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Introduction

INTRODUCTION

Cardiovascular disease (CVD) is the principal cause of mortality in patients with type 2 diabe-
tes mellitus (DM2). CVD was the cause of death in approximately 60 % of the diabetic subjects
in the 12 year follow-up in MRFIT". In the 22 year follow-up of NHANES 1, heart disease was
the cause of death in 69.5 % of the diabetic subjects? The relative risk of death for diabetic
versus non-diabetic subjects is reported to vary between 1.5 and 4 and is highest in women?3.
Patients with diabetes but without a prior myocardial infarction have a similar 7- and 18-year
incidence of myocardial infarction compared to those with prior myocardial infarction but
without diabetes®*. These studies have lead to the expression of diabetes as a“coronary heart
disease equivalent”. Apart from the higher incidence rates of cardiovascular events, diabetic
patients also have a worse outcome after a first myocardial infarction®.

Before CVD becomes manifest as angina pectoris, myocardial infarction, claudicatio
intermittens or stroke, years of progressive atherosclerotic plaque formation may have
preceded. Endothelial dysfunction precedes the development of atherosclerotic plaques.
The actual cardiovascular event is not always the result of a narrowing arterial lumen caused
by progressive plaque formation, but can be the result of an instable plaque rupture where
damage to the endothelium triggers a cascade of thrombotic and inflammatory factors. Both
endothelial dysfunction, atherosclerotic plaque formation and the process of plaque rupture
is enhanced in patients with DM2 and more extensive atherosclerotic lesions are found at a
first cardiac event’. The underlying mechanisms for the accelerated atherosclerotic process in
DM2 are complex and related to hyperglycemia, insulin resistance and coexisting hyperten-
sion, dyslipidemia, and obesity. One of the effects of hyperglycemia is increased oxidative
stress, hereby impairing endothelial function and beta cell function, so-called “glucose toxic-
ity”. Moreover, advanced glycation endproducts are formed with detrimental effects on en-
dothelial function. Visceral obesity results in increased levels of free fatty acids and inhibition
of insulin action.This insulin resistance in relation to obesity comprises a complex change
towards a more pro-inflammatory and hypercoagulable state. Insulin resistance, high levels
of free fatty acids and thereby increased very low density lipoprotein(VLDL) production and
impaired VLDL clearance lead to the typical diabetic dyslipidemia: low levels of high density
lipoprotein (HDL) cholesterol, high triglycerides and small, dense and therefore atherogenic
low density lipoprotein (LDL) particles. LDL cholesterol is an important risk factor for coronary
artery disease in DM2'8,

With this new insight in the risk factors for the accelerated process of atherosclerosis in DM2,
numerous trials have been designed to investigate the effect of risk factor modification on
the incidence of CVD in DM2.

In the UKPDS, treatment of hyperglycemia had a modest effect on cardiovascular morbid-
ity and mortality®'®. Blood pressure lowering regimens, however, have lead to a 34 % risk
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reduction in cardiovascular endpoints in the same UKPDS study'"'2. Numerous other studies
underscore the importance of tight blood pressure control in DM2'3.

In 1994, the first landmark trial with simvastatin, a HydroxyMethylGlutaryl coenzyme A re-
ductase inhibitor (statin), was published'. In this study, a 34 % relative risk reduction in major
coronary events in patients with a history of myocardial infarction was shown. In the 4S study
only 202 patients with diabetes on a total of 4444 were enrolled. In spite of these low numbers,
the risk reductions for the diabetic subgroup were even more pronounced compared with
non-diabetics with a 55 % versus 32 % relative risk reduction for major coronary events'. In
the CARE study, an other secondary prevention trial comparing 5 years of pravastatin 40 mg
versus placebo, 586 of the 4159 patients had DM2. In this diabetic subgroup, the relative risk
reduction in coronary events was 25 % versus 23 % in the non-diabetic group'®. In the LIPID
study 7 the risk reductions in the diabetic subgroup were non-significant.

In two primary prevention studies, the WOSCOPS and the AFCAPS/TexCAPS, the number of
diabetic patients was too small to draw conclusions'®'®; moreover, in AFCAPS/TexCAPS, use of
insulin was an exclusion criterion. ALLHAT-LLA and ASCOT-LLA were the lipid lowering arms
of primary prevention trials in hypertension. In ALLHAT-LLA no beneficial effect was seen of
pravastatin 40 mg in the total and the diabetic subgroup?, in ASCOT-LLA atorvastatin 10 mg
lead to a 36 % risk reduction of major coronary events, leading to a premature termination of
this trial arm. There was no significant risk reduction in the subgroup with DM 22'.

The Heart Protection Study included diabetes as a prespecified subgroup?. In this study
subjects with coronary artery disease, DM2 or other risk factors were randomized to simvas-
tatin 40 mg or placebo. In the diabetic subgroup the relative risk reduction for first major
vascular event was 33 % in primary prevention. The CARDS, published in 2004, has been the
only study to investigate the effect of statin therapy in primary prevention in patients with
DM22%, Included patients had to have at least one additional risk factor (smoking, hyperten-
siom, albuminuria or retinopathy) for CVD. The trial was prematurely terminated because of a
relative risk reduction for major cardiovascular events of 37 %.

The results of these trials have been translated into new guidelines in which strict glycae-
mic and blood pressure control, and the use of statins is advocated?. The LDL target for statin
therapy is related to the absolute risk of the diabetic patient. These LDL goals are based on
the assumption that the beneficial effect of statin therapy is solely caused by reduction in
LDL cholesterol, “lower is better"?. The background for these assumptions arises from the
PROVE-IT and REVERSAL studies where pravastatin 40 mg was compared to atorvastatin 80
mg in secondary prevention. In both studies, PROVE-IT being a clinical endpoint study and
REVERSAL using intravascular ultrasound to measure atheroma volume, atorvastatin 80 mg
was superior to the less intensive regimen with pravastatin.

Others question this emphasis on maximal LDL cholesterol reduction as statins also have
an effect on markers of inflammation, coagulation, fibrinolysis, immunomodulation and
endothelial function independent of lowering of LDL cholesterol?**. These modes of ac-
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tions might lead to plaque stabilisation in coronary artery disease, improved left ventricular
ejection fraction in nonischemic dilated cardiomyopathy and reduction of stroke incidence
shortly after initiation of statin therapy. To date it remains unsolved however, whether these
other, nonlipid (“pleiotropic”) effects on the vascular wall play an important role in the risk
reductions as seen in the clinical trials?%.

AIMS AND OUTLINE OF THE THESIS

The present thesis describes a study, designed at a timepoint when no primary prevention
trial had yet been performed to investigate the effects of statin therapy on patients with DM2
without manifest CVD. We have performed a randomized, double-blind placebo-controlled
trial in 250 DM2 patients without manifest CVD. The aim of the study was to study non-
invasively the effect of two year statin therapy on the vessel wall. Chapter 2 describes the
technique and the current status of the non-invasive vascular tools used in this thesis, as well
as more recent developed techniques.

Our first aim was to determine the effect of statin therapy on the progress of atheroscle-
rosis, as measured non-invasively by ultrasonographic measurements of the intima-media
thickness (IMT) of the carotid and femoral arteries (Chapter 3)

Our second aim was to study the effect of statin therapy on endothelial function as mea-
sured non-invasively with flow mediated dilation (FMD) (Chapter 4).

Our third aim was to analyse the effect of statin therapy on C-reactive protein (CRP), a marker
of the inflammatory process in atherosclerotic plaques (Chapter 5). We further elaborated
the role of inflammatory markers in relation to the metabolic syndrome. For this purpose
we analyzed the data from the DALI study (Chapter 6). The DALI study was performed to
evaluate the efficacy of atorvastatin 10 and 80 mg versus placebo in patients with DM2 and
mild dyslipidemia without CVD. Endpoints in the original study were lipid parameters and
endothelial function as assessed by FMD?. In the present substudy the baseline laboratory
parameters for inflammation and hemostasis and the baseline sonographic parameters IMT
and FMD were used to assess the impact of the metabolic syndrome and low grade chronic
inflammation as assessed by CRP on vascular phenotype in DM2.

As we performed the main study in an area with a large community of Asian Indians from
Surinam, we were not surprised that 19% of the included subjects were Asian Indians. As
epidemiological data reveal a high and partly unexplained risk of DM2 and CVD in this popu-
lation®', we wanted to evaluate conventional risk factors and the above mentioned vascular
parameters separately for this population. Therefore, our fourth aim was to produce a vascular
phenotype of the Asian Indian population (Chapter 7).

Periods of silent myocardial ischemia can precede a cardiac event in DM2, with a possible
etiological role for cardiac autonomic neuropathy. Our fifth aim was therefore to determine

15
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the prevalence of silent myocardial ischemia in these patients and to evaluate the effect of
statin therapy on silent myocardial ischemia (Chapter 8).
In Chapter 9 the results of these studies are discussed and summarized.
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ABSTRACT

Cardiovascular disease is the major cause of mortality in type 2 diabetes mellitus (DM2). The
criteria for the selection of those asymptomatic patients with DM2 who should undergo
cardiac screening and the therapeutic consequences of screening remain controversial.

Non-invasive techniques as markers of atherosclerosis and myocardial ischemia may aid
risk stratification and the implementation of tailored therapy for the individual patient with
DM2. In the present article we review the literature on the implementation of non-invasive
vascular tools and cardiac imaging techniques in this patient group. The value of these tech-
niques as endpoints in clinical trials and as risk estimators in asymptomatic diabetic patients
is discussed.

Carotid intima-media thickness, arterial stiffness and flow mediated dilation are abnormal
long before the onset of DM2. These vascular tools are therefore most likely to be useful
in identification of ‘at risk’ patients in early stages of atherosclerotic disease. The additional
value of these tools in risk stratification and tailored therapy in DM2 remains to be proven.

Cardiac imaging techniques are more justified in individuals with a strong clinical suspi-
cion of advanced coronary artery disease (CAD). Asymptomatic myocardial ischemia can be
detected by stress echocardiography and myocardial perfusion imaging. The more recently
developed non-invasive multi-slice computed tomography angiography is recommended for
exclusion of CAD, and can therefore be used to screen asymptomatic patients with DM2,
but has the associated disadvantages of high radiation exposure and costs. Therefore, we
propose an algorithm for the screening of asymptomatic diabetic patients, the first step of
which consists of coronary artery calcium score assessment and exercise ECG.
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Non-invasive vascular tools in DM2

INTRODUCTION

Cardiovascular disease (CVD) is the leading cause of mortality in DM2'. Current guidelines on
the treatment of dyslipidemia and hypertension in diabetes recommend rigorous primary
prevention with target lipid and blood pressure levels similar to those used for secondary
prevention in non-diabetic patients2 To date, there is much debate as to whether all diabetic
patients will benefit from this strategy and whether risk stratification should be attempted.

Non-invasive imaging techniques as markers of atherosclerosis and myocardial ischemia
may help risk stratification and the implementation of tailored therapy for the individual
patient. However, many of these tools have not been validated in diabetic individuals. In
this article we will review the reproducibility and predictive value of the following surrogate
markers of atherosclerosis: intima-media thickness (IMT), arterial stiffness and flow medi-
ated dilation (FMD). We will discuss the diagnostic accuracy and predictive value of imaging
techniques used for direct anatomic assessment of coronary atherosclerosis: coronary artery
calcium (CAC) scores and multi-slice Computed Tomography (MSCT) angiography, and
functional tests that detect myocardial ischemia: ambulatory electrocardiography (AECG),
exercise electrocardiography, stress echocardiography (SE) and nuclear myocardial perfu-
sion imaging (MPI) by single photon emission computed tomography (SPECT). Finally, the
value of these non-invasive techniques as endpoints in clinical trials and as risk estimators in
diabetic patients will be discussed. We will concentrate on methods of risk stratification and
the implementation of non-invasive techniques in patients with DM2, as the value of these
techniques has scarcely been studied in type 1 diabetes.

SURROGATE MARKERS OF ATHEROSCLEROSIS

Carotid Intima-Media Thickness (CIMT)

Since its introduction in the early 1990s, intima-media thickness (IMT), especially carotid IMT
(CIMT), has increasingly been used as a surrogate marker of atherosclerotic disease. IMT can
be assessed non-invasively using B-mode ultrasound. Two approaches are used: 1) multiple
measurements of CIMT in the near and far walls of the three main segments of carotid
arteries (common carotid, bifurcation and internal carotid); and 2) automated computer-
ized measurement of CIMT restricted to the far wall of the distal common carotid artery.
Computerized measurement of CIMT is superior in terms of precision and reproducibility,
with an approximately 3% difference between two successive measurements 3. As a result,
common CIMT has become a valid tool for large-scale multicenter studies. However, the
common carotid artery is less likely to have intrusive plaque than the bifurcation and internal

segments of the carotid arteries.
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CIMT correlates with prevalent CVD and with risk factors for CVD “. In prospective studies,
CIMT has proven to be a consistent and independent predictor for coronary events (CE) and
stroke in the general population >%.

Carotid Intima-Media Thickness in DM2

Mean common CIMT in middle aged individuals is reported to range from 0.71-0.98 mm in
diabetic patients versus 0.66 — 0.85 mm in control patients 7. In diabetic individuals without
a history of myocardial infarction CIMT is similar to that in non-diabetic individuals with a
history of myocardial infarction °. Progression of maximal CIMT in the IRAS study was twice
as high in persons with diabetes versus controls ', but other studies report lower rates . In
DM2, prevalent CVD is associated with higher CIMT °. In two prospective studies, baseline
CIMT was shown to be an independent predictor of cardiovascular events >3, However,
when Folsom and colleagues analyzed CIMT in a large cohort with 1500 diabetic participants,
they found that CIMT has predictive value for future CE only in combination with several
other novel risk factors ™.

Arterial Stiffness

Whereas IMT is a marker of structural vessel wall properties, arterial stiffness reflects func-
tional wall properties. Stiffness can be measured in many ways, including distensibility, pulse
wave velocity (PWV) and augmentation index (Alx). Distensibility, defined as the change in
arterial lumen diameter during the cardiac cycle, can be evaluated by ultrasound imaging
using wall-tracking systems based on Doppler shift or using B- or M-Mode. The change in
arterial diameter during the cardiac cycle varies by about 5-6% in middle-aged individuals™.
PWV is the speed with which the arterial pressure wave progresses through the arterial tree
and this increases with increasing vascular stiffness. The PWV can be determined either by
placing a probe on two sites and recording the waveform simultaneously, or by recording the
waveforms independently and comparing the time delay at both sites with a simultaneously
measured QRS complex. PWV gradually increases with age, from about 4 m/sec in the third
decade to 10 m/sec in the ninth decade. The Alx, which is the augmentation of aortal pres-
sure as a percentage of pulse pressure, has also emerged as a parameter for arterial stiffness
(Figure 1) 7. Studies report excellent reproducibility of PWV, with a CV of approximately 3.2
%, which is lower than that for distensibility indices (CV 5.3%) or Alx (CV 10.1%) '7-'°.

In cross-sectional studies, arterial stiffness is strongly associated with age and classical risk
factors for CVD 202! and it has been related to angiographic coronary atherosclerosis .
In a cohort of men aged > 70 years, baseline arterial distensibility predicted cardiovascular
mortality during a two year follow-up, but added little to clinical risk estimation 2. However,
in a Danish population study, aortic PWV predicted a composite of cardiovascular events
outcome above and beyond traditional risk factors 2.
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Figure 1. The pulse pressure wave form.

A.The incident wave generated by the left ventricle (in ascending aorta). B. Waves reflected back from
the peripheral vascular bed (ascending aorta). C. Resultant wave in the ascending aorta which is a
combination of A and B. The augmentation index (Alx) is the measure of additional pressure to which the
left ventricle is subjected as a result of wave reflection and is calculated as: Alx = [a/(b+a)] x 100.

Arterial stiffness in DM2

Diabetic patients have increased arterial stiffness '72*, Compromised carotid distensibility and
PWV have been demonstrated even before the onset of diabetes, in patients with impaired
glucose tolerance. Healthy offspring of DM2 patients have a higher PWV than matched
controls 725, Arterial stiffness in DM2 is related to prevalent CVD '® and has shown to be an
independent predictor of CAD %.

Baseline distensibility did not predict mortality in 140 indiviuals with impaired glucose
tolerance during a follow-up period of 6.6 years . Conversely, PWV does seem to have a
reasonable predictive value for mortality in patients with impaired glucose tolerance and
DM2 24,
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Flow Mediated Dilation (FMD)

Flow Mediated Dilation (FMD) of the brachial artery is a non-invasive technique for measur-
ing endothelial function. FMD is measured with B-Mode ultrasound or a wall-track system.
The brachial artery is visualized in the elbow, and by inflating a cuff (mostly distal to the
elbow) for 4 minutes, hypoxia is created. After deflation, reactive hyperemia induces shear
stress, thereby stimulating nitric oxide (NO) synthesis, resulting in NO dependent dilation
% _FMD is thus defined as the percentage change in the diameter of the brachial artery after
hypoxia, estimated to be 5-10% in healthy individuals. The observed brachial artery dilation
has shown to be closely related to coronary vasoreactivity 2.

FMD fluctuates during the day and is influenced by the temperature, stress, diet, glucose
levels and the menstrual cycle °. Within-subject variability of FMD is therefore often poor with
CVs of 14-50% 2°°, In spite of the biological variation, there is good intra- and interobserver
reproducibility for measurements of baseline and maximum post-ischemia brachial artery
(diameter variations approximately 4%) *.

FMD ranges from about 10% in young adults to 0% in patients with established CAD and it
has proven to be predictive for the presence of CAD 3" and for future CE in high-risk popula-
tions 32 High sensitivity and high negative predictive values were calculated using cut-off
points of 8.1-10% 2. FMD has not been independently associated with CE in patients at lower
risk .

Flow Mediated Dilation in DM2

DM2 is associated with endothelial dysfunction. The underlying mechanisms are suspected
to be related to hyperglycemia (sorbitol, hexosamine, PKC-, and AGE-pathways) and insulin
resistance, which result in mitochondrial superoxide overproduction, and thus decreased NO
availability 33, Clustering of risk factors such as dyslipidemia, hypertension and obesity in
the metabolic syndrome play an additional role. Insulin-mediated vasodilation is at least in
part NO dependent, thus explaining how insulin resistance may cause endothelial dysfunc-
tion.

The predictive value of endothelial dysfunction in epicardial coronary arteries of diabetic
patients has been established for long-term CE 3¢, However, to our knowledge, no studies to
date have evaluated the relationship between FMD and prediction of CE in DM2.

DIRECT ANATOMIC ASSESSMENT OF CORONARY ATHEROSCLEROSIS

Coronary Artery Calcium (CAC) scores

Anatomical and intravascular studies have illustrated that the presence of coronary calcium is
indicative of coronary atherosclerosis *’. Coronary calcification can be detected non-invasively
by Electron Beam Computed Tomography (EBCT), and more recently by Multi-slice Computed
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Tomography (MSCT). Agatston et al. developed a coronary calcium scoring algorithm based
on calcification volume and density, that is now widely used in clinical practice . The extent
of coronary calcium increases with age, and is, on average, higher in men than in women

39-40

Coronary Artery Calcium scores in DM2

Diabetic patients without manifest CVD have a higher CAC score than non-diabetic individu-
als, independent of classical risk factors 43, In addition, CAC scores show significantly more
progression over time in patients with DM2 than in non diabetic patients #.

In a study by Raggi et al. 10,377 patients (903 with diabetes) were followed for a period of
5.0 £ 3.5 years after CAC imaging. Mortality increased with increasing baseline CAC levels for
both diabetic and non diabetic individuals. However, despite similar CAC scores, there was a
greater increase in mortality in diabetic than non-diabetic patients for every increase in CAC
score **. The predictive value of CAC scores in diabetes has been questioned by Qu et al. who
found no significant relationship between CE and CAC scores during a six year follow-up of
269 diabetic patients “.

Multi-Slice Computed Tomography (MSCT) Coronary Angiography

The application of MSCT scanners for non-invasive coronary angiography has developed rap-
idly over recent years. Employment of 16 and 64 slice systems has demonstrated a sensitivity
ranging from 83-99% and specificity of 93-98% #*'. Several studies have demonstrated that
CT angiography has a high negative predictive value of 99% on average #*'. Therefore, the
technique is currently most suited to exclude CAD.

Besides visualization of the coronary artery lumen (Figure 2), CT angiography allows the
identification of non-stenotic atherosclerosis and various types of plaques. In addition, chronic
myocardial infarction and left ventricular ejection fraction can be assessed. Non-stenotic
atherosclerosis may prove to be a predictor of CE; however, this remains to be determined
in prospective long-term clinical studies. Plaques can be classified as non-calcified, mixed
or calcified. Initial comparisons have shown that calcification may represent the duration of
atherosclerosis, whereas non-calcified and mixed lesions are more frequently observed in
patients with an acute coronary syndrome >

MSCT is subject to a number of limitations, including exposure to a relatively high dose of
radiation, currently in the range of 9-12 mSv #*', lower accuracy in the presence of severe
calcification and movement artefacts, and limited application possibilities in case of irregular
heart rate “**1, Taking the radiation exposure and the high negative predictive value of MSCT
angiography into consideration, this technique is recommended for excluding CAD in pa-
tients of intermediate risk.
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Figure 2. An asymptomatic patient with DM2 was screened for CAD using MSCT angiography.

A. the occluded right coronary artery (RCA) is easily visible using the three-dimensional volume rendering
technique which provides an overview of coronary anatomy. Arrows indicate occlusion. B. Multiplanar
reconstruction of the RCA gives a more precise overview of abnormalities. C. and D. multiplanar
reconstruction of the left anterior descending (LAD) and left circumflex (LCx) coronary arteries.

MSCT Coronary Angiography in DM2

MSCT angiography has demonstrated a higher percentage of non-calcified and calcified
plaques and a relatively lower percentage of mixed plaques in DM2%, which can be explained
by the rapid progression of atherosclerosis. Schuijf et al. have reported a sensitivity and
specificity of 95% for detection of stenosis. Inclusion of uninterpretable segments reduced
sensitivity and specificity to 81% and 82%, respectively **. In an evaluation on the diagnostic
accuracy of 16 slice MSCT angiography, there were no statistically significant differences
between the diabetic and non-diabetic individuals in the study population®. Importantly,
negative predictive value of MSCT angiography in DM2 was found to be 98% and 100% on
segmental and patient basis, respectively *>. The prevalence of CAD has been assessed by
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MSCT angiography in 70 asymptomatic patients with DM2. The majority of the patients (80%)
had atherosclerosis (obstructive CAD (luminal narrowing > 50%) in 26%, non-obstructive
CAD in 54% of the patients) *°. Thus, results on the use of non-invasive MSCT angiography
for CAD screening and as a prognostic indicator in the diabetic population appear promising,

but further studies in larger population groups are needed.

FUNCTIONAL TESTS IN ASSESSMENT OF CORONARY ARTERY DISEASE

Functional tests detect myocardial ischemia which is the physiologic consequence of coro-
nary obstruction. These include: ambulatory ECG, exercise ECG, stress echocardiography and

nuclear myocardial perfusion imaging.

Ambulatory ECG

It has been postulated that periods of silent myocardial ischemia (SMI), which can be de-
tected with Ambulatory ECG (AECG), precede a first coronary event. AECG monitoring can
be performed with a three-channel recording system for a continuous period of 48 hours.
Transient myocardial ischemia is defined as the presence of episodes showing more than
0,1 mV (1mm) horizontal or downsloping ST-segment depression. The sensitivity of AECG
for detecting CAD is poor, ranging from 19-62% *7>°. Compared with coronary angiography,
the specificity of AECG ranged from 54- 92% 7. Frequent episodes of transient ischemia
detected by AECG have shown to be a marker for an increased coronary event rate in asymp-
tomatic middle-aged men and in patients with known CAD ©.

Ambulatory ECG in DM2

The prevalence of SMI as assessed by AECG in DM2 varies between 35-58% ©2%4. Although
the prevalence of SMI determined by this method is expected to be higher in diabetic than
non-diabetic individuals, findings have been inconsistent. Comparison of diabetic and non-
diabetic patients in the ACIP study, illustrated lower rates of asymptomatic ischemia in DM2,
despite more extensive and diffuse coronary disease in the latter group ®. A study comparing
exercise ECG with AECG for detection of SMI in DM2 reported that AECG identified ischemia
only in diabetic patients with three-vessel disease whereas exercise ECG also revealed isch-
emia in one- and two-vessel disease . In one study, patients with previously detected silent
ischemia had a higher incidence of new CE (87%) than those with no silent ischemia (51%)
during a 40 months follow-up period®. Further studies are needed to validate the prognostic
value of SMI detected by AECG.
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Exercise Electrocardiography (ECG)

The exercise ECG is considered positive for myocardial ischemia if horizontal downsloping
or upsloping ST-segment depression of = 0.1mV occurs at least 0.08 s after the J point. In
a pooled meta-analysis of 24,074 patients who had undergone both an exercise ECG and
conventional coronary angiography, mean sensitivity and specificity were calculated to be
68% and 77%, respectively . Sensitivity was higher in three-vessel disease ¢.In addition
to myocardial ischemia, the exercise ECG provides information on exercise capacity and
hemodynamic response, which both have prognostic value .

The prognostic significance of exercise-induced myocardial ischemia has been evaluated
in prospective studies ®7°, In a population-based study, an average follow-up period of 10
years was completed in 1,769 asymptomatic men who had undergone an exercise ECG. The
risks of acute CE and cardiac death were increased 1.7- and 3.5- fold, respectively, in men with
SMI compared with men without SMI, after adjusting for conventional factors .

Exercise ECG in DM2

The use of an exercise ECG for diagnosing myocardial ischemia specifically in the setting of
DM2 has not been assessed in large studies. In an evaluation of the correlation between the
ECG exercise test and coronary angiography for the identification of significant coronary ar-
tery stenosis in 59 diabetic patients, the sensitivity and specificity were 75% and 77% respec-
tively 7. The mean positive predictive value of the exercise ECG for predicting angiographic
coronary disease varies between 70% and 90% 7>73. However, the test is often inconclusive
or unfeasible in diabetic patients (approximately 32%) because exercise capability may be
impaired by peripheral vascular or neuropathic disease 72. Furthermore, the specificity of this
method is lower for detecting significant CAD in DM2 because of the presence of microvas-
cular disease.

Abnormal ECG stress tests have shown to be independent predictors of CE 7475, A 38 month
follow-up of 262 asymptomatic diabetic patients who had undergone a maximal ECG stress
test showed a good negative predictive value (97%) for major cardiac end points 4. Gerson
et al., showed that exercise ECG successfully identified all diabetic patients who developed
clinical CAD within 50 months, but provided little prognostic information after the first 50
months, suggesting the need for serial testing 7.

Stress echocardiography

Stress Echocardiography (SE) is a well-established functional technique for assessing CAD
that can be used to demonstrate inducible wall motion abnormalities in the general popula-
tion. Exercise or a pharmacological form of stress can be used. In the case for the former,
echocardiography is performed shortly after exercise. This method provides additional in-
formation on exercise capacity, symptoms and hemodynamic response, which are beneficial
prognostic factors. A potential hindrance may be rapid resolution of ischemia after exercise,
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and therefore normalization of any wall motion abnormality prior to echocardiography.
Pharmacologically induced SE is preferred in those with a limited exercise capacity. An ad-
ditional advantage is that images are obtained during stress. In a meta-analysis of 10,817
patients in which dobutamine was compared with stress testing with adenosine or dipyrida-
mole, dobutamine echocardiography had the highest combination of sensitivity (80%) and
specificity (84%) for the diagnosis of CAD’¢. The accuracy of the method is dependent on the
degree of stenosis, the amount of myocardium at risk and the degree of induced wall motion
abnormality ”’. False negative results are more likely with submaximal exercise (in the case of
exercise-induced stress), single-vessel disease and moderate stenosis (50-70%) 7.

The presence of ischemia on SE and the number of ischemic segments predict the likeli-
hood of CE during long-term follow-up in the general population with known or suspected
CAD 78, However, in a 10 year follow-up of 1,832 asymptomatic patients who underwent
SE, exercise testing and a resting echocardiogram, SE did not offer additional prognostic
information in terms of identifying patients at a higher risk of CE®'.

Stress echocardiography in DM2

The diagnostic accuracy of SE for significant CAD in DM2 has been verified in two studies. In
one study in which 55 diabetic patients underwent dobutamine SE and invasive angiogra-
phy, sensitivity and specificity of SE were 81% and 85%, respectively 8. Another study that
compared SE with coronary angiography in 52 DM2 patients reported a similar sensitivity
(82%), but a much lower specificity (54%) .

In a prospective study, SE plus an exercise ECG were used to screen 71 DM2 patients
with unknown asymptomatic cardiac disease and > 2 cardiovascular risk factors. Those who
obtained an abnormal result in one test underwent coronary angiography, and if necessary,
revascularization. Compared with patients randomized to the control arm (n=70), CE were
significantly reduced in the screening arm during follow-up 4. The preclinical diagnosis of
CAD by SE may therefore be effective. However, more studies are needed to determine the
prognostic role of SE in screening for cardiac disease in asymptomatic DM2 patients.

Nuclear SPECT Myocardial Perfusion Imaging (MPI)
The majority of studies on ischemia have used SPECT MPI. This imaging modality reveals the
the presence and extent of perfusion defects. Images are taken following exposure to stress
(exercise or pharmacological) and at rest, allowing the identification of fixed and reversible
defects(Figure 3). The dimensions of the left ventricle and ejection fraction can also be deter-
mined. An analysis of the diagnostic accuracy of pharmacologically induced stress MPI in a
pooled meta-analysis of 10,817 patients with angiographic data reported a mean sensitivity
and specificity of 88% and 77%, respectively .

Perfusion defects are significant predictors of CE in patients with known or suspected
CAD ¢, However, over a follow-up period of 4,6 years the presence of perfusion defects did
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Figure 3. Myocardial perfusion imaging was carried out in the patient described in Figure 2, in whom
coronary abnormalities had been observed on MSCT angiography.

A. A perfusion defect was observed in the posterolateral segment (indicated by arrows) during stress,
which did not exist during rest as shown in A”, indicating ischemia. B. Partial ischemia was observed
during stress, shown by an increase in size of the defect in the inferior segment (indicated by arrow), in
comparison to the rest scan B"

not independently predict CE in a purely asymptomatic group of volunteers &. Normal MPI
results have shown a low CE rate (1%) over a 5 year follow-up period®. Significant predictors
of future CE after pharmacologically induced stress MPI include large defects, defects in mul-
tiple coronary artery territory suggestive of multi-vessel disease, major irreversible defects,
left ventricular dilatation and decreased resting left ventricular ejection fraction .

Nuclear SPECT MPI Imaging in DM2

To our knowledge, the diagnostic accuracy of MPl in DM2 has only been studied by Kang et
al., who performed MPI and conventional coronary angiography in 138 DM2 patients. Mean
sensitivity and specificity were 86% and 56%, respectively for = 50% coronary stenosis, and
90% and 50% for > 70% coronary stenosis ®.

In asymptomatic diabetic patients, the rate of SMI diagnosed by stress MPI ranges from
17-59% (Table 1) . In general, a higher percentage of perfusion defects has been detected
in retrospective studies °*°'. In the DIAD study, which included 1,123 asymptomatic patients
with DM2, the occurrence of perfusion defects was not significantly associated with the
traditional risk factors for CVD 2
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During an intermediate follow-up period, persistent and reversible perfusion defects
have shown to be predictors of CE in asymptomatic diabetic patients #**>. Rajagopalan et al,
categorized diabetic patients according to SPECT imaging scans, as high, intermediate or low
risk. The annual mortality rate was 5.9%, 5.0% and 3.6%, respectively, with a significant dif-
ference in mortality (p<0.001) between the three groups %. The long-term prognostic value
of MPI in asymptomatic diabetic patients needs to be further analyzed. It is speculated that
concurrent abnormalities of perfusion imaging scans in diabetic patients with normal coro-
nary angiograms may be due to microangiopathy or endothelial dysfunction, and therefore
represent an increased likelihood of future CE .

CONCLUSIONS

CIMT, arterial stiffness and variably FMD are abnormal long before the onset of DM2.

Therefore these measurements are the most likely to be useful for the identification of at
risk patients during the early stages of atherosclerotic disease, when functional wall proper-
ties are still reversible. However, further studies are necessary to evaluate whether these tools
provide any additional prognostic value when used in combination with clinical risk scores
(Table 2), before they can be implemented on large scale in clinical practice.

Inindividuals with a strong clinical suspicion of advanced CAD, cardiac imaging techniques
are more warranted. When functional techniques are compared, AECG and exercise ECG are
less sensitive and specific than functional cardiac imaging tests for the detection of ischemia
in DM2. Head-to-head comparison has revealed that SPECT MPI has a higher sensitivity than
SE for the detection of multi-vessel and single-vessel CAD ?’. Furthermore, the predictive
value of SPECT MPI in the diabetic population has been studied more extensively than that
of SE (Table 2). CAC scoring and the more recently developed MSCT non-invasive coronary
angiography allow quantification of atherosclerotic burden. CAC scores have been shown
to predict CE *¢. MSCT coronary angiography has good sensitivity for the identification of
prevalent CAD and can therefore enable more widespread screening in combination with
CAC scores in DM2, but its use is limited by radiation exposure and costs.

We propose an algorithm for the screening of asymptomatic diabetic patients (Figure 4). A
selection strategy with a CAC score >100 AU has shown to be an effective way of identifying
patients with moderate to large perfusion defects . Nevertheless, recent observations have
shown that low CAC scores do not exclude CAD in DM2 ¢, Based on this, the initial step of
our algorithm involves the combined use of CAC assessment and exercise ECG to maximize
sensitivity for detection of CAD. MPI or MSCT coronary angiography seem to be justified
for individuals with a CAC score >100 or a positive exercise ECG. Conventional coronary

angiography can then be considered in the presence of ischemia according to stress MPI
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or obstructive atherosclerosis illustrated by MSCT angiography. Prospective studies may be
conducted to evaluate the effectiveness of such a screening approach.

The criteria for the selection of those asymptomatic patients with DM2 who should un-
dergo non-invasive cardiac screening for risk stratification remain controversial. The ‘two or
more risk factors’criterion for screening, as suggested by the 1998 ADA guidelines, failed to
accurately identify a large number of patients with ischemia in the DIAD study . Future stud-
ies may prove non-invasive vascular tools such as CIMT, PWV and FMD to be more effective in
identification of patients at risk who should be screened for CAD(Figure 4).

Figure 4. Proposed algorithm for screening of asymptomatic diabetic patients.

Patient with DM2 (asymptomatic) ‘

4—1 Future: prior risk stratification by CIMT and PWV
[
l CAC score ‘ Exercise ECG

| |
v v v v

l CAC score <100 ‘ l CAC score >100 ‘ l No ischemia ‘ l Ischemia

| |

CAC score >100
and/or ischemia

T

v

CAC score <1 QO MPI or CT angiography
and no ischemia

l Re-screening in 2-3 years No ischemia and no Ischemia or
obstructive atherosclerosis obstructive atherosclerosis
’ Re-screening in 2-3 years ‘ Intensified medical therapy and
consider conventional coronary
angiography**

* Choice of test according to availability and patient characteristics (in patients with severely impaired
kidney function or atrial fibrillation, CT angiography should be avoided).

** Conventional coronary angiography can be considered in the presence of obstructive atherosclerosis in
a proximal segment of a coronary artery or extensive ischemia.

The future

In DM2 patients , plaque development is not only accelerated, but also distinct, exhibiting
more lipid-rich atheroma, macrophage infiltration and a higher thrombogenic potential
compared with non-diabetic individuals *°. This implies that screening tools such as magnetic
resonance angiography, which enable assessment of plaque composition, and may reflect
the real culprit, i.e. plaque vulnerability, could emerge as more potent risk predictors in DM2.
However, the application of magnetic resonance angiography as a screening tool is not
feasible in the near future because of high costs and complex methodology involved.
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ABSTRACT

Objective

Cardiovascular disease (CVD) is the most important cause of mortality in patients with type 2
diabetes mellitus (DM2). We aimed to determine the effect of statin therapy versus placebo
on the progression of carotid Intima-Media Thickness (IMT) in DM2 patients without manifest
CVD.

Research Design and Methods

A randomized, placebo-controlled, double-blind clinical trial was performed in 250 patients
with DM2. Patients were given either 0.4 mg cerivastatin or placebo daily. In August 2001,
when cerivastatin was withdrawn from the market, 0.4 mg cerivastatin was replaced by 20
mg simvastatin, without deblinding the study. The primary endpoint was the change of mean
common carotid IMT, as measured by B-mode ultrasound, over 2 years.

Results

Common carotid IMT at baseline was 0.780 mm in the placebo group and 0.763 mm in
the statin group and did not change significantly after two years. There was no significant
difference in IMT change in any carotid segment between the groups. LDL cholesterol was
reduced by 25 % in the statin group and increased by 8% in the placebo group (p<0.001).
Cardiovascular events occurred in 12 patients in the placebo group and in 2 patients in the
statin group (p=0.006).

Conclusions

There was no effect of 2 years’ statin therapy on carotid IMT in DM2. The natural history of
IMT in our patients was milder than anticipated. In contrast, we observed a significantly
lower cardiovascular event rate on statin therapy. Prognostic tools other than IMT should be
explored in this patient group.
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INTRODUCTION

Cardiovascular disease (CVD), including cerebrovascular disease, coronary artery disease
(CAD), and peripheral vascular disease, is the most important cause of mortality in patients
with type 2 diabetes’. The severity and progression of atherosclerosis can be assessed non-
invasively by ultrasonographic measurements of the intima-media thickness (IMT) in the
carotid and femoral arteries. Ultrasonographic IMT measurements of the far wall relate to
histological IMT measurements?. Carotid IMT correlates with prevalent CVD?, angiographi-
cally proven coronary atherosclerosis*, and risk factors for CVD, including LDL cholesterol>®.
In prospective studies, carotid IMT has proven to be predictive of CYD”?, and as a conse-
quence, IMT is increasingly used as an intermediate end point in clinical trials. Mean common
carotid IMT in middle- aged subjects without CAD is reported to range from 0.71 to 0.91
mm in diabetic patients vs. 0.66 to 0.74 mm in control subjects'®'". In diabetes, IMT is less
consistently correlated to classical risk factors such as LDL cholesterol. Importantly, at the
time our study was designed, data on the progression and predictive value of IMT in type 2
diabetes were lacking.

During the last 10 years, large clinical trials have demonstrated that HMG-CoA (hydroxy-
methylglutaryl coenzyme A) reductase inhibitors (statins) reduce the risk of cardiovascular
events in the setting of secondary and primary prevention''. Subgroup analyses in diabetic
patients in several of these studies showed conflicting results'*'¢. However, these trials were
not specifically designed for type 2 diabetic patients in the setting of primary prevention. We
therefore set out to evaluate the effect of statin therapy versus placebo on the progression of
carotid and femoral IMT in type 2 diabetic patients without established CVD.

RESEARCH DESIGN AND METHODS

Patients

Patients were recruited from the departments of internal medicine at two nonacademic
teaching hospitals, the Leyenburg Hospital and the Red Cross Hospital, the Hague, the Neth-
erlands. Subjects were eligible for the study if they had been diagnosed with type 2 diabetes
for at least 1 year, were aged 30-80 years, and were without a history of CVD (defined as CAD,
electrocardiographic criteria for a past myocardial infarction, ischemic stroke, peripheral
artery bypass surgery, percutaneous transluminal angioplasty, or amputation because of
atherosclerotic disease).

At a screening visit, fasting blood samples were drawn and a resting electrocardiogram
performed. Patients with fasting total cholesterol > 6.9 mmol/l or < 4.0 mmol/l, triglycerides
> 6.0 mmol/l, creatinine kinase values more than three times and alanine aminotransferase
(ALT) more than two times the upper limit of normal, or creatinine clearance < 30 ml/min
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were excluded. Any lipid-lowering therapy had to be discontinued 8 weeks before the
screening visit. The study was approved by the medical ethics committees of both hospitals
and performed in accordance with the Declaration of Helsinki.

Study Objectives

The primary end point of the study was the change in mean IMT of the common carotid artery
after 24 months. Secondary end points were the changes in mean and maximum IMT of the
carotid bifurcation, internal carotid artery, common femoral artery, and superficial femoral
artery and the changes in aggregate carotid IMT (defined as the average of the mean IMT of
the three carotid segments), all after 24 months. The change in mean IMT after 12 months
was also considered a secondary end point. The following predefined cardiovascular events
were evaluated during the study: cardiovascular death, nonfatal myocardial infarction, per-
cutaneous transluminal coronary angioplasty, coronary artery bypass graft surgery, nonfatal
stroke, peripheral artery bypass graft, percutaneous transluminal angioplasty, or amputation
because of atherosclerotic disease.

Study design
After giving written informed consent, 250 patients participated at least 1 week after the
screening visit. Patients were randomly assigned to receive 0.4 mg cerivastatin (Bayer, Mij-
drecht, the Netherlands) or placebo daily for a period of 2 years. Double-blind study medica-
tion was assigned using a predetermined computer- generated randomization scheme with a
block size of 10. On 8 August 2001, cerivastatin was withdrawn from the market due to reports
of serious morbidity and mortality possibly related to the drug '’. At that moment, all 250
patients had been included in the study with a mean follow-up of 15.4 months (range 6-23).
All patients were instructed to discontinue the study drug. The study was not unblinded at
any time point. No patient had developed myopathy, and creatinine kinase values above five
times the upper limit of normal had not been observed. After consultation with independent
experts in lipid-lowering treatment studies, it was decided to continue the study. Cerivastatin
(0.4 mg) was replaced by simvastatin (20 mg) daily, on the basis of a comparable LDL reduc-
tion'®'?, Both simvastatin and matching placebo tablets (Merck Sharp & Dohme, Haarlem,
the Netherlands) were given according to the original allocation. The study was continued 1
month after the discontinuation of cerivastatin. The total use of study medication was kept at

24 months, resulting in the study being prolonged for 1 month.

Follow-up

Patients returned to the study site aftera 12-h fast at 3, 6, 12, 18, and 24 months, when blinded
lipid and safety measurements (creatinine kinase and ALT) were performed. Carotid IMT was
measured at baseline, 12 months, and 24 months. Femoral IMT was performed at baseline
and 24 months. Two-year follow-up for clinical events was performed for all 250 patients.

a4



Statin therapy and IMT in DM2

Ultrasound measurements

Ultrasound imaging was performed with an Acuson Aspen scanner with a linear array 7.5-
MHz probe. All images were recorded digitally and on a S-VHS videotape for off-line, blinded
analysis by an independent core laboratory (Heartcore, Leiden, the Netherlands). During the
study, all measurements were performed by the same two certified ultrasonographers.

In the supine position, the left and right carotid arteries, near and far walls, were examined
longitudinally at the angle that resulted in an optimal and maximal IMT (while avoiding
plaques) for each segment. The segments scanned were the distal 1.0 cm of the common
carotid artery, the carotid bifurcation, and the proximal 1.0 cm of the internal carotid artery.
The optimal angle was used for follow- up. The same procedure was done for the common
femoral artery and superficial femoral artery.

For each segment, three R wave- triggered images were stored. Mean and maximal IMT
were measured, when possible, over the entire 1 cm of the vessel segment. The three IMT
measurements were averaged. To obtain mean and maximal IMT per vessel segment, far and
near wall, left and right values were averaged.

During the first year of the study, a reproducibility investigation was performed for the two
ultrasonographers in 16 subjects. For the common carotid artery, interobserver variability
(expressed as mean difference + SD) was 0.0082 + 0.050 mm and intraobserver variability
was 0.0067 + 0.049 and 0.00036 + 0.058 mm for the two observers. For the common femoral
artery, interobserver variability was 0.039 + 0.11 mm and intraobserver variability was 0.0085
+0.10 and 0.060 mm =+ 0.078 mm for the two observers.

Laboratory investigations

All laboratory measurements were performed at the Department of Clinical Chemistry and
Hematology of the Leyenburg Hospital, according to ISO 15189 standard procedures.

Statistical analysis

When this study was designed, no data were available on IMT progression in type 2 diabetes.
From clinical studies in patients with CAD, we assumed a progression rate of 0.03 mm per 2
years for the common carotid artery IMT. The number of patients needed to detect a differ-
ence in mean common carotid artery IMT of 0.04 mm after 2 years (expected SD 0.10) with a
power of 80% (a = 0.05) was 100 patients in each group. To allow for a 20% drop-out rate, the
total number of patients randomized would be 250.

The primary treatment comparison is between placebo and statin therapy in patients
completing the study (on-treatment analysis). Changes from baseline within each treatment
group were analyzed using Student’s paired t test. Comparisons of the effects between the
treatment groups were performed using Student’s independent samples t test. Mixed-model
analysis was used as a sensitivity analysis to assess the influence of missing values on the
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results, under the assumption of “missing at random” %, and to investigate systematic differ-
ences between replications, positions, and between far and near wall.

Stepwise regression techniques were used to investigate the effect on baseline IMT and on
changes in IMT of sex, age, smoking habits, ethnicity, blood pressure, anthropometric param-
eters, and duration of cerivastatin versus simvastatin use. To test the equivalence of 0.4 mg
cerivastatin and 20 mg simvastatin, LDL levels before and after the switch to simvastatin were
compared using Student’s paired t test. Correlation between changes in IMT and changes in
lipid levels were evaluated by calculating Pearson’s correlation coefficients. The occurrence of
clinical events was expressed as a proportion and evaluated using Chi-squared test or Fisher’s
exact test as appropriate. All analyses were two sided with a level of significance of a = 0.05.

RESULTS

Of a total of 302 patients screened, 52 did not fulfill the entry criteria. The baseline characteris-
tics of the 250 randomized patients did not differ between the groups and are reported in Table
1. None of the patients had recently been on lipid-lowering therapy.

Of the 250 patients randomized, 68 did not complete the study: 46 in the placebo group
and 22 in the statin group. In 16 patients in the placebo group and in 8 in the statin group, the
only reason for discontinuation was the withdrawal of cerivastatin from the market. Drop-out
rates were slightly lower in the Caucasian group than in the Asian-Indian and other ethnic

Table 1 Baseline Characteristics of 250 Randomized Patients

Placebo (n=125) Statin (n=125)

Male sex 57 (46) 61 (49)
Age (years) 58.2+114 58.8+11.3
Ethnicity:

Caucasian 86 (69) 83 (66)

Asian-Indian 20(16) 28 (22)

other 19(15) 14(11)
BMI (kg/m?) 31.0+6.0 31.0+6.3
Waist-to-hip ratio 0.99 £ 0.09 0.98 + 0.08
Current smoker 33(26) 28 (22)
Hypertension 66 (53) 60 (48)
Diabetes duration (years)* 7+8 6+7
Insulin use 69 (55) 62 (50)
HbA1c (%) 7.60 +1.48 7.53+1.10
Microalbuminuriat 19 (15) 24 (19)

Data are means = SD or n (%);
*Median values + SD
1 Men, > 2.5 g/mol creatinine;women > 3.5 g/mol creatinine
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groups (22 vs. 35%, respectively, 42%, p = 0.02). The other baseline characteristics of the 182
patients who completed the study did not differ from the 68 drop outs (data not shown).

Overall compliance, as assessed by pill counting, was 97% and was equal in the statin and
placebo groups. Compliance was not reduced after the switch to simvastatin.

Lipids

LDL cholesterol was reduced by 25% in the statin group and increased by 8% in the placebo
group (P < 0.001), and changes in HDL cholesterol and triglycerides were not significantly
different between the groups (Table 2). Average LDL cholesterol levels were higher after the
switch to simvastatin (2.34 before vs. 2.56 mmol/l after the switch, p < 0.001).

Table 2 Plasma lipid and lipoprotein concentrations

Placebo (n=79) Statin(n=103)
baseline 2year p baseline 2 year P p*
TC (mmol/l) 560+0.77 574+093 0058 549+0.72 449+1.01 <0.001 <0.001
LDL-c(mmol/l) 355+0.71 3.78+0.81 0.003 3.44+0.71 2.58+095  <0.001 <0.001
HDL-c(mmol/Il) 121+037 1.22+038 0963 1.23+0.39 1.20+£0.36 0.144 0.284
TG (mmol/l) 1.88+0.79 1.72+122 0.206 1.82+0.97 1.60 £ 1.38 0.043 0.371
ApoB100 (mg/I) 1.15+023 1.11+024 0.094 1.10+0.21 0.84+0.26  <0.001 <0.001

Data are means + SD

* p value for difference in percent change between placebo and statin group

TC = total cholesterol; LDL-c = LDL cholesterol; HDL-c =HDL cholesterol; TG = triglycerides. Apo =
Apolipoprotein

To convert to mg/dl: cholesterol: multiply by 38.6; triglycerides: multiply by 88.5

IMT

Baseline mean IMT's were not significantly different between the groups. Common carotid
artery IMT in the placebo group was 0.780 + 0.129 mm at baseline and 0.774 + 0.124 mm
at 2 years (p = 0.50), and in the statin group, it was 0.763 + 0.124 mm at baseline and 0.765
+0.116 mm at 2 years (p = 0.78) (Table 3). There was no significant difference between the
change in IMT in the placebo and statin groups (mean difference - 0.0075 mm [95% CI -0.0281
t0 0.0132 mm], p = 0.48). After 2 years, the mean changes in IMT of the other segments were
also not significantly different between the groups and compared with baseline. This was
also observed for the changes in maximal IMT (data not shown). Finally, the changes in mean
common carotid artery IMT after 1 year were equal in both groups (-0.0155 mm in the placebo
group vs. -0.0166 mm in the statin group, p for difference in change = 0.90). Mixed-model
analysis confirmed these results.

Determinants for baseline IMT were age (r=0.358, p < 0.001) and systolic blood pressure (r
=0.26, p < 0.001). Baseline IMT and changes in IMT were not correlated with LDL cholesterol
or any other lipid parameter. Baseline IMT and changes in IMT were also not related to sex,
ethnicity, diabetes duration, insulin use, HbA1c, anthropometric parameters, or smoking
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Table 3 mean IMT of 182 patients who completed the study

Baseline 2 years Mean change

IMT SD IMT SD IMT 95% Cl p*
Placebo (n=79)
Primary endpoint
CCA 0.780 0.129 0.774 0.124 -0.006 -0.0223 t0 0.0109 0.50
Secondary endpoint
BIF 0.815 0.148 0.805 0.143 -0.010 -0.0267 to 0.0072 0.25
ICA 0.640 0.136 0.670 0.130 0.031 -0.0104 t0 0.0718 0.14
aggrCA 0.757 0.137 0.763 0.120 0.006 -0.0117 t0 0.0229 0.52
CFA 0.663 0.149 0.652 0.141 -0.011 -0.0390 to 0.0165 0.42
SFA 0.551 0.111 0.549 0.099 -0.002 -0.0236 t0 0.0197 0.86
Statin (n=103)
Primary endpoint
CCA 0.763 0.124 0.765 0.116 0.002 -0.0112t0 0.0149 0.78
Secondary endpoint
BIF 0.823 0.140 0.806 0.122 -0.017 -0.0358 t0 0.0017 0.07
ICA 0.684 0.183 0.689 0.181 0.005 -0.0211t0 0.0314 0.69
aggrCA 0.759 0.116 0.762 0.105 0.003 -0.0116 t0 0.0175 0.69
CFA 0.630 0.151 0.635 0.148 0.005 -0.0152 t0 0.0258 0.61
SFA 0.543 0.092 0.538 0.107 -0.005 -0.0187 t0 0.0078 0.42

Values are in millimeters. Mean change: mean change from baseline to 2 years. CCA: common carotid
artery; BIF: carotid bifurcation; ICA: internal carotid artery; aggrCA: aggregate carotid artery (mean of all
segments); CFA: common femoral artery; SFA: superficial femoral artery

habits. The effect of the two statins used was analyzed by correcting the change in IMT for
duration of cerivastatin treatment (range 6-23 months). This did not change the results.

Clinical events

Cardiovascular events occurred in 12 patients in the placebo group and 2 in the statin group
(p = 0.006). Coronary events occurred in four patients in the placebo group and none in the
statin group (p = 0.122). Four patients in the placebo group and three in the statin group
died. The causes of death were cancer (n = 4), sepsis (n = 1), and hemorrhagic stroke (n =
2). Malignancies occurred in eight patients: four in the placebo group and four in the statin
group. Myalgia was reported 18 times in the statin group and 26 times in the placebo group
and was never accompanied by an increase in creatinine kinase. In one patient in the statin
group, at his 24-month visit, ALT was raised more than three times above the upper limit of

normal. This was attributed to steatosis hepatis.
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CONCLUSIONS

This is the first prospective study in patients with type 2 diabetes but without overt CVD that
investigated the effect of statins versus placebo on carotid and femoral IMT. Despite a mean
LDL cholesterol reduction of 25%, we did not find any effect of 2 years’ statin therapy on
mean common carotid IMT.

In patients with familial hypercholesterolemia and in patients with established CAD, statin
therapy has resulted in significantly less progression or even regression of carotid IMT? %, In
the only other randomized controlled lipid intervention IMT study in type 2 diabetic patients,
3 years’ therapy with bezafibrate did not have any effect on carotid and femoral IMT 24, Our
findings warrant several remarks. First, the mean LDL cholesterol reduction of 25% is fully
comparable to statin-induced LDL cholesterol reductions ranging between 22 and 29% in
studies of non-diabetic patients, showing a significant effect after 18-24 months on carotid
IMT 2122526 Second, contrary to the postulated progression of mean common carotid artery
IMT of 0.03mm per 2 years, in the present study there was a nonsignificant regression of
0.006 mm per 2 years in the placebo group. It could be argued that our patient population
had been low risk. However, we included diabetic patients with a broad range in age and
diabetes duration, while their baseline common carotid artery IMT was quite comparable to
that of patients in other studies'®”. Moreover, the observed rate of first major vascular events
(myocardial infarction, strokes, and revascularizations) in our placebo group, which translates
to 14% per 5 years, is similar to the incidence rate of 13.5% in the diabetic placebo subgroup
without prior CVD in the Heart Protection Study '®. Thus, it seems unlikely that our results
have been influenced by any healthy volunteer effect. Third, in our study, we observed no
association between LDL cholesterol reduction and IMT reduction. This is at variance with the
effect of statin therapy on IMT in non-diabetic patients 22 but in agreement with the effect of
3 years’ bezafibrate treatment (LDL cholesterol reduction 9.6%) on carotid and femoral IMT
in type 2 diabetic patients 2%, Equally, baseline IMT in the present study was not correlated
to baseline LDL cholesterol or any other lipid level, similar to the results of several previous
cross-sectional studies in type 2 diabetes'®%. Finally, given the low inter- and intra-observer
variability in our IMT measurements compared with other studies?, we strongly feel that the
quality of the assessments has not biased the results.

As our study was designed with the assumption of similar IMT progression rates in diabetic
and coronary patients, we conclude from the lack of IMT progression in our placebo group
that IMT progression rates in diabetic patients are lower than those of patients with CAD. This
is supported by recently published cohort studies in which diabetes was not predictive of
IMT progression 3%3. Moreover, the ARIC (Atherosclerosis Risk in Communities) study*? and
the IRAS (Insulin Resistance Atherosclerosis Study)* have recently shown progression rates
for diabetic subjects of 0.011 and 0.0072 mm/year, respectively, both of which are lower than
those observed in patients with CAD*,
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We observed a statistically significant effect on the incidence of predefined cardiovascular
events. This is in agreement with the results of the recently published CARDS (Collaborative
Atorvastatin Diabetes Study)® and with the results of a meta-analysis on the effects of lipid
management for type 2 diabetic patients in primary prevention®. As we did not find any
IMT regression, we postulate that statin-induced cardiovascular event reduction in diabetic
patients is not related to IMT regression. From a pathophysiological point of view, the intimal
and medial layers of the vessel wall in type 2 diabetes are most likely irreversibly changed
by processes such as extracellular matrix glycosylation and media calcification®”*, These
changes may resist global regression based on interference with local intravascular cho-
lesterol metabolism. We hypothesize that although statins do not influence the irreversibly
changed glycosylated extracellular matrix, it may well have an effect on outcome in type 2
diabetic patients by its beneficial influence on plaque vulnerability. To accurately measure
IMT in our study, we avoided eccentric plaques; therefore, we cannot address this hypothesis
with the available data.

Our study has its limitations. First, cerivastatin was withdrawn from the market, resulting
in a change from cerivastatin to simvastatin. After correcting the change in IMT for duration
of cerivastatin treatment, however, the results remained unchanged. Second, as a result
of the withdrawal of cerivastatin, we had a higher withdrawal rate than anticipated in our
sample size estimation. However, except for ethnicity, which was not a determinant of IMT
or IMT progression, baseline characteristics did not differ between the drop outs and the
182 patients who fulfilled the study. Moreover, given the narrow Cl of the mean difference
in common carotid artery IMT change between placebo and statin (95% Cl -0.0281 to 0.0132
mm), we can exclude a type Il error.

In conclusion, 2 years of statin therapy in a broad range of type 2 diabetic patients without
prior manifest atherosclerotic disease did not have any effect on carotid and femoral IMT. The
natural history of atherosclerosis progression, as measured by IMT in type 2 diabetic patients,
was milder than previously postulated.

We observed a lower cardiovascular event rate in patients on statin therapy, which isin line
with other clinical trials. As this benefit has not been related to IMT regression, other mecha-
nistic explanations, like a beneficial effect on plaque vulnerability, might be of importance.
Vessel wall biology in type 2 diabetes is distinct from other high-risk patients, and this implies
that prognostic tools other than IMT should be evaluated in this patient group.
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ABSTRACT

Objective

Cardiovascular disease is the most important cause of mortality in patients with type 2 diabe-
tes mellitus (DM2) and is preceded by endothelial dysfunction. Flow Mediated Dilation (FMD)
is a non-invasive technique for measuring endothelial dysfunction. We aimed to determine
the effect of long-term statin therapy versus placebo on FMD in patients with DM2 without
manifest cardiovascular disease.

Research Design and Methods

A randomized, placebo-controlled, double-blind trial was performed in 250 patients with
DM2. Patients were given 0.4 mg cerivastatin or placebo daily. In August 2001, when cerivas-
tatin was withdrawn from the market, 0.4 mg cerivastatin was replaced by 20 mg simvastatin,
without deblinding the study. The primary endpoint was the change in FMD, measured by
B-mode ultrasound, after 2 years.

Results

Determinants of baseline FMD were diabetes duration, common carotid intima-media thick-
ness (IMT) and brachial artery diameter. FMD at baseline was 1.51 % in the placebo group and
1.66 % in the statin group and did not change significantly after two years.

Conclusions

There was no effect of 2 years'statin therapy on FMD in DM2. Statin-induced improvement of
cardiovascular risk in patients with DM2 may be mediated through mechanisms other than
increased nitric oxide availability.
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INTRODUCTION

Cardiovascular disease (CVD) is the most important cause of mortality in patients with type
2 diabetes mellitus (DM2) . Endothelial dysfunction precedes the development of athero-
sclerotic plaques and is believed to be reversible? Nitric oxide (NO) is a key molecule in
this process: it modulates blood flow and vascular permeability, it limits inflammation and
coagulation and diminishes vascular smooth muscle cell proliferation and migration. DM2
is associated with endothelial dysfunction, the underlying mechanisms are complex and
related to hyperglycemia (sorbitol, hexosamin, Protein Kinase C, and Advanced Glycemic
Endproducts pathways) and insulin resistance, resulting in mitochondrial superoxide over-
production and thus decreased NO availability®. Regarding insulin, its vasodilatory capacity
is at least in part NO dependent**, thus explaining how insulin resistance might be related to
endothelial dysfunction.

Flow Mediated Dilation (FMD) of the brachial artery is a non-invasive technique for mea-
suring endothelial function. FMD of the brachial artery has been shown to be the result of
endothelium-derived NO release ¢ and is related to coronary vasoreactivity’. FMD has proven
to be predictive for the presence of coronary artery disease #°, for future cardiovascular
events'®'? and for postoperative cardiovascular events '* in high-risk populations. Improve-
ment in FMD predicts a favourable cardiovascular outcome in postmenopausal hypertensive
women? However, in patients at lower risk, FMD was not independently associated with
outcome'™, FMD is impaired in patients with DM2 with FMD values reported from 4.47-12.3 %
in controls versus 2.96-6.1% in DM2 patients in cross-sectional studies' %2,

HMG-coenzyme A reductase inhibitors (statins) have been shown to reverse endothelial
dysfunction in hypercholesterolemic non-diabetic patients, possibly through upregulation
of endothelial Nitric Oxide Synthase expression 22, resulting in increased NO production.
Statins also inhibit superoxide production %, thereby reducing NO breakdown. The net effect
is an increase in NO availability, theoretically within days after starting statin therapy. This
may explain the rapid improvement in endothelial dysfunction observed in several studies in
non-diabetics?. In patients with type 2 diabetes, the results of studies with short-term statin
therapy are, however, contradictory with respect to FMD. We therefore conducted a random-
ized, placebo- controlled trial to evaluate the effect of 2 years' statin therapy on endothelial
function in patients with DM2 without CVD.

RESEARCH DESIGN AND METHODS

Subjects and design

The study design and baseline characteristics of the original patient population have been
described elsewhere ?. Briefly, 250 patients with DM2 for at least one year, aged 30-80 years,
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without CVD were included in this randomized, double-blind, clinical trial. Patients were
given 0.4 mg cerivastatin (Bayer B.V., Mijdrecht, The Netherlands) or placebo daily for 2 years.
After the withdrawal of cerivastatin from the market, 0.4 mg cerivastatin was replaced by 20
mg simvastatin (Merck Sharp & Dome, Haarlem, the Netherlands), without deblinding the
study. Only patients who completed the study were included in the present analysis. There
were no significant differences in demographic or lipid parameters between the full cohort
(n=250) and the patients in this study (n=182), except for race, as more Caucasians than
non-Caucasians completed the study (data not shown). Eligible patients gave their written
informed consent. The study was performed at the Leyenburg Hospital, The Hague. The study
was approved by the hospital’s Medical Ethics Committee.

Study Objectives

The primary endpoint of the study was the change in FMD between 24 months and baseline.
Secondary endpoints were the change in absolute diameter (D__ -D), the time to peak (T __),
the change in Nitroglycerin Mediated Dilation (NMD) and the FMD-to-NMD ratio(FMD/NMD).
Comparisons between standard measurements for FMD at 1 minute after cuff deflation and
for NMD at 3,4 or 5 minutes after Nitroglycerin administration and real maximum values
obtained by beat-to-beat analysis were analyzed as an exploratory endpoint.

Follow-up

Patients returned to the study site after a 12 hours fast at 3, 6, 12, 18 and 24 months when
blinded lipid and safety measurements (creatinin kinase, ALT) were performed. Ultrasound
measurements were performed at baseline and 24 months. Two years follow-up for clinical
events was performed for all 250 patients.

Ultrasound measurements

Ultrasound imaging was performed with an Acuson Aspen scanner with a linear array 7.5 MHz
probe. All images were recorded digitally for off-line, blinded, analysis by an independent
core laboratory, Heart Core, Leiden, the Netherlands. During the study, all measurements
were performed by the same two, certified, ultrasonographers.

Fasting subjects were examined in the supine position. Heart rate was continuously moni-
tored by three-lead ECG. Mean common carotid artery Intima-Media Thickness (CCA IMT)
was measured as reported earlier #. Briefly, the left and right distal 1.0 cm of the common
carotid arteries, near and far walls, were examined longitudinally in the angle resulting in
an optimal and maximal IMT (while avoiding plaques). For each segment, three R-wave trig-
gered images were stored. Mean IMT was measured, when possible, over the entire 1 cm of
the vessel segment. CCA IMT was obtained by averaging the mean IMT’s of far and near wall,
left and right.
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For FMD the right arm was placed in extension in the elbow, hand in supination, wrist and
elbow supported by foam cushions. An optimal longitudinal image of the brachial artery at,
or just above the elbow, was established and kept stable using a specially designed fixative.
To obtain clearer images, a water bag was placed between the transducer and the skin. At
baseline, 15 consecutive R-wave triggered beats were stored. A cuff placed just distally from
the elbow was inflated to 50 mm Hg above systolic blood pressure (up to a maximum of
230 mm Hg) for four minutes. After deflation, R-wave frozen images were recorded for every
beat, during 5 minutes. After 10 minutes rest again 15 R-wave triggered beats were stored.
Subsequently two puffs of nitroglycerin (0.8 mg) spray were given sublingually, upon which
again R-wave frozen images were recorded for every beat during 5 minutes.

Lumen diameter (D) was defined as the distance between the media-adventitia interfaces
of far and near wall. Using an automated contour detection system, D was measured semi-
automatically by placing a cursor on the media-adventitia interfaces. FMD was defined as
the percentage increase in brachial artery diameter within 30 to 120 seconds after ischemia
((D,,,-D)/ D). NMD is defined as the percentage increase within five minutes after nitroglyc-
erin.

Earlier studies in our institute reported reliability coefficients of 99%, 99% and 67% for
baseline diameter, peak diameter and FMD respectively %. In a recent report on variability
of FMD (using a continuous method like we did) in DM2, CVs for baseline diameter, peak
diameter and FMD were 2.7, 2.5 and 29.7%, respectively®.

Laboratory investigations

All laboratory measurements were performed at the Department of Clinical Chemistry and
Hematology of the Leyenburg Hospital, according to ISO 15189 standard procedures. Blood
samples were collected from the subjects after a 12 hour fast. EDTA tubes were used for the
determination of HbA1c. Liver enzymes and lipids were measured in serum. A urine sample
was collected for the determination of the albumin-to-creatinin ratio. Serum or plasma was
isolated by centrifugation at 1700 g (2900 rpm) for 5 minutes.

Serum levels of total cholesterol and triglycerides were measured by enzymatic methods
on a Synchron LX20-analyzer (Beckman Coulter, Brea, USA). LDL cholesterol was calculated
according to the Friedewald formula. If triglycerides were > 4.5 mmol/I, LDL cholesterol was
measured directly with the use of a reagent kit (Genzyme Diagnostics). HDL cholesterol
levels were determined after dextran sulfate-magnesium precipitation of apolipoprotein
B-containing lipoproteins. Creatinin kinase and ALT were measured by an enzymatic rate
method on a Synchron LX20 multichannel chemistry analyzer, according to IFCC-methods.
HbA1c was measured by HPLC on a Variant Il (BioRad, USA). For the urine sample, a Jaffé
rate method was used for the measurement of creatinine on a Synchron LX20-analyzer, while
albumin was measured by rate nephelometry.
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Statistical analysis

The number of patients needed to detect a difference in FMD of 2% after 2 years (expected
SD 4%) with a power of 80 % (a = 0.05) was 63 patients in each group. The primary treatment
comparison was between placebo and statin therapy in patients completing the study, as
on-treatment analysis. Changes from baseline within each treatment group were analyzed
using Student’s paired t-test. Comparisons of the effects between the treatment groups were
performed using Student’s independent samples t-test. Stepwise regression techniques were
used to investigate the effect on baseline FMD and on changes in FMD of baseline character-
istics, carotid IMT and duration of cerivastatin versus simvastatin use. To test the equivalence
of cerivastatin 0.4 mg and simvastatin 20 mg, LDL levels before and after the switch to sim-
vastatin were compared using Student’s paired t-test. Correlation between changes in FMD
and changes in lipid levels were evaluated by calculating Pearson’s correlation coefficients.
Comparison between beat-to-beat analysis and standard methods was performed using the
Student’s paired t-test and Bland Altman analysis®.

Analyses were performed using SPSS 11.0 for Windows software. All analyses were 2-sided,
with a level of significance of a = 0.05.

RESULTS

The characteristics of the study population are given in Table 1. No statistical differences
between the groups were observed.

Table 1. Baseline Characteristics of 182 patients

Placebo (n=79) Statin (n=103)

Male sex 38 (48) 52(51)
Age (years) 59+10 59+ 11
Ethnicity

Caucasian 60 (76) 72 (70)

Asian-Indian 10(13) 21(20)

Other 9(11) 10(10)
BMI (kg/m?) 31.2+6.0 305+54
Waist-to-hip ratio 1.00 £ 0.09 0.98 +0.08
Current smoker 19 (24) 27 (26)
Hypertension 46 (58) 49 (48)
Diabetes duration (years) 9+8 8+7
Insulin use 45 (57) 51 (50)
HbA1c (%) 7.68 £1.31 7.50£0.98
Microalbuminuria * 12 (15) 21(20)
CCA IMT (mm) 0.780£0.129 0.763 £0.124

Data are means + SD or n (%).
* Men, > 2.5 g/mol creatinine;women > 3.5 g/mol creatinine
CCA IMT: Intima-media Thickness of the common carotid artery.
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Lipids

LDL cholesterol was 3.44 £ 0.71 mmol/l at baseline and 2.58 + 0.95 mmol/l at 2 years (-25 %,
p < 0.001) in the statin group and 3.55 + 0.71 mmol/| at baseline and 3.78 + 0.81 mmol/I at
2 years (+8 %, p=0.003) in the placebo group (p < 0.001). HDL cholesterol was 1.23 + 0.39
mmol/| at baseline and 1.20 £ 0.36 mmol/l at 2 years in the statin group and 1.21 + 0.37
mmol/| at baseline and 1.22 £ 0.38 mmol/I at 2 years in the placebo group. Triglycerides were
1.88 £ 0.79 mmol/l at baseline and 1.72 + 1.22 mmol/l at 2 years in the statin group and 1.82
+ 0.97 mmol/l at baseline and 1.60 + 1.38 mmol/l at 2 years in the placebo group. Changes in
HDL cholesterol and triglycerides were not significantly different compared with baseline or
the placebo group. Average LDL cholesterol levels were higher after the switch to simvastatin
(2.34 before versus 2.56 mmol/I after the switch, p < 0.001).

FMD

Baseline FMD was not significantly different between the groups. Baseline FMD as in the
group of 182 patients who completed the study was not significantly different from baseline
FMD in the drop-outs (data not shown). For the 182 patients who completed the study,
FMD in the placebo group was 1.51 % at baseline and 1.59 % at 2 years (p =0.78), in the
statin group it was 1.66 % at baseline and 2.10 % at 2 years (p=0.10)(Table 2). There was no
significant difference between the change in FMD in the statin group and the placebo group

Table 2. Parameters for endothelial function of 182 patients

Baseline 2 years Mean change [95% Cl] p
Placebo (n=79)
Primary endpoint
FMD (%) 1.51+1.73 1.59+1.84 0.08 [-0.50 to 0.66] 0.78
Secondary endpoints
D (mm) 4.77 £0.55 4.82+£0.58 0.05[-0.03 t0 0.12] 0.22
D, .. D(mm) 0.07 £0.08 0.08 £ 0.09 0.01[-0.02 to 0.03] 0.61
T, (sec) 65 + 30 64 + 29 -1[-11to 8] 0.78
NMD (%) 10.24 + 4.40 10.28 +4.32 0.04 [-0.87 to 0.94] 0.94
FMD/NMD 0.14£0.19 0.18 £0.22 0.04 [-0.03 t0 0.10] 0.31
Statin (n=103)
Primary endpoint
FMD (%) 1.66 £ 1.75 2.10+£220 0.44 [-0.08 to 0.96] 0.10
Secondary endpoints
D(mm) 4.67 £0.70 4.67 £0.69 0.00 [-0.08 to 0.08] 0.97
D, . D(mm) 0.08 +0.08 0.09+0.10 0.02 [0.00 to 0.04] 0.10
T (sec) 64+ 28 61+26 -3[-10t0 4] 037
NMD (%) 10.98 +5.73 10.27 +4.56 -0.71[-1.64 t0 0.22] 0.13
FMD/NMD 0.19+0.30 0.23+0.26 0.04[-0.04 t0 0.11] 0.36

Data are means + SD or means [95 % Cl]

Mean change = mean change from baseline to 2 years

D: brachial artery diameter; D__ : maximal brachial artery diameter after ischemia;
T .. time to reach maximal brachial artery diameter

m,
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(mean difference 0.36 % [95% Cl -0.42 to 1.13 %] p=0.37). We performed an intention-to-treat
analysis for the whole group of 250 patients by using the method of ‘last observation carried
forward’ for missing values: FMD in the placebo group was 1.69 % at baseline and 1.75 % at
2 years (p =0.78), in the statin group it was 1.65 % at baseline and 2.02 % at 2 years (p=0.10).
There was no significant difference between the change in FMD in the statin group and the
placebo group (mean difference 0.32 % [95% Cl —0.89 to 0.26 %] p=0.28). There was also no
significant difference between the changes in absolute increase in diameter after ischemia,
T_.. NMD and the FMD-to-NMD ratio.

Determinants for baseline FMD were age (r =-0.145; p = 0.055), systolic blood pressure (r =
-0.192; p =0.011), diabetes duration (r = -0.160; p = 0.034) and baseline brachial artery diam-
eter (r =-0.582; p < 0.001). Baseline CCA IMT as a continuous variable was not a determinant
of baseline FMD. However, when split into quartiles, FMD at baseline was significantly lower
in the highest CCA IMT quartile compared with the three lower CCA IMT quartiles (0.94 % ver-
sus 1.77 %, p=0.006). When included into a regression model, only highest quartile CCA IMT,
diabetes duration and baseline brachial artery diameter remained significant determinants
and together explained 11% of the variance in baseline FMD.

Baseline FMD and changes in FMD were not correlated with LDL cholesterol or any other
lipid parameter. Baseline FMD and changes in FMD were also not related to sex, race, insulin
use, anti-hypertensive medication, HbA1c, anthropometric parameters and smoking habits.
Changes in FMD were not related to baseline CCA IMT. Changes in FMD were negatively cor-
related to changes in CCA IMT in the placebo group (r =-0.259; p = 0.029). Thus, an increase in
CCA IMT in the placebo group during follow-up was associated with a decrease in FMD. This
could not be observed in the statin group.

The effect of the two statins used was analyzed by correcting the change in FMD for dura-
tion of cerivastatin treatment (range 6 to 23 months). This did not change the results.

The D__, FMD and NMD as determined by beat-to-beat analysis were significantly higher
compared with values obtained at fixed times. The extent of these differences was not related
to absolute values. However, standard deviations of the baseline values and confidence in-
tervals of the changes after two years were not lower in the beat-to-beat analysis (data not
shown). When repeating the analysis with fixed times values as an outcome measure, results
did not change.

CONCLUSIONS

Patients with DM2 have a high-risk of cardiovascular events and endothelial dysfunction
can be viewed as an early sign of atherosclerosis. No long-term, blinded, placebo-controlled
trials on the effect of statin therapy on endothelial function in DM2 have been reported. The
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present study shows that in our patient group endothelial dysfunction is not reversible with
medium-dose statin therapy.

Several earlier studies have been performed to evaluate the effect of statin therapy on FMD
in patients with DM2. In Table 3 these studies are summarized. In a randomized study, van
Venrooy et al. 22 did not find an effect of 30 weeks atorvastatin (10 or 80 mg) versus placebo
on FMD. Ceriello et al. '® reported an improvement in FMD after simvastatin 40 mg given for
only three to six days. Recently, Economides et al. reported a non-significant improvement
in FMD after 12 weeks atorvastatin 20 mg 3'. The other studies are not randomized trials or
open label trials ?' 32 33, There are several explanations for the discrepancy in the results of
these studies. All studies have included patients without CVD and age, diabetes duration and
HbA1c seem quite comparable. However, FMD methodology was not always clearly defined.
First, the way D__ is determined is critical. Simply measuring once, one minute after cuff
deflation, or measuring every 15 seconds, can result in underestimation, but in case of outli-
ers, also in overestimation of FMD. Beat-to-beat analysis results in a more precise estimate
of D
authors do not mention their baseline lumen diameters, which is an established determinant

e DUt did not lead to lower confidence intervals in the present study. Second, several
of FMD 34 If lumen diameter is defined as the distance between the intima-lumen interfaces
instead of media-adventitia interfaces of the vessel wall, lumen diameter decreases and FMD
increases. Third, some authors do not mention whether the cuff is placed around the forearm
or upper arm. This is a critical issue because the latter location results in a higher FMD.

Baseline FMD in our patients was low in comparison to the diabetic populations in the
intervention studies mentioned, but comparable to another Dutch study, the Hoorn study
(FMD 2.96 %) * and to a cross-sectional study (FMD 1.9 %) in diabetic patients with microal-
buminuria®. In our study with long-term statin therapy, more patients per treatment arm
were included than in any other study and we used the beat-to-beat analysis for optimal
precision. Moreover, given the confidence interval of the mean difference in FMD change
between placebo and statin, there is a 95 % certainty that there is no treatment effect greater
than an absolute difference in FMD of 1.13 %.

There is much debate whether statin induced improvement of endothelial function is
mediated through a change in lipid profile, through so-called pleiotropic effects or both. In
the present study we found no relation between (changes in) lipid profile and (changes in)
FMD. There is also much discussion about possible differing pleiotropic effects between the
different statins 3¢. In our study, because of unforeseen circumstances, two different statins
have been used and we found no difference in effect on FMD between the statins.

Until recently, the value of statin therapy in diabetic patients was not clear in the setting
of primary prevention. However, a recent meta-analysis*’ and the CARDS trial, in which
diabetic patients with at least one additional cardiovascular risk factor were included?, re-
ported marked cardiovascular risk reduction. We also found a reduced cardiovascular event
rate in the statin-treated group in the present study population as reported before ¥. Event
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reduction on the one hand and no difference in FMD on the other, imply that statin-induced
risk reduction in DM2 is either not mediated through restoration of endothelial dependent
dilation or that FMD is not a proper test to detect changes in endothelial dysfunction in DM2
patients. The latter possibility is less likely, because forearm blood flow measured by venous
occlusion plethysmography, another parameter for endothelial function, also showed no
improvement after statin therapy in diabetic patients**%. Other interventions in patients
with recent-onset DM2 have resulted in an improvement in FMD*, indicating that FMD is
not simply irreversibly impaired in DM2. Moreover, diabetes duration, carotid IMT and ves-
sel diameter together only explain 11% of the variance in FMD, indicating that irreversible
diabetic vessel wall changes may not have an important impact on FMD in this population.
Therefore, we conclude that statin induced cardiovascular risk reduction in DM2 is probably
not mediated through improved NO availability. Other mechanisms, such as suppression of
inflammatory response, improvement of plaque stability and reduced thrombogenic poten-
tial of the endothelial cell %2, are possible alternative explanations for the beneficial effect of
statin therapy in diabetic subjects. Our results imply that in patients with DM2, FMD is not a
proper intermediate endpoint for statin studies. Until now, data on the prognostic value of
FMD for future cardiovascular events in patients with DM2 are lacking.

We feel that the present study adds strongly to the evidence that medium-dose statin
therapy has no effect on FMD in DM2 subjects without manifest CVD. FMD is impaired in
diabetes of longer duration and with higher carotid IMT. Beat-to-beat analysis gives a more
precise estimate of D__, but did not lead to lower confidence intervals in the present study.
In patients with DM2, statin-induced improvement of cardiovascular risk may be mediated
through mechanisms other than increased NO availability.
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Chapter 5

ABSTRACT

Objective

C-reactive protein (CRP) is a marker for the inflammatory process of atherosclerosis. We
evaluated the effect of statin therapy on CRP in patients with type 2 diabetes mellitus (DM2)
without manifest cardiovascular disease.

Research Design and Methods

Arandomized, placebo-controlled double-blind trial was performed in 250 patients with DM2
without manifest cardiovascular disease. Patients were given 0.4 mg cerivastatin or placebo
daily. The primary endpoint was the change in high sensitivity CRP after 2 years.

Results

CRP in the statin group was 1.58 mg/L at baseline and 1.69 mg/L at 2 years (p= 0.413), in the
placebo group it increased from 2.03 mg/L at baseline to 2.54 mg/L at 2 years (p = 0.058)
(p= 0.269 for comparison between the groups). In a high-risk subgroup with the metabolic
syndrome and LDL levels > 2.6 mmol/L (40 % of the cohort) CRP levels increased significantly
in the placebo group (from 2.97 mg/L at baseline to 3.99 mg/L at 2 years, p=0.036) in com-
parison to the statin group (from 2.13 mg/L at baseline to 2.10 mg/L at 2 years, p=0.885)
(p=0.042 for comparison between the groups)

Conclusions

There was no effect of two year statin therapy on CRP in patients with DM2 without manifest
cardiovascular disease, except in a subgroup with the metabolic syndrome and LDL > 2.6
mmol/L. Studies supporting risk stratified therapy in primary prevention in DM2 are needed.
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INTRODUCTION

Cardiovascular disease (CVD) is the most important cause of mortality in patients with type
2 diabetes mellitus (DM2)'. C-reactive protein (CRP) is a marker for the chronic inflammatory
process in atherosclerotic plaques, and probably has pro-atherogenic properties of its own?*.
When measured with high sensitivity assays, CRP levels are highly reproducible, unaffected
by food intake and with no circadian variation. CRP is a strong predictor of future cardiovas-
cular events, independent of traditional risk factors such as LDL cholesterol*”. CRP levels are
associated with components of the metabolic syndrome (MS) such as triglycerides, obesity
and insulin sensitivity®®. Finally, CRP might be predictive of incident DM212,

In DM2 without coronary artery disease, levels of CRP are higher than in non-diabetic
controls™. CRP levels independently predict future cardiovascular events in DM2 in some
studies' . Importantly, in the Hoorn study'®, the association of CRP with future CVD events
in DM2 was not independent of classical risk factors.

A meta-analysis of intervention studies with statins in the setting of secondary prevention
after a cardiovascular event has shown a correlation between reduced cardiovascular events
and reduction in CRP, independent of LDL cholesterol lowering'. Results from intervention
studies on the effects of statin therapy on CRP in DM2 have shown contradictory results'®2.
The present study is an analysis of CRP within a randomized, placebo-controlled trial that has
evaluated the effect of 2 years’ statin therapy on CRP as a pre-specified secondary endpoint
in patients with DM2 without CVD.

RESEARCH DESIGN AND METHODS

Subjects and design
The study design and baseline characteristics of the original patient population have been
described elsewhere?*. Briefly, 250 patients with DM2 for at least one year, aged 30-80 years,
without CVD were included between August 1999 and February 2001 in this randomized,
double-blind, clinical trial. Patients were given 0.4 mg cerivastatin (Bayer B.V., Mijdrecht, The
Netherlands) or placebo daily for 2 years. After the withdrawal of cerivastatin from the mar-
ket, 0.4 mg cerivastatin was replaced by 20 mg simvastatin (Merck Sharp & Dome, Haarlem,
the Netherlands), without unblinding the study. At that moment, all the patients had been
randomized with a mean follow-up of 15 months (range 6-23 months).

Eligible patients gave their written informed consent. The study was performed at the HAGA
Hospital, The Hague. The study was approved by the hospital’s Medical Ethics Committee.
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Study Objectives

The primary endpoint of this sub-study was the change in CRP between 24 months and
baseline. The relationship between CRP and MS score was a secondary endpoint.

Follow-up

Patients returned to the study site after 12 hours fast at 3, 6, 12, 18 and 24 months when
blinded lipid and safety measurements (creatinin kinase, ALT) were performed. CRP was
measured at baseline and at 24 months.

Laboratory investigations

Lipid and safety measurements were performed at the Department of Clinical Chemistry
and Hematology of the HAGA Hospital, according to ISO 15189 standard procedures. Blood
samples were collected from the subjects after a 12 hour fast. EDTA tubes were used for the
determination of HbA1c. Liver enzymes and lipids were measured in serum. A urine sample
was collected for the determination of the albumin-to-creatinin ratio.

The high sensitive CRP assay was performed in the Leiden University Medical Center with
the Tina Quant C-reactive protein (latex) high sensitive assay from Roche using particle en-
hanced immunoturbidimetry on a Roche Module P(Basel, Switzerland). The lower detection
limit (analytical sensitivity) is 0.03 mg/L and the functional sensitivity 0.11 mg/L. The intra-
assay CV is 1.34% at 0.55 mg/L and the inter-assay CV is 5.70% at 0.52 mg/L. All CRP assays
were performed after completion of the study.

Statistical analysis

The primary treatment comparison was between placebo and statin therapy in patients com-
pleting the study, as on-treatment analysis. CRP values more than 15 mg/L were excluded. As
CRP values were not normally distributed, logarithmic transformations were used. Changes
within each treatment group were analyzed using Student’s paired t-test. Comparisons of
the effects between the treatment groups were performed using Student’s independent
samples t-test. Analysis of the baseline data was performed in all randomized patients. Step-
wise regression techniques were used to investigate the effect of baseline characteristics on
baseline CRP and on changes in CRP. ANOVA was used to investigate the relation between
the MS score (1 point for every criterion (waist, triglycerides, HDL cholesterol and blood pres-
sure) according to the NCEP/ATPIII criteria?®) and baseline CRP. In addition, the effect of statin
treatment on CRP was analyzed in a high-risk patient group with 3 or 4 additional MS criteria
on top of their diabetes and LDL cholesterol levels > 2.6 mmol/L%. To test the equivalence of
cerivastatin 0.4 mg and simvastatin 20 mg, LDL levels before and after the switch to simvas-
tatin were compared using Student’s paired t-test. Correlation between changes in CRP and
changes in other parameters were evaluated with Pearson’s correlation coefficients.
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Analyses were performed using SPSS 11.0 for Windows software. All analyses were 2-sided,
with a level of significance of a = 0.05.

RESULTS

The characteristics of the study population are given in Table 1. No statistical differences be-
tween the groups were observed. 68 patients did not complete the study. This relatively high
drop-out rate was mainly caused by the withdrawal of cerivastatin from the market?*. There
were no significant differences in demographic or lipid parameters between the full cohort
(n=250) and the patients completing the study (n=182), except for race as more Caucasians
than non-Caucasians completed the study (data not shown).

Table 1 Baseline Characteristics of 250 Randomized Patients

Placebo (n=125) Statin (n=125)

Male sex 57 (46) 61(49)
Age (years) 582+11.4 58.8+11.3
Ethnicity:

Caucasian 86 (69) 83 (66)

Asian-Indians 20(16) 28(22)

other 19(15) 14(11)
Current smoker 33(26) 28(22)
Hypertension 66 (53) 60 (48)
Diabetes duration (years)* 7+8 6+7
Insulin use 69 (55) 62 (50)

Data are means + SD or numbers of patients (%). *Median + SD.

CRP measurements (Table 2)

Baseline CRP was not significantly different between the groups. Baseline CRP in the drop-
outs did not differ from values in patients completing the study. A total of 149 patients had
analyzable CRP data (i.e. < 15 mg/L) at baseline and 24 months.

There was no significant difference between the change in CRP in 2 years in the statin group
and the placebo group (mean difference 0.53 mg/L [95% Cl -0.42 to 1.48 mg/L] p=0.269). CRP
in the placebo group increased from 2.03 mg/L at baseline to 2.54 mg/L at 2 years (p = 0.058),
in the statin group it was 1.58 mg/L at baseline and 1.69 mg/L at 2 years (p= 0.413).

Determinants for baseline CRP in univariate analysis were waist, Body Mass Index (BMI),
HbA1c, age, gender (higher in women), ethnicity (higher in caucasians and Asian-Indians),
smoking, triglycerides, apoB/LDL cholesterol, diabetes medication and MS score. When
included into a regression model, age (beta = -0.005, p=0.031), BMI (beta = 0.019, p<0.001),
HbA1c(beta = 0.049, p=0.016), gender( beta = 0.171, p=0.003), ethnicity ( beta = -0.196,
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Table 2 CRP and metabolic changes

Parameter Baseline 24 months p
0-24 months
Placebo CRP(mg/L) 2.03 2.54 0.058
n=64 ALT (IU/L) 33 35 0.783
HbA1c (%) 7.62 7.57 0.764
BPsyst (mmHg) 137 134 0.071
BPdiast (mmHg) 77 74 <0.001
BMI (kg/m?) 30.2 30.3 0.696
Waist(m) 1.03 1.02 0.176
MS score 248 222 0.031
Microalbuminuria 313 9.74 0.019
(g/mol creat)
Statin CRP(mg/L) 1.58 1.69 0413
n=85 ALT (IU/L) 25 26 0.410
HbA1c (%) 7.49 7.63 0.235
BPsyst (mmHqg) 137 132 0.007
BPdiast (mmHg) 77 74 <0.001
BMI (kg/m?) 30.1 304 0.145
Waist (m) 1.02 1.01 0.369
MS score 2.18 2.04 0.141
Microalbuminuria 2.48 5.81 0.053

(g/mol creat)

Data are geometric means for CRP and means for other parameters

p=0.011) and MS score (beta = 0.071, p=0.010) remained significant determinants and to-
gether explained 29% of the variance in baseline CRP. The relation between MS score and
CRP was linear at baseline(ANOVA p for linearity <0.001)(Figure 1). After 2 years, this relation
remained statistically significant only in the placebo group. Further analysis on this issue
revealed that in a high-risk subgroup with 3 or more additional MS criteria (on top of their
diabetes) and LDL levels > 2.6 mmol/L, which comprised 40% of the cohort (29 patients in
the placebo group and 30 patients in the statin group), two years’' CRP levels increased signifi-
cantly in the placebo group (from 2.97 at baseline to 3.99 at 2 years, p=0.036) in comparison
to the statin group (from 2.13 mg/L at baseline to 2.10mg/L at 2 years, p=0.885) (Figure 2,
p=0.042 for comparison between placebo and statin)

Changes in CRP were not related to baseline characteristics, changes in lipid levels, body
weight or Hba1c.The effect of the two statins used was analyzed by correcting the change in CRP
for duration of simvastatin treatment (range 1 to 18 months). This did not change the results.

Lipids
LDL cholesterol was 3.44 + 0.71 mmol/L at baseline and 2.58 + 0.95 mmol/L at 2 years (-25

%, p < 0.001) in the statin group and 3.55 = 0.71 mmol/L at baseline and 3.78 + 0.81 mmol/L
at 2 years (+8 %, p=0.003) in the placebo group (p < 0.001). HDL cholesterol was 1.23 + 0.39
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Figure 1. Relation between MS score and CRP at baseline
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mmol/L at baseline and 1.20 £ 0.36 mmol/L at 2 years in the statin group and 1.21 £ 0.37
mmol/L at baseline and 1.22 + 0.38 mmol/L at 2 years in the placebo group. Triglycerides
were 1.82 + 0.97 mmol/L at baseline and 1.60 £+ 1.38 mmol/L at 2 years in the statin group
and 1.88 = 0.79 mmol/L at baseline and 1.72 + 1.22 mmol/L at 2 years in the placebo group.
Changes in HDL cholesterol and triglycerides were not significantly different compared to
baseline or compared to the placebo group , except for the reduction in triglycerides in the
statin group after 2 years (p=0.043). Average LDL cholesterol levels were higher after the
switch to simvastatin (2.34 before versus 2.56 mmol/L after the switch, p < 0.001).

CONCLUSIONS

Patients with DM2 have a high-risk of cardiovascular events. Many studies have been per-
formed to evaluate new non-traditional risk factors for CVD. The number of studies in DM2
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Figure 2. Effect of statin therapy on CRP, stratified by risk group
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however is sparse. This is the first randomized controlled trial on the effect of long-term statin
therapy on CRP in DM2. We did not find an effect of 2 years’intermediate-dose statin therapy
on CRP. Consistent with our results, Koh et al did not find an effect of 2 months of simvastatin
20 mg on CRP in a randomized, placebo-controlled crossover trial in DM222. In patients with
DM2 and low HDL levels, both 40 and 80 mg simvastatin significantly reduced CRP levels'.
Other randomized placebo-controlled studies in DM2 show a dose dependent effect of ator-
vastatin on CRP'82, Similarly, pravastatin 40 mg decreased CRP levels in an open, randomized,
crossover study in DM22'. Balletshofer et al* found no effect of 12 weeks cerivastatin 0.2 mg
and 0.8 mg on CRP in DM2; this study however included only 20 patients per group because
the study was terminated after the withdrawal of cerivastatin.

Possible explanations for the inconsistent findings on the effect of statin therapy on CRP in
DM2 are differences in patientinclusion criteria, differential effects of statins, dose-depending
effects and duration of statin treatment.

In line with another study®, CRP in our asymptomatic DM2 group was related to the MS
and to other aspects of glucose metabolism. Interestingly, BMI and MS score were both
independently associated with CRP. This is in concordance with the findings of Putz?” and Mc
Laughlin?, implicating that the relationship between insulin resistance and CRP is only partly
explained by obesity.

Data from NHANES Il show that among people with DM2 and MS the prevalence of CVD
was higher than among people with DM2 without MS%. We were able to identify a high-risk
phenotype, present in 40 % of our cohort, with 3 or 4 additional MS criteria on top of their
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diabetes and LDL levels > 2.6 mmol/L. These patients showed a significant effect of statin
therapy on CRP in comparison to placebo. Intriguingly, this effect occurred only when the
combination of MS and higher LDL levels was present. This important observation suggests
that statins are most effective at reducing low grade inflammation in high-risk groups and
supports risk stratification in the prescription of statin therapy in primary prevention in DM2.
As advocated by the NCEP?, statin therapy should be prescribed to DM2 individuals without
CVD with LDL levels > 2.6 mmol/L and at least one additional cardiovascular risk factor.

We explored the effect of diabetes related factors as a possible cause of the (non-signif-
icant) rise in CRP in the placebo group. We found no changes in HbA1c after 24 months;
blood pressure was significantly lower after 24 months although there was progression of
microalbuminuria; One has to realize however, that in our regression model only 29% of the
variance in CRP could be explained and that the diabetic state itself and genetic factors®
might be major determinants of CRP.

Our study has limitations: the switch from cerivastatin to simvastatin was unplanned and
we did not have the possibility to collect blood samples at the time of the switch. All our 24
month samples were collected after the switch, after 1-18 months of simvastatin treatment.
In addition, we did not find an influence of the duration of simvastatin treatment on the 24
months results in regression analysis. The statin dose used was relatively low, but common in
primary prevention during the time this study was started.

In conclusion, the present study showed no effect of two year statin therapy on CRP in
patients with DM2 without manifest CVD. The beneficial effects of statin therapy on CRP in
a high-risk subgroup with MS and LDL > 2.6 mmol/L supports the use of risk stratification in
DM2. Prospective studies are needed to further substantiate these findings.
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Chapter 6

ABSTRACT

Objective

The burden of cardiovascular disease in diabetes mellitus type 2 (DM2) patients is variable.
We hypothesize that metabolic syndrome (MS) and low-grade systemic inflammation modify
the extent of atherosclerosis in DM2.

Research Design and Methods

Vascular phenotype was determined using the following endothelium-related, hemostatic,
and sonographic endpoints in 62 DM2 patients with mild dyslipidemia: sVCAM, sE-selectin,
von Willebrand factor (VWF), fibrinogen, s-thrombomodulin (sTM), tissue type Plasminogen
Activator (tPA), Plasminogen Activator Inhibitor-1 (PAI-1), flow mediated dilation (FMD), and
intima-media thickness (IMT). The impact of MS load (number of criteria present), MS compo-
nents, and CRP on these parameters was assessed.

Results

Serum sVCAM, sTM, and tPA levels significantly increased with increasing MS load. IMT also
significantly increased from 0.602 + 0.034 (one MS criterion) to 0.843 + 0.145 (four MS crite-
ria, p = 0.007). LogCRP significantly correlated with fibrinogen, PAI-1, and IMT. In a multiple
regression model with age and gender as covariates, MS load predicted sVCAM and sTM;
CRP predicted PAI-1 and fibrinogen; MS load and CRP simultaneously predicted tPA and
IMT. For each MS criterion present, IMT significantly increased by 0.04 mm. An increase in
CRP from 1 to 3 mg/L resulted in a significant increase of 0.04 mm. Patients with four MS
criteria and inflammation (CRP = 3 mg/L) are predicted to have a 0.21 mm thicker IMT than
those without. A second stepwise multiple regression analysis based on gender, traditional
risk factors, diabetes-related parameters, renal function, individual MS criteria, and LogCRP
as explanatory variables showed a significant effect of systolic and diastolic blood pressure,
HDL, and LogCRP on IMT(r* = 0.36, p < 0.001).

Conclusions

MS and low-grade chronic inflammation have an independent impact on vascular phenotype
including IMT in DM2.
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INTRODUCTION

Patients with diabetes mellitus type 2 (DM2) are known to suffer from increased rates of
cardiovascular disease'™. DM2 has even been regarded as a cardiovascular risk equivalent °.
However, the burden of cardiovascular disease can vary considerably within this population.
The metabolic syndrome (MS) is often present in DM2 patients and frequently coexists with
elevated C-reactive protein (CRP) levels, a measure of chronic, low-grade inflammation . Vari-
ability in MS load (a rough measure for the extent of metabolic dysregulation), defined as the
number of MS criteria present, and the level of CRP has also been shown in DM2 patients. MS
and CRP are both associated with increased cardiovascular morbidity and mortality but are
not interchangeable and may even have additional predictive value’. CRP has been related to
atherosclerotic vessel wall structural changes such as intima-media thickness (IMT) in several
non-diabetic cohorts®'2 Moreover, the regulation of CRP has been argued to be independent
of MS and is thought to be mostly due to inherited traits'. Thus, low-grade systemic inflam-
mation could have a potential independent impact on vascular phenotype in DM2 patients.
On the other hand, MS load has been directly related to coronary calcium scores, reflecting
total body atherosclerotic burden in non-diabetic subjects'™. MS also modified coronary heart
disease prevalence in DM2 patients in an epidemiological study*. We hypothesize that MS and
low-grade systemic inflammation, as measured by CRP, modify the extent of atherosclerotic
disease burden in DM2 patients. We set out to study the impact of MS components, MS load,
and CRP levels on endothelial, hemostatic, and ultrasonographically assessed vascular wall

parameters in DM2.

RESEARCH DESIGN AND METHODS

Study design

This study was a single-center sub-study of the previously reported DALI study'®. The study
was carried out in accordance with the principles of the Declaration of Helsinki. The local
medical ethics committee approved the study and all patients gave informed consent.

Patients

Male and female patients aged 45-75 years with DM2 (according to the American Diabetes
Association classification) of at least 1-year duration were included in the study. Inclusion
criteria were: fasting triglycerides between 1.5 and 6.0 mmol/L, total cholesterol between 4.0
and 8.0 mmol/L, and HbA1c < 10%. Patients were assessed after a washout period of lipid-
lowering medication of at least 8 weeks. Patients with manifest or previous cardiovascular
disease were excluded from the study. Pre-menopausal women and patients with acute liver
disease, hepatic dysfunction, or impaired renal function (plasma creatinine > 150 pmol/L)
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were excluded. Patients consuming more than four alcoholic drinks per day or on systemic
steroids, androgens, cyclosporine, other immunosuppressive drugs, erythromycin, or mibe-
fradil were also excluded.

Definition of MS criteria cut-off values and low-grade chronic systemic
inflammation

The WHO cut-off values were used for the assessment of MS load'. The criteria were defined
as follows: hypertension: systolic/diastolic = 140/90 (mm Hg); triglyceride levels = 1.7 mmol/L;
and HDL cholesterol < 1.0 mmol/L (women) and < 0.9 mmol/L (men). Furthermore, waist
circumference was used as a measure for obesity with a cut-off value of > 94 cm in men and
> 80 ¢cm in women. MS load was defined by the number of factors present exceeding the
thresholds defined above, in addition to DM2. Five groups with respectively 0, 1, 2, 3, or 4
additional MS criteria could be defined. As for CRP, patients with levels over 15 mg/L were
excluded from the evaluations on the suspicion of being a temporary outlier not represent-
ing the continuous habitual level'.

Endpoints

The impact of MS and CRP on vascular phenotype in DM2 was assessed using sonographic
vascular parameters, IMT, and flow mediated dilatation (FMD), as well as the following en-
dothelium-related and hemostatic factors: fibrinogen, s-thrombomodulin (sTM), tissue type
plasminogen-activator (tPA), plasminogen-activator inhibitor-1 (PAI-1), sVCAM, sE-selectin,
and von Willebrand factor (VWF).

Laboratory investigations

Blood sampling and plasma lipid measurements, according to standard protocols, have been
described previously'. CRP was measured in citrate, theophyline, adenosine, dipyridamol
(CTAD) plasma with an enzyme immunoassay (EIA) using polyclonal antibodies (Dako,
Copenhagen, Denmark) showing an intra- and inter-assay coefficient of variation around
2mg/L of 2.7 and 4.3%, respectively'. Functional fibrinogen was measured in citrated plasma
using a clotting rate method, essentially according to Clauss®. PAI-1 antigen was determined
in CTAD plasma using an EIA (Innotest PAI-1, Innogenetics, Temse, Belgium)'. VWF antigen
was measured in CTAD plasma with an in-house EIA using polyclonal rabbit antibodies to
human VWF (DAKO, Copenhagen, Denmark)®. tPA antigen was determined in citrated
plasma using an EIA (Immulyse™; Biopool, Umea, Sweden). An EIA was also used to measure
sVCAM (Quantikine human sVCAM-1 from R&D systems, Abingdon, UK), sTM (Asserachrom
s-Trombomodulin, from Diagnostica Stago, Asniéres, France), and sE-selectin (Quantikine
human sE-selectin from R&D systems, Abingdon, UK).
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Flow mediated dilatation (FMD) and intima-media thickness (IMT)

These measurements were performed as described previously?'. Patients were in a fasting
state, did not use tobacco on the morning of the evaluation, and rested in the supine position
for 10 min before the study. FMD of the brachial artery was obtained using three baseline
images frozen on the R-wave of the electrocardiogram. After the induction of ischemia, R-
wave-triggered brachial artery images were frozen and recorded every 15 s for 5 min (reactive
hyperemic period). All images were analyzed off-line in a standardized and blinded manner.

For the measurement of IMT, patients were examined in the supine position with the neck
slightly extended and rotated in the opposite direction. A 7.5-MHz linear array transducer was
used (Aloka SD1400). A three-lead ECG was attached for R-wave triggering. Subsequently, the
right and left distal 10 mm of the common carotid artery (CCA) were visualized under the
angle with the clearest image of near and far walls. Three images were frozen on the R-wave
of the ECG (end-diastole) and stored on S-VHS videotapes for off-line IMT analysis. Images
from the videotape were displayed on a personal computer and the optimal images digi-
tized. The mean carotid IMT of the distal 10 mm of the CCA was measured using the Artery
Measurement System, which semi-automatically traced the trailing edges on the near wall
and the leading edges of the far wall to provide for near and far wall IMT. The measurements
of near walls and far walls, left and right, were averaged to provide an individual IMT.

Statistical analysis

Means between the groups were analyzed using ANOVA including an analysis for a linear
trend. Percentages were compared using the chi-square test for trend. Since the distribution
of CRP was skewed, a logarithmic transformation (log 10) was performed and used in cor-
relation analysis and multiple regression analysis. Pearson’s correlations were calculated for
LogCRP and fibrinogen, sVCAM, sTM, tPA, PAI-1, sE-selectin, VWF, FMD, and IMT. A multiple
regression analysis was performed with MS load and LogCRP as independent variables, age
and gender as covariates, and the abovementioned parameters as dependent variables. In
the case of sTM, renal clearance (calculated using the Cockcroft formula) was also added as a
covariate as its plasma levels are known to be dependent on renal function?*?*, The concept
of MS load results in a binary response due to the fixed thresholds used for each parameter.
Furthermore, the impact of traditional risk factors, diabetes-related factors, and renal func-
tion should be taken into account with regard to vascular phenotype. Therefore, a second
stepwise multiple regression analysis was performed to examine the impact of the MS criteria
used as continuous variables taking diabetes and cardiovascular risk factors into account. The
following variables were used: traditional risk factors (age, gender, and cholesterol), waist
circumference, systolic/diastolic blood pressure, HDL, triglycerides, fasting blood glucose,
inflammation (LogCRP), DM2-related parameters (duration of DM2 and HbA1c) and, finally,
renal function (Cockcroft clearance). Possible interactions were systematically assessed. As
no relevant interactions were observed, none was taken into account in the final models. The
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level of significance was set at p < 0.05. All analyses were performed using SPSS for Windows

software, version 11.0.1.

RESULTS

Patient characteristics

Patient characteristics are given in Table 1. There were no patients without additional MS
criteria. In addition to DM2, one other MS criterion was observed in 4 patients; two additional
MS criteria were observed in 12 patients; three in 30 patients; and four in 16 patients. Hyper-
tension, body mass index (BMI), waist circumference, weight, HDL cholesterol, and triglycer-
ides significantly differed between the groups with different MS loads. A trend to differences
was observed for fasting blood glucose. Renal function was similar for the groups.

Effect of MS load and CRP on vascular parameters (Table 2)

Mean sVCAM, fibrinogen, sTM, and tPA levels differed between the groups. The plasma levels
of sVCAM, sTM, and tPA significantly increased with increasing MS load. LogCRP correlated
with fibrinogen and PAI-1. Endothelial function as assessed by FMD was not significantly

influenced by MS load or by inflammation. Imaging of the carotid artery yielded a mean IMT

Table 1 Patient characteristics and laboratory results.
All patients DM+1MS DM+2MS DM+3MS DM+4MS Pvalue

(n=62) criterion criteria criteria criteria
(n=4) (n=12) (n=30) (n=16)
Age (years) 59.6+6.98 55.5+3.70 59.8+6.86 59.7+6.66 60.4+8.34 0.66
Male/Female (n/n) 38/24 4/0 7/5 16/14 11/5 0.30
Current smoking (%) 21.0 0.0 41.7 233 6.3 0.72
Blood pressure (mmHg)
Systolic 143.5+19.3 112.3+16.2 133.6+13.3 145.5+13.6 154.4+22.5 <0.001
Diastolic 84.2+9.1 76.0+£9.8 77.1+10.5 85.8+7.1 87.9+7.9 0.002
Waist (cm) 105.4 86.0 104.3 105.2 1114 0.004
BMI (kg/m?) 30.8+5.2 22.86+1.8 31.1£6.4 30.9+4.0 32.5+5.4 0.007
Weight (kg) 90.9+16.5 68.8+8.0 91.2£19.9 89.6+12.3 98.8+17.5 0.008
HbA1c (%) 9.2+1.4 7.8+1.2 9.2+1.4 9.4+1.5 9.2+1.3 0.24
Glucose (mmol/L) 10.7+2.9 7.1£1.5 11.1+3.1 11.1£3.0 10.6+2.4 0.06
Cockcroft clearance (ml/  97.96+30 79.63+18 103.30+39 97.72+29 98.98+28 0.61
min)
Total Cholesterol 6.01+0.93 5.93+0.61 6.48+0.72 5.88+1.05 5.96+0.84 0.29
(mmol/L)
HDL cholesterol 1.040.22 1.18+0.25 1.20+0.22 1.06+0.18 0.83+0.10 <0.001
(mmol/L)

Triglycerides (mmol/L) 2.50+0.88 2.22+0.68 1.98+0.56 2.32+0.65 3.31x0.99 <0.001

Data are means + SD, except for gender and current smoking which are given as percentage.
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Table 2 MS load and CRP vs vascular parameters

Factor DM+1 MS DM+2 MS DM+3 MS DM+4 MS p-value p-value Correlation
criterion criteria criteria criteria of factors
with
logCRP
difference linearity
between
groups
sVCAM (ug/L) 4279(633) 389.5(74.4) 453.8(130.9) 510.5(89.7) 0.04 0.01 NS
sE-selectin 54.1(16.0) 59.9 (23.6) 59.8 (26.3) 66.7 (20.6) NS NS NS
(ng/L)
VWF-ag (%) 105.3(38.3) 122.0(52.3) 128.9(53.4) 136.4 (47.7) NS NS NS
fibrinogen (g/L) 2.91(0.22) 3.90(0.79) 3.72(0.56) 3.91(0.57) 0.03 NS(0.07) r=0.62
p<0.001
sTM (ug/L) 27.85(7.25) 28.31(9.13) 25.98(11.45) 38.70(13.75) 0.008 0.03 NS
tPA (ug/L) 9.55 (1.92) 12.25(2.34) 12.70(2.80) 15.01 (4.37) 0.01 0.002 NS
PAI-1 (ug/L) 69.1(28.8) 115.2(81.9) 123.7(73.1) 145.9 (83.3) NS NS(0.08) r=0.37
p=0.003
Sonography
FMD (%) 1.37 (1.88) 3.29(1.31) 3.28 (5.29) 4.30(3.43) NS NS NS
IMT (mm) 0.602 (0.034) 0.794 (0.086) 0.800(0.134) 0.843(0.145) 0.01 0.007 r=0.29
p=0.02

Data are means (SD). NS = not significant

of 0.797 + 0.135 mm. IMT was different between the groups and significantly increased with
increasing MS load. Furthermore, IMT significantly correlated with LogCRP (Table 2).

Multiple regression analysis

1. Model including age, gender, MS load, and CRP (Table 3, model 1)

A multiple regression analysis was performed to assess the impact of MS load and LogCRP
on the endpoints of the study using age and gender as covariates. The significant models are
summarized in Table 3, model 1. MS load was a significant explanatory variable in the model
for: sVCAM (B: 48.56[16.76, 80.37]) and sTM (B: 4.39[1.13, 7.64]). CRP significantly predicted
plasma levels of fibrinogen (B: 0.86[0.50, 1.22]) and PAI-1 (B: 65.67[14.94, 116.40]). MS and CRP
predicted tPA and IMT. For each MS criterion present, IMT significantly increased by 0.04 mm
(SE 0.02, p = 0.03). In addition, an increase in CRP from 1 mg/L (log 1 = 0) to 3 mg/L (log
3 = 0.47) resulted in an increase of IMT by 0.04 mm (0.47 # 0.095). Thus, patients with four
MS criteria and a CRP level of 3 mg/L are predicted to have a 0.21 mm thicker IMT than DM2
patients without MS and a CRP level of 1 mg/L. This implies a higher risk of reaching the
upper limit of normal IMT (0.90 mm) in these patients?.
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2. Model based on gender, traditional risk factors, renal function, MS criteria, inflammation,
and diabetes-related parameters (Table 3, model 2)

A stepwise, multiple regression approach was used including traditional risk factors, diabetes-
related factors, and renal function as independent factors in addition to the individual MS
criteria and LogCRP. Significant models were observed for all variables except FMD (p = 0.05).
The predictive power was comparable to model 1 for sVCAM, fibrinogen, and tPA. The model
improved for PAI-1 (explanatory variables: LogCRP, diabetes duration and HbA1c) and IMT.
LogCRP (8:0.09[0.007, 0.164]) and the following MS criteria were the significant determinants
of IMT: systolic (8: 0.003[0.001, 0.005]) and diastolic (8: — 0.007[— 0.011, — 0.003]) blood pres-
sure and HDL (B8: — 0.27[- 0.44, — 0.11]); triglycerides contributed non-significantly: (8: — 0.03)
[ 0.068, 0.013]). The model explained 36% (p < 0.001) of IMT. A decrease of 0.1 mmol/L HDL
cholesterol increased IMT by 0.27 mm. The impact of CRP on IMT is very similarin model 1 and
model 2 (B: 0.095 vs 0.09, respectively). Traditional risk factors and diabetes-related factors
did not significantly contribute to the model explaining IMT in these patients.

Table 3. Multiple regression models

Dependent Model 112 Model 2 Explanatory variables model 2

variable (p-value) (p-value)

sVCAM (ug/L) 0.25 (0.002) 0.20 (0.03) Gender?, age, cholesterol, diastolic blood pressure, and
LogCRP

sE-Selectin (pug/L) NS 0.30(0.003) HbA1c? gender, DM2 duration, systolic blood
pressure, Triglycerides, Cockroft clearance

VWF-ag (%) NS 0.13 (0.02) HbA1c? LogCRP

Fibrinogen (g/L)  0.41 (< 0.001) 0.46 (< 0.001) Cholesterol®, LogCRP? and systolic blood pressure

STM (ug/L) 0.35°(<0.001)  0.47 (< 0.001) Gender?, waist circumference?, age, cholesterol, HbA1c,
and Cockroft clearance

tPA (pg/L) 0.26 (0.001) 0.29 (0.001) Gender?, Triglycerides?, LogCRP?, age, and cholesterol

PAI-1 (ug/L) 0.16 (0.04) 0.30 (< 0.001) LogCRP?, DM2 duration?, HbA1c ? and HDL

FMD (%) NS 0.10 (0.05) Triglycerides®, and gender

IMT (mm) 0.24 (0.003) 0.36 (< 0.001) Systolic®/diastolic? blood pressure, HDL?, LogCRP? and
Triglycerides

Model 1: Age, gender, MS load, LogCRP.

Model 2: Stepwise model based on gender, traditional risk factors, renal function, MS criteria,
inflammation, and diabetes-related parameters.

2: Significant explanatory variable; the other factors listed were found to have high betas, thus
contributing to the model, but they did not reach the predefined level of significance.
b:Model using renal function as covariate, as described in text.

CONCLUSIONS

In this study, we observed that MS load, the presence of the individual defining criteria, and

chronic low-grade inflammation independently contributed to vascular phenotype in this
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DM2 population. The data support the hypothesis that, although partly interrelated, meta-
bolic and inflammatory pathways both modify vascular phenotype.

MS is estimated to be present in 75-80% of DM2 patients and has been shown to influence
cardiovascular risk % and fibrinolytic function?’. In patients with MS but without diabetes,
increased measures of atherosclerosis '*2°3" and a higher incidence of cardiovascular events
have been observed?32 This has partly been attributed to impaired fibrinolytic function? due
to altered regulation of PAI-1, tPA, and fibrinogen?33*34, |n patients with MS, it has been shown
that most procoagulant features are associated with anthropometry?, while fibrinogen is
associated with inflammation®. High tPA and PAI-1 levels have previously been reported in
DM2%. In line with these studies, we observed that tPA levels depended on both MS load and
CRP, while fibrinogen and PAI-1 levels were solely explained by CRP. For tPA, model 2 (Table
3) points to triglycerides as the most relevant MS-related predicting factor. Diabetes-related
factors were significant predictors for PAI-1 in addition to CRP, while none of the MS-defining
criteria seemed to contribute to fibrinogen and PAI-1 levels. Thus, the main inhibitor of fi-
brinolysis was found to be severely influenced by the state of diabetes per se in alliance with
low-grade systemic inflammation as measured by CRP.

An increased IMT was observed with increasing MS load, compatible with an increased
burden of atherosclerosis (Table 3, model 1). Model 2 revealed that systolic and diastolic
blood pressure and HDL were the MS criteria significantly defining IMT. HDL cholesterol lev-
els had a strong inverse relationship with IMT, underlining the potential importance of HDL
and reverse cholesterol transport pathways in mildly dyslipidemic DM2 patients. Previous
studies reported on the positive relation between MS and IMT: in healthy children without
any other risk factors?; in adult male dyslipidemic patients’; and in non-diabetic adults with
cardiovascular disease or at high-risk of cardiovascular disease'®'%. Our findings extend
these observations to mildly dyslipidemic patients with DM2. Furthermore, our data support
previously published reports showing that the presence of MS is strongly associated with the
prevalence of cardiovascular disease in subjects with DM2*.

MS has been found to be associated with low-grade systemic inflammation as assessed by
CRP. CRP is thought to provide additional predictive information regarding cardiovascular
risk in patients with MS’. The current study shows that, in the setting of DM2, CRP is directly
related to vascular wall abnormalities and the abovementioned adverse changes in the fi-
brinolytic system. We observed that low-grade chronic systemic inflammation contributed
to IMT in addition to the effects of MS and that, together, they could predict 36% of IMT
(p < 0.001).

All parameters studied could have been influenced by the state of DM2 per se. This was
indeed found to be the case for PAI-1 (Table 3, model 2). However, the state of diabetes per
se is also likely to be relevant for FMD. We and others 3438 have consistently observed low
FMD in DM2. Endothelial dysfunction is most likely an early feature in the pathogenesis of
atherosclerosis in patients with diabetes. If diabetes is present, the low FMD cannot deterio-
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rate further by increasing MS load or low-grade inflammation. This hypothesis is, however, at
variance with one other previously reported observation®.

In summary, both MS and low-grade systemic inflammation modify vascular phenotype in
patients with diabetes. Their impact is not mutually exclusive, nor is it synergistic for all pa-
rameters. Some hemostatic variables are especially influenced by inflammation (e.g., fibrino-
gen, PAI-1) while others are predicted by MS (e.g., sVCAM). Together, MS and inflammation
significantly predict IMT, a direct measurement of the vascular wall and established surrogate
marker for future cardiovascular events. Our study showed that, although MS load is a useful
rough estimate for clinical practice, the power of the model to predict IMT improved when
the MS criteria were used as individual, continuous variables. The use of individual MS factors,
however, did not exclude systemic low-grade inflammation as an independent, contributing
variable explaining vascular phenotype in DM2 patients.
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Chapter 7

ABSTRACT

Objective

Although Asian Indian (Al) patients with diabetes mellitus type 2 (DM2) are at high-risk for
cardiovascular disease (CVD), not all patients develop CVD. The vascular phenotype of Al-
DM2 without CVD has not been elucidated and may point to protective features.

Research Design and Methods

Using baseline data from a clinical trial we provide an initial description of vascular param-
eters in AI-DM2 compared to Europid Caucasian controls (ECs) matched for age and gender.
Endpoints of the study were endothelial function, low-grade systemic inflammation (CRP)
and carotid intima-media thickness (CIMT).

Results

Als had longer duration of diabetes, worse glycemic control and more microangiopathy. Both
groups demonstrated marked endothelial dysfunction. CRP levels were similar: 1.7 (4.9) mg/L
in Als and 2.8 (3.6) mg/L in ECs. CIMT values were significantly lower in AI-DM2 than EC-DM2
(0.655 mm (0.12) versus 0.711 mm (0.15), p = 0.03). Multiple regression analysis showed that
variability in CRP was mainly determined by waist circumference, not by ethnicity. In contrast,
ethnicity was a significantly explanatory variable for CIMT.

Conclusions

Vascular phenotype of AI-DM2 without CVD was characterized by endothelial dysfunction
and relatively low levels of CRP, comparable to EC-DM2 controls. In contrast, lower CIMT
values were observed in AI-DM2 despite longer duration of diabetes and worse metabolic
control. We propose that mechanisms slowing its progression may have atheroprotective
potential in AI-DM2.
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INTRODUCTION

In the Netherlands a large community from the former Dutch colony of Surinam, originally
of Asian Indian (Al) descent, has settled. Epidemiologic data suggest that the excess of type
2 diabetes mellitus (DM2) and cardiovascular disease (CVD) noted in Al populations across
the world 2 is also present in Als in the Netherlands®*#. An important pathogenic factor is the
high prevalence of insulin resistance and DM2 in Als. However, traditional risk factors do not
fully explain the excess of CVD °. Several other risk factors such as low-grade systemic inflam-
mation ¢’ and endothelial dysfunction #° have been proposed to contribute to initiation and
progression of atherosclerosis in Als.

Despite the well-established high cardiovascular risk, not all AI-DM2 develop CVD. The
vascular phenotype of AI-DM2 without CVD has not been elucidated and may point to pro-
tective features regarding the development of CVD. We aimed to provide a first evaluation of
vascular parameters in Als and matched EC controls with DM2 but without CVD.

RESEARCH DESIGN AND METHODS

Subjects

This study is a substudy of a previously reported randomized clinical trial. The study design
and results of which have been described elsewhere '°-'2. Using this database, we were able to
identify 48 subjects of Al descent and 48 EC subjects from the same cohort matched for age
and gender. There were no differences in demographics between the two groups, both living
in an urban area in the Netherlands. The predecessors of the Al population migrated from
India to Surinam starting 1873. Most of our study subjects were first generation immigrants
in this country and third or fourth generation out of India. Patients were eligible for the study
if they had been diagnosed with DM2 for at least 1 year, aged 30-80 years and without CVD.
CVD was defined as angina pectoris, clinically manifest coronary artery disease, ECG criteria
for a past myocardial infarction, ischemic stroke, peripheral artery bypass surgery, percutane-
ous transluminal angioplasty or amputation because of atherosclerotic disease. Patients with
marked dyslipidemia (fasting total cholesterol >6.9 mmol/L or triglycerides >6.0 mmol/L)
were excluded from the original population, as prior statin therapy was an exclusion criterion
in the clinical trial. Eligible patients gave their written informed consent. The study was ap-
proved by the hospital’s Medical Ethics Committee.

Endpoints

The endpoints of this study were differences in inflammatory markers (serum C-reactive
protein (CRP) and fibrinogen levels), endothelial function (as estimated using measure-
ment of flow mediated dilation (FMD)) and carotid intima-media thickness (CIMT) as a
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non-invasive measure of atherosclerosis. Furthermore, presence and risk of coronary ath-
erosclerosis was assessed using measurement of silent myocardial ischemia (Ambulatory
Electrocardiogram(AECG)) and UKPDS risk scores for CVD.

Clinical examination

Anthropometric measurements were performed by two observers using standardized meth-
ods. Waist circumference was measured midway between the iliac crest and the lowest costal
margin at the end of normal expiration; hip circumference was measured at the maximal
circumference at the level of the femoral trochanters. Blood pressure was measured using a
standard sphygmomanometer after a 10 min resting period in supine position. Hypertension
was defined as systolic blood pressure =140 mmHg and/or diastolic blood pressure > 90
mmHg. The presence or absence of retinopathy was determined from the subject’s medical
files, wherein reports from ophthalmologists were retrieved.

Laboratory investigations

Lipid and safety measurements were performed at the Department of Clinical Chemistry and
Hematology of the Leyenburg Hospital, according to ISO 15189 standard procedures. Blood
samples were collected after an overnight fast. A urine sample was collected for the determi-
nation of the albumin over creatinine ratio. Serum or plasma was isolated by centrifugation at
2900 rpm for 5 min. Levels of total cholesterol and triglycerides were measured by enzymatic
methods on a Synchron LX20-analyzer (Beckman Coulter, Brea, USA). LDL cholesterol was
calculated according to the Friedewald formula . If triglycerides were > 4.5 mmol/L, LDL
cholesterol was measured directly with the use of a reagent kit (Genzyme Diagnostics).
HDL cholesterol levels were determined after dextran sulfate-magnesium precipitation of
apolipoprotein B-containing lipoproteins. Creatinine kinase and alaninaminotransferase
were measured by an enzymatic rate method on a Synchron LX20 multichannel chemistry
analyzer, according to IFCCmethods. HbA1c was measured by HPLC on a Variant Il (BioRad,
USA). For the urine sample, a Jaffe’ rate method was used for the measurement of creatinine
on a Synchron LX20- analyzer, while albumin was measured by rate nephelometry. Presence
of microalbuminuria was defined as >2.5 g albumin/ mol creatinine for men and >3.5 g albu-
min/mol creatinine for women.

The high-sensitivity CRP assay was performed in the Leiden University Medical Center with
the Tinaquant CRP (latex) high-sensitive assay from Roche. This particle enhanced immuno-
turbidimetric assay was carried out on a Roche Module P using serum.

CVD risk scores, AECGs and metabolic syndrome criteria

Absolute 10-year risk scores for developing a cardiovascular event were calculated using the
UKPDS risk engine Version 2.0 ™. For patients using anti-hypertensive medication the systolic
blood pressure was arbitrarily set at 160 mmHg. The AECG registration and analysis were
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conducted as previously described ''. Criteria for the presence of the metabolic syndrome
(MS) were according to the European Group for the Study of Insulin Resistance modification
of the WHO guidelines ™¢: presence of DM2 (per definition in our population), and two or
more of the following characteristics: waist circumference = 94 cm in males and > 80 cm in
females; triglycerides >1.7 mmol/L; HDL cholesterol <0.9 mmol/L in males and <1.0 mmol/L
in females; blood pressure > 140/> 90 mmHg.

Ultrasound protocol

Ultrasound imaging was performed with an Acuson Aspen scanner with a linear array 7.5
MHz probe. For FMD, an optimal longitudinal image of the brachial artery at, or just above
the elbow, was established and kept stable using a specially designed fixative. The exact FMD
protocol was described earlier '2. For CIMT, all images were recorded digitally for off-line,
blinded, analysis by an independent core laboratory, Heartcore, Leiden, the Netherlands as
described previously ™. Briefly, the left and right distal 1.0 cm of the common carotid arteries,
near and far walls, were examined longitudinally in the angle resulting in an optimal and
maximal CIMT (while avoiding plaques). For each segment, three R-wave triggered images
were stored. Mean CIMT was measured, when possible, over the entire 1 cm of the vessel
segment. Mean common CIMT was obtained by averaging the mean IMTs of far and near
wall, left and right.

Statistical analysis

All binary data were analyzed using the Pearson Chisquare test. All continuous outcome data
were significantly skewed and therefore analyzed using the non-parametric Mann-Whitney
test or log transformed (hsCRP, Lp(a)) before being analyzed using the Student’s t-test. Val-
ues are reported as medians (IQR). p-Values <0.05 were considered statistically significant.
Correlations were calculated with the Spearman’s rank test. To test the impact of correlated
parameters on the variability of the outcome variables a stepwise regression analysis was
performed.

RESULTS

Patient characteristics are given in Table 1. Despite similar age distribution Als had a sig-
nificantly longer duration of diabetes (12.4 years versus 6.3 years; p < 0.001) and worse
glycemic control as shown by higher median HbA1c levels (7.85% versus 7.20%; p = 0.006).
Microangiopathy was observed more frequently in Als, as shown by elevated prevalence of
retinopathy (29% versus 6%; p = 0.003) and higher level of microalbuminuria (1.3 mg/L versus
0.6 mg/L; p = 0.009).
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Table 1 Patient characteristics and laboratory findings

Asian Indians European Caucasians p-values
(n=48) (n=48)

Male gender 20 (42%) 20 (42%) 1.0
Age (years)* 50.7 (8.6) 50.9 (7.6) 0.89
Diabetes duration (years)* 124(8.2) 6.3(5.4) <0.001
HbA1c (%) 7.58(1.9) 7.20(1.7) 0.006
Retinopathy 14 (29%) 3(6%) 0.003
Microalbuminuria 14 (29%) 8 (17%) 0.15
Microalbuminuria® (mg/L) 1.3(7.7) 0.6 (1.1) 0.009
Family history of CVD 16 (33%) 13 (27%) 0.51
Hypertension 23 (48%) 19 (40%) 0.41
Smokers 20 (42%) 31 (65%) 0.024
UKPDS (%/10 years) 14.9 (14.1) 10.5(13.7) 0.29
Creatinine (mcmol/L) 80.0 (30) 76.0 (19) 0.32
Clearance (mL/min) 81.2(34.1) 101.9 (29.7) <0.001
Total cholesterol (mmol/L) 5.2(1.1) 5.5(1.1) 0.26
HDL cholesterol (mmol/L) 1.1 (0.4) 1.2(0.5) 0.26
LDL cholesterol (mmol/L) 33(1.4) 3.5(1.3) 0.83
Triglycerides (mmol/L) 1.6 (1.1) 1.7(1.2) 0.51
Lipoprotein(a) f (mg/dL) 215.5(410) 95.0 (316) 0.02
Fibrinogen (g/L) 3.6(1.9) 3.2(1.3) 0.88
CRP* (mg/L) 1.7 (4.9) 2.8(3.6) 0.83
CRP = 3.0 mg/L 14 (29%) 18 (38%) 0.39

All continuous data are expressed in medians (IQR) and compared using non-parametric test (Mann-
Whitney) except * and .

* Data were normally distributed and expressed in means (S.D.), compared using Student’s t-test.

1 Data were compared after log transformation using Student’s t-test.

Cardiovascular risk and anthropometry

Smoking was less prevalent in Als compared to ECs, both at present and ex-smokers. No
significant differences were observed in hypertension (defined as systolic blood pressure
> 140 mmHg and /or diastolic blood pressure = 90 mmHg or the use of anti-hypertensive
medication) and family history of CVD in first degree relatives. Lipid parameters including
plasma HDL cholesterol levels were comparable in both ethnic groups. Lp(a) was significantly
different between the groups (215.5 mg/dL (410) in Als versus 95.0 mg/dL (316) in ECs (p =
0.02)). The UKPDS risk scores for myocardial infarction were found to be 14.9%/10 years in Als
versus 10.5%/10 years in ECs (p = NS).

The anthropometric data are summarized in Table 2. Als were significantly smaller and
lighter. EC women had higher values for waist and hip circumference, as well as higher aver-
age BMI as compared to Al women. In men no differences were observed regarding these
parameters. The MS score was fully comparable in the two groups, and did not change using
ethnicity-specific cut-off values as recently proposed by the International Diabetes Federa-
tion (data not shown).
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Table 2. Anthropometry and vascular parameters

Asian Indians (n=48) European Caucasians (n=48) p-values

Height (cm)

male 167.5(12.0) 180.0 (11.0) <0.001

female 156.5 (8.0) 164.5 (9.0) <0.001
Weight (kg)

male 77.0(10.0) 87.0(21.0) 0.003

female 76.0 (18.0) 96.0 (28.0) 0.001
Body mass index (kg/m?)

male 27.1(5.2) 27.2(4.9) 0.98

female 30.8 (7.0) 34.3(8.9) 0.016
Waist circumference (cm)

male 97.5(13.0) 98.0 (15.0) 0.83

female 100.0 (19.0) 108.5 (20.0) 0.045
Hip circumference (cm)

male 97.5(8.0) 102.5 (8.0) 0.42

female 101.5(11.0) 109.5 (19.0) 0.001
Waist/hip ratio

male 1.00 (0.09) 0.99 (0.10) 0.33

female 0.98(0.13) 0.99(0.12) 0.87
Metabolic syndrome 33 (69%) 37 (77%) 0.36
MS score * 2.10(1.1) 2.13(0.87) 0.92
FMD (%) 1.56 (2.5) 1.88(2.8) 0.44
CIMT (mm) 0.655 (0.12) 0.711 (0.15) 0.03
Abnormal AECG 9/47 (19.1%) 9/47 (19.1%) 1.0

All continuous data are expressed in medians (IQR) and compared using non-parametric test (Mann-
Whitney) except *.
* Data were normally distributed and expressed in means (S.D.), compared using Student’s t-test.

Inflammation, endothelial function and vascular parameters

No differences were observed between the groups for low-grade chronic inflammation as
assessed by CRP. The median value was 1.7 mg/L (4.9) in Als versus 2.8 mg/L (3.6) in ECs (p =
0.83). In addition the number of subjects with evidence of low-grade inflammation (defined
as CRP levels = 3 mg/L and <15 mg/L) did not significantly differ between the groups and
was 14 (29%) in Als and 18 (38%) in ECs ( p = 0.39). Median serum levels of fibrinogen were
comparable (3.6 g/L (1.9) in Als and 3.2 g/L (1.3) in ECs; p = 0.88).

Endothelial dysfunction was observed in both groups with FMD levels under 2% (Table 2)
but comparable between Als and ECs. In both groups nine subjects (19.1%) had abnormal
findings on their AECG suggesting silent ischemia. These 18 subjects had comparable values
of IMT (0.730 mm (0.18) versus 0.680 mm (0.15) in subjects with normal AECGs, p = 0.472).
Further analysis of these subjects revealed no ethnic difference for the number of ischemic
episodes, the duration of ischemia or the ischemic burden (data not shown).

Als were found to have significantly lower median CIMT values of 0.655 mm (0.12) compared
to ECs (0.711 mm (0.15); p = 0.03). Luminal diameter was not a predetermined endpoint, but
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was assessed in 66 cases (35 ECs and 31 Als). In this subset Als had smaller lumina (7.294 mm
(1.12) versus 7.770 mm (1.05) in ECs; p = 0.02).

In a stepwise regression analysis log CRP, IMT, FMD and log Lp(a) were entered as depen-
dent variables (Table 3). Log Lp(a) was included because it has consistently been found to
be high in Al patients. Covariables that were taken into account were: age, race, duration of
diabetes, HbA1c, smoking status, waist circumference, LDL- and HDL cholesterol, triglycerides
and systolic blood pressure. FMD was impacted by age only. The strongest determinant of
variance in Lp(a) levels was race. Waist circumference had the greatest impact on variance in
CRP levels and race did not contribute significantly. Finally, age and race explained variance
in CIMT.

Table 3 Multiregression analysis

Age Race Waist circumference Model p-value
CIMT (r>=0.13) 3=0.004 (p=0.005 3=-0.47 (p=0.047) - 0.003

Log CRP (r*=0.16) 3 =-0.009 (p=0.136 3=0.055 (p=0.589) 8=124 (p=0.001) 0.004

( )
FMD (= 0.05) B=-001 (p=0.045) - - 0.045
( )
LogLp(a) (”=0.11)  B=0.002 (p=0.799)  B=0371 (p=0.003)  B=0.552 (p=0.137)  0.035

CONCLUSIONS

In this study we observed, for the first time, a low CIMT in Al-DM2 patients without CVD,
compared to matched EC counterparts. Low CIMT was present despite longer duration of dia-
betes and worse glycemic control, the significance of the latter being illustrated by increased
measures of microangiopathy in AI-DM2. Longer duration of diabetes and increased preva-
lence of microalbuminuria are in line with previous publications on Als in the Netherlands,
and elsewhere 8. In addition, the high Lp(a) levels observed in Als have been previously
reported '8, Thus, the low CIMT is a new and intriguing finding and it was found in a popula-
tion with very similar characteristics to these earlier reports with one exception: absence of
overt CVD, despite presence of DM2 in our study population.

Previous studies have suggested that endothelial function may be more vulnerable in Als
than in ECs and thus contributes to the development of atherosclerosis ™. In our population
of DM2 patients without CVD both ethnic groups exhibited endothelial dysfunction and we
could not demonstrate ethnic differences.

CRP is a cardiovascular risk indicator with additional predictive power to the Framingham
risk scores 2°. CRP levels were found to be higher in Al migrants compared to native popula-
tions in several 7?' but not all 2 studies. We observed intermediate values of CRP in Al-DM2
and EC-DM2 with medians of, respectively, 1.7 and 2.8 mg/L. It could be hypothesized that
an attenuated individual inflammatory response could be part of a protective phenotype,
thus being in line with epidemiologic data relating CRP to CVD. The intermediate CRP levels
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were observed in Al men and EC men with similar waist circumferences. Using the recent
ethnicity specific cut-off values for waist circumference, AI-DM2 patients had a more outspo-
ken abdominal obesity compared to EC-DM2. As several reports in literature link central and
overall adiposity to CRP levels in Als 72'23-26, we expected higher CRP levels in AI-DM2. These
relatively low levels of CRP were therefore compatible with the hypothesis of an attenuated
inflammatory response in these patients. Further studies should be performed to explore the
possible abrogation of inflammation in high-risk subjects without overt CVD.

The most interesting observation was the relatively low CIMT values in Als, despite longer
duration of diabetes and worse glycemic control. This could be a race-related phenomenon,
which is in line with the observation of smaller luminal diameters in Als. To date, IMT studies
on predictive power % have not taken diameter into account. In our subjects a significant
variability of IMT for a given diameter was observed (data not shown), indicating the need
for further explorative studies. There are no firm data on ethnicity-specific IMT values. We
observed a median CIMT of 0.66 mm (£ 0.12). Previous IMT studies in Als have reported CIMT
values of 0.59 mm (+ 0.17) in non-diabetics and 0.63 mm (+ 0.22) in DM2 patients living in
South India 2% and CIMT values of 0.93 + 0.36 mm versus 0.85 + 0.21 mm in DM2 with and
without retinopathy, respectively, have been reported in the same population *°. Based on
our and other studies we calculated that future prospective comparative studies in different
ethnic groups would require a sample size of at least 115 Als versus 115 ECs to detect a 0.05
mm difference in CIMT with a power of 0.80 and a two-sided significance of 0.05.

The low CIMT observed may also have been due to pathophysiologic differences between
Al-DM2 and EC-DM2 leading to slower progression of CIMT. Pathophysiologic changes di-
rectly related to diabetes seem unlikely as DM2 was milder in EC than in Al in this study. Thus,
low CIMT is for instance not readily explained by decreased glycosylation of the extracellular
matrix. Other candidate pathophysiologic mechanisms influencing CIMT progression in Al-
DM2 could be endothelium-dependent, i.e. intrinsic or environmental acquired resistance
against oxidative stress. In this regard the lower smoking rates in AI-DM2 may be of relevance.
Mechanisms could also be endothelium-independent and more related to the pathophysiol-
ogy of the intima. An attenuated intimal inflammatory response, in line with the intermediate
levels of low-grade inflammation observed, would be such a mechanism.

In summary, the data presented provide a first description of vascular parameters in AI-DM2
from Surinam without CVD. In these patients, we observed ethnicity-defined, significantly
lower CIMT than EC-DM2, despite presence of a number of robust cardiovascular risk factors.
Following this interesting observation, reported for the first time, we propose that atheropro-
tective mechanisms are in play, slowing progression of CIMT and CVD. This and other similar
Al cohorts should be intensively researched to unravel the protective factor(s).
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ABSTRACT

Objective

Coronary artery disease is the most important cause of mortality in patients with type

2 diabetes mellitus (DM2). We aimed to determine the prevalence of silent myocardial
ischemia (SMI) and the effect of statin therapy on SMI in DM2 patients without manifest
cardiovascular disease.

Research Design and Methods

A randomized, placebo-controlled, double-blind trial was performed in 250 patients with
DM2 without manifest cardiovascular disease. Patients were given either 0.4 mg cerivastatin
or placebo daily. In August 2001, when cerivastatin was withdrawn from the market, cerivas-
tatin 0.4 mg was replaced by 20 mg simvastatin without deblinding the study. The primary
endpoint was the change in ischemic episodes, duration and burden as measured by 48
hours ambulatory electrocardiography (AECG) over 2 years.

Results

At baseline 47 out of 233 (20%) evaluable AEC G's showed evidence of ischemia. After 2 years,
there was a trend towards more ischemia in both treatment groups, without significant dif-
ferences between the changes in ischemic parameters (episodes:p=0.498; duration:p=0.697;
burden:p=0.798) in the two treatment groups. Cardiovascular events occurred in 12 patients
in the placebo group and in 2 patients in the statin group (p=0.006). There was no relation-
ship between these cardiovascular events and the presence of SMI at baseline.

Conclusions

SMI occurred in 20 % of DM2 patients without manifest cardiovascular disease. There was
no effect from two years of statin therapy on SMI. In contrast, we observed a significantly
lower cardiovascular event rate on statin therapy. AECG may not be a proper tool for risk
stratification in patients with DM2.
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INTRODUCTION

Coronary artery disease is the most important cause of mortality in patients with type 2 diabe-
tes mellitus (DM2)'. Individuals with diabetes not only have a higher risk for coronary events,
but their outcome after such an event is worse 2 and more extensive atherosclerotic lesions
are found at the first manifestation of coronary artery disease 3. Periods of silent myocardial
ischemia (SMI) might precede a first coronary event in DM2, especially if cardiac autonomic
neuropathy is present*. Early detection of SMI is thus a potential tool for cardiovascular risk
stratification in patients with DM2.

SMI can be detected with an exercise ECG, 24 or 48 hours ambulatory electrocardiography
(AECG), or (stress) myocardial scintigraphy. Exercise testing requires a certain level of fitness
of the patient. Myocardial scintigraphy is expensive, and both scintigraphy and exercise ECG
are time consuming. In contrast, AECG can be applied in virtually every patient, is inexpensive,
non-invasive and reflects daily life circumstances.

Treatment with HMG-Co-A reductase inhibitors (statins) >¢ resulted in reduced SMl in non-
diabetic patients with coronary artery disease. Data on the effect of statin therapy on SMI
in DM2 are lacking. We conducted a randomized, placebo-controlled trial to determine the
prevalence of SMI and to evaluate the effect from 2 years of statin therapy on SMI detected
by AECG in patients with DM2 without cardiovascular disease.

RESEARCH DESIGN AND METHODS

Subjects and design

The study design and baseline characteristics of the original patient population have been
described in detail elsewhere 7. Briefly, 250 patients with DM2 for at least one year, aged
30-80 years, without cardiovascular disease (defined as angina pectoris, coronary artery dis-
ease, ECG criteria for a past myocardial infarction, ischemic stroke, peripheral artery bypass
surgery, percutaneous transluminal angioplasty or amputation because of atherosclerotic
disease) were included in this randomized, double-blind, clinical trial. Patients were given
0.4 mg cerivastatin (Bayer B.V., Mijdrecht, The Netherlands) or placebo daily for 2 years. After
the withdrawal of cerivastatin from the market, 0.4 mg cerivastatin was replaced by 20 mg
simvastatin (Merck Sharp & Dome, Haarlem, the Netherlands) without deblinding the study.
At that moment, all the patients had been randomized with a mean follow-up of 15 months
(range 6-23 months). Eligible patients gave their written informed consent. The study was
performed at the Leyenburg Hospital, The Hague. The study was approved by the hospital’s
Medical Ethics Committee.
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Study Objectives

The primary endpoint of the study was the change in ischemic episodes, ischemic duration
and ischemic burden between 24 months and baseline. The following predefined cardio-
vascular events were evaluated during the study: cardiovascular death, nonfatal myocardial
infarction, percutaneous transluminal coronary angioplasty, coronary artery bypass graft sur-
gery, nonfatal stroke, peripheral artery bypass graft, percutaneous transluminal angioplasty

or amputation because of atherosclerotic disease.

Follow-up

Patients returned to the study site after a 12 hours fast at 3, 6, 12, 18 and 24 months for
blinded plasma lipid and safety measurements. ECG and AECG measurements were per-
formed at baseline and 24 months. A 2-year follow-up for clinical events was performed for
all 250 patients. If there were signs of life threatening arrhythmia on the AECG, the patient

was referred to a cardiologist.

ECG measurements

On a resting ECG the QT interval of lead V2 was measured from the beginning of the QRS
complex to the end of the downslope of the T wave. The QT interval was corrected (QTc) for
heart rate using Bazett’s formula: QTc= QT/vYRR. The Minnesota ECG criteria were used to

detect a past Q-wave myocardial infarction 2.

AECG measurements

AECG’s wererecorded on a3 channel Marquette 8500 tape recorder with electrodes positioned
to obtain pseudo V5, V6 and aVF leads. The recordings were made over a continuous period
of 48 hours, during which the patient completed a diary of physical activity and symptom:s.
The tapes were subsequently analyzed on a Marquette MARS 8000 Holter Analyzer by SEAL
(Foundation for ECG Analysis Leiden, incorporated in the Leiden University Medical Center).
The registrations were evaluated by blinded computer-assisted analysis by two certified
technicians. The AECG results remained blinded for patients and their physicians.

Transient myocardial ischemia was defined as the presence of episodes showing > 0,1 mV
(1 mm) horizontal or downsloping ST-segment depression, 80 ms after the J-point, lasting
for > 60 seconds and separated by at least 60 seconds from the next ischemic episode. The
total number of ischemic episodes, the total duration of ischemia, and total ischemic burden
were assessed. For ischemic episodes and ischemic duration, any overlapping episodes in
the different channels were not summed. Ischemic burden was defined as ischemic duration
in minutes multiplied by ST-segment depression in millimetres, for each channel separately
and then summed.

Notincluded in the AECG study were patients with non-ischemic ST-segment abnormalities,
due to intraventricular conduction delay, bundle branch block, or atrial flutter or fibrillation.
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AECG recordings of insufficient quality were rejected; only those in which at least 40 hours
of ST-segment analysis could be performed in either lead V5 or V6 were included; if this
criterion could not be met, at least 24 hours (50%) of data in both channels V5 and V6 were
analyzed and compared with the matching hours of the corresponding recording (either
baseline or at 24 months).

Laboratory investigations

All laboratory measurements were performed at the Department of Clinical Chemistry and
Hematology of the Leyenburg Hospital, according to ISO 15189 standard procedures.

Statistical analysis

We assumed a 30 % prevalence of SMIin our DM2 patients®'. From clinical studies in patients
with coronary artery disease®¢, we assumed an increase in prevalence to 35 % in the placebo
group and a decrease in prevalence to 15 % in the statin group after two years. The number
of patients needed to detect this difference with a power of 80 % (a = 0.05) was 73 patients
in each group.

The primary treatment comparison was between placebo and statin therapy in patients
completing the study (on-treatment analysis). Differences between the groups were analyzed
by Student’s independent samples t-test, (Pearson’s) Chi-squared test or Mann-Whitney test
where appropriate. Changes from baseline within each treatment group were analyzed by
Student’s paired t-test, Mc Nemar Chi-squared test or Wilcoxon signed-rank test where ap-
propriate. Comparisons of the effects between the treatment groups were performed using
Mann-Whitney test.

Ischemic episodes, total ischemic duration and ischemic burden were categorized as 0 (no
ischemia), 1, 2 or 3 according to tertiles at baseline in the patients with ischemia. With these
ischemic scores, determinants of baseline ischemia were evaluated using ordinal regression
techniques. The association between ischemia at baseline and cardiovascular events during
follow-up was evaluated by Chi-squared test.

Analyses were performed using SPSS 11.0 for Windows software. All analyses were 2-sided,
with a level of significance of a = 0.05.

RESULTS

Of the 250 patients randomized, 233 had evaluable AECG at baseline. Of these 233 patients,
45 in the placebo group and 21 in the statin group dropped out during the study. There were
17 AECG recordings at baseline and 12 at follow-up that were not valid because of: intraven-
tricular conduction delay (9), atrial fibrillation or flutter (5), background noise (2), technical
problems with tape or recorder (8), or patient refusal or invalidation (5). This left 155 patients
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with full valid AECG data both at baseline and at 24 months. Two patients were referred to a
cardiologist because of arrhythmia at their 2-year AECG. One patient had frequent nocturnal
sinus arrests; after cessation of labetolol treatment, a control AECG showed normalization.
One patient had a 12-beat ventricular tachycardia; subsequent cardiological analysis revealed
normal echocardiography results and no further action was taken.

The characteristics of the study population are given in Table 1. No statistical differences
between the groups were observed. There were no differences in baseline characteristics
between the 155 patients with valid AECG recordings and the other 78 patients.

Lipids

Mean LDL cholesterol in the 155 patients was 3.41 + 0.72 mmol/l at baseline and 2.64 + 0.96
mmol/l at 2 years (- 22 %, p < 0.001) in the statin group and 3.53 £ 0.72 mmol/| at baseline and
3.76 £ 0.83 mmol/l at 2 years (+ 8%, p=0.007) in the placebo group (p < 0.001 for difference
between groups). Mean HDL cholesterol was 1.24 + 0.41 mmol/I at baseline and 1.21 + 0.38
mmol/I at 2 years (-1%, p=0.161) in the statin group and 1.21 + 0.38 mmol/| at baseline and
1.21 £ 0.39 mmol/l at 2 years (+1%, p=0.866) in the placebo group (p=0.372 for difference
between groups). Mean triglycerides were 1.80 £0.95 mmol/| at baseline and 1.65 + 1.49
mmol/l at 2 years (-11 %, p=0.218) in the statin group and 1.85 + 0.80 mmol/| at baseline and

Table 1. Baseline Characteristics of 250 Randomized Patients

Placebo (n=125) Statin (n=125)
Male sex 57 (46) 61 (49)
Age (years) 582+11.4 58.8+11.3
Ethnicity:
Caucasian 86 (69) 83 (66)
Asian-Indian 20(16) 28(22)
other 19 (15) 14(11)
BMI (kg/m?) 31.0+6.0 31.0+6.3
Waist-to-hip ratio 0.99 +0.09 0.98 +0.08
Current smoker 33(26) 28 (22)
Hypertension 66 (53) 60 (48)
Diabetes duration (years)* 7+8 6+7
Insulin use 69 (55) 62 (50)
HbA1c (%) 7.60 + 1.48 7.53+1.10
Vasoactive medication : 70 (56) 58 (46)
Beta blocking agents 16 (13) 14(11)
Calcium channel blockers 16 (13) 15(12)
renin-angiotensin system-inhibitors 46 (37) 47 (38)
Diuretics 29 (23) 34(27)
Microalbuminuriat 19 (15) 24 (19)
Silent myocardial ischemia 26 (22) 21(18)
QTc (seconds) 0.39+0.03 0.40 +0.03

Data are means + SD or numbers of patients (%) unless otherwise indicated.
*Median * SD. t Men, > 2.5 g/mol creatinine; women, > 3.5 g/mol creatinine.
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1.70 £ 1.26 mmol/| at 2 years (-4%, p=0.284) in the placebo group (p=0.436 for difference
between groups). Average LDL cholesterol levels in the statin group were higher after the
switch to simvastatin (2.37 before versus 2.63 mmol/I after the switch, p < 0.001).

AECG's

At baseline, 47 of 233 (20%) evaluable AECG'’s showed evidence of ischemia, equally distrib-
uted among the treatment groups. In the patient group completing the study with full AECG
data (n=155), there was a nonsignificant difference between the placebo and statin group
with a higher prevalence of ischemia in the placebo group at baseline (p=0.069, Pearson chi
square with continuity correction). Patients in the group with complete AECG data had the
same amount of baseline ischemic episodes as the noncompleting group. After two years,
there was a nonsignificant trend toward more ischemic episodes, duration, and burden in the
placebo group as well as in the statin group (Figure 1 and Table2). When the whole group was
taken together (n=155), increases after 2 years in ischemic episodes and duration were sig-
nificant (p = 0.019 and 0.018, respectively), with total prevalence of ischemia rising from 20.0
to 24.5 %. There were no significant differences between the changes in ischemic episodes
(p=0.498), duration (p=0.697) or burden (p=0.798) in the two treatment groups. Correcting
for baseline ischemia did not change these results.

Determinants for baseline ischemic episodes were QTc (p=0.011) and diastolic and systolic
blood pressure (p=0.048 and 0.017, respectively). When included into an ordinal regression
model, QTc and systolic blood pressure remained significant determinants and explained 6%
of the variance (Nagelkerke pseudo r?) in baseline ischemia.

The effect of the two statins used was analyzed by correcting the change in ischemia for
duration of cerivastatin treatment (range 6 to 23 months). This did not change the results.
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Figure 1. Changes in ischemic episodes in placebo group (A) (n=26) and statin group (B) (n=21) in patients
with any ischemia at baseline or 2 years
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Table 2. Parameters for ischemia in 155 patients with complete AECG data

placebo(n=70) statin(n=85)
score*  baseline  2years p** baseline 2 years p** pt
episodes(nr) 0.056 0.191 0.498
0 0 51 48 73 69
1-2 1 5 2 6 5
3-15 2 5 10
>16 3 9 10 2 5
duration(min) 0.151 0.050 0.697
0 0 51 48 73 69
1-6.74 1 5 4 5 3
6.75-72.74 2 8 5
>72.75 3 8 10 2 5
burden(min*mm) 0.485 0.054 0.798
0 0 51 48 73 69
>0-6.33 1 5 3 5 2
6.34-124.37 2 11 5
>124.38 3 8 8 2 5

data are numbers of patients

* score: 0= no ischemia, 1-3= category according to tertiles of baseline ischemic parameters as described
in text. ** Wilcoxon signed-rank test for change between baseline and 2 years. t Difference in change
between placebo and statin groups.

Clinical events

As reported before’, in the total population of 250 patients, cardiovascular events occurred in
12 patients in the placebo group and in two patients in the statin group (p=0.006). Ischemic
episodes, duration, or burden at baseline were not related to the occurrence of cardiovascular
events during the 2-year follow-up, neither in the placebo group nor in the statin group.

CONCLUSIONS

This is the first study on the effect of long-term statin therapy on SMI in DM2 patients. We
did not find any effect of statin therapy on the occurrence of SMI, in spite of a significant
reduction in cardiovascular events.

The reported prevalence of SMI in asymptomatic DM2 varies between 9 to 52% **2° and
is strongly dependent on method of detection and on the population studied. In our DM2
population without prior cardiovascular disease with a broad range in age and diabetes dura-
tion we found a 20% incidence of SMI. In most cross-sectional studies the incidence of SMl is
increased in DM2 compared with non-diabetic subjects '3, It has been suggested that this
is caused by diabetic autonomic neuropathy. However, recent clinical and epidemiological
data suggest that this increase mainly reflects accelerated atherosclerosis 2'. This concept is
confirmed by the modest relationship in our data with QTc, a parameter for diabetic cardiac
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autonomic neuropathy??. Our findings are in concordance with the modest but consistent
relationship that was found between other parameters of cardiac autonomic neuropathy,
including Ewing tests %, and SMI in a meta-analysis 2*. The relationship between QTc and SMI
in patients with DM2 has not been studied before.

Other investigators found a relationship between SMI in DM2 and cholesterol ', smok-
ing'8, age'*", blood pressure '>* and microalbuminuria #'27%25_ Qur data do not confirm
these data as we only found an association with blood pressure.

Results of studies on the predictive value of SMI in DM2 for cardiovascular events 410.1617.26
show contradictive results and might be biased because treatment regimens were often
influenced by the results of SMI testing *'7%.The studies are also difficult to compare because
of inclusion of patients with type 1 diabetes '** and because of various methodology to
detect SMI : some studies use a combination of exercise ECG and myocardial scintigraphy
161726 whereas others assess SMI with exercise ECG only *'°. To our knowledge, only one study
on the predictive value of SMI in DM2 included AECG in their evaluation ', showing that
SMI as detected with a combination of exercise ECG, myocardial scintigraphy and AECG was
a poor predictor of major cardiac events. In the present study, we did not find a relation-
ship between the presence of 48 hour AECG detected SMI at baseline and the 2-year risk of
cardiovascular events. However, our study was not designed nor powered for this purpose,
so we cannot conclude from our data that SMI is not predictive for cardiovascular events in
patients with DM2.

In non-diabetic patients with coronary artery disease, two earlier studies have reported a
beneficial effect of statin therapy on ischemic episodes >¢ and ischemic duration and burden
6 as detected with AECG. We did not find any effect of statin therapy on SMI in our DM2
population; from the present data, one can only speculate whether these contradictory find-
ings are due to the fact that we studied patients with diabetes or to the fact that we studied
asymptomatic patients. However, we did find a beneficial effect on cardiovascular event rates.
This result implies that the beneficial effects of statin therapy may not directly be mediated
through reduction of silent ischemic episodes, which is in line with the perception that most
cardiovascular events do not evolve from progressive narrowing of the vessel lumen, but
rather from thrombus formation on a ruptured nonobstructing instable plaque ?'. Searching
for SMI might therefore not be a rational way of risk stratification in asymptomatic patients
with DM2.

Our study has possible limitations. First, cerivastatin was withdrawn from the market, re-
sulting in a change from cerivastatin to simvastatin. After correcting the change in ischemic
parameters for duration of cerivastatin treatment, however, the results remained unchanged.
Second, at baseline, patients with complete AECG data in the statin group tended to have less
ischemia than in the placebo group. This might have lead to less power to detect a treatment
effect. However, the clear trend toward more ischemia after 2 years, equal in both groups and
reflecting the natural history of atherosclerosis in DM2, makes a type Il error unlikely.
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In conclusion, we found a 20% prevalence of SMI in asymptomatic patients with DM2. We
did not find any effect from two years of statin therapy on SMI, despite a significant reduction
in cardiovascular events. SMl as detected with 48 hour AECG may not be a proper tool for risk
stratification in patients with DM2.
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Summary and Conclusions

SUMMARY

Cardiovascular disease is the principal cause of mortality in patients with type 2 diabetes
mellitus (DM2). Cardiovascular events are preceded by years of endothelial dysfunction,
atherosclerotic plaque formation and finally the thrombotic occlusion after rupture of an un-
stable plaque. Hyperglycemia, insulin resistance and coexisting dyslipidemia, hypertension
and obesity are responsible for the enhanced atherosclerotic process in DM2.

The typical dyslipidemia in DM2 consists of low levels of HDL cholesterol, high levels of
triglycerides and small, dense, atherogenic LDL particles, where total LDL cholesterol levels
are not higher than in the general population. LDL cholesterol has proven to be an important
risk factor for coronary artery disease in DM2.

Since 1994, several trials have proven the beneficial effect of HMG-CoA reductase inhibitors
(statins) on cardiovascular morbidity and mortality in the setting of secondary prevention
and in primary prevention in high-risk patients. These early trials, however, did not include
diabetes as a prespecified subgroup. In spite of the lack of randomized trials in DM2, guide-
lines advocated the use of statins in primary prevention based on the assumption that DM2
is a“coronary heart disease equivalent”. In 2004, with the publication of the CARDS study, the
beneficial effect of statin therapy in primary prevention, was proven.

The present thesis describes a study, designed at a timepoint when no primary prevention
trial had yet been performed to investigate the effects of statin therapy on patients with DM2
without cardiovascular disease. We have performed a randomized, double-blind placebo-
controlled trial in 250 DM2 patients without manifest cardiovascular disease. The aim of the
trial was to study non-invasively the effect of two year statin therapy on the vessel wall.

In Chapter 2 the techniques and current status in DM2 of these non-invasive vascular tools
are desciribed. Non-invasive imaging techniques as parameters for atherosclerosis, may help
in risk stratification and in implementation of tailored therapy for the individual patient.
However, many of these vascular tools have not been validated in diabetic individuals.

Since the introduction in the early 1990’s, intima-media thickness (IMT) of the vessel wall,
especially of the carotid artery, is used more and more as a surrogate marker for atheroscle-
rotic disease. IMT can be assessed non-invasively using B-mode ultrasound. Ultrasonographic
IMT measurements of the far wall relate to histological IMT measurements. Carotid IMT is
higher in DM2 versus controls, and IMT progression might be higher. In prospective studies,
carotid IMT has proven to be a consistent and independent predictor for coronary events and
stroke in the general population, but in DM2 only in combination with several other novel
risk factors. Intervention studies in non-diabetic individuals with statins have shown that
IMT progression can be stopped or even reversed. Intervention studies with lipid lowering
regimens in diabetic subjects are sparse.
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Flow Mediated Dilation (FMD) of the brachial artery, as first described by Celermajer, is a
non-invasive technique for measuring endothelial function. FMD is measured with B-Mode
ultrasound or a wall-track system. FMD is impaired in DM2, in some studies already in the
prediabetic state. FMD has proven to be predictive for the presence of coronary artery dis-
ease and for future cardiovascular events in high-risk populations. There are however no
studies on the predictive power of FMD in DM2. Intervention studies with statins in diabetic
individuals have shown conflicting results regarding the effect on FMD.

Ambulatory ECG (AECG) can detect silent myocardial ischemia. The prevalence of silent
myocardial ischemia in asymptomatic DM2 is reported from 9.1 to 52% and is strongly de-
pendent on method of detection and on the population studied. The frequency of significant
coronary artery stenoses in diabetic patients with silent myocardial ischemia varies between
22 and 94 %. Silent myocardial ischemia predicts future coronary events in asymptomatic
diabetic subjects, as well as in diabetic patients with documented coronary artery disease.
Treatment with beta-blockers or statins resulted in reduced silent myocardial ischemia in
patients with coronary artery disease, but studies in DM2 were not performed.

Chapter 3 describes the primary endpoint of the study, the effect of two year statin therapy
on IMT in patients with DM2 without manifest cardiovascular diesease. 250 patients were ran-
domized to either 0.4 mg cerivastatin, or placebo daily. In August 2001, when cerivastatin was
withdrawn from the market, 0.4 mg cerivastatin was replaced by 20 mg simvastatin, without
deblinding the study. The primary endpoint was the change of mean common carotid IMT, as
measured by B-mode ultrasound, over 2 years.

Common carotid IMT at baseline was 0.780 mm in the placebo group and 0.763 mm in the
statin group and did not change significantly after two years. LDL cholesterol was reduced
by 25 % in the statin group and increased by 8% in the placebo group (p<0.001). There was
no significant difference in IMT change in any carotid segment between the groups. Cardio-
vascular events occurred in 12 patients in the placebo group and in 2 patients in the statin
group (p=0.006). We discuss that prognostic tools other than IMT should be explored in this
patient group.

Chapter 4 describes the effect of two year statin therapy on FMD in patients with DM2 without
manifest cardiovascular disease. The primary endpoint was the change in FMD, measured by
B-mode ultrasound, after 2 years.

Determinants of baseline FMD were diabetes duration, common carotid IMT and brachial
artery diameter. FMD at baseline was 1.51 % in the placebo group and 1.66 % in the statin
group and did not change significantly after two years.

In conclusion, there was no effect of 2 years’ statin therapy on FMD in DM2. Statin induced
improvement of cardiovascular risk in patients with DM2 may be mediated through other
mechanisms than increased NO availability.
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Chapter 5 describes the effect of two year statin therapy on C-reactive protein (CRP), a
marker of the inflammatory process in atherosclerotic plaques. We evaluated the effect of
statin therapy on CRP in 250 patients with DM2 without manifest cardiovascular disease.
The primary endpoint was the change in high sensitivity CRP after 2 years. CRP in the statin
group was 1.58 mg/L at baseline and 1.69 mg/L at 2 years (p= 0.413), in the placebo group
it increased from 2.03 mg/L at baseline to 2.54 mg/L at 2 years (p = 0.058) (p= 0.269 for
comparison between the groups). In a high-risk subgroup with the metabolic syndrome (MS)
and LDL levels > 2.6 mmol/L (40 % of the cohort) CRP levels increased significantly in the
placebo group (from 2.97 mg/L at baseline to 3.99 mg/L at 2 years, p=0.036) in comparison
to the statin group (from 2.13 mg/L at baseline to 2.10 mg/L at 2 years, p=0.885) (p=0.042 for
comparison between the groups).

In conclusion, there was no effect of two year statin therapy on CRP in patients with DM2
without manifest cardiovascular disease, except in a subgroup with the metabolic syndrome
(MS) and LDL > 2.6 mmol/L. We discuss that studies supporting risk stratified therapy in
primary prevention in DM2 are needed.

In Chapter 6 the relationship between CRP and MS is further elaborated by analysing the
baseline data of the DALI study. The DALI study was performed to evaluate the efficacy of
atorvastatin 10 and 80 mg versus placebo in patients with DM2 and mild dyslipidemia without
cardiovascular disease. Endpoints in the original study were lipid parameters and endothelial
function as assessed by FMD. In the present substudy the baseline laboratory parameters for
inflammation and hemostasis and the baseline sonographic parameters IMT and FMD were
used to assess the impact of MS and low grade chronic inflammation as assessed by CRP on
vascular phenotype in 62 DM2 patients.

Serum sVCAM, sTM, and tPA levels significantly increased with increasing MS load. IMT also
significantly increased from 0.602 + 0.034 (one MS criterion) to 0.843 + 0.145 (four MS crite-
ria, p = 0.007). LogCRP significantly correlated with fibrinogen, PAI-1, and IMT. In a multiple
regression, model MS and low-grade chronic inflammation have an independent impact on
vascular phenotype including IMT in DM2.

A total of 19 % of our original study population of 250 patients were Asian Indians from
Surinam. Although Asian Indian patients with DM2 are at high-risk for cardiovascular disease,
not all patients develop cardiovascular disease. The vascular phenotype of Asian Indians with
DM2 without cardiovascular disease has not been elucidated and may point to protective
features. In Chapter 7 we analyzed the baseline data of our main study to provide an initial
description of vascular parameters in Asian Indians compared with Europid Caucasian con-
trols (all with DM2), matched for age and gender. Endpoints of the study were endothelial
function as measured by FMD, low-grade systemic inflammation as assessed by CRP and
carotid IMT. Asian Indians had longer duration of diabetes, worse glycemic control and more
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microangiopathy. Both groups demonstrated marked endothelial dysfunction. CRP levels
were similar: 1.7 (4.9) mg/L in Asian Indians and 2.8 (3.6) mg/L in Europid Caucasians. Carotid
IMT values were significantly lower in Asian Indians than Europid Caucasians (0.655 mm (0.12)
versus 0.711 mm (0.15), p = 0.03). Multiple regression analysis showed that variability in CRP
was mainly determined by waist circumference, not by ethnicity. In contrast, ethnicity was a
significantly explanatory variable for carotid IMT.

Vascular phenotype of Asian Indians with DM2 without CVD was characterized by endothelial
dysfunction and relatively low levels of CRP, comparable to Europid Caucasian controls with
DM2. In contrast, lower carotid IMT values were observed in Asian Indians despite longer
duration of diabetes and worse metabolic control. We propose that mechanisms slowing its
progression may have atheroprotective potential in Asian Indians with DM2.

In Chapter 8 we aimed to determine the prevalence of silent myocardial ischemia (SMI) and
the effect of statin therapy on SMI in DM2 patients without manifest cardiovascular disease.

The primary endpoint was the change in ischemic episodes, duration and burden as mea-
sured by 48 hours ambulatory electrocardiography (AECG) over 2 years. At baseline, 47 out
of 233 (20%) evaluable AECG's showed evidence of ischemia. After 2 years, there was a trend
towards more ischemia in both treatment groups, without significant differences between
the changes in ischemic parameters (episodes:p=0.498; duration:p=0.697; burden:p=0.798)
in the two treatment groups. Cardiovascular events occurred in 12 patients in the placebo
group and in 2 patients in the statin group (p=0.006). There was no relation between these
cardiovascular events and the presence of SMI at baseline. In conclusion, SMI occurred in 20
% of DM2 patients without manifest cardiovascular disease. There was no effect of two years’
statin therapy on SML. In contrast, we observed a significantly lower cardiovascular event rate
on statin therapy. We discuss here that AECG may not be a proper tool for risk stratification
in patients with DM2.

CONCLUSIONS

The present thesis describes the effect of statin therapy on the process of atherosclerosis
in patients with DM2 without cardiovascular disease. We used several parameters to assess
this process. We found no effect of two year statin therapy on carotid IMT as a reflection of
the progress of atherosclerosis. We found no effect on endothelial function as assessed by
FMD. The effect of statin therapy on CRP, as a marker for low grade inflammation, was only
significant in a high-risk subgroup with the metabolic syndrome and a high LDL cholesterol.
There was no effect of two-year statin therapy on the prevalence of silent myocardial isch-
emia. In spite of these findings, we observed a lower cardiovascular event rate in patients on
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statin therapy, which is in line with other clinical trials. Several possible explanations for these
findings should be discussed.

First, the vascular tools used were all validated in non-diabetic populations, but the prog-
nostic value of most of them was not validated in patients with DM2. Vessel wall biology
in DM 2 is distinct from that of a non-diabetic population and the question arises whether
changes in the vessel wall induced by DM2 are reversible by statin therapy. The intimal and
medial layers of the vessel wall in DM2 are most likely irreversibly changed by processes
such as extracellular matrix glycosylation and media calcification. These changes may resist
global regression based on interference with local intravascular cholesterol metabolism. It
can be hypothesized that, although statins do not improve NO availability nor the irreversibly
changed glycosylated extracellular matrix, it may well have an effect on outcome in DM2
patients by its beneficial influence on plaque vulnerability. This is in line with the perception
that most cardiovascular events do not evolve from progressive narrowing of the vessel lu-
men (as assessed by IMT and silent myocardial ischemia), but from thrombus formation on
a ruptured non-obstructing instable plaque. To date it remains unsolved however, whether
these other, nonlipid (“pleiotropic”) effects on the vascular wall play an important role in the
risk reductions as seen in the clinical trials.

Second, cerivastatin was withdrawn from the market, at a time when inclusion was com-
pleted, resulting in a change from cerivastatin to simvastatin. The reduction in LDL choles-
terol with simvastatin 20 mg was slightly lower than that achieved with cerivastatin 0.4 mg.
After correcting the change in all described endpoints for duration of cerivastatin treatment
however, the results remained unchanged, so we do not believe that this switch has had a
major influence on our results.

Third, contrary to the postulated progression of mean IMT per 2 years, in the present study
the placebo group did not show any progression in IMT. It could be argued that our patient
population has been low-risk. However, we included diabetic patients with a broad range
in age and diabetes duration, while their baseline CCA IMT was well comparable to those
of patients in other studies. Moreover, the observed rate of first major vascular events in
our placebo group is comparable with the diabetic subgroup without prior cardiovascular
disease on placebo in the Heart Protection Study. Thus, it seems unlikely that our results have
been influenced by any “healthy volunteer” effect.

Implications for clinical practice

The non-invasive vascular tools described in this thesis were not able to detect beneficial
effects of statin therapy in DM2 patients. To date, IMT and CRP are frequently used as risk
markers for atherosclerosis in the general population. Their prognostic clinical usefullness
in patients with DM2 still remains to be established. Recent cholesterol guidelines do not in-
clude these risk markers in risk scores. ATP Il (Adult Treatment Panel Ill) uses risk stratification
by means of classical risk factors for their recommended LDL goals. The American Diabetes
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Association recommends prescribing statins to all patients with DM2 in a primary prevention
setting with LDL cholesterol levels > 3.5 mmol/L to achieve a 30 to 40 % reduction in LDL
cholesterol. The Joint European Guidelines advocates an LDL goal of < 2.5 mmol/L for all
patients with DM2.

Other non-invasive vascular tools, more aimed at detection of plaque characteristics, may
have better prognostic value. The use of non-invasive vascular tools in daily practice for risk
stratification and tailored therapy warrants further investigation.
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SAMENVATTING

Hart- en vaatziekten, zoals een hartinfarct of een herseninfarct vormen de belangrijkste
doodsoorzaak van patiénten met diabetes mellitus type 2 (DM2). Voordat een hartinfarct
plaats vindt, zijn er al jaren voorafgegaan van slecht functioneren van de vaatwand (endo-
theeldysfunctie), de vorming van de atherosclerotische plaque (“dichtslibben”) en tot slot
de afsluiting van het vat door een stolsel nadat een instabiele plaque geruptureerd is. Hoge
bloedsuikers, verminderde gevoeligheid voor insuline (insuline resistentie) en gelijktijdig
optredende vetstofwisselingsstoornis (dyslipidemie), hoge bloeddruk (hypertensie) en over-
gewicht zijn verantwoordelijk voor het versnelde proces van atherosclerose in DM2. Het
samen voorkomen van deze risicofactoren wordt het metabool syndroom genoemd.

De typische diabetische dyslipidemie bestaat uit een verlaagd HDL cholesterol, verhoogde
triglyceriden en kleine, dichte en daardoor atherogene LDL cholesterol partikels. Het totaal
cholesterol is vaak niet hoger dan bij de normale bevolking. LDL cholesterol is wel een bewe-
zen risicofactor voor hartziekten in patiénten met DM2.

Sinds 1994 zijn er verschillende onderzoeken gepubliceerd die het gunstig effect van de
cholesterolverlagende statines bij patiénten met hart- en vaatziekten (secundaire preventie)
hebben aangetoond. De eerste grote studies hebben echter niet speciaal naar diabetespa-
tiénten gekeken. Omdat de sterfte aan hart- en vaatziekten bij diabetespatiénten die nooit
een hartinfarct hebben doorgemaakt echter gelijk is aan de sterfte bij patiénten zonder
diabetes maar met een doorgemaakt hartinfarct, worden diabetespatiénten in de richtlijnen
beschouwd als hartpatiénten. Zonder dat het dus bewezen was, werd het advies om aan alle
patiénten met DM2 een statine voor te schrijven. In 2004 verscheen de CARDS studie, wel
speciaal gericht op patiénten met DM2 zonder doorgemaakt hartinfarct (primaire preventie):
in deze studie werden minder hart- en vaatziekten gezien in de groep die behandeld werd
met een statine.

In dit proefschrift wordt een onderzoek beschreven, dat ontworpen werd in de tijd dat
dergelijke studies nog ontbraken. We hebben een gerandomiseerde, dubbelblinde, placebo
gecontroleerde studie verricht in 250 patiénten met DM2 zonder manifeste hart- of vaat-
ziekten. Het doel van het onderzoek was op een niet-invasieve manier de effecten van 2 jaar
statinegebruik op de vaatwand te meten.

In Hoofdstuk 2 worden de technieken beschreven die gebruikt kunnen worden om de vaat-
wand te bestuderen. Dergelijke technieken kunnen een graadmeter zijn voor het proces van
atherosclerose en hiermee helpen om een inschatting te maken van het risico op een hart-en
vaatziekte. Veel van deze technieken zijn echter niet gevalideerd in patiénten met DM2.

De Intima-Media dikte (engelse afkorting: IMT) van de vaatwand van met name de hals-
slagaders, gemeten met behulp van ECHO, is al sinds de jaren negentig van de vorige eeuw
in gebruik als parameter voor atherosclerose. De echografisch gemeten waarde van de van
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de ECHO-kop verst verwijderde wand (“far wall”) heeft een goede relatie met de werkelijke
dikte van de vaatwand. De IMT van halsslagaders is dikker in patiénten met DM2 en zou
mogelijk ook een grotere progressie vertonen. In de algemene bevolking is de IMT van de
halsslagaders een onafhankelijke voorspeller voor hartziekten en herseninfarct, in DM2 is
dit echter minder hard bewezen. Uit onderzoeken met statines in patiénten zonder DM2 is
gebleken dat progressie van IMT kan worden afgeremd door deze middelen. Bij DM2 waren
dergelijke studies nog niet verricht.

De Flow gemedieerde vasodilatatie (engelse afkorting: FMD) van de slagader van de arm
is een afspiegeling van de endotheelfunctie. Het endotheel vormt de binnenbekleding van
de vaatwand en heeft een belangrijke functie in de bloeddoorstroming, de vaattonus en de
permeabiliteit van de vaatwand, in het beperken van ontstekingsreactie en stollingsneiging.
Het molecuul stikstofoxide (NO) speelt hierin een belangrijke rol. Echografisch gemeten FMD
meet de mogelijkheid van het bloedvat om te kunnen verwijden (door NO) na een periode
van zuurstoftekort, de normale verwijding is 5-10%. FMD is beperkt in DM2, volgens som-
mige studies al in het voorstadium van suikerziekte.

In hoog-risicopopulaties is FMD een voorspeller van hart-en vaatziekten, echter in DM2 is
dit niet onderzocht. Onderzoeken naar de effecten van statines op FMD bij patiénten met
DM2 laten tegenstrijdige resultaten zien.

Met een ambulant electrocardiogram (AECG) kan in de thuissituatie een continue registra-
tie van de hartactie plaatsvinden terwijl de patiént zijn gewone dagelijkse bezigheden doet.
Zuurstofgebrek van het hart en ritmestoornissen kunnen zo worden opgespoord. Zuurstof-
gebrek van het hart ontstaat door atherosclerose van de kransslagaderen (coronarialijden)
en leidt meestal tot pijn op de borst bij inspanning, angina pectoris. Door aantasting van het
centraal zenuwstelsel van het hart (cardiale autonome neuropathie) ervaren patiénten met
DM2 deze pijn echter vaak als minder heftig, of voelen het geheel niet: de zogenaamde stille
cardiale ischemie (engelse afkorting: SMI). Het zou dus nuttig kunnen zijn om bij patiénten
met DM2 SMI op te sporen met bijvoorbeeld AECG. Het vé6rkomen van SMI bij verder asymp-
tomatische DM2 patiénten wordt gerapporteerd tussen de 9.1 en 52 %. SMl is een voorspeller
van hart-en vaatziekten bij patiénten met DM2. Bij hartpati€énten zonder diabetes leidde een
behandeling met statines tot minder SMI, maar studies bij patiénten met DM2 waren nog

niet verricht.

In Hoofdstuk 3 wordt het belangrijkste eindpunt van het onderzoek beschreven, namelijk
de effecten van 2 jaar statine op de IMT van de halsslagaders bij patiénten met DM2 zonder
manifeste hart- of vaatziekten. De 250 patiénten werden gerandomiseerd en kregen dagelijks
cerivastatine 0.4 mg of placebo. In augustus 2001 werd cerivastatine plotseling van de markt
gehaald na een rapport over de kans op ernstige bijwerkingen op de spieren (rabdomyolyse).
Zonder het onderzoek te deblinderen werd cerivastatine 0.4 mg vervangen door simvastatine
20 mg en werd het onderzoek voltooid. Het LDL cholesterol daalde in de statinegroep met
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25 % en steeg in de placebogroep met 8 %. Zowel in de statine groep als in de placebogroep
veranderde de IMT van de halsslagader in deze 2 jaar niet. Desondanks kwamen in de pla-
cebogroep 12 hart-en vaatcomplicaties voor, in de statinegroep kwam dit maar 2 keer voor
(p=0.006). We stellen daarom het nut van IMT bij patiénten met DM2 ter discussie.

In Hoofdstuk 4 wordt het effect van 2 jaar statine op FMD gemeten. FMD bleek in ons onder-
zoek afhankelijk van de duur van de diabetes, van de IMT van de halsslagaderen en van de
doorsnede van het bloedvat. De FMD was laag, 1.51 % in de placebogroep en 1.66 % in de
statinegroep en veranderde niet significant na 2 jaar. De gunstige effecten van statines op de
kans op hart-en vaatziekten zijn dus ook niet gemedieerd door een verbetering van de NO
beschikbaarheid.

In Hoofdstuk 5 wordt het effect beschreven van 2 jaar statine op het C-reactive protein (CRP),
een parameter voor het onstekingsproces in atherosclerose. Zowel in de statinegroep als in
de placebogroep veranderde het CRP niet na 2 jaar. In een hoog risicogroep met het metabool
syndroom en een LDL cholesterol boven de streefwaarde van 2.6 mmol/I (40 % van het totaal
aantal patiénten) steeg het CRP echter in de placebogroep en bleef het in de statinegroep
gelijk, met een significant verschil tussen beide groepen. Dit resultaat suggereert dat statines
het ontstekingsproces het best onderdrukken in hoog-risiso patiénten en ondersteunt het
concept van risiso-stratificatie in het voorschrijven van statines in de setting van primaire
preventie bij patiénten met DM2.

In Hoofdstuk 6 wordt het verband tussen CRP en het metabool syndroom verder onderzocht.
Hiertoe worden de gegevens van een ander onderzoek, de DALI studie, gebruikt. In dit
onderzoek werden in patiénten met DM2 de effecten van een andere statine, atorvastatine,
op lipiden en FMD onderzocht. In de huidige substudie werden de uitgangswaarden van de
parameters voor onsteking en stolling en de uitgangswaarden van IMT en FMD gebruikt.
Het doel was om de impact van het metabool syndroom en CRP op de parameters van
atherosclerose te meten. Het samen véérkomen van het metabool syndroom en een ver-

hoogd CRP leidde onder andere tot een hogere IMT.

Van de 250 deelnemende patiénten uit ons onderzoek was 19% Hindoestaans, afkomstig
uit Suriname, oorspronkelijk uit India. Het is bekend dat deze bevolkingsgroep een hoog
risico heeft op hart- en vaatziekten, zeker als er sprake is van DM2. In Hoofdstuk 7 analyseren
wij de uitgangswaarden van deze bevolkingsgroep en vergelijken deze met de waardes van
patiénten van Europese afkomst van dezelfde leeftijd en hetzelfde geslacht. Het blijkt dat
de Hindoestaanse groep gemiddeld langer DM2 had, de DM2 was slechter gereguleerd en
er waren meer complicaties. Hindoestaanse en Europese patiénten hadden een zelfde, lage
FMD. Ook de CRP waardes waren vergelijkbaar. De IMT waardes waren duidelijk lager in de
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Hindoestaanse groep. Dit is mogelijk een gevolg van de lagere diameters van de bloedva-
ten, maar deze relatie is niet goed onderzocht. Er zijn ook geen goede ras-specifieke IMT
waardes bekend voor de Hindoestaanse bevolkingsgroep. Als IMT werkelijk prognostische
waarde heeft in patiénten met DM2, dan hebben we in ons onderzoek wellicht juist een
relatief gunstige Hindoestaanse groep geincludeerd, namelijk een groep die ondanks lange
diabetesduur en slechte regulatie toch geen hart-of vaatziekte heeft ontwikkeld.

In Hoofdstuk 8 beschrijven we het deelonderzoek naar SMI. Van de patiénten met analy-
seerbare AECG had 20 % SMI bij de start van de studie. Na 2 jaar was dit 24.5 %, er waren
geen verschillen tussen de statinegroep en de placebogroep. Er was geen relatie tussen het
optreden van een hart- of vaatcomplicatie en SMI. AECG is dus wellicht geen goede manier
om risicostratificatie te verrichten bij patiénten met DM2.

CONCLUSIES

Dit proefschrift beschrijft de effecten van statines op het proces van atherosclerose in patién-
ten met DM2 zonder manifeste hart- of vaatziekten. We gebruikten verschillende parameters
om dit proces te kwantificeren. We vonden geen effect van 2 jaar statinetherapie op de IMT
van de halsslagaderen als reflectie van progressie van atherosclerose. We vonden geen effect
op de endotheelfunctie, gemeten met FMD. Het effect van statinetherapie op CRP, als marker
voor laaggradige ontsteking, was alleen siginificant in een hoog-risicogroep met het meta-
bool syndroom en een hoog LDL cholesterol. Er was geen effect van 2 jaar statinetherapie
op het véérkomen van SMI. Desondanks waren er in de statinegroep minder hart- of vaat-
complicaties dan in de placebogroep, volledig in overeenstemming met de grote klinische
onderzoeken. Er zijn verschillende mogelijke verklaringen voor deze bevindingen:

Ten eerste, de vaatwandtechnieken die gebruikt werden waren gevalideerd in niet-diabe-
tische populaties, maar de prognostische waarde voor patiénten met DM2 is voor de meeste
technieken onbekend. De vaatwandbiologie in DM2 is anders dan die bij niet-diabeten en
de vraag is of vaatwandafwijkingen veroorzaakt door DM2 wel reversibel zijn door statine-
therapie. De intima- en mediavaatwanden zijn waarschijnlijk irreversibel veranderd door
afzettingen van suikergroepen en kalk.

Een hypothese is dat statines weliswaar niet de vaatwanddikte en de beschikbaarheid
van NO verbeteren, maar dat statines een gunstig effect hebben op de stabiliteit van de
atherosclerotische plaque. De meeste hartinfarcten ontstaan immers niet door langzaam
dichtslibben van een bloedvat (zoals wordt weerspiegeld door IMT en SMI), maar door de
vorming van een trombus op een geruptureerde, niet-stabiele plaque. Het is nog niet zeker
wat voor rol deze zogenaamde “pleiotrope” effecten van statines hebben in de risicoreductie
voor hart-en vaatziekten.
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Ten tweede, cerivastatine werd van de markt gehaald toen de inclusie van ons onderzoek al
compleet was, waardoor cerivastatine vervangen moest worden door simvastatine. De daling
van het LDL cholesterol met 20 mg simvastatine was iets minder dan met cerivastatine 0.4
mg. Bij alle eindpunten hebben wij hiervoor gecorrigeerd, maar de resulaten veranderden
daardoor niet. Het lijkt hiermee niet waarschijnlijk dat de switch grote gevolgen heeft gehad
voor de resultaten.

Ten derde, in tegenstelling tot de vantevoren gepostuleerde progressie van IMT in 2 jaar,
vertoonde de IMT in ons onderzoek geen progressie in de placebogroep. Een verklaring zou
kunnen zijn dat onze patiéntenpopulatie een laag risico op hart- en vaatziekten had op basis
van een selectiebias. We hebben echter patiénten geincludeerd met een brede leeftijdsrange
en uiteenlopende diabetesduur, met een uitgangs-IMT vergelijkbaar met andere studies.
Bovendien zijn het aantal hart-en vaatcomplicaties in de placebogroep vergelijkbaar met de
grote HPS studie. Het lijkt hiermee dus niet waarschijnlijk dat onze resultaten beinvloed zijn
door een “gezonde vrijwilliger” effect.

Implicaties voor de klinische praktijk

De niet-invasieve technieken die in dit proefschrift zijn beschreven waren niet in staat de
gunstige effecten van statines te detecteren in patiénten met DM2. Tegenwoordig worden
met name IMT en CRP veel gebruikt als parameters voor het risico van atherosclerose. Hun
voospellende waarde in DM2 staat echter nog niet vast.

Recente richtlijnen ten aanzien van het cholesterol in patiénten met DM2 zonder hart- en
vaatziekten gebruiken deze parameters dan ook niet. De ATP Il (Adult Treatment Panel llI)
richtlijn gebruikt de klassieke risicofactoren om een stratificatie te maken voor het aanbe-
volen LDL cholesterol. De richtlijn van de American Diabetes Association beveelt aan om
statines voor te schrijven aan alle patiénten met DM2 zonder hart- en vaatziekten met een
LDL cholesterol > 3.5 mmol/L met als doel een reductie van 30 tot 40 % te bereiken. De
Joint European Guidelines raden aan het LDL cholesterol te verlagen tot < 2.5 mmol/Lin alle
patiénten met DM2.

Andere technieken, meer gericht op de karakteristieken van de atherosclerotische plaque,
hebben wellicht een betere voorspellende waarde in DM2. De toepassing van niet-invasieve
technieken voor risicostratificatie en therapie op maat in de dagelijkse praktijk vergt nog veel

nieuw onderzoek.
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