
in obesity30 and other systemic metabolic abnormalities31, and may therefore play
an additive role in pathophysiological processes leading to the development of
coronary atherosclerosis seen in obesity. Namely, in an obesity-related insulin
resistant state (metabolic syndrome), perivascular fat around coronary arteries might
be triggered to produce large quantities of pro-atherogenic factors leading to high
local concentrations around coronary arteries. Because the perivascular fat depot is
relatively small compared to intra-abdominal fat, it is not likely that this fat depot adds
much to systemic plasma concentrations of adipokines involved in the development
of insulin resistance, although it may locally reinforce insulin resistance. Future studies
should focus on investigating the mechanisms in which metabolic disturbances affect
the adipokine production by perivascular fat.
Potential role for fat surrounding coronary arteries in developing coronary
atherosclerosis
Several lines of evidence support an active role for fat surrounding coronary arteries
in the atherosclerotic process. For instance, the degree of local inflammation is
increased in fat surrounding coronary arteries compared to subcutaneous fat in
patients undergoing coronary artery bypass graft14, and was not related to plasma
concentrations of inflammatory markers.14 This means that local tissue inflammation
appears to be involved in the development of coronary artery disease and that this
is not reflected by plasma concentrations of inflammatory cytokines. However, it is
important to recognize that this local inflammation in perivascular adipose tissue could
also be a result of coronary artery disease in contrast to being the cause of coronary
artery disease.
Fat surrounding coronary arteries in relation to coronary artery disease
Several clinical studies investigated the relationship between echocardiographic EAT
thickness and the severity of coronary atherosclerosis in patients suspected of coronary
artery disease (CAD) and provided conflicting results.28,29,32 As presented in this thesis,
we have assessed the relation between both EAT volume, as well as peri-coronary fat
thickness, and the severity of CAD in patients undergoing coronary angiography. We
found that only in patients with a body mass index <27 kg/m², the amount of EAT
and peri-coronary fat was higher in patients with severe coronary atherosclerosis. This
could implicate that in case of a low total body weight, patients with relatively more
fat around the heart are still prone to develop coronary atherosclerosis. Although the
relative absence of atherosclerosis in human intramyocardial segments of coronary
arteries20,33-35 is suspicious for a pro-atherogenic role of perivascular fat, the presence
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of CAD in patients with congenital generalized lipodystrophy proves that fat around
the heart is not necessary to develop coronary atherosclerosis.36 Follow-up studies are
needed to determine whether perivascular fat surrounding coronary arteries plays a
causal role in the development of CAD.
In this thesis, we have approached the pathogenesis of atherosclerosis from a different
perspective by focusing on the etiologic relationship between fat surrounding
coronary arteries and coronary atherosclerosis which may put forward the role of
perivascular fat in atherogenesis. Before embracing perivascular fat around the heart
in clinical practice, further studies should be performed to determine whether this
adipose tissue may provide important additional diagnostic or prognostic information
or has therapeutic implications.20 Potentially, targeting perivascular fat with specific
therapies may prevent infiltration of macrophages or mast cells as have been shown
in mice.37 This may also be the case for fat surrounding the aorta.
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Main conclusions of this thesis:
• In patients with manifest atherosclerotic arterial disease the metabolic syndrome
is highly prevalent (46%).
• In patients with manifest arterial disease without known diabetes, elevated insulin
resistance is associated with an increased prevalence of albuminuria, which is only
partly explained by components of metabolic syndrome. Elevated insulin resistance
is not associated with an increased carotid intima-media thickness in patients with
manifest arterial disease.
• Patients with type 2 diabetes and cerebrovascular disease, coronary heart disease or
peripheral arterial disease have a similar strongly increased risk for future
cardiovascular events compared to diabetic patients without vascular disease.
• The cardiovascular risk in patients with type 2 diabetes increases markedly with the
number of clinical manifestations of atherosclerosis at different vascular sites and is
irrespective of subclinical atherosclerosis.
• The quantity of intra-abdominal fat and presence of metabolic syndrome are
associated with larger infrarenal aortic diameters in patients with manifest arterial
disease.
• Volumetric quantifications of EAT using cardiac CT are highly reproducible compared to more simple thickness and area measurements of EAT and peri-coronary
fat.
• The quantity of adipose tissue surrounding coronary arteries (EAT and peri-coronary
fat) is related with obesity and metabolic syndrome in patients undergoing coronary
angiography.
• EAT and peri-coronary fat are associated with coronary atherosclerosis and
coronary artery calcification in patients with a BMI <27 kg/m2 undergoing coronary
angiography.
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Summary

Cardiovascular disease continues to impose a heavy burden on the Western world
because of its associated morbidity and mortality. There are several risk factors (e.g.
smoking, hypertension, dyslipidemia, hyperglycemia, obesity) for the development of
atherosclerotic vascular diseases. Among these, abdominal obesity and its associated
insulin resistance are of great importance. Obesity-induced insulin resistance is a major
driver behind the clustering of vascular risk factors, often referred to as metabolic
syndrome. Patients with evident vascular disease or high insulin resistance (e.g. patients
with metabolic syndrome or type 2 diabetes) are particularly prone to develop (new)
vascular diseases. In an insulin resistant state, intra-abdominal adipose tissue secretes
large quantities of inflammatory cytokines into the systemic circulation thereby
accelerating atherosclerosis. Recently, there is growing evidence that perivascular fat,
the adipose tissue directly surrounding the arteries, may affect atherogenesis from
‘outside to inside’ by the local release of a large number of pro-inflammatory factors
that potentially impair vascular function and stimulate local inflammation.
The work presented in this thesis focused on the relationship between presence
of insulin resistance and advanced vascular damage in patients with manifest
atherosclerotic vascular disease, and on the occurrence of (new) vascular events in
insulin resistant patients with and without evident vascular disease (chapters 2, 3
and 4). Furthermore, the relationship between adipose tissue (abdominal fat and fat
surrounding coronary arteries) and atherosclerotic vascular damage was examined
(chapters 5, 6 and 7).
It has been shown that in apparently healthy adults the prevalence of metabolic
syndrome is 20-25%. Metabolic syndrome is expected to become more prevalent due
to the increasing prevalence of obesity. It is generally recognized that patients with
metabolic syndrome have a two- to threefold higher risk of developing atherosclerotic
vascular disease. In chapter 2 we demonstrated that metabolic syndrome, defined
using the Adult Treatment Panel III criteria, was highly prevalent (46%) in patients with
already clinical manifestations of arterial disease, especially in patients with peripheral
arterial disease (58%). Overall, women had a higher prevalence compared to men (56%
vs. 43%). Screening for metabolic syndrome may direct secondary preventive measures,
aiming at improvement of insulin resistance, in order to prevent new vascular events in
already high-risk patients. Subsequently, other studies have established that patients
with arterial disease and metabolic syndrome are at even higher cardiovascular risk
than those with arterial disease but without metabolic syndrome.
Although both insulin resistance and metabolic syndrome are involved in the
development of atherosclerotic vascular disease, there is uncertainty regarding the
independent role of insulin resistance. In this field, studies are rather limited in patients
with arterial disease. In chapter 3 we investigated whether insulin resistance per se
(derived by homeostasis model assessment) was associated with advanced vascular
damage, measured by carotid intima-media thickness (CIMT) and albuminuria,
in patients with manifest arterial disease without known diabetes. Furthermore,
we determined to what extent this relationship can be explained by the individual
components constituting metabolic syndrome. Adjusted for age and gender, an
elevated level of insulin resistance was associated with an increased prevalence of
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albuminuria (quartile 4 versus quartile 1, odds ratio (OR) 2.05; 95% CI 1.32-3.20). This
association was only partly mediated by components of metabolic syndrome (quartile
4 versus quartile 1, OR 1.61; 95% CI 0.91-2.85). High insulin resistance was not associated
with an increased CIMT. This suggests that when patients without known diabetes
already suffer from arterial disease, an elevated level of insulin resistance alone does
not further enhance atherosclerosis in the arterial wall, while insulin resistance itself
has an adverse effect on vascular function, as reflected by albuminuria. Thus, insulin
resistance may play a role in different stages of the atherosclerotic process.
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Patients with both type 2 diabetes and evident coronary heart disease have an excess
risk of atherosclerotic vascular disease. In chapter 4 the relationship of both other sites
of vascular disease (cerebrovascular disease, peripheral arterial disease) as well as the
extent of clinically evident vascular disease with the occurrence of new cardiovascular
events was investigated in patients with type 2 diabetes. Extent of clinically evident
vascular disease was expressed as the number of different sites clinically affected by
vascular disease. Furthermore, we assessed the additional influence of the burden
of atherosclerotic disease (measured by CIMT and albuminuria) on this relationship.
Diabetic patients with cerebrovascular disease, coronary heart disease or peripheral
arterial disease had a similar three- to fourfold higher risk of new vascular events,
compared with diabetic patients without vascular disease. Diabetic patients with
two or more clinical manifestations of atherosclerosis at different vascular sites had
an even higher risk of new vascular events (adjusted hazard ratio 6.6; 95% CI 3.014.3). Additional adjustment for atherosclerotic burden did not influence the results.
Our results suggest that counting the number of sites of evident vascular disease,
irrespective of the type of vascular disease, may help to simply identify those patients
with diabetes type 2 particularly at very high risk for new macrovascular complications
from a generally high-risk diabetic population.
In case of obesity, an imbalanced production of pro- and anti-inflammatory cytokines
by abdominal fat not only induces insulin resistance and consequently metabolic
syndrome, but also leads directly to the development of endothelial dysfunction
and progression of atherosclerosis. Inflammatory processes appear to be involved
in the degeneration of the aortic wall. Therefore, intra-abdominal fat accumulation
and its associated metabolic abnormalities may contribute to the process of aortic
dilatation. In chapter 5 the relationship between intra-abdominal fat accumulation,
as well as metabolic syndrome, and infrarenal aortic diameter was assessed in patients
with manifest arterial disease. Infrarenal aortic diameter (mm) was larger in patients
with more intra-abdominal fat (derived by ultrasonography (quartile 4 vs. quartile 1,
regression coefficient beta (β) 1.38; 95% CI 0.76-2.01); measured by waist circumference
(quartile 4 vs. quartile 1, β 1.56; 95% CI 0.93-2.19)) compared to those with less intraabdominal fat after adjustment for confounders. Patients with metabolic syndrome
had slightly larger infrarenal aortic diameters (adjusted β 0.70; 95% CI 0.27-1.13)
compared to those without metabolic syndrome. Thus, intra-abdominal fat may play a
role in the development of larger aortic diameters.

Summary

Perivascular fat directly surrounding coronary arteries might aggravate coronary
atherosclerosis due to its proximity to coronary arteries and potential for local secretion
of adipocytokines. For investigating the relationship between fat surrounding coronary
arteries and coronary artery disease, it is important to reliably quantify this adipose
tissue. In chapter 6, we compared the reproducibility of various measurements
(thickness, area, volume) for quantifying epicardial adipose tissue (EAT) and pericoronary fat using 60 cardiac CT scans of patients undergoing coronary angiography
(CAG). Furthermore, the relationship of the quantity of EAT and peri-coronary fat
with obesity and metabolic syndrome was determined in these patients. Volumetric
quantifications of EAT using cardiac CT were highly reproducible (coefficient of
variations (CVs) 3%-5%) compared to thickness and area measurements of EAT and
peri-coronary fat (CVs 11%-23%). EAT and peri-coronary fat accumulations were both
associated with obesity and presence of metabolic syndrome. The results suggest that
fat surrounding the coronary arteries may be involved in pathophysiological processes
leading to the development of coronary atherosclerosis seen in obesity and metabolic
syndrome.
In chapter 7, the relationship between the amount of EAT and peri-coronary fat and
the severity of coronary atherosclerosis (number of stenotic (≥50%) coronary vessels)
or extent of coronary artery calcification (CAC) was investigated in patients undergoing
CAG. Furthermore, we examined whether this relationship was modified by total body
weight by stratifying patients for BMI (median BMI 27 kg/m2). EAT volume and pericoronary fat thickness were not associated with the severity of coronary atherosclerosis
and extent of CAC in the whole study population. Nonetheless, in patients with a BMI
<27 kg/m2, those with multi-vessel disease had higher EAT volume (99.7 vs. 66.5 cm3)
and peri-coronary fat thickness (9.8 vs. 8.4 mm) than those without coronary artery
disease. Also, patients with severe or extensive CAC had higher EAT volume (108.0 vs.
68.7 cm3) and peri-coronary fat thickness (10.0 vs. 8.2 mm) compared to those with
minimal or absent CAC. In patients with a BMI ≥27 kg/m2, these relationships were not
present. This study suggests that fat surrounding coronary arteries may be involved in
the process of coronary atherosclerosis, although this is different for patients with low
and high BMI.
Lastly, in the general discussion in chapter 8 the topic ‘Cardiovascular risk: insulin
resistance or glucose intolerance?’ was discussed and integrated with our own study
findings. Also, the topic ‘Perivascular fat: potential role in vascular disease or innocent
bystander?’ was discussed. The main conclusions of this thesis were also presented.
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Hart- en vaatziekte is de belangrijkste oorzaak van ziekte en sterfte in de Westerse
wereld en is meestal het gevolg van slagaderverkalking (atherosclerose). Perifeer
vaatlijden, cerebraal vaatlijden, coronair vaatlijden, en verwijding van de buikaorta
zijn voorbeelden van klinische uitingen van atherosclerose. Bekende risicofactoren
voor het ontwikkelen van atherosclerotisch vaatlijden zijn roken, hypertensie
(verhoogde bloeddruk), dyslipidemie (verstoring in de samenstelling van vet- en
cholesterolwaarden), hyperglycemie (verhoogde bloedsuiker), en overgewicht.
Overgewicht, met name teveel buikvet, is een belangrijke factor voor het ontstaan van
insulineresistentie. De term insulineresistentie betekent dat weefsels in het lichaam
minder gevoelig zijn voor insuline. Insuline is een hormoon dat een grote rol speelt bij
de regulatie van het glucosegehalte in het bloed en bij de vet- en eiwitstofwisseling.
Insulineresistentie is een belangrijke factor voor het ontstaan van (clustering van)
risicofactoren zoals hyperglycemie, hypertensie, verhoogde triglyceridenconcentratie
(vetten), en verlaagde HDL-cholesterolconcentratie (goed cholesterol). De clustering
van risicofactoren, die samenhangt met insulineresistentie en overgewicht, wordt
vaak metabool syndroom genoemd. Patiënten met al een klinische uiting van
atherosclerose of verhoogde insulineresistentie (patiënten met metabool syndroom of
type 2 diabetes) hebben een verhoogd risico op (nieuwe) uitingen van vaatziekten.
Wanneer er sprake is van insulineresistentie, is vetweefsel (met name buikvet) in staat
om grote hoeveelheden ontstekingsfactoren (adipocytokines) uit te scheiden in de
systemische circulatie, deze kunnen atherosclerose verergeren. Er is steeds meer
bewijs dat vetweefsel rondom de arteriën (perivasculair vetweefsel) het proces van
atherosclerose van ‘buiten naar binnen’ toe kan beïnvloeden. Perivasculair vetweefsel
produceert ontstekingsfactoren op lokaal niveau, die mogelijk de functie van de
vaatwand kunnen beïnvloeden en lokale ontsteking kunnen versterken.
In dit proefschrift hebben wij gekeken naar de relatie tussen de aanwezigheid
van insulineresistentie en de ernst van vaatschade bij patiënten met klinisch
atherosclerotisch vaatlijden, en naar het optreden van (nieuwe) vaataandoeningen bij
insulineresistente patiënten met en zonder klinisch evident vaatlijden (hoofdstukken
2, 3 en 4). In de laatste drie hoofdstukken wordt de relatie tussen vetweefsel (buikvet
en vetweefsel rondom coronairarteriën) en vaatschade behandeld (hoofdstukken 5,
6 en 7).
In een ogenschijnlijk gezonde populatie is het metabool syndroom in 20-25% van de
mensen aanwezig. Naar verwachting zal het aantal mensen met metabool syndroom
toenemen door een toename van het aantal mensen met overgewicht / obesitas.
Patiënten met metabool syndroom hebben een 2 tot 3 keer verhoogde kans op
het ontwikkelen van vaatziekten. In hoofdstuk 2 tonen wij aan dat het metabool
syndroom veel voorkomt (46%) bij patiënten met klinisch vaatlijden, vooral bij
patiënten met perifeer vaatlijden (58%). Het metabool syndroom was vaker aanwezig
bij vrouwen (56%) dan bij mannen (43%). Screenen op metabool syndroom bij hoog
risicopatiënten zou richting kunnen geven aan secundaire preventieve maatregelen
met als doel de onderliggende insulineresistentie te verminderen en daardoor nieuwe
uitingen van vaatziekten te kunnen voorkomen. Andere studies hebben inmiddels
aangetoond dat patiënten met arterieel vaatlijden en tevens metabool syndroom een
hoger cardiovasculair risico hebben dan patiënten met arterieel vaatlijden zonder
metabool syndroom.
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Hoewel insulineresistentie en metabool syndroom beiden een rol spelen bij
de ontwikkeling van atherosclerotisch vaatlijden, is er onduidelijkheid over de
onafhankelijke rol van insulineresistentie. Tot nu toe zijn er weinig studies gedaan
bij patiënten met arterieel vaatlijden naar de relatie tussen insulineresistentie en
vaatschade. In hoofdstuk 3 onderzochten wij of insulineresistentie (gemeten met de
HOMA-methode) geassocieerd was met meer vaatschade bij patiënten met klinisch
vaatlijden zonder bekende diabetes. De ernst van vaatschade werd vastgesteld
door het meten van de dikte van de vaatwand en de eiwituitscheiding door de
nieren (albuminurie). Bepaald werd in welke mate deze relatie verklaard werd door
de individuele componenten die deel uitmaken van het metabool syndroom. Uit
deze studie bleek dat een verhoogde insulineresistentie geassocieerd was met een
verhoogde aanwezigheid van albuminurie. Patiënten met meer insulineresistentie
hadden nog steeds een hoger risico op de aanwezigheid van albuminurie na het
corrigeren voor de componenten van het metabool syndroom. Een verhoogde
insulineresistentie was niet geassocieerd met een toename van de dikte van de
vaatwand. Dit suggereert dat bij patiënten met klinisch arterieel vaatlijden zonder
bekende diabetes insulineresistentie zelf de structurele vaatwandschade niet verder
kan verergeren, terwijl insulineresistentie wel een nadelige invloed heeft op de functie
van de vaatwand (blijkend uit de mate van albuminurie). Dit zou kunnen betekenen
dat insulineresistentie een rol speelt in verschillende stadia van het atherosclerotische
proces.
Patiënten met type 2 diabetes en tevens coronair vaatlijden hebben een zeer hoog
risico op het ontwikkelen van nieuwe vaataandoeningen. In hoofdstuk 4 bekeken we
de relatie tussen andere locaties van klinisch vaatlijden (cerebraal vaatlijden, perifeer
vaatlijden) als ook de uitgebreidheid van klinisch vaatlijden en het risico op het
ontwikkelen van nieuwe vaataandoeningen bij patiënten met type 2 diabetes. Ook
bepaalden we de invloed van de ernst van vaatschade (gemeten met de dikte van de
vaatwand en albuminurie) op deze relatie. Diabetespatiënten met cerebraal vaatlijden,
coronair vaatlijden of perifeer vaatlijden hadden een overeenkomstig 3 tot 4 maal
hoger risico op het ontwikkelen van een nieuwe uiting van vaatziekte in vergelijking
met diabetespatiënten zonder evident vaatlijden. Patiënten met type 2 diabetes en
twee of meer klinische uitingen van atherosclerose op verschillende locaties in het
vaatbed hadden zelfs een 6 maal hoger risico op nieuwe vaataandoeningen. De
ernst van vaatschade had geen invloed op de relatie tussen klinisch vaatlijden en
nieuwe vaataandoeningen. Dus, het tellen van het aantal plekken van klinisch evident
vaatlijden, ongeacht het type vaatziekte, zou binnen de hoog risicopopulatie van
patiënten met type 2 diabetes, die patiënten kunnen identificeren die met name een
zeer hoog risico hebben op het ontwikkelen van nieuwe vaataandoeningen.
In geval van overgewicht / obesitas, kan een veranderde productie van pro- en antiontstekingsfactoren (ten gevolge van niet goed functionerende vetcellen van met
name buikvet) niet alleen insulineresistentie veroorzaken met als gevolg metabool
syndroom, maar ook direct bijdragen aan de ontwikkeling van endotheelschade en
verergering van atherosclerose. Ontstekingsfactoren blijken een rol te spelen bij het
degeneratieve proces in de wand van de buikaorta. Teveel buikvet en de daaraan

Nederlandse samenvatting

gerelateerde aanwezigheid van metabole risicofactoren zouden kunnen bijdragen aan
de verwijding van de wand van de buikaorta. Hoofdstuk 5 behandelt de relatie tussen
de hoeveelheid buikvet, als mede de aanwezigheid van het metabool syndroom,
en de diameter van de (infrarenale) buikaorta bij patiënten met klinisch vaatlijden.
Uit dit onderzoek bleek dat na het corrigeren voor ‘confounders’ de diameter van
de buikaorta groter was bij patiënten met meer buikvet. Ook hadden patiënten
met metabool syndroom grotere diameters van de buikaorta dan patiënten zonder
metabool syndroom. De resultaten suggereren dat teveel buikvet een rol zou kunnen
spelen bij het ontwikkelen van grotere diameters van de buikaorta.
Perivasculair vetweefsel direct rondom de coronairarteriën zou kunnen bijdragen
aan de verergering van coronaire atherosclerose mede door de locatie naast de
coronairarteriën en de mogelijkheid om ontstekingsfactoren (adipocytokines) te
produceren. Voor het onderzoeken van de relatie tussen vetweefsel rondom de
coronairarteriën en coronair vaatlijden is het belangrijk om dit vetweefsel betrouwbaar
te kunnen kwantificeren. In hoofdstuk 6 vergeleken wij de reproduceerbaarheid van
verschillende CT-metingen (dikte, oppervlakte, volume) van vetweefsel rondom de
coronairarteriën. Hiervoor hebben wij gebruik gemaakt van 60 CT-scans van het hart
van patiënten die een coronair angiogram hebben ondergaan. Daarnaast werd de
relatie tussen de hoeveelheid vetweefsel rondom de coronairarteriën (epicardiaal en
pericoronair vet) en obesitas of metabool syndroom onderzocht bij deze patiënten.
Volume metingen van epicardiaal vet waren goed reproduceerbaar (variatie-coëfficiënt
3%-5%) in vergelijking met simpelere meetmethoden zoals dikte en oppervlakte
metingen van epicardiaal en pericoronair vet (variatie-coëfficiënt 11%-23%). Een
grotere hoeveelheid epicardiaal en pericoronair vetweefsel was geassocieerd met
obesitas en de aanwezigheid van het metabool syndroom. Dit suggereert dat vet
direct rondom de coronairarteriën een rol kan spelen bij pathofysiologische processen
die leiden tot de ontwikkeling van coronaire atherosclerose bij patiënten met obesitas
en metabool syndroom.
In Hoofdstuk 7 werd de relatie tussen de hoeveelheid epicardiaal en pericoronair
vetweefsel en de ernst van coronaire atherosclerose (het aantal coronairarteriën met
een vernauwing van de diameter van ≥50%) als mede de uitgebreidheid van calcificatie
van de coronairarteriën onderzocht bij patiënten die een coronair angiogram hebben
ondergaan. Daarnaast bekeken wij of deze relatie gemodificeerd werd door het totale
lichaamsgewicht, dit door patiënten te stratificeren naar body mass index (mediaan
BMI 27 kg/m2). Epicardiaal vetvolume en pericoronaire vetdikte waren niet gerelateerd
aan de ernst van coronaire atherosclerose en uitgebreidheid van coronaire calcificatie
in de totale onderzoekspopulatie. Echter, bij de groep van patiënten met een BMI
<27 kg/m2, hadden patiënten met meer-vatslijden een groter epicardiaal vetvolume
(99.7 versus 66.5 cm3) en een grotere pericoronaire vetdikte (9.8 versus 8.4 mm) dan
patiënten zonder coronair vaatlijden. Ook patiënten met een ernstige mate van
coronaire calcificatie hadden een groter epicardiaal vetvolume (108.0 versus 68.7
cm3) en een grotere pericoronaire vetdikte (10.0 versus 8.2 mm) dan patiënten met
minimale of geen coronaire calcificatie. Bij patiënten met een BMI ≥27 kg/m2 waren
deze relaties niet aanwezig. Dit suggereert dat vet direct rondom de coronairarteriën
een rol zou kunnen spelen bij het proces van coronaire atherosclerose, maar dat dit
verschillend is voor patiënten met een lage of een hoge BMI.
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Ten slotte wordt in de algemene discussie in hoofdstuk 8 het onderwerp ‘Cardiovasculair risico: insulineresistentie of glucose-intolerantie?’ besproken and geïntegreerd met bevindingen van studies in dit proefschrift. Ook wordt het onderwerp
‘Perivasculair vetweefsel: mogelijke rol in vaatziekte of onschuldige factor?’
bediscussieerd. Daarnaast worden de belangrijkste conclusies van dit proefschrift
genoemd.
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Conclusies van dit proefschrift:
•

Het metabool syndroom komt veel voor bij patiënten met klinisch arterieel
vaatlijden (46%).

•

Bij patiënten met klinisch vaatlijden zonder bekende diabetes, is een verhoogde
insulineresistentie geassocieerd met een verhoogde prevalentie van albuminurie;
dit wordt slechts gedeeltelijk verklaard door componenten van het metabool
syndroom. Een verhoogde insulineresistentie is niet geassocieerd met een toename
van de dikte van de vaatwand bij patiënten met klinisch vaatlijden.

•

Patiënten met type 2 diabetes en coronair vaatlijden, cerebraal vaatlijden of perifeer
vaatlijden hebben een sterk verhoogd en vergelijkbaar risico op een nieuwe uiting
van vaatziekte, vergeleken met diabetespatiënten zonder evident vaatlijden.

•

Patiënten met type 2 diabetes en een groter aantal klinisch uitingen van
atherosclerose op verschillende locaties in het vaatbed hebben een nog hoger
risico op nieuwe vaataandoeningen; dit wordt niet beïnvloed door de ernst van
vaatschade (vaatwanddikte en albuminurie).

•

De hoeveelheid buikvet en de aanwezigheid van het metabool syndroom zijn
geassocieerd met een grotere diameter van de buikaorta bij patiënten met klinisch
vaatlijden.

•

Volume metingen van epicardiaal vetweefsel met CT zijn goed reproduceerbaar in
vergelijking met simpelere meettechnieken zoals epicardiale en pericoronaire
vetdikte en -oppervlakte.

•

De hoeveelheid vetweefsel rondom de coronairarteriën (epicardiaal en pericoronair
vet) is geassocieerd met obesitas en metabool syndroom bij patiënten die een
coronair angiogram ondergaan.

•

Een grotere hoeveelheid epicardiaal en peri-coronair vet gaat gepaard met
ernstigere coronaire atherosclerose en uitgebreidere calcificatie van de
coronairarteriën bij patiënten met een BMI <27 kg/m2 die een coronair angiogram
ondergaan.
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Ook voor mij was het promotieonderzoek een wervelende tijd! Een tijd waarin je een
doel probeert te bereiken, waarbij je de mensen om je heen hard nodig hebt. Dit om
de uiteindelijke eindstreep te bereiken, maar ook om je promotietijd tot een leuke en
onvergetelijke tijd te maken! Graag wil ik enkele mensen persoonlijk bedanken.
Prof. dr. Y. van der Graaf en Dr. F.L.J. Visseren. Als student ben ik begonnen met
het doen van onderzoek en ben ik met jullie in contact gekomen. Jullie hebben mij
toen enthousiast gemaakt voor de wetenschap! Dank voor het vertrouwen om de
samenwerking voort te zetten. Mede dankzij jullie steun, begeleiding en ‘teamwork’
ligt er nu dit proefschrift!
Beste Yolanda, jij maakte van de besprekingen altijd meer dan een werkoverleg!
Altijd werd er tijd gemaakt om andere zinnige zaken te bespreken, zoals bijvoorbeeld
het wel en wee van de guppies. Ik heb erg veel van je geleerd en heb bewondering
voor de manier waarop jij zaken oplost! Dank voor je vertrouwen en ook voor de
complimentjes als ik het nodig had.
Beste Frank, ik weet nog goed dat jij de tijd hebt genomen om met mij te praten
over mijn keuzes rondom promotie en vervolgopleiding. Ik heb jouw open visie en
positiviteit toen erg gewaardeerd. Met diezelfde positiviteit en gedrevenheid heb jij
mij de afgelopen jaren begeleid, ik heb erg veel van je geleerd. Bedankt!
De beoordelingscommissie bestaande uit Prof. dr. P.A.F.M. Doevendans, Prof. dr.
D.E. Grobbee, Prof. dr. W.P.Th.M. Mali, Prof. dr. F.L. Moll van het UMCU en Prof. dr.
J.B.L. Hoekstra van het AMC dank ik voor de bereidheid om zitting te nemen in de
commissie.
Mijn collega-promovendi en kamergenoten bij de vasculaire geneeskunde.
Lieve Gideon, we zijn ongeveer rond dezelfde tijd gestart en eindigen nu ongeveer
rond dezelfde tijd. Dat is toch wel bijzonder. Soms een beetje ‘hyper’, altijd behulpzaam
en bovenal heel veel humor! Ik kan jouw wat cynische humor altijd erg waarderen, het
heeft mijn promotietijd in ieder geval gezelliger gemaakt!
Lieve Annemarie, bedankt voor alle gezelligheid, kit kat chunkies, Helga-humor en
starbuckies. Leuk dat je nu nog vaak in mijn inbox verschijnt. Ik blijf zeker langs komen
voor een koffietje. Ga er voor de komende tijd!
Alle andere collega`s van de vasculaire geneeskunde / vasculair onderzoek. Jobien,
Joris, Annemarie, Francine, Wilko, Annemieke, Corina, Inge, Sophie, Berna, Jesper,
Jacub, Beate en Anneloes. Leuk om met jullie tussen de bedrijven door te lunchen,
te kletsen of te stoeien met fax-apparaten. Jobien, bedankt voor je hulp bij al mijn
vragen. Beate, de borrelavonden waren altijd gezellig met jou! Annemarie, met z`n
vieren op een slaapkamer wanneer maak je dat nog mee?
Natuurlijk niet te vergeten mijn collega SMART-dokters, Auke, Beate, Anneloes, Arnoud,
Audrey en Sefanja! Nadine en Fleur, bedankt dat jullie al mijn vragen hebben willen
beantwoorden! Alle andere (ex)collega`s van het SMART team, Loes, Lies, Hetty, Ursula,
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Vera, Anneke, Anja, Cindy, Kim, Desiree, Michael, Rutger, Harry en Sabita; leuk om met
jullie samengewerkt te hebben en bedankt voor alles. Beste Ale, bedankt ook voor de
goede samenwerking!
Cootje, bedankt voor al het regelwerk rondom mijn promotie!
Tijdens mijn promotietijd heb ik ook een aantal maanden bij de radiologie rondgelopen
om het vetweefsel rondom het hart te meten. Het was leuk om weer eens rond te
kijken in een heel andere ‘keuken’! Prof. Prokop, Judith, Annelies, Anne en Sander,
dankjulliewel voor het meedenken over de methoden. Anne, je hebt mij enorm
geholpen met de vetmetingen, en dat ‘monniken-werk’ een stuk leuker gemaakt!
Matthijs, bedankt voor je snelle reacties. Mirela, zonder jouw expertise had ik nooit
alle kalkmetingen kunnen afmaken. Lisa en Audrey, gezellig dat jullie er waren als ik
aan het meten was.
Roy, dank voor het verzorgen van de lay-out en de goede samenwerking!
En dan nog iedereen die ik hier toch onbedoeld vergeten ben, hartelijk dank. Graag wil ik
ook degenen bedanken die mij hebben geholpen bij het lezen van de hoofdstukken.
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Velen wil ik bedanken naast het promoveren.
Lieve Hanke, Marjolein, Marijke, Janna en Marlijn. Bedankt voor al de ruimte die jullie
me hebben gegeven en voor jullie geduld. Ik ben blij met onze bijzondere vriendschap
die al zo lang voorduurt. Dank voor jullie steun. Hanke, dankjewel voor je luisterend
oor, ik zal je zeker gaan missen als je in Sint Maarten zit, maar ik kom je zeker opzoeken.
Marjolein, ik ben trots op wat je allemaal hebt bereikt en overwonnen, dank voor alles.
Janna, met jou aan de telefoon hangen is altijd een goede en gezellige afleiding!
Marijke, ik weet zeker dat je een geweldige huisarts wordt en bovenal een fantastische
moeder! Marlijn, dank ook voor je interesse en steun; geniet van je huis!
Lieve Inge, Jorinde, Kirsten, Charlotte, Lonneke J, Selma, Hanne, Lineke, Nanon,
Lonneke v. D, Denise, en Angelique. Wat hebben we toch een leuke club zo met z`n
dertienen. Istanboel was super, om niet meer te vergeten. Zal de film net zo hilarisch
worden als die van Portugal?
Behalve deze personen, wil ik ook mijn andere vrienden en intimi bedanken!
Lieve Inge en Lisa, fijn dat jullie bij de verdediging naast mij willen staan!
Inge, leuk dat je zo enthousiast was toen ik je vroeg om mijn paranimf te zijn, terwijl je
nog niet wist wat het allemaal ging inhouden. Ik waardeer altijd erg je luisterend oor
en je humor als ik het even nodig heb.
Lisa, ik heb je leren kennen bij de epidemiologie opleiding en ben heel blij dat jij mij
bij de verdediging wil bijstaan. Het was altijd leuk om na het harde werken een drankje
te doen en tussendoor een koffie te drinken om elkaar even op te peppen!

Dankwoord

Jan, Annelies, Marit en Ilse: ik heb jullie interesse en betrokkenheid altijd erg gewaardeerd, en vind het altijd gezellig om bij jullie te zijn!
Papa, Mama, Joanne, Janko, Oma, Gonny en Ronald, dank voor al jullie liefde en
betrokkenheid. Met z`n allen in Griekenland dat is een herinnering die mij zeker bij zal
blijven! Ik denk ik er met plezier aan terug.
Lieve papa en mama, jullie hebben mij altijd onvoorwaardelijk gesteund in alles wat
ik doe, en een oppepper gegeven als ik het nodig had. Jullie staan al mijn hele leven
voor me klaar, waar ik erg dankbaar voor ben. Ik ben er zeker van overtuigd dat ik
zonder jullie vertrouwen dit nooit had bereikt en nooit zover was gekomen.
Lieve oma, ik waardeer het erg dat jij altijd op de hoogte bent waar ik mee bezig ben.
Een lievere oma kan iemand zich niet wensen!
Lieve Janko, ik heb bewondering voor de ‘relaxte’ manier waarop jij je werk met
onderzoek combineert. Bedankt voor je interesse en je betrokkenheid. Ook jij bent
de onderzoekswereld ingedoken, waarschijnlijk sta jij over een paar jaar ook op deze
plaats!
Lieve Joanne, je bent een lieve zus, dank voor je steun. Ik heb veel respect voor de
manier waarop jij met alles omgaat en ik waardeer je vrolijkheid en humor altijd erg.
Leuk dat ik nu bij jou in de stad woon!
Frans, lieve lieve Frans, door jou was mijn promotietijd ook nog een beetje
internationaal! Het was de afgelopen jaren niet altijd makkelijk om in andere landen
te wonen, maar misschien hebben we het daarom wel extra leuk nu. Ik prijs me elke
dag weer gelukkig met jou, jij bent de aller-allerliefste! Jij maakt mij vrolijk en hebt mij
leren relativeren, bedankt dat je er altijd voor me bent.
Ondanks dat je zelf ook een boek aan het afronden was in de late uurtjes, heb jij mij
enorm gesteund tijdens het afronden van mijn promotie. Hiervoor ben ik je ontzettend
dankbaar!
Petra
Januari 2008
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Members of the SMART Study Group are (alphabetically):
-

A. Algra, MD, PhD, Julius Centre for Health Sciences and Primary Care and Rudolph
Magnus Institute of Neuroscience, department of Neurology
P.A.F.M. Doevendans, MD, PhD, department of Cardiology
B.C. Eikelboom, MD, PhD, department of Vascular Surgery
Y. van der Graaf, MD, PhD, Julius Centre for Health Sciences and Primary Care
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Figure 2 Epicardial adipose tissue (EAT) and peri-coronary fat
measurements. (A) EAT RV thickness (green) (inferior, centre, and
superior) at basal level of the ventricles. (B) Region of interest
(ROI) (yellow) on a cross-sectional image to determine the EAT
area (green). EAT volume is the sum of the EAT areas on cross-
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Chapter 7, figure 1. Epicardial adipose tissue (EAT) and peri-coronary fat measurements. (A) Region of

interest
(ROI) (yellow) on a cross-sectional image to determine the EAT area (green). EAT volume is the sum
of
the EAT areas

 on cross-sectional images. (B) Peri-coronary fat thickness (green).
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