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‘Medicine is the only profession that labors incessantly 
to destroy the reason for its existence’

James Bryce

Aan mijn ouders 
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Cardiovascular disease is the leading cause of morbidity and mortality in developed
countries. The last decade’s cardiovascular research has been focusing on how to treat
patients with cardiovascular disease optimally. Since the identification of cardiovascular
risk factors a shift in approach coubserved towards preventive medicine. Cardiovascular
risk factors such as hypercholesterolemia, hypertension, and diabetes mellitus are aggres-
sively treated to prevent recurrent cardiac events in subjects with established cardiovas-
cular disease (secondary prevention), but also in subjects at lower cardiovascular risk
(primary prevention). The continuum of cardiovascular risk is illustrated in figure 1.
Several stages can be identified starting from healthy individuals: subjects at risk identi-
fied by the presence of cardiovascular risk indicators, by the presence of cardiovascular
risk factors, by the presence of early signs of cardiovascular disease such as atrial fibrilla-
tion or left ventricular hypertrophy, and by the presence of cardiovascular disease itself
such as a myocardial infarction or heart failure. Furthermore, in every stage, individuals
with a certain cardiovascular risk can be stratified to symptomatic or asymptomatic
which is also an important indication for therapeutic intervention. Several cardiovascu-
lar risk assessment tools are used in daily clinical practice. In this respect, the
Framingham risk scoring system is widely accepted as “gold standard” to predict 
coronary heart disease in subjects without a previous cardiovascular event. When an
individual has diabetes or > 20 % risk to develop coronary heart disease the next 10
years, therapeutic intervention is indicated. However, the Framingham risk score may
not be useful in every patient group and it is unclear when to intervene in subjects at a
lower risk. Thus, in subjects with moderate elevated risk factors and without the presence
of one or more highly elevated risk factor, risk assessment should be more accurate in
identifying those subjects at high cardiovascular risk who benefit from early pharmaco-
logical intervention.

Figure 1. Continuum of cardiovascular risk

INTRODUCTION
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Part I of this thesis will focus on microalbuminuria and C-reactive protein as new car-
diovascular risk markers in asymptomatic subjects without signs of overt cardiovascular
disease. We will describe the association between both markers and the several stages of
cardiovascular risk. Not only the association with early signs of cardiovascular disease
such as left ventricular hypertrophy and atrial fibrillation will be investigated, but also
the association with myocardial infarction on the electrocardiogram and mortality due
to cardiovascular disease. The studies described in the first part are done within the
framework of the Prevention of Renal and Vascular ENdstage Disease (PREVEND) pro-
gram. The PREVEND study is designed to prospectively investigate the natural course of
albuminuria and its relation to renal and cardiovascular disease in a large cohort drawn
from the general population. Furthermore, the main results of the Prevention of Renal
and Vascular ENdstage Disease Intervention Trial will be described. The PREVEND IT is
a single center, double blind, randomized, placebo-controlled trial, which evaluates the
effects of fosinopril and pravastatin on cardiovascular morbidity and mortality in
microalbuminuric subjects.

Part II of this thesis will describe subjects further in the continuum of cardiovascular risk
than those described in part I. The subjects included in the Intervention Cardiology Risk
Stratification (ICARIS) study are referred for their first diagnostic angiography to evalu-
ate chest pain. In contrast to the subjects investigated in part I, these subjects are symp-
tomatic and therefore at higher risk for cardiovascular disease. This part will evaluate
whether detection of vascular wall dysfunction could provide additional insights in 
cardiovascular risk in symptomatic subjects next to the “classical” anatomical assessment
of coronary heart disease by angiography. Vascular wall dysfunction is recognised as one
of the earliest events of atherogenesis and has consequences for regulation of vascular
smooth muscle cell tonus and proliferation, blood hemostasis, vascular permeability,
inflammatory response, platelet adherence and aggregation, etc. Detection of vascular
wall dysfunction could be useful to identify those subjects at higher cardiovascular risk
and consequently benefit from aggressive pharmacological treatment.

INTRODUCTION
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CHAPTER ONE

Vascular endothelial growth factor:

The link between cardiovascular risk factors 

and microalbuminuria? 

F.W. Asselbergs, R.A. de Boer, G.F.H. Diercks, B. Langeveld, R.A. Tio,
P.E. de Jong, D.J. van Veldhuisen, W.H. van Gilst

International Journal of Cardiology 2004;93: 205-209
Netherlands Heart Journal 2002; 10 (suppl.): 16 (abstract)
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Abstract

Background Microalbuminuria, i.e. slightly elevated urinary albumin excretion, is asso-
ciated with increased cardiovascular risk factors and cardiovascular morbidity in the
general population. Microalbuminuria has been proposed to indicate increased endothe-
lial permeability. Unknown are the mechanisms underlying this increased vascular 
permeability. Vascular endothelial growth factor (VEGF), also known as vascular perme-
ability factor, increases endothelial permeability. We hypothesised that plasma VEGF-lev-
els may be associated with microalbuminuria in a large sample of the general population.

Methods Out of a large sample of the general population, we studied 189 control sub-
jects (urinary albumin excretion (UAE): 0-30mg/24 hours), and 194 microalbuminuric
subjects (UAE: 30-300mg/24 hours), matched for age, sex and the presence of ischemia
on the electrocardiogram.

Results Subjects with microalbuminuria had significant higher plasma levels of VEGF
(p<0.05). The correlation between plasma levels of VEGF and systolic and diastolic
blood pressure, cholesterol, glucose, diabetes and body mass index were statistically sig-
nificant. Using logistic regression analysis, microalbuminuria was significantly associat-
ed with VEGF (odds ratio 1.62; confidence interval 95%: 1.15-2.27; p<0.01). This asso-
ciation was dependent on cardiovascular risk factors.

Conclusion This study suggests a relation between increased plasma VEGF-levels and
subsequent occurrence of microalbuminuria.

CHAPTER ONE
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1. Introduction

Microalbuminuria, i.e. slightly elevated urinary albumin excretion, is associated with
increased cardiovascular risk factors and cardiovascular morbidity in the general popu-
lation[1]. Microalbuminuria reflects transvascular albumin leakage. It has been regarded
as a marker of generalised endothelial damage[2] and has been proposed to indicate
increased endothelial permeability, now recognised as an early event in atherogenesis[3].
Factors predisposing for endothelial dysfunction include the traditional cardiovascular
risk factors. Unknown are the mechanisms underlying this increased vascular perme-
ability.

Vascular endothelial growth factor (VEGF) is an attractive candidate in this regard
because VEGF, which is also referred to as Vascular Permeability Factor, increases vascu-
lar permeability. Indeed, several studies have demonstrated that VEGF is implicated in
the pathogenesis of proteinuria and microalbuminuria, but so far, only in diabetic sub-
jects[4;5]. The link between cardiovascular risk factors, which are related to hypoxia[6-11],
and microalbuminuria may originate from elevated VEGF-levels. The research of the
cytokine VEGF has been focussed on its strong mitogenic effect on endothelial cells,
because this results in angiogenesis[12;13]. The angiogenetic process is initiated by
increased vascular permeability. Therapeutic angiogenesis has been advocated for
myocardial ischemia due to endstage coronary artery disease and for peripheral artery
disease not amenable for percutaneous transluminal angioplasty or bypass surgery.
VEGF enhances the permeability in a wide range of organs and may also play a role in
the kidney by regulating the glomerular permeability. The expression of VEGF is under
control of Hypoxia-inducible factor-1 alpha (HIF1α) and thus increased in the presence
of clinical hypoxia. It has been shown that VEGF is extensively upregulated in acute coro-
nary syndromes. Furthermore, an increase in microalbuminuria has been demonstrated
in the early post-infarct period[14]. In the present study, we hypothesised that the pres-
ence of cardiovascular risk factors may be associated with VEGF and subsequent
microalbuminuria in a general population.

VASCULAR ENDOTHELIAL GROWTH FACTOR AND MICROALBUMINURIA

17
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Table 1. Baseline Characteristics stratified by microalbuminuria.

Control group Microalbuminuric subjects

Variable* (0-30 mg per 24h) (30-300 mg per 24 h)

(n=189) (n=194)

Men, % 70.9 70.1

Age, years 59±12 59±12

VEGF, pg/mL 20.1(13.9-31.0) 24.3(16.0-35.8)†

UAE, mg per 24 h 4.7 (3.9-6.4) 108.9 (72.5-164.9)†

Presence of Ischemia, % 50.3 47.9

SBP, mmHg 130±18 149±25†

DBP, mmHg 75±9 82±12†

Cholesterol, mmol l-1 5.8±1.1 6.0±1.2

Diabetes, % 2.6 9.8†

Glucose, mmol l-1 4.9±0.8 5.7±2.3†

Smoking, % 27.5 38.1†

BMI, kg m-2 25.6±3.2 28.1±4.2†

*Abbreviations: VEGF = vascular endothelial growth factor, UAE = urinary albumin excretion, SBP = systolic blood pressure,

DBP = diastolic blood pressure, BMI = body mass index.

Age, SBP, DBP, cholesterol, glucose and BMI are indicated as means ± SD.

VEGF and UAE as median (interquartile range), †p <0.05.

2. Materials and Methods

2.1 Subjects
The population analysed is obtained from the PREVEND study. The PREVEND
(Prevention of REnal and Vascular ENdstage Disease) study is designed to investigate the
natural course of microalbuminuria and its relation with renal and cardiovascular dis-
ease in the general population[15]. The study cohort is formed by male and female inhab-
itants, aged 28 to 75 years, of the city of Groningen, the Netherlands. These inhabitants
were asked to send in a morning urine sample. A sample population consisting of all sub-
jects with an albumin concentration in the morning urine of more than 10mg l-1, com-
pleted with a randomly selected sample of the remainders of the population (morning
urine albumin excretion <10mg l-1) performed two visits to an outpatient clinic. Subjects
using insulin or being pregnant were excluded. The whole screening program was com-
pleted by 8,592 subjects. To compare the plasma level of VEGF, we obtained two groups,
one with the lowest level albuminuria, the control group (urinary albumin excretion
(UAE): 0-30 mg/24 hours, n=200), and the other with microalbuminuria (UAE: 30-300
mg/24 hours, n=200). Since VEGF is known to be increased in the presence of myocar-
dial ischemia, electrocardiograms (ECG) were obtained for all subjects. Subjects were
matched for the presence of ECG abnormalities indicative for the presence of ischemia.
Thereby, these subjects had no previous myocardial infarction and were matched for age
and sex. The PREVEND study was approved by the local medical ethics committee and
conducted in accordance with the guidelines of the declaration of Helsinki.

CHAPTER ONE
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2.2 Electrocardiography
Standard 12-lead electrocardiograms were recorded with Cardio Perfect equipment
(Cardio Control, Delft, the Netherlands), stored digitally, and classified according to the
Minnesota code[16] using the computer program MEANS (Modular ECG Analysis
System)[17;18]. Signal analysis and classification of MEANS have been extensively evaluat-
ed in both clinical and general population samples[19;20]. Infarct patterns, suggestive for
myocardial infarction, were defined by Minnesota codes 1.1 and 1.2. Minnesota Codes
1.3, 4.1, 4.2, 4.3, 5.1, 5.2. or 5.3 were considered to be indicative for the potential pres-
ence for ischemia.

2.3 Definitions
The urinary albumin excretion rate was measured as the mean of two 24-hour urine col-
lections and microalbuminuria was defined as 30-300 mg per 24h. Albumin measure-
ments were considered unreliable when leukocytes>75ml-1 or erythrocytes>50ml-1, or
leukocytes=75ml-1 and erythrocytes>5ml-1 were measured in the urine. Systolic and
diastolic blood pressure measurements were calculated as the mean of the last two out of
ten consecutive measurements of two visits with an automatic Dinamap XL model 9300
series device (Johnson-Johnson Medical INC, Tampa, Florida). To obtain body mass
index (BMI) weight (kg) was divided by the square of height (m2). Diabetes was defined
as currently using antidiabetic drugs or fasting plasma glucose exceeding 7.0-mmol l-1.
Smoking was defined as current cigarette smoking or stopped smoking less than a year
ago.

2.4 Laboratory methods
Urinary albumin concentrations were determined by nephelometry with a threshold of
2.3 mg/L and intra- and inter-assay coefficients with a variation of less than 4.3% and
4.4%, respectively (Dade Behring Diagnostic, Marburg, Germany). Urinary leukocyte
and erythrocyte measurements were done by Nephur-test+leuco sticks (Boehringer
Mannheim, Mannheim, Germany). Serum glucose and serum cholesterol were deter-
mined by Kodak Ektachem dry chemistry (Eastman Kodak, Rochester, NY, USA). Blood
was drawn and plasma was obtained using EDTA as an anticoagulant. It was immediate-
ly separated by centrifugation after clotting and was kept frozen at –80 degrees Celsius.
Plasma immunoreactive VEGF was measured with an ELISA kit (human VEGF
Quantikine; R&D systems, Minneapolis, MN; detectable range: 5 – 115 pg/ml). Intra-
and interassay coefficients of variation were 4.8% and 6.6%, respectively.

2.5 Statistical analysis
Continuous data are reported as means ± standard deviation (SD). In case of a skewed
distribution, the median (interquartile range) was used. Differences between continuous
variables were tested with the unpaired Student’s t-tests, or the Mann-Whitney test when
appropriate if the distribution was skewed. Differences in proportions were tested using
the Pearson Chi-Square test and Fisher’s exact test. To explore the relationship between
VEGF and cardiovascular risk factors, we used the Spearman Rank Order Correlation
Coefficients. These coefficients should be interpreted with caution, because cases and
controls were pooled. Logistic regression analysis was used to determine the association
between microalbuminuria and VEGF, while adjusting for potential confounding or
mediating factors. To get optimal residual analysis we used a natural logarithm of VEGF.

VASCULAR ENDOTHELIAL GROWTH FACTOR AND MICROALBUMINURIA
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Data are expressed as odds ratios and corresponding 95% confidence intervals. A two
tailed p-value of <0.05 was considered statistically significant. Analyses were performed
using the statistical package SPSS 10.1 (SPSS Inc, Chicago, IL, USA).

Table 2. Spearman correlation coefficients of the relation between vascular endothelial
growth factor and cardiovascular risk factors

VEGF

SBP 0.17 *
DBP 0.17 *
Cholesterol 0.21 *
Glucose 0.29 *
Diabetes 0.12 †
Smoking 0.04
BMI 0.22 *

Abbreviations: VEGF = vascular endothelial growth factor, SBP = systolic blood pressure, DBP = diastolic blood pressure,

BMI = body mass index.

* p <0.01; † p <0.05

3. Results

A total of 383 subjects were eligible for analysis. The baseline characteristics stratified by
the presence of microalbuminuria are described in table 1. 17 VEGF measurements were
due to technical failure not available for analysis. Subjects with microalbuminuria had
higher levels of VEGF, systolic and diastolic blood pressure, glucose, body mass index
(BMI) and more subjects were smokers and diabetics as compared to the control sub-
jects. There were no significant differences concerning age, gender, presence of ischemia
on the electrocardiogram and cholesterol levels.

As shown in table 2, the correlation between plasma levels of VEGF and systolic and
diastolic blood pressure, cholesterol, glucose, diabetes and BMI were statistically signifi-
cant. There was no significant relation with smoking.

In a logistic regression model (table 3, figure 1), microalbuminuria was significantly
associated with VEGF (odds ratio 1.62; confidence interval 95%: 1.15-2.27; p=0.005).
This significant association remains after exclusion of the subjects (n=24) with diabetes
(odds ratio 1.65; confidence interval 95%: 1.16-2.35; p<0.005). This association was
dependent of cardiovascular risk factors (odds ratio 1.08; confidence interval 95%: 0.71-
1.64; p=0.73).

CHAPTER ONE
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Figure 1. Association between VEGF and microalbuminuria

Table 3. Logistic regression analysis associating vascular endothelial growth factor (VEGF)
and cardiovascular risk factors with microalbuminuria

Odds Ratio (95% CI)

Microalbuminuria
Model 1 Model 2

VEGF 1.62 (1.15-2.27) * 1.08 (0.71-1.64)

* p = 0.005, † p = 0.731
Model 1 Adjusted for age, gender and presence of myocardial ischemia 
Model 2 Adjusted for age, gender, presence of myocardial ischemia, systolic and diastolic blood pressure,
antihypertensive medication, cholesterol, lipid lowering drugs, smoking, diabetes, and body mass index 

4. Discussion

In the present study, we have demonstrated that the presence of elevated plasma levels of
VEGF is associated with the occurrence of microalbuminuria in a large sample of the
general population. This association was dependent of cardiovascular risk factors. In
patients without microalbuminuria, a basal VEGF production could also be demonstrat-
ed and appears to have a physiological role. Data showing that the mitogenic effect of
VEGF has also a role in maintaining the glomerular endothelium support this[5].

VASCULAR ENDOTHELIAL GROWTH FACTOR AND MICROALBUMINURIA

21

0

0

1

2

3

4

5

6

7

8

9

10

11

20 40 60

Vegf (pg/L)

O
ds

s 
ra

ti
o 

fo
r 

m
ic

ro
al

bu
m

in
u

ri
a

80 100 120 140

ProefschriftFolkert25-11-04.qxd  25-11-2004  12:41  Pagina 21



Hypoxia is a strong trigger for VEGF production. The main cause for tissue hypoxia
is atherosclerosis. Therefore, local hypoxia may induce VEGF production, which may
enter the systemic circulation. These circulating elevated VEGF-levels may cause
increased vascular permeability, which results in microalbuminuria in the kidney. Since
we could not demonstrate a significant relation between ECG abnormalities and elevat-
ed VEGF, the source of VEGF is not necessarily cardiac tissue but could be any organ
experiencing hypoxia. In contrast to electrocardiographic abnormalities, cardiovascular
risk factors, which are also related to hypoxia[6-11], are correlated with VEGF-levels in our
population.

The link between cardiovascular risk factors and microalbuminuria may therefore
originate from elevated VEGF-levels. This association has earlier been postulated by
Wasada et al., who investigated the relationship between VEGF and microangiopathy and
found that smoking increases plasma VEGF-levels, especially in patients with albumin-
uria, but also in healthy controls[21].

Few data are available on the interplay between cardiovascular risk factors and VEGF
in a general population. Belgore et al.[22] showed that plasma levels of VEGF were high-
er in patients with essential hypertension without diabetes, and this was amenable to
anti-hypertensive treatment. These data are according to our results that showed the pos-
itive correlation between systolic and diastolic blood pressure and VEGF-levels. In
women participating in an in vitro fertilisation program serum VEGF levels were signif-
icantly associated with BMI, confirming our results[23]. In contrast, Lip et al.[24] found no
association between plasma VEGF levels and BMI in patients with age-related macular
degeneration. Lip et al. also fail to demonstrate a significant association between VEGF
and age, gender, hypertension, and smoking; the latter is confirmed in our population.
These discrepancies between the two studies are probably due to the differences in
methodology and study population. The lack of association between smoking and VEGF
found in our study was also found in an apparently healthy population[25].
Hyperglycaemia plays an important role in increasing VEGF concentrations. VEGF lev-
els are increased in patients with diabetes and long term glycemic control can establish a
decrease in VEGF-levels[26;27]. Santilli et al. even suggest that serum VEGF-levels can be
used as predictor of developing microalbuminuria in patients with type 1 diabetes[28].

A major limitation of this case-control study is the cross-sectional nature of the data.
Therefore, we cannot state any conclusion about the precise relation in time between
VEGF and microalbuminuria, consequently, the data shown are only hypothesis gener-
ating. Longitudinal study designs are necessary to determine the underlying mechanism.

In conclusion, the available data point towards a relation between increased VEGF-
levels and subsequent occurrence of microalbuminuria.

CHAPTER ONE
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Abstract

Background. Both renal dysfunction and left ventricular hypertrophy (LVH) are signs of
end-organ damage, risk markers of cardiovascular (CV) disease and chronic heart fail-
ure. In selected populations, such as diabetes or hypertension, renal dysfunction was
related to LVH. We studied the relation between renal dysfunction and LVH in a cross-
sectional study in 8,592 inhabitants from Groningen, The Netherlands.

Methods. Standard 12-lead electrocardiograms were recorded, and LVH was classified
using the Cornell voltage duration product. Renal dysfunction was defined as creatinine
clearance <60 mL/min/1.73m2 and /or microalbuminuria (30-300mg/24h).

Results. Electrocardiographical signs of LVH were present in 396 (5.3%) subjects.
Subjects with LVH were older and had a more extensive CV risk profile. LVH was more
prevalent in subjects with renal dysfunction than in those without (8% vs. 4%, p< 0.001).
Multivariate regression analysis demonstrated that renal dysfunction was independently
related to a 1.47 times increased risk of the presence of LVH (95% CI 1.15 to 1.88; p =
0.009). In addition, both creatinine clearance (OR 1.56; 95% CI 1.07 to 2.29; p = 0.044)
and microalbuminuria (OR 1.37; 95% CI 1.04 to 1.80; p=0.024) were independently
associated with the presence of LVH.

Conclusion. Subjects with mild renal dysfunction have a substantially higher risk of LVH
on electrocardiogram than those without renal dysfunction.
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Introduction

Left ventricular hypertrophy (LVH) is a manifestation of sub-clinical cardiovascular
(CV) end-organ damage and plays a prominent role in CV disease. Several factors in
LVH contribute to ventricular dysfunction and chronic heart failure on the long term[1;2].
The presence of LVH is an important independent risk factor for total and cardiovascu-
lar mortality[3]. Impaired renal function is another manifestation of end-organ dam-
age[4].

Several studies have demonstrated an association between renal dysfunction and
LVH[5;6]. However, these studies were only performed in selected populations, such as
patients with end-stage renal disease, untreated hypertension or diabetes mellitus type
II[7-9]. Therefore, we investigated the association cross-sectionally between renal dys-
function and electrocardiographic LVH in a large cohort study.

Methods

Study design and population
This study was performed in the subjects participating in the Prevention of Renal and
Vascular ENd-stage Disease (PREVEND) study. The PREVEND study is designed to
prospectively investigate the natural course of albuminuria and its relation to renal and
cardiovascular disease in a large cohort drawn from the general population. Details of the
study protocol have been described elsewhere[10]. In summary, in the period 1997-1998,
all 85.421 inhabitants of the city of Groningen, The Netherlands, aged 28 to 75 years were
sent a 1-page postal questionnaire (regarding demographics, use of medication and pres-
ence of pregnancy) and a vial to collect an early morning urine sample. 40.856 subjects
responded (47.8%; Figure 1). Their vials were sent to a central laboratory where urinary
albumin and creatinine concentrations were measured. After exclusion of subjects with
type 1 diabetes mellitus (defined as the use of insulin), (possibly) pregnant women and
those not able or willing to participate, all subjects with a UAC of ≥ 10 mg/L (n=7.768,
group A) and a SPSS generated random sample of the 22.492 subjects with a UAC < 10
mg/L (group B) were invited for further investigations in an outpatient clinic and to col-
lect two consecutive 24 hour urines. Taking into regard an expected non-participation
rate of around 15%, the number of subjects invited to form group B was arbitrarily set
at 3.395, in order to achieve an overall sample size of approximately 10.000 subjects. Of
group A 6.000 subjects completed the screening protocol (77.2%) and of group B 2.592
subjects (76.3%). These 8.592 subjects form the actual PREVEND baseline cohort.
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Figure 1: Schematic overview of patient selection of the PREVEND-study.

All subjects filled in a questionnaire concerning demographics, cardiovascular and renal
history. Antropometrical measurements were performed, as were blood pressure meas-
urements[10].

Fasting blood samples were taken and subjects collected twice 24-hour urine. We
excluded 451 subjects because of erythrocyturia or leucocyturia since these laboratory
abnormalities may indicate the presence of urinary tract infection, which makes the
assessment of the exact amount of albuminuria unreliable. 117 subjects were excluded,
because of the presence of macroalbuminuria, to exclude overt nephropathy.
Furthermore, 81 subjects were excluded because of missing electrocardiographic data
and 17 subjects because LVH could not be determined on the electrocardiogram. In total
7,926 subjects were eligible for the analysis.

All subjects gave written informed consent. The local medical ethics committee
approved the PREVEND study and the study was conducted in accordance with the
guidelines of the declaration of Helsinki.

Laboratory methods
Urinary volume and albumin were measured in each collection[10]. Urinary albumin
concentrations and high sensitive C-reactive protein were determined by nephelometry
(Dade Behring Diagnostics, Marburg, Germany). Leukocytes and erythrocytes were
determined by urine stick (Nephur + leuco, Boehringer Mannheim). Serum glucose,
cholesterol, creatinine and urine creatinine were determined by Kodak Ektachem dry
chemistry (Eastman Kodak, Rochester, NY, U.S.A.).
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Definitions
Urinary albumin excretion was measured as the mean of two 24-h urine collections.
Normoalbuminuria was defined as urinary albumin excretion of <15 mg per 24h, high
normoalbuminuria as urinary albumin excretion of 15-29.9 mg per 24h, microalbumin-
uria as 30-300 mg per 24h and macroalbuminuria as urinary albumin excretion of >300
mg per 24h. Albumin measurements were considered unreliable when more than 75
leukocytes µL-1 or more than 50 erythrocytes µL-1 were measured in the urine. Creatinine
clearance (CrCl) was calculated as the mean of two 24 hours urine creatinine excretions
divided by plasma creatinine. Creatinine clearance was adjusted for body surface area,
BSA = 0.007184 x weight0.425 x length0.725, by dividing CrCl by BSA. Mild renal dys-
function was defined as CrCl < 60 mL/min/1.73m2 and/ or the presence of microalbu-
minuria[11-13]. To obtain body mass index (BMI) weight (kg) was divided by the square
of height (m2). Obesity was defined as BMI greater than 30 kg/m2. Diabetes was defined
as a fasting plasma glucose level of ≥ 7.0 mmol/L or a non-fasting plasma glucose level
of ≥ 11.1 mmol/L or the use of oral antidiabetic drugs. Hypertension was defined as 
having a systolic blood pressure ≥ 140 mm Hg and/ or diastolic blood pressure ≥ 90 mm
Hg and/ or use of anti-hypertensive medication. Hypercholesterolemia was defined as a
serum cholesterol ≥ 6.5 mmol/L or a serum cholesterol ≥ 5.0 mmol/L if a history of
myocardial infarction was present or the use of lipid lowering medication.

Electrocardiography
Standard 12-lead electrocardiograms were recorded with Cardio Perfect equipment
(Cardio Control, Rijswijk, The Netherlands), stored digitally using the computer pro-
gram MEANS (Modular electrocardiogram Analysis System). Infarct patterns, suggestive
of myocardial infarction, were defined by Minnesota codes 1.1 and 1.2. Minnesota Codes
1.3, 4.1, 4.2, 4.3, 5.1, 5.2. and 5.3 were considered to be indicative for the potential pres-
ence for ischemia. LVH was identified using Cornell voltage-duration product, which
was calculated as follows: RaVL + SV3 (with 6 mm added in women) times QRS dura-
tion. A threshold of 2440 mm·ms was used to identify LVH[14].

Statistical analyses 
Differences between continuous variables were tested by a Student’s t-test or Mann-
Whitney U test when appropriate. Differences in proportions were tested using a 
Chi-square test or Fisher’s exact test. Continuous variables were modeled with indicator
variables into tertiles, and odds ratios (OR) were calculated for the two highest tertiles
compared with the lowest (reference) tertile. Logistic regression analysis was performed
to determine independent associations with electrocardiographic LVH. Data are
expressed as OR and corresponding 95% confidence intervals (CIs). The variables with
p < 0.10 in the univariate regression analysis were used in the multivariate regression
analysis. A p-value < 0.05 was considered as significant. Analyses were performed using
the statistical package SPSS 11.0.
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Table 1. Baseline characteristics of participants of PREVEND with and without left ven-
tricular hypertrophy (LVH) on electrocardiogram.

No LVH LVH P-value
(n=7530) ( n=396)

Age (years) 49 (12) 53 (14) <0.001
Sex (male, %) 3858 (51) 206 (52) 0.023
Smoking (n, %) 3364 (45) 155 (40) 0.008
Medical History
Diabetes (n, %) 111 (1.5) 12 (3.0) 0.007
Myocardial infarction (n, %) 289 (4) 46 (12) <0.001
Hypertension (n, %) 2208 (30) 206 (53) <0.001
Hypercholesterolemia (n, %) 1816 (25) 111 (29) 0.096
Obesity (n, %) 1114 (15) 62 (16) 0.668
Anti-hypertensive medication (n, %) 818 (11) 75 (19) <0.001
Lipid lowering therapy (n, %) 434 (6) 29 (8) 0.163
Physical examination
Heart rate (bpm) 67 (12) 67 (14) 0.573
Systolic BP (mm Hg) 128 (19) 139 (25) <0.001
Diastolic BP (mm Hg) 74 (10) 77 (11) <0.001
Body Mass Index (kg/m2) 26.0 (4.2) 25.7 (4.4) 0.253
Creatinine (µmol/L) 83 (15) 86 (31) 0.098
Creatinine clearance (mL/min/1.73m2) 93 (21) 89 (23) <0.001
Creatinine clearance <60 (mL/min/1.73m2) 358 (5) 36 (9)
UAE (mg/L/24h)* 9.0 (6.2-16.3) 11.0 (7.3-24.9) <0.001
UAE 0.0-14.9 (n, %) 5468 (73) 252 (63)
UAE 15.0-29.9 (n, %) 1123 (15) 58 (15)
UAE 30.0-300 (n, %) 939 (12) 86 (22)
Mild renal dysfunction (n, %) 1211 (15) 108 (27) <0.001
C-Reactive Protein (mg/L)* 1.2 (0.5-2.9) 1.3 (0.5-2.8) 0.899
Cholesterol (mmol/L) 5.6 (1.1) 5.7 (1.1) 0.648

BP, blood pressure. UAE, urinary albumin excretion. Mild renal dysfunction; creatinine clearance < 60 mL/min/1.73m2 and/

or microalbuminuria . All continuous variables are presented as mean (SD), if * is present continuous variable are presented

in median value (25th-75th)

Results

Baseline characteristics
Using the Cornell voltage-duration product 396 (5.3%) subjects were identified with
electrocardiographic LVH. Mild renal dysfunction was present in 1311 subjects (16.6%
of the total population). Creatinine clearance < 60mL/min/1.73m2 was present in 5.0%
and microalbuminuria in 12.9% of the total population. The baseline characteristics of
subjects identified with or without LVH are presented in Table 1. Subjects with LVH were
significantly older, more frequently male, and had higher blood pressures. Also, diabetes
and history of myocardial infarction were more frequently present in subjects with LVH.
Smoking was less frequently present in subjects with LVH (40% vs. 45%).

Subjects with mild renal dysfunction had more often LVH (8% vs. 4%; p < 0.001). Of
the subjects with LVH, 186 (47%) did not have hypertension.
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Table 2. Multivariate associations with left ventricular hypertrophy

Mild renal dysfunction Microalbuminuria CrCl < 60 mL/
OR OR min/1.73m2 OR

(95% CI) (95% CI) (95% CI)

Model 1 1.97 (1.56-2.48)*** 1.95 (1.52-2.50) *** 2.01 (1.40-2.88) ***
Model 2 1.73 (1.36-2.19) *** 1.70 (1.31-2.20) *** 1.72 (1.19-2.49)**
Model 3 1.47 (1.15-1.88)** 1.37 (1.04-1.80)* # 1.56 (1.07-2.29)* #

Data are expressed as Odds ratio (95% confidence interval).

Model 1: Univariate analysis 

Model 2: Multivariate model adjusted for age and sex.

Model 3: Multivariate model final model: adjusted for age, sex, diabetes, myocardial infarction,

systolic and diastolic blood pressure and anti-hypertensive medication.

* p<0.05, **p<0.01 and *** p<0.001

# Both included into the same model.

LVH regression analysis
After adjustment of confounding factors, such as age, sex, diabetes, myocardial infarc-
tion, systolic and diastolic blood pressure and anti-hypertensive medication, mild renal
dysfunction remained associated with a 1.47 times (p = 0.003) increased risk for LVH
(Table 2). Since we used a composite parameter renal function we studied the subjects
with microalbuminuria or with a creatinine clearance < 60mL/min/1.73m2 in more
detail. In both populations LVH was equally present. Also no differences were found in
age, diabetes or history of myocardial infarction. In subjects with microalbuminuria
males were frequently more present and also had higher blood pressures. We therefore
subdivided the composite parameter renal function (microalbuminuria and creatinine
clearance < 60mL/min/1.73m2) and both remained statistically significant in the multi-
variate analyses (Table 2). In addition, LVH was significantly associated with systolic
blood pressure (respectively for the 2nd and 3rd tertile: odds ratio 1.24 (0.89-1.73) and
1.95 (1.34-2.82); p=0.001) and a history of myocardial infarction (odds ratio 2.82 (1.99-
4.01); p<0.001). Figure 2 illustrates the additional value of mild renal dysfunction in sub-
jects of various degrees of systolic blood pressure.
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Figure 2: Bar graph of the additional value of mild renal dysfunction with increasing tertiles
of systolic blood pressure for diagnosing LVH in this population.
LVH, left ventricular hypertrophy.

The association of mild renal dysfunction with LVH was consistent across pre-speci-
fied subgroups, including men and women, patients with a history of myocardial infarc-
tion, those with and without diabetes, those with younger and older age or among 
various blood pressure levels (Figure 3).

Since electrocardiographic LVH have some similar ECG patterns as the presence of
possible electrocardiographic myocardial ischemia, we adjusted the association of mild
renal dysfunction for the presence of ischemia. This did not alter the observed associa-
tion indicating electrocardiographic ischemia was not a confounder (OR; 1.74[1.36-
2.21]).

Additionally, we explored whether the association of mild renal dysfunction and LVH
was confounded by the selection criteria of our study population (albuminuria >= 10
mg/L or < 10 mg/L). The addition of these selection criteria into the multivariate analy-
sis did not alter the association between renal dysfunction and LVH (OR; 1.41 [1.08-
1.82]). In a secondary analysis we evaluated interaction terms between the variables of
the multivariate analysis. No significant interaction term was found in the multivariate
analysis.

CHAPTER TWO PART A

32

Systolic blood pressure (mmHg) Mild renal dysfunction

0

>135
118-134

>117 No

Yes

1

2

3

O
dd

s 
R

at
io

 fo
r 

L
V

H

ProefschriftFolkert25-11-04.qxd  25-11-2004  12:41  Pagina 32



Figure 3: Odds Ratio’s of mild renal dysfunction for LVH in prespecified subgroups.
Presented are the odds ratio’s of the multivariate analysis within each subgroup, adjusted for
age, sex, diabetes, myocardial infarction, systolic and diastolic blood pressure and anti-
hypertensive medication.
LVH, left ventricular hypertrophy. Syst.BP, systolic blood pressure. Diast.BP, diastolic blood
pressure.

Discussion

This study shows a clear relationship between two manifestations of early cardiovascular
end-organ damage, LVH and renal dysfunction, in an apparently healthy population at
large. This association remained statistically significant after adjustment for several con-
founding factors, such as age, gender, systolic blood pressure and myocardial infarction.
Interestingly, almost half of the subjects with LVH did not have hypertension.

Importantly, both mild renal dysfunction and LVH are markers of end-organ dam-
age and are known to be well-established risk markers for cardiovascular morbidity and
mortality[15;16]. The association between mild renal dysfunction and LVH can be
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explained by several mechanisms. If we assume a causal relationship, a bidirectional
interaction is suggested. First, LVH might be caused by renal dysfunction, for example by
renal anemia[17] or increased sodium retention, both leading to an increased cardiac
workload. Second, renal dysfunction might be caused by LVH, for instance through for-
ward failure by primary conditions, such as hypertrophic cardiomyopathy, or secondary
conditions, such as myocardial infarction/ ischemia[18] and aortic valve stenosis.
The most probable explanation however for the association between LVH and mild renal
dysfunction is an intermediate factor, which is both associated with renal dysfunction
and LVH. For example, hypertension, diabetes, endothelial dysfunction, activated renin-
angiotensin system[19-22]. Interestingly, AT1-antagonist haven been proven beneficial in
both renal dysfunction and LVH[23;24], this may therefore suggest that angiotensin-II may
play a causal role in the pathophysiology of renal dysfunction, LVH and their associated
increased risk for cardiovascular morbidity and mortality.

The broad definition of renal dysfunction reflects a spectrum of renal conditions,
which are the result of several pathophysiological mechanisms in the kidney. Currently
it is believed that microalbuminuria is, besides a marker of generalised vascular disease,
a reflection of abnormalities in glomerular filtration rate e.g. glomerular hyperfiltration.
Glomerular hyperfiltration is considered as one of the pathophysiological mechanisms
for the development of diabetic and nondiabetic renal disease[25;26].

The results of this study might have clinical implications. The increased prevalence of
LVH in patients with mild renal dysfunction, might explain the increased risk for car-
diovascular death[27]. Therefore, physicians should be aware of this association and
actively screen for other signs of LVH if mild renal dysfunction is detected. Importantly,
even in the lowest tertile of systolic blood pressure (<117 mm Hg), mild renal dysfunc-
tion tended to be associated with LVH, illustrating an independence of blood pressure.
Nevertheless, the risk accumulated with increasing blood pressure (Figure 2).

Limitations
This study provides cross-sectional observational data and therefore can only be used to
generate new hypotheses. Due to the epidemiological nature of the study, no clinical data
or data about known predictors of LVH, e.g. valve disorders or presence of myocardial
ischemia, were obtained. We used electrocardiogram to identify subjects with LVH, not
echocardiograms. Therefore, the possibility exists that several subjects with LVH were
not detected or falsely identified.

However, strong points of this study are the large size of the population, the reliable
way of measuring microalbuminuria by two 24-hour urine collections, and the comput-
erised electrocardiogram analysis thereby avoiding intra- and inter-observer bias.

Conclusions

Our study shows that in this large population subjects with mild renal dysfunction have
a higher prevalence of LVH on electrocardiogram than those without renal dysfunction.
We hypothesize that this finding may, in part, explain the increased risk for cardiovascu-
lar morbidity and mortality that is observed in subjects with mild renal dysfunction.
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Abstract

Background Atrial fibrillation (AF) is associated with an increased risk for cardiovascu-
lar disease. It is important to detect AF at an early stage and to search for new patho-
physiological pathways to intervene. We hypothesized that microalbuminuria and C-
reactive protein (CRP), a marker of generalized vascular damage and inflammation
respectively are associated with AF.

Methods Standard 12-lead electrocardiograms were recorded in 7546 subjects (mean age
49 ± 13 years, 51% male). AF was defined according to Minnesota codes. The urinary
albumin excretion rate was measured as the mean of two 24h urine collections and
microalbuminuria was defined as an albumin excretion rate between 30 and 300 mg per
24h. High sensitive CRP was dichotomized (low: three lowest quartiles, CRP< 2.87 mg/l
versus high: highest quartile, CRP> 2.87 mg/l). Data are expressed as odds ratios [95%
confidence intervals].

Results AF was present in 75 (1.0 %) subjects. In multivariate analysis, an age > 60 years,
the presence of ischemic heart disease, left ventricular hypertrophy, elevated CRP level
(1.79 [1.07-2.97], p=0.03) and microalbuminuria (1.93 [1.10-3.37], p=0.02) were signif-
icantly associated with AF. Surprisingly, the combination of elevated CRP and the pres-
ence of microalbuminuria showed an even higher association with AF after adjusting for
all cardiovascular risk factors (3.80 [1.89-7.63], p<0.001).

Conclusions An elevated CRP level and microalbuminuria are associated with AF.
Moreover, the combination of both indicates a fourfold higher association with the pres-
ence of AF in a population at large.
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Introduction

Atrial fibrillation (AF) has an overall prevalence of about 0.9% and is thereby the most
common sustained arrhythmia in clinical practice [1-3]. AF is associated with an increase
in total and cardiovascular mortality, as well as cardiovascular morbidity, including
stroke and heart failure[4]. With the increasing number of elderly people in the Western
society the impact of AF on public health care will become higher. Therefore, it is impor-
tant to detect and treat AF at an early stage to prevent cardiovascular events in the future.
In addition, new pathways to intervene will be of importance, especially since the current
available therapeutic options have limited efficacy and may have toxic side effects. Lately,
C-reactive protein (CRP), a systemic marker of inflammation, has been suggested to be
involved in the pathogenesis of atherosclerosis and has been predictive for stroke in the
future[5;6]. Microalbuminuria, an increased urinary albumin excretion, is also an inde-
pendent risk indicator for atherosclerotic disease by indicating generalized vascular dam-
age[7]. We hypothesized that C-reactive protein and microalbuminuria are associated
with the presence of AF independent of traditional risk factors predisposing to AF.

Methods

The population analyzed in this study was obtained from the PREVEND study. The PRE-
VEND (Prevention of REnal and Vascular ENdstage Disease) study was designed to
investigate the natural course of microalbuminuria and its relation with renal and car-
diovascular disease in the general population, as described previously [8]. All inhabitants
of the city of Groningen (Netherlands) between age 28-75 were asked to send in a 
morning urine sample and to fill in a short questionnaire on demographics and cardio-
vascular medical history. A total of 40,856 subjects responded. Subjects who were preg-
nant or using insulin were excluded. All subjects with a urinary albumin concentration
≥ 10 mg l-1 (n=7768) and a randomly selected sample of subjects with a urinary albumin
concentration < 10 mg l-1 (n=3395) were invited to perform two visits at an outpatient
clinic. The screening program was completed by 8,592 subjects. Urinary albumin meas-
urements were considered unreliable in 405 subjects with either leukocyturia or 
erythrocyturia (erythrocytes > 50 cells mm-3 or leukocytes > 75 cells mm-3, or leukocytes
= 75 cells mm-3 and erythrocytes > 5 cells mm-3). We excluded 110 subjects with
macroalbuminuria (albuminuria >300 mg/24 h). Furthermore, we missed 531 cases
because of missing ECGs, urine and blood samples. Finally, 7546 subjects (mean age 49
± 13 years, 51% male) were eligible for analysis. All participants gave written informed
consent. The PREVEND study was approved by the local medical ethics committee and
conducted in accordance with the guidelines of the declaration of Helsinki.

Standard 12-lead electrocardiograms were recorded using the computer program
MEANS (Modular ECG Analysis System)[9] and AF was defined according to Minnesota
codes 8.3.1 and 8.3.3. Ischemic heart disease was defined as self reported myocardial
infarction or as Minnesota codes 1.1-2, 4.1-2, or 5.1-2. Minnesota codes were also used
to define left ventricular hypertrophy (code 3.1 or 3.3 with codes 4.1, 4.2 or 4.3 or with
codes 5.1, 5.2 or 5.3).

The urinary albumin excretion rate was measured as the mean of two 24h urine col-
lections and microalbuminuria was defined as an albumin excretion rate between 30 and
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300 mg per 24h. Urinary albumin concentrations were determined by nephelometry
with a threshold of 2.3 mg l-1 and intra- and inter-assay coefficients of variation of less
than 2.2% and 2.6%, respectively (Dade Behring Diagnostic, Marburg, Germany).

High sensitive CRP was also determined by nephelometry with a threshold of 0.175
mg l-1 and intra- and inter-assay coefficients of less than 4.4% and 5.7%, respectively
(BNII N, Dade Behring, Marburg, Germany). Based on previously published reports
[10;11], high sensitive CRP was dichotomized (low: three lowest quartiles versus high:
highest quartile). CRP levels below the detection level were scored as 0.18 mg l-1. Plasma
glucose, serum cholesterol, serum and urinary creatinine were determined by Kodak
Ektachem dry chemistry (Eastman Kodak, Rochester, New York, U.S.A.). Urinary leuko-
cyte and erythrocyte measurements were done by Nephur-test+leuco sticks (Boehringer
Mannheim, Mannheim, Germany).

The following cardiovascular risk factors predisposing to AF were assessed: age >60
years, male gender, hypertension, hypercholesterolemia, obesity, diabetes, current smok-
ing, ischemic heart disease, and left ventricular hypertrophy on the electrocardiogram.
Hypertension was defined as a systolic blood pressure ≥ 140 mmHg or a diastolic blood
pressure ≥ 90 mmHg or the use of antihypertensive medication. Hypercholesterolemia
was defined as a total serum cholesterol level of ≥ 6.5 mmol/L (251 mg/dL) or the use of
lipid-lowering therapy. Diabetes was defined as a fasting plasma glucose level > 7.0
mmol/l or a non-fasting plasma glucose level > 11.1 mmol/l or the use of antidiabetic
medication. Obesity was defined as a body mass index ≥ 30 kg/m2. Smoking was catego-
rized as no smoking, or smoking (current or stopped < 1 year ago).

Continuous data are reported as mean (Standard Deviation) or median (interquar-
tile range) if the data was skewed. Categorical data are presented as per group percent-
ages. Differences between subgroups were evaluated by Student t-test for the normally
distributed continuous variables, or with the Mann-Whitney test if data was skewed. For
categorical data the Fisher exact test or the Chi-square test was used. Univariate and mul-
tivariate logistic regression analyses were used to determine independent predictors of
AF. Data are expressed as odds ratios and corresponding 95% confidence intervals.

All p-values are two-tailed. A p-value of <0.05 was considered statistically significant.
All calculations were performed with SPSS version 10.1 software (SPSS, Chicago, IL).
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Table 1. Baseline Characteristics of the total study population and the population separat-
ed by the presence of atrial fibrillation on the electrocardiogram, NS: non-significant, SD:
standard deviation

Overall No atrial Atrial P-value
fibrillation fibrillation

Variable (n=7546) (n=7471) (n=75)

Age, years (SD) 49 (13) 49 (13) 58 (14) <0.0001
Age > 60 years 22.6 22.2 57.3 <0.0001
Men, % 51.0 50.9 60.0 NS
Hypertension, % 30.8 30.6 55.4 <0.0001
Hypercholesterolemia, % 25.0 24.9 34.7 NS
Smoking, % 37.6 37.7 30.7 NS
Diabetes, % 3.5 3.6 2.7 NS
Obesity, % 14.8 14.7 21.3 NS
Left ventricular hypertrophy, % 2.3 2.2 10.7 <0.0001
Ischemic heart disease, % 11.0 11.0 33.0 <0.0001

Results

The prevalence of AF was 1.0 % (n=75/7546) in the PREVEND population. Among the
excluded subjects with macroalbuminuria it was 4.5% (n=5/110). Subjects with AF were
significant older and had more often hypertension, left ventricular hypertrophy and
ischemic heart disease (Table 1). The median (interquartile range) CRP level of subjects
without AF was 1.22 (0.54-2.84) mg/L and 2.48 (1.04-4.46) mg/L in subjects with AF
(p<0.001). The median (interquartile range) urinary albumin excretion rate of subjects
without AF was 9.05 (6.19-16.29) mg/24h and 14.79 (3.79-284.25) mg/24h in subjects
with AF (p<0.001). The lower value of the upper quartile of high-sensitive CRP was 2.87
mg/l in the study population.

In the multivariate analysis, an age > 60 years, left ventricular hypertrophy, the pres-
ence of ischemic heart disease, microalbuminuria (1.93 [1.10-3.37], p=0.02) and elevat-
ed CRP level (1.79 [1.07-2.97], p=0.03) were significantly associated with AF as listed in
table 2. Surprisingly, the combination of elevated CRP and the presence of microalbu-
minuria showed an even higher association with AF after adjusting for all cardiovascular
risk factors (3.80 [1.89-7.63], p<0.001), as illustrated in figure 1.
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Figure 1. Cumulative contribution of C-reactive protein and microalbuminuria to the risk
of atrial fibrillation adjusted for traditional risk factors predisposing to atrial fibrillation

Table 2. Logistic regression analysis associating microalbuminuria and C-reactive protein
(CRP) with atrial fibrillation.

Odds Ratio (95% Confidence Interval)

Atrial fibrillation

Univariate Model Multivariate Model*

Age > 60 years 4.70 (2.97-7.46)† 3.19 (1.84-5.54)†
Male gender 0.69 (0.44-1.10) 0.91 (0.55-1.51)
Hypertension 2.82 (1.78-4.47)† 1.05 (0.59-1.86)
Hypercholesterolemia 1.60 (0.98-2.61) 1.06 (0.63-1.77)
Smoking 0.73 (0.45-1.20) 0.78 (0.46-1.33)
Diabetes 0.76 (0.18-3.09) 0.18 (0.02-1.32)
Obesity 1.57 (0.90-2.74) 1.17 (0.64-2.15)
Left ventricular hypertrophy 5.29 (2.50-11.18)† 2.66 (1.15-6.14)†
Ischemic heart disease 4.05 (2.49-6.58)† 2.51 (1.44-4.35)†
Microalbuminuria 3.23 (1.98-5.28)† 1.93 (1.10-3.37)†
Elevated CRP 2.51 (1.59-3.97)† 1.79 (1.07-2.97)†

* Adjusted for age > 60 years, male gender, hypertension, smoking, hypercholesterolemia, diabetes, obesity, left ventricular

hypertrophy, ischemic heart disease, microalbuminuria and an elevated serum C-reactive protein.

† p < 0.05
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Discussion

This study demonstrated a significant positive association between both an elevated CRP
level and microalbuminuria with AF. Moreover, the combination of both indicates a
fourfold higher association with the presence of AF in the population at large. This asso-
ciation was independent of traditional risk factors predisposing to AF. These results sug-
gest that besides the traditional risk factors for AF, systemic inflammation and vascular
dysfunction may play an important role in the etiology of AF; inflammation potentially
by inducing structural and/or electrical remodeling of the atria and vascular dysfunction
as indicator of subclinical cardiac disease. Support for a substantial contribution of
inflammation to the occurrence of AF was suggested by a significant difference in CRP
levels between patients with and without arrhythmia after cardiac surgery[12].
Microalbuminuria, associated with a declined nitric oxide production, might be a mark-
er of functional and structural changes that perpetuate AF. Experimental data showed an
association between AF and a decreased bioavailability of nitric oxide in pigs, which may
indicate a dysfunctional endothelium[13]. Another implication of the association between
microalbuminuria and AF might be that both are induced by a common denominator
distinct from atherosclerosis. For instance, increased sympathetic activity is known to
facilitate AF[14], and increased sympathetic response also causes the kidney to increase
renin release[15]. In turn, renin converts angiotensin I to angiotensin II and both renin
and angiotensin II can increase urinary albumin excretion[16;17].

A limitation of this study is the cross sectional design, which does not allow one to
conclude whether CRP and microalbuminuria are a cause or a consequence of AF. In
fact, it can also be postulated that AF induces microalbuminuria. AF has been associated
with increased atrial natriuretic peptide levels[18], which can increase urinary albumin
excretion[19]. Also, in this population based cohort study no information was obtained
about several known predictors of AF, e.g. hyperthyroidism, history of infection, valve
disorders, and echocardiographic features. In other words, due to the epidemiological
nature of the study, no clinical data could be obtained. In addition, the type of AF
(paroxysmal or persistent) could also not be determined, because one standard 12 lead
electrocardiogram was made during two minutes. However, strong points of this study
are the large size of the population, the reliable way of measuring microalbuminuria by
two 24-hour urine collections, and the computerized ECG analysis thereby avoiding
intra- and inter-observer bias.

In summary, an elevated CRP level and microalbuminuria were strongly associated
with AF. Moreover, the combination of both indicates a fourfold higher association with
the presence of AF in a population at large. A longitudinal study is necessary to confirm
our hypothesis that inflammation and vascular dysfunction are risk factors for AF. If so,
new therapeutic strategies, such as anti-inflammatory drugs or drugs targeting the vas-
cular wall, may prove effective for the prevention and treatment of AF.
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Introduction

The link between electrocardiographic abnormalities and cardiovascular disease are
explained partly by the presence of cardiovascular risk factors. The relation between C-
reactive protein (CRP), a sensitive marker of inflammation, and electrocardiographic
abnormalities is unknown. In this study, we hypothesized that electrocardiographic
abnormalities are related to elevated levels of CRP.

Methods

The population analyzed in this study is obtained from the PREVEND study. The PRE-
VEND (Prevention of REnal and Vascular ENdstage Disease) study is designed to inves-
tigate the natural course of microalbuminuria and its relation with renal and cardiovas-
cular disease in the general population, as described previously [1]. The study cohort is
formed by male and female inhabitants, aged 28 to 75 years, of the city of Groningen, the
Netherlands. All participants gave written informed consent. The PREVEND study was
approved by the local medical ethics committee and conducted in accordance with the
guidelines of the declaration of Helsinki.

To study the association between electrocardiographic abnormalities and CRP, CRP
was dichotomized (low = 3 lowest quartiles, CRP<2.97 mg/L, versus high = highest quar-
tile, CRP>2.97 mg/L), as reported previously in several studies[2;3]. Systolic and diastolic
blood pressure were calculated as the mean of the last two out of ten measurements of
two visits. Body mass index was calculated as the ratio between weight and the square of
height (kg/m2). We defined traditional cardiovascular risk factors as follows. Male gen-
der, age > 60 years were defined as cardiovascular risk factors. Diabetes mellitus was
defined as a fasting plasma glucose level > 7.0 mmol/l or a non-fasting plasma glucose
level > 11.1 mmol/l or the use of antidiabetic medication. Obesity was defined as a body
mass index > 30 kg/m2. Hypertension was defined as a systolic blood pressure > 140
mmHg or a diastolic blood pressure > 90 mmHg or the use of antihypertensive medica-
tion. Hypercholesterolemia was defined as a total serum cholesterol level of > 6.5
mmol/L (251 mg/dL) or the use of lipid-lowering therapy. Smoking was categorized as
no smoking, current smoking, or stopped < 1 year ago. Cardiovascular family history was
defined as first grade relatives who established a cardiovascular event before 55 years of age.

High sensitive CRP was determined by nephelometry with a threshold of 0.175 mg/L
and intra- and interassay coefficients of <4.4% and <5.7%, respectively (BNII N, Dade
Behring, Marburg, Germany). Plasma glucose and serum cholesterol was measured by
Kodak Ektachem dry chemistry (Eastman Kodak, Rochester, NY).

Standard 12-lead electrocardiograms were recorded with Cardio Perfect equipment
(Cardio Control, Delft, the Netherlands), stored digitally, and classified according to the
Minnesota code[4] using the computer program MEANS (Modular ECG Analysis
System)[5;6]. Signal analysis and classification of MEANS have been extensively evaluated
in both clinical and general population samples[7;8]. Infarct patterns, suggestive for
myocardial infarction, were defined by Minnesota codes 1.1 and 1.2. Major ischemia was
defined by codes 4.1, 4.2, 5.1 or 5.2, after exclusion of infarct patterns. Minor ischemia
was defined by codes 1.3, 4.3 or 5.3, after exclusion of infarct patterns and major
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ischemia. Finally, we measured the T-axis, which is a strong independent predictor for
fatal and non-fatal cardiac events[9;10]. T axes were computed from vectorcardiographic
X, Y and Z, which can be reconstructed from the standard ECG leads. The mean spatial
axis is obtained by vectorially adding the instantaneous heart vectors during the T wave.
The mean frontal axis is then taken to be the angle between the X-axis and the projec-
tion of the mean spatial axis on the frontal plane. Based on previously published
reports[9], an abnormal T-axis was defined as –180 to –15 and 105 to 180 degrees after
exclusion of subjects with an infarct pattern or major ischemia on the electrocardiogram.
Subjects with complete bundle branch blocks (QRS duration > 120ms) were also exclud-
ed because these conditions cause secondary T-wave changes. The exclusion of subjects
with right or left ventricular hypertrophy, which can also cause secondary T-wave
changes, had no effect on the results and were therefore not excluded from the analysis.

All calculations were performed with SPSS version 10.1 software (SPSS, Chicago, IL).
Continuous data are reported as mean (Standard Deviation) or median (interquartile
range). Differences in proportions were tested using the χ2 test. All p-values are two-
tailed. A p-value of <0.05 was considered statistically significant. Univariate and multi-
variate logistic regression analyses were used to test the association among electrocar-
diographic abnormalities and a CRP level in the highest quartile. Data are expressed as
odds ratios and corresponding 95% confidence intervals. The Mann-Whitney test was
used to analyze the difference in CRP levels between subjects with and without cardio-
vascular risk factors. To compare the differences in median CRP levels between groups
we used the Kruskal-Wallis test.

Table 1. Baseline Characteristics of the total study population and the population separat-
ed by the presence of electrocardiographic abnormalities

Overall Electrocardiographic P-value
abnormalities

Variable absent present
(n=8076) (n=6217) (n=1859)

Age, years (standard deviation) 49.2 (12.7) 47.8 (12.1) 53.9 (13.4) <0.0001
Age > 60 years 23.5 % 19.0 % 38.7 % <0.0001
Men 50.3 % 48.0 % 55.0 % <0.0001
Systemic hypertension 31.2 % 26.5 % 46.8 % <0.0001
Hypercholesterolemia 25.0 % 23.4 % 30.6 % <0.0001
Smoker 0.002
Never 29.6 % 29.7 % 29.4 %
Current 37.5 % 38.4 % 34.6 %
Past 32.8 % 31.9 % 36.0 %
Diabetes mellitus 1.6 % 1.2 % 3.1 % <0.0001
Obesity 15.4 % 14.8 % 17.3 % 0.01
Positive cardiovascular family 18.8 % 18.6 % 19.4 % 0.06
history
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Results

A total of 8592 subjects performed two visits at our outpatient clinic. Of these subjects,
91 subjects were excluded because of missing electrocardiographic data and 425 subjects
because of missing CRP data. Finally, 8076 subjects were eligible for analysis. Baseline
characteristics of the total study population and the population separated for the pres-
ence of electrocardiographic abnormalities are summarized in table 1. Except for smok-
ing, all traditional cardiovascular risk factors were more prevalent in subjects with an
electrocardiographic abnormality. The median (interquartile range) CRP level in the
subjects without electrocardiographic abnormalities was 1.21 (0.54-2.80) mg/L and 1.57
(0.62-3.52) mg/L in the group with ECG abnormalities (p<0.001). In the subgroups of
electrocardiographic abnormalities, the median CRP level was 1.91 (0.64-4.08) mg/L in
the group with infarct patterns (n=355), 1.66 (0.70-3.61) mg/L in the group with major
ischemia (n=673), 1.55 (0.62-3.40) mg/L in the group with minor ischemia (n=1299),
and 2.41 (1.04-4.46) mg/L in the group with an abnormal T-axis (n=335). In figure 1, we
show the median CRP level for these groups according to the presence of one or more
cardiovascular risk factors. It shows that CRP is always higher in the presence of cardio-
vascular risk factors. This figure also illustrated that the CRP level is increased in subjects
with an abnormal T-axis and no cardiovascular risk factors. In logistic regression analy-
ses, electrocardiographic abnormalities were significantly associated with the presence of
an elevated CRP level. However, after adjustment for traditional cardiovascular risk fac-
tors, this association was non-significant. When we divided electrocardiographic abnor-
malities into infarct patterns, major ischemia, minor ischemia, and an abnormal T-axis,
it appeared that only the infarct patterns and the abnormal T-axis were independently
associated with a CRP level in the highest quartile, which hardly changed after adjust-
ment for traditional cardiovascular risk factors (table 2).

Discussion

In this population study, we demonstrated that subjects with electrocardiographic
abnormalities have a significantly higher level of CRP. The association between ischemic
electrocardiographic abnormalities and CRP was dependent on the presence of tradi-
tional cardiovascular risk factors. In contrast, in subjects with an abnormal T-axis, but
without infarct patterns or major myocardial ischemia, CRP levels were significantly 
elevated compared with the group with no electrocardiographic abnormalities, both in
subjects without risk factors as in subjects with one or more risk factors. This was also
true for subjects with risk factors and infarct patterns on the electrocardiogram. These
results document for the first time an association between CRP and specific electrocar-
diographic abnormalities independent of the presence of the traditional cardiovascular
risk factors.
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Figure 1. Median C-reactive protein levels in subjects with no abnormalities, minor
ischemia, major ischemia, infarct patterns, or an abnormal T-axis on the electrocardiogram,
divided by the presence of no or ≥ 1 cardiovascular risk factors. Median CRP levels were sig-
nificant lower in subjects without risk factors in comparison to subjects with risk factors in
every subgroup. Moreover, median CRP levels were significant different between the several
subgroups.

Table 2. Logistic regression analysis associating the electrocardiographic abnormalities, pres-
ence of ischemia, infarct patterns or an abnormal T-axis on the electrocardiogram with
inflammation, reflected by the level of C-reactive protein in the highest quartile (C-reactive
protein > 2.97 mg/L).

Odds Ratio (95% Confidence interval)

Elevated C-reactive protein

Model 1 Model 2

Electrocardiographic 1.38 (1.23-1.55) * 1.10 (0.95-1.27) 
abnormalities
Infarct patterns 1.69 (1.36-2.12) * 1.47 (1.10-1.94) †
Major ischemia 1.41 (1.18-1.70) * 1.14 (0.91-1.44)
Minor ischemia 1.20 (1.03-1.41) † 1.00 (0.82-1.23)
Abnormal T-axis 3.33 (2.04-5.43) * 2.91 (1.49-5.64) *

* p < 0.001, † p < 0.05

Model 1 Unadjusted 

Model 2 Adjusted for age > 60 years, male gender, hypertension, smoking, hypercholesterolemia, diabetes mellitus, obesity,

and cardiovascular family history
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Conclusion

Electrocardiographic abnormalities are associated with CRP levels. This association can
be partly explained by the presence of traditional cardiovascular risk factors. In contrast
to ischemic electrocardiographic abnormalities, the abnormal T-axis seems to be an
independent indicator of inflammation, as reflected by an elevated CRP level. This sig-
nificant association could be the link between an abnormal T-axis and the increased risk
of cardiac events.
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Abstract

Background. Both increased C-reactive protein (CRP) and albuminuria have been found
associated with an increased risk of total and cardiovascular (CV) mortality in individ-
ual studies. It has not yet been investigated whether CRP and albuminuria add to the risk
of total and CV mortality.

Methods and Results. We conducted a prospective study with a median follow-up of
1709 days in the city of Groningen, the Netherlands, comprising of 8,592 men and
women, aged 28-75 years old. These subjects were identified in the Prevention of Renal
and Vascular Endstage Disease (PREVEND) study during 1997-1998. CRP and albumin-
uria levels were measured at baseline using highly sensitive methods, in addition to con-
ventional risk factors. Crude analyses showed that both CRP and albuminuria increased
and added to the absolute and relative risk of total, CV and non-CV mortality. In multi-
variate analyses, both CRP and albuminuria levels increased the risk of both CV and
non-CV mortality (CRP: hazard ratio for CV 1.19 (95%CI 1.01-1.41) and non-CV 1.30
(1.16-1.45); albuminuria: CV 1.23 (1.09-1.39) and non-CV 1.14 (1.03-1.26) per 2-fold
increase of their levels, respectively). This increased risk appeared to be independent of
classical risk factors and of each other. Diabetes, elevated blood pressure and total cho-
lesterol did not add prognostic information to the multivariate model, whereas smoking
and male gender increased the risk approximately 2-fold. For both CRP and albumin-
uria, the increase in mortality risk was not significantly higher for CV as compared to
non-CV mortality.

Conclusions. CRP and albuminuria are independent, additive risk predictors of all-
cause, CV and non-CV mortality among subjects in the general population. Both mark-
ers provide more information about CV risk than conventional risk factors alone.
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Introduction

C-reactive protein (CRP), the prototypic acute-phase protein, predicts cardiovascular
(CV) morbidity and mortality in high-risk patient groups,[1,2] type 2 diabetes mellitus[3]

and the general population.[4-10] Increased levels of albuminuria have been shown to pre-
dict CV disease among subjects with either diabetes or hypertension, and in the elder-
ly.[11-15] We showed that albuminuria is an independent predictor of mortality in the
general population, which was more attributable to CV than to non-CV causes.[16] Both
CRP and albuminuria may thus serve as a screening tool in the general population to
improve the identification of subjects at increased risk of death.

It is widely assumed that CRP represents the inflammatory component of the process
of atherosclerosis in the arterial vessel wall.[17] The commonly held view is that albu-
minuria reflects generalized endothelial dysfunction along the vascular tree.[18] Since
CRP and albuminuria represent closely related pathophysiological pathways of the same
disease process, one might anticipate that the association of either marker with mortali-
ty is, more or less, explained by the other. Interestingly, in a cross-sectional study, we
recently found that CRP and albuminuria are differently associated with manifestations
of disease in various vascular beds, like the heart, the kidney, and peripheral arteries.[19]

Prospective data concerning the relative contribution of CRP and albuminuria to the risk
of CV versus non-CV mortality in the general population are yet not available.

Therefore, we questioned whether CRP and albuminuria independently add to the
risk of all-cause, CV and non-CV mortality, and independently of classical risk factors.
Second, we questioned whether these risk markers are more specifically related to CV
than to non-CV mortality. Finally, we investigated possible effect-modification by albu-
minuria on the relation between CRP and mortality, and vice versa.

Methods

Population and design
PREVEND is the acronym for Prevention of REnal and Vascular ENd stage Disease study,
which is designed to prospectively investigate the natural course of urinary albumin
excretion and its relation to renal and CV disease in a large cohort drawn from the gen-
eral population. Details of this study have been described elsewhere.[20,21] In short, in
1997-1998, all inhabitants of the city of Groningen were sent a short questionnaire on
demographics and cardiovascular morbidity and a vial to collect an early morning urine
sample. Altogether, 40,856 subjects responded (47.8%). Pregnant women and diabetic
subjects using insulin were excluded. All participants with a urinary albumin concentra-
tion >10 mg/L (n=7,768) were invited to our outpatient clinic together with a random
sample of subjects with a urinary albumin concentration <10 mg/L (n=3,395). The study
population comprised of 8,592 subjects who completed the total screening program.

The screening program consisted of two visits. Shortly, the first visit comprised of
anthropometric measurements (height, weight, waist circumference), blood pressure
measurements each minute during 10 minutes in supine position, ankle pressure meas-
urements and the evaluation of a self-administered questionnaire by a trained nurse.
This questionnaire included renal, CV and oncological morbidity, and data on the use of
anti-hypertensive, lipid lowering medication and anti-diabetic medication. The second
visit comprised of electrocardiographic recordings, blood pressure measurements each
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minute during 8 minutes and fasting blood samples were drawn. Subjects were asked to
collect two times 24 hours urine samples as described before.

All participants gave written informed consent. The PREVEND study was approved
by the local medical ethics committee and was conducted in accordance with the guide-
lines of the Declaration of Helsinki.

Definitions, calculations and exclusion
Blood pressure data are based on the average of four blood pressure values: i.e. the last
two blood pressure values of both visits. Body mass index (BMI) was calculated as the
ratio of weight and height squared (kg/m2). Type 2 diabetes was defined as a fasting glu-
cose level of ≥7.0 or a non-fasting glucose level ≥11.1 or the use of anti-diabetic drugs.
Smoking was defined as current smoking. Histories of myocardial infarction or cere-
brovascular disease were considered present if a participant reported having been hospi-
talized for at least 3 days because of these conditions. Peripheral artery disease was
defined as an ankle-brachial index <0.9 in at least one leg and/or prior arterial surgery of
the lower limbs.

Creatinine clearance was calculated as the mean creatinine clearance of two urine col-
lections with and without correction for body surface area as an estimate of glomerular
filtration rate (GFR). We validated the relation between GFR and mortality with renal
function equations commonly used in population-based studies: the Cockcroft-Gault
and the simplified MDRD formula (Modification of Diet in Renal Disease). We used cre-
atinine clearance per body surface area in the final analysis, since indexed or non-indexed
GFR estimates yielded similar results.

Urinary albumin measurements were considered unreliable in 451 subjects with
either leukocyturia or erythrocyturia (erythrocytes > 50 cells mm-3 or leukocytes > 75
cells mm-3, or leukocytes = 75 cells mm-3 and erythrocytes > 5 cells mm-3). In 415 cases,
CRP levels could not be measured. Thus, 7,726 subjects were eligible for analysis.

Laboratory methods
Urinary albumin concentrations were determined by nephelometry with a threshold of
2.3 mg/L and intra- and inter-assay coefficients of variation of less than 2.2% and 2.6%,
respectively (Dade Behring Diagnostic, Marburg, Germany). High sensitive CRP was also
determined by nephelometry with a threshold of 0.175 mg/L and intra- and inter-assay
coefficients of less than 4.4% and 5.7%, respectively (BNII N, Dade Behring, Marburg,
Germany). Plasma glucose and serum cholesterol were determined by Kodak Ektachem
dry chemistry (Eastman Kodak, Rochester, New York, U.S.A.). Urinary leukocyte and
erythrocyte measurements were done by Nephur-test+leuco sticks (Boehringer
Mannheim, Mannheim, Germany).

Mortality data
From the time of recruitment, the vital status of all participants was evaluated through
the municipal register. The cause of death was obtained by linking the number of the
death certificate to the primary cause of death as coded by a physician from the Central
Bureau of Statistics. Causes of death were coded according to the 10th revision of the
International Classification of Diseases (ICD-10). Cause-specific events used in the
analysis were CV disorders (ICD-10 codes I01-I99), and the remaining codes were those
from non-CV causes (malignancies: C00.0-D48.9, and the remainder categories).
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Survival time for the participants was defined as the period from the date of the first
screening in the outpatient clinic until the date of death or the 31st of December 2002. If
a person had moved to an unknown destination, the person was censored on the last
available date.

Statistical analysis
We fitted Cox proportional hazard models to evaluate the effect of albuminuria and CRP
on mortality. The proportional hazard assumption was assessed for every predictor vari-
able using graphical approaches. The log-log-survival curve was found constant over
time for each parameter. Both CRP and albuminuria showed a log-linear functional
shape with the response variable and were transformed to a 2-log scale. This means that
risk estimates should be interpreted as the relative risk if values of CRP or albuminuria
were doubled (e.g. 1 to 2 mg/L or 10 mg/24h to 20 mg/24h).

Our cohort consisted of a random sample of control subjects and a selected sample
of subjects with <10 mg/L and >10 mg/L of albumin in their urine. Therefore, risk esti-
mates were calculated by adding the selection parameter as a confounder in stratified
analysis. The addition of this selection parameter did not influence the results essential-
ly.

Two competing death causes were distinguished: CV and non-CV. We used compet-
ing risk analyses which allowed us to compare the effects of explanatory variables on
either CV or non-CV death.[22] Models are presented as crude and age/gender adjusted
risks of mortality. From the final multivariate model, we calculated relative hazards and
cumulative incidences across continuous, and 25th and 75th percentile levels of CRP and
albuminuria on CV mortality, respectively. Results are summarized by hazard (risk)
ratios with 95% confidence intervals (95%CI). A value of P<0.05 (2-sided) was used as
the nominal level of statistical significance. We used the statistical packages SPSS 10.0
(Chicago, IL, USA) and SAS 8.2 (Cary, NC, USA) for the analysis.
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Table 1. Population characteristics according to survival status.

Overall Alive CV death Non-CV death

Subjects, N 7,726 7,512 65 149
C-reactive protein, mg/L 1.3 (0.6-2.9) 1.2 (0.5-2.9)† 2.7 (1.8-6.6) 2.4 (1.2-7.1)
Elevated CRP, %a 24.1 23.9† 47.8 43.2
Albuminuria, mg/24h 9 (6-17) 9 (6-17)† 37 (11-77)‡ 16 (9-40)
High-normal albuminuria, %b 14.7 14.6† 16.9 18.8
Microalbuminuria, %b 12.8 12.2† 42.3‡ 31.0
Macroalbuminuria, %b 1.4 1.3† 11.3‡ 3.3

Age, year 49 (13) 49 (12)† 65 (9)‡ 62 (11)
Male gender, % 51.6 51.1† 80.3‡ 63.5
Body mass index, kg/m2 26.1 (4.2) 26.1 (4.3)† 27.6 (3.7)‡ 26.3 (4.0)
Waist circumference, cm (men) 94 (11) 94 (11)† 101 (10)‡ 96 (11)
Waist circumference, cm (women) 83 (13) 83 (13)† 94 (11)‡ 86 (12)
Systolic BP, mmHg 129 (20) 129 (20)† 150 (24)‡ 139 (25)
Diastolic BP, mmHg 74 (10) 74 (10)† 81 (10)‡ 78 (10)
Anti-hypertensive use, % 11.9 11.5† 32.4 23.3
Cholesterol, mmol/L 5.6 (1.1) 5.6 (1.1)† 5.9 (1.2) 6.0 (1.2)
Lipid lowering therapy, % 4.5 4.3† 14.9 8.2
Glucose, mmol/L 4.9 (1.2) 4.9 (1.2)† 5.2 (1.1) 5.2 (1.2)
Diabetes, % 3.8 3.6† 9.9 9.0
Current smoking, % 34.2 33.9† 43.7 44.9
Creatinine clearance,
ml/min/1.73m2 103 103† 85‡ 92
Myocardial infarction, % 3.1 2.9† 21.4 12.4
Peripheral artery disease, % 5.9 5.6† 22.2 17.1
Cerebrovascular disease, % 0.6 0.6† 8.7‡ 1.3
Malignancy, % 1.5 1.4† 4.2 3.8

Means (standard deviation) and medians (interquartile range) are given for variables with Gaussian and non-Gaussian dis-

tributions, respectively. CV = cardiovascular.

a) An elevated CRP is defined as a CRP level >3 mg/L.

b) High-normal albuminuria is defined as a urinary albumin excretion of 15-30 mg/24h, microalbuminuria 30-300 mg/24h

and macroalbuminuria >300 mg/24h.

† Alive versus CV death (P<0.05)

‡ CV versus non-CV death (P<0.05)

Results

Population characteristics
During a median follow-up of 1709 days (maximum 1933 days), 214 subjects died
among a total of 7,726 subjects. As indicated by the death certificates, sixty-five subjects
were classified as CV mortality cases and 149 as non-CV mortality cases.

Table 1 shows the baseline characteristics of all 7,726 participants according to their
survival status. Compared to the subjects who survived, those who died had a higher
baseline prevalence of an elevated CRP (>3 mg/L) as well as a higher prevalence of high-
normal albuminuria (15-30 mg/24h), microalbuminuria (30-300 mg/24h) and macroal-
buminuria (>300 mg/24h) (all P<0.001). Compared to non-CV mortality, those who
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died from CV causes had a higher baseline level of albuminuria and a higher prevalence
of micro- and macroalbuminuria (P<0.001), whereas the baseline level and prevalence
of an elevated CRP did not significantly differ between the two competing death causes.

Compared to the subjects who survived, those who died had a higher baseline preva-
lence of all CV risk factors. Compared to non-CV mortality, subjects who died from CV
causes were older and more likely to be male. They had a higher mean BMI, waist cir-
cumference, systolic and diastolic blood pressure, a lower creatinine clearance per BSA
and a higher prevalence of cerebrovascular disease (all P<0.05).

Table 2. Stratified crude incidence rates, defined as cases per 1,000 person-years, for all-
cause, CV and non-CV mortality by albuminuria and C-reactive protein.

C-reactive All-cause mortality CV mortality Non-CV mortality
protein

UAE 0-30 UAE >30 UAE 0-30 UAE >30 UAE 0-30 UAE >30 mg/24h

0.2-0.6 mg/L 1.4 (0.7-3.3) 4.4 (1.8-10.6) 0.3 (0.1-1.1) 0.6 (0.1-4.4) 1.1 (0.6-2.2) 3.8 (1.7-8.4)
0.6-1.2 mg/L 2.8 (1.5-5.2) 9.3 (5.2-14.2) 0.5 (0.1-1.4) 3.1 (1.5-6.5) 2.3 (1.4-3.8) 6.2 (3.7-10.4)
1.2-2.7 mg/L 4.0 (2.5-7.0) 13.8 (8.9-21.4) 0.8 (0.4-2.0) 5.7 (3.5-9.2) 3.2 (2.1-5.0) 8.1 (5.4-12.2)
> 2.7 mg/L 6.9 (4.5-10.9) 17.8 (12.4-25.1) 1.5 (0.8-3.1) 7.0 (4.6-10.0) 5.4 (3.7-7.8) 10.8 (7.8-15.1)
MH 0.73 0.95 0.63

CV = cardiovascular. UAE = urinary albumin excretion (albuminuria). MH = Mantel-Haenszl test of homogeneity (P value) 

Crude incidence rates (95% confidence interval) are stratified by different levels of albuminuria and CRP. A non-significant

P value for the homogeneity test indicates that the relative increase of mortality rates (=rate ratio) with increasing CRP levels

does not differ between the UAE 0-30 mg/24h and UAE 30+ mg/24h groups.

C-reactive protein, albuminuria and mortality
Table 2 shows the crude incidence rates per 1,000 persons-years for all-cause, CV and
non-CV mortality stratified by categories of albuminuria and CRP. At every level of CRP,
increasing levels of albuminuria contributed to an increased absolute risk of all-cause,
CV and non-CV mortality, and vice versa. The rate ratios were found homogeneous
across CRP and albuminuria groups (all P values>0.05). This observation suggests an
additive relationship of CRP and albuminuria to the crude risk of mortality.
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Table 3. Cause-specific hazard ratios: crude, age and gender adjusted Cox regression mod-
els.

Crude models Age and gender adjusted models

Risk factor CV / non-CV HR 95%CI P HR 95%CI P PCV Walda)

Albuminuria (doubling) CV 1.57 1.42-1.73 <0.001 1.38 1.23-1.54 <0.001 0.005 32.2

Non-CV 1.33 1.22-1.44 <0.001 1.13 1.03-1.24 0.01

C-reactive protein (doubling) CV 1.54 1.33-1.77 <0.001 1.40 1.21-1.64 <0.001 NS 18.9

Non-CV 1.43 1.30-1.57 <0.001 1.29 1.16-1.43 <0.001

Cerebrovascular disease (yes) CV 13.1 5.72-32.8 <0.001 9.73 3.99-24.3 <0.001 0.03 23.7

Non-CV 2.09 0.52-8.45 1.52 0.38-6.16

Systolic BP (per 5 mmHg) CV 1.19 1.15-1.25 <0.001 1.10 1.04-1.15 <0.001 <0.001 13.3

Non-CV 1.10 1.07-1.14 <0.001 0.99 0.95-1.02

Myocardial infarction (yes) CV 7.89 4.29-14.5 <0.001 2.94 1.58-5.46 <0.001 NS 11.7

Non-CV 4.17 2.51-6.93 <0.001 1.56 0.93-2.62

Peripheral artery disease (yes) CV 4.56 2.46-8.45 <0.001 2.74 1.48-5.10 0.001 NS 10.2

Non-CV 3.04 1.93-4.80 <0.001 1.84 1.16-2.91 0.01

Waist circumference (per 5 cm) CV 1.31 1.20-1.42 <0.001 1.18 1.07-1.31 0.001 <0.001 10.2

Non-CV 1.10 1.04-1.16 0.001 0.92 0.86-0.99 0.04

Smoking (yes) CV 1.43 0.88-2.34 2.01 1.23-3.30 0.006 NS 7.7

Non-CV 1.49 1.08-2.06 0.02 2.09 1.50-2.90 <0.001

GFR b) (per 5 ml/min/1.73m2) CV 0.82 0.77-0.87 <0.001 0.89 0.83-0.94 <0.001 0.008 7.1

Non-CV 0.89 0.86-0.93 <0.001 0.98 0.94-1.02

Diastolic BP (per 5 mmHg) CV 1.36 1.22-1.52 <0.001 1.17 1.03-1.32 0.01 0.01 6.3

Non-CV 1.17 1.08-1.26 <0.001 0.97 0.89-1.06

Glucose (per 1 mmol/L) CV 1.13 1.00-1.28 0.05 0.99 0.84-1.17 NS 0.9

Non-CV 1.13 1.04-1.22 0.003 0.99 0.89-1.10

Diabetes (yes) CV 2.92 1.33-6.40 0.008 1.47 0.67-3.24 NS 0.3

Non-CV 2.52 1.45-4.38 0.001 1.27 0.73-2.22

Body mass index (per 5 kg/m2) CV 1.38 1.10-1.73 0.006 1.15 0.87-1.54 0.05 0.3

Non-CV 1.08 0.90-1.30 0.80 0.65-1.00 0.05

Anti-hypertensive use (yes) CV 3.18 1.88-5.39 <0.001 1.42 0.84-2.42 NS 0.2

Non-CV 2.27 1.56-3.30 <0.001 1.01 0.69-1.49

Lipid lowering therapy (yes) CV 3.11 1.48-6.54 0.003 1.61 0.77-3.40 NS 0.2

Non-CV 1.61 0.85-3.07 0.15 0.84 0.44-1.61

Cholesterol (per 1 mmol/L) CV 1.22 1.00-1.48 0.05 1.01 0.81-1.26 NS 0.0

Non-CV 1.27 1.12-1.44 <0.001 1.07 0.92-1.24

PCV = CV versus non-CV mortality.

a) In ranking order, the Wald is the value of the Wald statistic of the age and gender adjusted risk of CV mortality.

b) GFR is expressed as the mean of two creatinine clearances corrected for body surface area.

Table 3 summarizes the crude and age/gender adjusted results of the Cox propor-
tional hazard model using competing risk analyses. When adjusted for age and gender, a
doubling of CRP and albuminuria increased the odds of CV as well as non-CV mortali-
ty (CRP: CV 1.40 and non-CV 1.29; albuminuria: CV 1.38 and non-CV 1.13, respective-
ly). CRP appeared equally predictive for CV as for non-CV mortality (PCV=0.36), where-
as albuminuria was more specifically related to CV death (PCV=0.005). Inclusion of
other risk parameters in the regression model slightly attenuated the relationship
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between CRP, albuminuria and the risk of mortality (Table 4). In this multivariate analy-
sis, a doubling of CRP was associated with a 1.19 (1.01-1.41) higher risk of CV mortali-
ty, whereas a doubling of albuminuria was associated with a 1.23 (1.09-1.39) higher risk
of CV mortality. The discriminative power of albuminuria to CV relative to non-CV
mortality was lost in the multivariate model (PCV=0.31), although the point estimate of
CV mortality (HR 1.23) was higher than the risk of non-CV mortality (HR 1.14). A sig-
nificant interaction between CRP and albuminuria with the risk of CV mortality could
not be observed (P=0.28).

Table 4. Cause-specific hazard ratios: mutually adjusted Cox regression models.

Risk factor CV / non-CV HR 95%CI P PCV Walda)

Albuminuria (doubling) CV 1.23 1.09-1.39 <0.001 NS 11.2

Non-CV 1.14 1.03-1.26 0.01

C-reactive protein (doubling) CV 1.19 1.01-1.41 0.04 NS 3.8

Non-CV 1.30 1.16-1.45 <0.001

Age (per 5 years) CV 1.54 1.31-1.80 <0.001 NS 28.6

Non-CV 1.49 1.36-1.63 <0.001

Cerebrovascular disease (yes) CV 6.53 2.56-16.7 <0.001 0.03 15.4

Non-CV 0.57 0.08-4.10

GFR (per 5 ml/min/1.73m2) CV 0.91 0.85-0.97 0.002 0.03 9.4

Non-CV 0.99 0.95-1.03

Smoking (yes) CV 2.12 1.25-3.59 0.005 NS 7.8

Non-CV 1.67 1.18-2.36 0.003

Male gender CV 2.06 1.07-3.95 0.03 NS 4.7

Non-CV 1.42 0.97-2.07

Waist circumference (per 5 cm) CV 1.11 1.00-1.25 0.05 0.003 3.7

Non-CV 0.89 0.82-0.97 0.007

PCV = CV versus non-CV mortality.

a) In ranking order, the Wald is the value of the Wald statistic of the age and gender adjusted risk of CV mortality.

The following variables were not retained in the model: BMI, systolic and diastolic blood pressure, anti-hypertensive medica-

tion, cholesterol, lipid-lowering medication, glucose, diabetes, myocardial infarction, peripheral artery disease and baseline

malignancy.

Table 3 and 4 show all risk factors, including CRP and albuminuria, in ranking order
according the magnitude of the Wald statistic of CV death. In the multivariate model,
albuminuria showed a higher Wald statistic than CRP (11.2 versus 3.8). Since the Wald
is directly related to the precision of the regression coefficient, the effect of albuminuria
on CV mortality is more precise than CRP which is expressed by the smaller confidence
intervals. The estimated risks and Wald statistic of albuminuria were found equal if we
either implemented the first or second sample or the mean of two urinary samples in the
model. The calculated risks (95%CI) of CV mortality across levels of CRP and albumin-
uria are graphically depicted on a continuous scale in figures 1a and 1b. Among the con-
ventional risk factors, diabetes, increased blood pressure, and cholesterol levels did not
significantly add prognostic information to the risk of CV death, whereas smoking and
male gender increased the risk of CV death approximately 2-fold. Also, baseline cere-
brovascular disease, GFR and waist circumference added prognostic information to the
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risk of CV death. With respect to non-CV death, age, CRP, smoking, waist circumference
(inversely), and albuminuria were identified as independent predictors (in ranking order,
Wald 73.6, 21.8, 8.5, 7.2 and 6.5, respectively, not shown).

Figure 1a, 1b. Relative hazards of cardiovascular mortality across continuous levels of
albuminuria (1a) and C-reactive protein (1b). The dashed lines indicate the estimated
hazard ratios (95%CI, dotted lines) according to the regression coefficients in table 4. The
95%CI’s cross, since the reference value is set at the 10th percentile of the CRP as well as the
albuminuria distribution
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To show the additive effects of CRP and albuminuria within the currently used refer-
ence ranges, cumulative incidence functions using the multivariate Cox model were cal-
culated for the combined 25th and 75th percentile CRP/albuminuria values of the mor-
tality cases (Figure 2). The curves represent the cumulative incidence functions of CV
mortality for a non-hypertensive, non-hyperlipidemic, non-diabetic, non-smoking 50-
year-old male without a history of myocardial infarction or stroke. The 5-years cumula-
tive incidence of CV mortality is estimated ~0.1% in subjects with low CRP/low albu-
minuria levels and ~0.35% in subjects with high CRP/high albuminuria levels.

Figure 2. This figure represents the cumulative incidence (%) of cardiovascular mortality
across percentile values (25th, 75th) of both albuminuria and C-reactive protein for nondia-
betic, nonhypertensive, nonhyperlipidemic, nonsmoking, 50-year old males with no history
of myocardial infarction or stroke. In this figure, the 25th and 75th percentile values of CRP
and albuminuria correspond to the CRP and albuminuria distribution of the subjects who
died from CV causes.
UAE = urinary albumin excretion (=albuminuria).

Discussion

In this study, we have shown the independent, additive value of CRP and albuminuria
with respect to the risk of all-cause, CV and non-CV mortality in the general population.
The relative risks and cumulative incidences of CV death are comparable with increasing
levels of both markers, although albuminuria provides a more accurate marker of CV
death relative to CRP. The risks of death conveyed by elevated CRP and albuminuria lev-
els were not significantly more attributable to death from CV causes than to death from
non-CV causes. The data support earlier findings that CRP and albuminuria levels with-
in clinically used reference limits already increase the risk of death.

This is the first study to show the independent contribution of CRP and albuminuria
to the risk of CV death in the general population. Our results are in line with an earlier
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report, which described the independent relation of both markers with the risk of CV
mortality in type 2 diabetes.[3] Our results clearly extend results from individual studies
relating either CRP or albuminuria with CV mortality, which suggested independent
contributions of both markers beyond conventional risk factors in types of popula-
tions.[1-11] We show that the risk conveyed by CRP and albuminuria goes beyond the risk
held by conventional risk factors used in (absolute) risk scores: hypertension, hyperlipi-
demia, smoking and diabetes.[23] Regarding the strength of association of CRP and albu-
minuria with the short-term risk of mortality in our study, both markers may add prog-
nostic information in risk scores in the primary prevention of CV death.

Ridker et al already proposed CRP as a potential adjunct in global risk assessment in
the primary prevention of CV disease.[24] Regarding the strong and independent role of
albuminuria in CV risk prediction, the same proposition can be made for albuminuria.
Just recently, the JUPITER study group has initiated a clinical trial with a statin aimed at
reducing CV endpoints in subjects with elevated CRP, but normal lipid levels.[25] Since
pharmacological intervention in diabetic subjects with microalbuminuria has clearly
shown renal and cardiovascular benefit,[26-28] such albuminuria-targeted intervention
may also show benefit in primary prevention of CV disease and mortality. Recent data
from the PREVEND-IT study show that such a protection may well apply to the general
population as well (abstract: Asselbergs et al, Circulation 2004).

Only recently, a large case-control study by Danesh et al showed a significant, but
moderate predictive performance of CRP to the risk of coronary heart disease.[29] In con-
trast to our study and studies performed by Ridker et al,[30] blood pressure and especial-
ly total cholesterol appeared better predictors of coronary heart disease than CRP.
Reasons for these inconsistencies remain elusive.

Our results also add to our knowledge concerning the pathophysiological role of
inflammation and endothelial dysfunction in CV disease progression. The precise mech-
anism by which CRP and albuminuria increase the risk is not clear. Since CRP and albu-
minuria have been suggested to reflect intimately related processes in atherosclerotic vas-
cular disease, we had expected to find that the association between each marker and
death would be attenuated by the other. However, each parameter explained only a minor
part of variance of the other. How can we explain this relative independence of both
markers? A few issues need to be addressed.

First, the general opinion that CRP reflects the low-grade inflammation indicative of
atherosclerosis, which eventually leads to an acute coronary or cerebral event, warrants
consideration for two reasons. Coa et al already showed that elevated CRP levels pre-
dicted the risk of stroke in the elderly independent from carotid atherosclerosis as
assessed by intima-media thickness.[31] Further, our study indicates the non-specificity of
CRP as a marker of inflammation. An equally strong relation was found between CRP
and two competing death causes: CV and non-CV, though the risk estimate for non-CV
death was, although not statistically significant, higher relative to CV death (1.30 versus
1.19). In a case-control study, Gussekloo et al earlier found equally strong associations
between CRP and all-cause mortality as well as fatal stroke in the elderly (though not sta-
tistically assessed).[8] An equally strong relation was also found between albuminuria and
CV and non-CV death, though the risk estimate for CV death was higher relative to non-
CV death (1.23 versus 1.14). Higher levels of albuminuria may be more specific for CV
involvement relative to higher levels of CRP. It may be hypothesized that higher levels of
CRP may be less specific for atherosclerosis due to confounding from concurrent ill-
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nesses, whereas rising degrees of albuminuria may much more lack the influence of con-
founding factors.

Finally, CRP may reflect a different pathophysiological process in the general popu-
lation as compared to other populations. The concept of CRP being a marker of inflam-
mation in (vulnerable) coronary plaques or damaged myocardium comes from earlier
studies, in which it was shown that elevated CRP levels at hospital admission for myocar-
dial infarction strongly predicted CV outcome.[1] Subsequently, this inflammation
hypothesis was extended to populations at lower risk for CV events. Although the asso-
ciation between CRP and mortality was also apparent in the majority of studies in low
risk populations, the specificity of CRP as a marker of (unstable) atherosclerosis may be
higher in high-risk populations.

A number of risk factors, which may themselves be linked to mortality, are related to
CRP as well as albuminuria. These include diabetes, hyperglycemia, hypertension,
(abdominal) obesity, insulin resistance, dyslipidemia, smoking, renal function, prevalent
atherosclerosis as well as age or aging[32,33]. Adjustment for these factors only slightly
attenuated the relation between either CRP or albuminuria with the risk of death. Only
adjustment for age weakened the associations markedly. Interestingly, diabetes, elevated
blood pressure and total cholesterol were not retained in the multivariate model.

CRP and albuminuria have been associated with dysfunction of the coagulation and
fibrinolytic system as a proposed link between the two markers and CV death.[34,35]

Further, markers of leukocyte adhesion, like levels of soluble vascular and intercellular
adhesion molecule-1, have been related to the prevalence and the development of an
albuminuria.[36] We were also unable to control for those factors, which could explain the
relation between CRP, albuminuria and death, e.g. inflammatory processes equally relat-
ed to premature CV death (arthritis, subclinical atherosclerosis, chronic pulmonary dis-
ease et cetera). It is apparent that mechanisms underlying the increased CV risk of an
increased CRP as well as albuminuria require further elucidation.

The relation between CRP and non-CV mortality needs further exploration. In our
earlier report we have already discussed the relation between albuminuria and non-CV
death.[16] The incidence of non-CV death was mostly attributable to death from malig-
nant neoplasms. Risk factors related to elevated levels of pro-inflammatory proteins, like
obesity, increase the risk of cancer.[37] Further, the relation between CRP and non-CV
death could be related to the presence of malignancy at baseline. However, adjustment
for the presence of obesity, smoking or malignancies at baseline did not change the asso-
ciation between CRP and non-CV death.

We confirm the earlier finding of albuminuria being more related to CV as compared
non-CV death, although this discrimination was found non-significant. It may be due to
the smaller number of CV events relative to our previous report (65 in 7,726 subjects ver-
sus 178 cases in 40,856 subjects).[16] Further, the latter report included variables, which
were obtained from questionnaires, except for albuminuria itself.[16] In the present study,
we were able to adjust for measured blood pressure, total cholesterol and others. Further,
we added other factors like waist circumference and renal function into our models,
which were not included in our previous report. Most probably, these two factors atten-
uated the relation between albuminuria and CV death, resulting in a non-significant dis-
crimination between CV and non-CV death.

The present study has a number of limitations. To appreciate our findings of the cur-
rent study, some issues need to be addressed. First, our cohort consists of a selected sam-
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ple of subjects with an elevated urinary albumin concentration (>10 mg/L) and a ran-
domly selected sample of control subjects (<10 mg/L). This sampling procedure might
have introduced a selection bias and, therefore, this bias might affect absolute values and
point estimates. However, we added the variable ‘selection’ in our model, to control for
the sampling procedure.

Biological variability in terms of within-subject variability of both CRP and albu-
minuria is also a main issue. This variation can be as high as 40-50 percent for both
markers.[38,39] Misclassification due to variability may have caused underestimation of
the observed association between CRP and albuminuria with mortality, since this vari-
ability is not related to the explanatory and outcome measures (i.e. non-differential 
misclassification). Serial measurements might have improved our ability to estimate the
observed effects on mortality, as recently shown with respect to CRP and CV death.[40] If
CRP and/or albuminuria should be used in primary prevention, repeated assessments of
both markers will probably provide a more reliable risk calculation. On the other hand,
Danesh et al clearly showed that the long-term variation of CRP, blood pressure and 
cholesterol were comparable.[29] Therefore, this variability may have underestimated our
risk estimates, but comparisons between parameters and risk of mortality seems legiti-
mate.

A strong point of our study is the detailed measurement of well-known CV risk 
factors and indicators, so that we could control our analysis for factors that might be
regarded as important confounders of the association of both CRP and albuminuria
with mortality.
In conclusion, we show a strong and independent value of both CRP and albuminuria 
to risk of CV and non-CV mortality. Mechanisms underlying the increased CV and non-
CV risk held by an increased CRP and urinary albumin excretion require further eluci-
dation. There may be an important clinical role for both markers in CV risk assessment,
which goes beyond blood pressure and lipid screening alone. Because both markers 
provide independent prognostic information, and because both markers are modifiable
by different strategies, intervention studies may help to define optimal preventive treat-
ment in subjects with both elevated CRP levels and albuminuria.
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Abstract

Background Microalbuminuria is associated with an increased cardiovascular risk. We
assessed whether therapeutic intervention aimed at lowering urinary albumin excretion
will reduce cardiovascular events in microalbuminuric subjects (15-300mg/24h).

Methods and Results From the PREVEND cohort (n=8,592), 1439 subjects fulfilled the
inclusion criteria of PREVEND IT. From these subjects, 864 subjects were randomized to
fosinopril 20 mg or matching placebo and to pravastatin 40 mg or matching placebo. The
mean follow-up was 46 months and the primary endpoint was cardiovascular mortality
and hospitalization for cardiovascular morbidity. Mean age was 51 ± 12 years, 65% were
male, 3.4% had a previous cardiovascular event, mean cholesterol was 5.8 ± 1.0 mmol/l,
mean systolic/diastolic blood pressure was 130±18/76±10 mmHg, and the median uri-
nary albumin excretion was 22.8 (15.8 to 41.3) mg/24h. The primary endpoint occurred
in 45 (5.2%) subjects. Fosinopril reduced urinary albumin excretion by 26% (p<0.001).
Subjects treated with fosinopril showed a 40% lower incidence of the primary endpoint
(hazard ratio 0.60 [95% CI 0.33-1.10], p=0.098 (log-rank)). Pravastatin did not reduce
urinary albumin excretion and subjects treated with pravastatin showed a 13% lower
incidence of the primary endpoint than subjects in the placebo group (0.87 [0.49-1.57],
p=0.649 (log-rank)).

Conclusions In microalbuminuric subjects, treatment with fosinopril had a significant
effect on urinary albumin excretion. In addition, fosinopril treatment was associated
with a trend in reducing cardiovascular events. Treatment with pravastatin did not result
in a significant reduction in urinary albumin excretion or cardiovascular events.
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Introduction

Microalbuminuria is a common indicator for cardiovascular risk factors and is associat-
ed with an increased risk of cardiovascular morbidity and mortality in patients with an
increased risk profile, as well as in subjects of the general population [1;2]. It has been 
suggested that microalbuminuria may reflect the renal manifestation of a global abnor-
mality of vascular function even in subjects without diabetes or hypertension. So,
microalbuminuria might be an easy detectable marker for generalized vascular dysfunc-
tion, and might therefore identify subjects at risk for cardiovascular and renal events[3].
Several anti-hypertensive agents as well as statins have been shown to decrease cardio-
vascular and renal events [4-7]. In particular, ACE-inhibitors and angiotensin-II- receptor
antagonist appear to be superior to more conventional antihypertensive therapies [6;8;9].
ACE-inhibitors and angiotensin-II- receptor antagonist are also well-known to be supe-
rior in reducing urinary albumin excretion both in diabetic, non-diabetic and essential
hypertensive populations[6;9-11]. Interestingly, statins also, albeit less unequivocally docu-
mented, lower urinary albumin excretion [12;13].

Small clinical studies or post hoc analysis of large trials show that the degree of reduc-
tion of proteinuria or albuminuria during ACE-inhibitors or angiotensin-II- receptor
antagonist therapy is associated with the degree of cardiovascular and renal protection
[14]. However, it is unknown whether intervention specifically aimed at reducing urinary
albumin excretion will reduce cardiovascular events.

Therefore, in the Prevention of REnal and Vascular ENdstage Disease Intervention Trial
(PREVEND IT), we aimed to assess the ability of the ACE-inhibitor fosinopril and the
statin pravastatin to reduce the incidence of cardiovascular death, and hospitalization for
cardiovascular morbidity in a microalbuminuric population (15-300mg/24h).

Methods

The PREVEND IT is an investigator-initiated, single-center, double blind, randomized,
placebo-controlled trial with a 2x2 factorial design. Subjects were randomized to fosino-
pril 20 mg or matching placebo and to pravastatin 40 mg or matching placebo. Details of
the PREVEND IT objectives, design, and methods have been reported previously and are
summarized below [15].

Subjects
The PREVEND Intervention Trial is a substudy of the PREVEND program. The objec-
tive of the PREVEND program is to assess the value of microalbuminuria as an indica-
tor of increased cardiovascular and renal risk in the general population. In 1997-1998, all
inhabitants of the city of Groningen, the Netherlands, aged 28-75 years (n=85,421), were
asked to send in a morning urine sample and to fill out a short questionnaire on demo-
graphics and cardiovascular history. Response was received from 40,856 subjects
(47.8%). All subjects with a urinary albumin excretion of >10 mg/l (n=7,768) in their
morning urine together with a randomly selected control group with a urinary albumin
concentration of <10 mg/l (n=3,395) were invited to the outpatient clinic. A total of
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8,592 subjects completed the screening program. The key entry criteria of the PREVEND
IT were persistent microalbuminuria (once a urinary albumin concentration > 10 mg/l
in an early morning spot urine and at least once 15-300 mg/24 hours in 2x24-hour urine
samples), a blood pressure < 160/100 mmHg and not using antihypertensive medication
and a total cholesterol < 8.0 mmol/l, or < 5.0 mmol/l in case of previous myocardial
infarction, and not using lipid lowering medication. The cut-off values for blood pres-
sure and cholesterol were based on guidelines of the general practitioners from the
Netherlands in 1998. Important exclusion criteria were any of the following: creatinine
clearance < 60% of the normal age adjusted value and use of angiotensin-converting
enzyme inhibitors or angiotensin II receptor antagonists. A total of 1439 subjects fulfilled
the inclusion criteria of the PREVEND IT. Those subjects received a letter informing
them about PREVEND IT and were invited to the outpatient clinic. During this visit sub-
jects were verbally informed and were asked to read the informed consent form. At the
next visit, subjects were asked to sign informed consent. Subjects meeting the random-
ization criteria were allocated to a treatment number in the order in which they enter the
randomized study period. Randomization was performed in blocks of 20 based on com-
puter-generated randomization list by the pharmacy of Academic Hospital Groningen,
Groningen, The Netherlands. From April 1998 to June 1999, 864 subjects were willing to
participate in the PREVEND IT and were randomized to study medication (figure 1).
Every three months after start study medication, subjects were seen at the outpatient
clinic for registration of adverse events, primary endpoints, pill counts and assessment of
concomitant medication. A subject was considered compliant when more than 75% of
the supplied study medication was taken by the subject. When subjects developed an
indication for primary prevention due to natural course or to the implementation of new
guidelines, they were advised by PREVEND IT to visit the general practitioner, which was
responsible for primary care of the subject.

Figure 1. Trial design

Methods
The urinary albumin excretion was measured as the mean of two 24h-urine collections.
Urinary albumin concentrations were determined by nephelometry with a threshold of
2.3 mg l-1 and intra- and inter-assay coefficients of variation of less than 2.2% and 2.6%,
respectively (Dade Behring Diagnostic, Marburg, Germany). Systolic and diastolic blood
pressure measurements were calculated as the mean of the last two out of ten consecu-
tive measurements with an automatic Dinamap XL model 9300 series device (Johnson-
Johnson Medical INC, Tampa, Florida). Plasma glucose, serum total and LDL choles-
terol, serum creatinine were determined by Kodak Ektachem dry chemistry (Eastman
Kodak, Rochester, New York, U.S.A.).
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The primary endpoint was the combined incidence of cardiovascular mortality and hos-
pitalization for cardiovascular morbidity. Cardiovascular hospitalization was defined as
hospitalization for documented: [1] non-fatal myocardial infarction or myocardial
ischemia, [2] heart failure, [3] peripheral vascular disease, and/or [4] cerebrovascular acci-
dent. Non-fatal myocardial infarction was defined as all non-fatal events accompanied by
at least two out of four of the following which should include either new Q waves [3] and
/or enzyme elevation(4): 1. Presence or history of typical or atypical chest pain of at least
15 minutes duration. 2. ECG detection of ST segment changes of at least 0.1mV and/or
T wave inversion in at least 2 out of 12 leads. 3. ECG detection of new significant Q waves
in at least 2 out of 12 leads. 4. Elevation of measurements of total CPK and/or its isoen-
zyme CPK-MB in at least two samples drawn within 48 hours of development of chest
pain. CPK levels should be >2x the upper limit of normal local laboratory range and/or
CPK-MB/CPK ratio > 10%. Myocardial ischemia was defined as all ischemic events
accompanied by the appearance of a ST segment change of >0.1mV and/or T wave inver-
sion in at least 2 of 12 leads or objective evidence by other means than ECG or a need 
for revascularisation (PTCA/CABG) and severe enough to justify immediate hospital
admission. Heart failure was regarded as heart failure for which hospital admission (hos-
pitalization or documented outpatient clinic visit) is necessary and for which there is
objective evidence of left ventricular dysfunction or for which specific medication,
diuretics and ACE inhibitors, is needed. Peripheral vascular disease was diagnosed when
PTA or bypass operation was necessary. Cerebrovascular accident was diagnosed when
one of the following symptoms was present: recent onset of severe headache, loss of
consciousness or unequivocal objective findings of a localizing neurologic deficit and
duration longer than 24 hours and absence of other disease process causing neurologic
deficit such as neoplasm, subdural hematoma, cerebral angiography or metabolic disor-
der in combination with an abnormal CT-scan or MRI-scan.
An independent endpoint committee reviewed all endpoints. The members of this end-
point committee had no knowledge of the subject’s treatment assignment.

An independent data and safety monitoring committee regularly monitored the progress
of the study. The study was approved by the Institutional Review Board and conducted
in accordance with the guidelines of the declaration of Helsinki. Informed consent was
obtained from all subjects before randomization.

Statistical analysis
The rate of renal and cardiovascular events in our population is unknown. In elderly
non-diabetics with microalbuminuria, the 5-year mortality was 30%, whereas this was
only 8% in the elderly without microalbuminuria[16]. All-cause mortality in microalbu-
minuric diabetic subjects was about 18% in 5 year versus 8% in normo-albuminuric dia-
betics[17]. In treated hypertension, combined cardiovascular mortality and morbidity was
15% after 4 years in patients with initial microalbuminuria and approximately 4% in
patients without microalbuminuria[18]. Based on these numbers, we estimated the event
rate in our population at approximately 15%. The planned sample size of 450 subjects in
each medication group (450 fosinopril vs. 450 placebo or 450 pravastatin vs. 450 place-
bo given the 2 x 2 factorial design) provides approximately 80% power to detect a 
difference between medication and placebo in the incidence of the events stated under
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primary endpoints. Assumptions include a 5% level of significance and event rate of
9.5% in the fosinopril or pravastatin group and 15% in the placebo group. Baseline char-
acteristics are given as means ± standard deviation. In case of a skewed distribution the
median (interquartile range) was used. Two way analysis of variance was used to test
whether or not the dependent variable changes significantly with each of the two treat-
ments (while taking into account the effects of the other treatment) as well as to test
whether or not the effect of e.g. fosinopril does not depend on pravastatin. Due to the
skewed distribution, albuminuria was transformed to natural logarithm. To take account
of the chance imbalances at baseline for albuminuria between the two treatment groups
a two-way analysis of covariance was used with the baseline score as a covariate. Times
to first occurrence of outcomes are presented as Kaplan-Meier estimates and statistical
differences between placebo and active treatment was analyzed by log-rank.
Furthermore, results are summarized by Hazard (risk) ratios or relative risks with 95%
confidence intervals based on robust standard error estimates. The impact of baseline
urinary albumin excretion was evaluated by dichotomizing post-hoc the parameter into
the lowest four quintiles against the highest quintile. A χ2 test for heterogeneity was used
to determine the proportional effects observed in the specific subcategories of albumin-
uria. All analyses were performed on an intention-to-treat basis and p-values were two-
sided and needed to be <0.05 to be significant. All calculations were performed with
SPSS version 10.1 software (SPSS, Chicago, IL, USA).
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Table 1. Summary of Demographics and Baseline Characteristics of the PREVEND
Intervention Trial (n=864)*.

Variables Fosinopril Pravastatin

Placebo Active Placebo Active

n = 433 n= 431 n=431 n=433 

Age (years) 51.5 ± 11.4 51.1 ± 12.2 50.5 ± 11.7 52.1 ± 11.9

Male gender (%) 63.7 66.1 62.2 67.7

Caucasian (%) 97.0 95.1 96.8 95.4

Smoking (%)

Past 31.4 34.4 34.1 31.6

Current 43.6 36.2 37.6 42.3

Systolic Blood Pressure (mmHg) 131 ± 18 129 ± 17 130 ± 17 131 ± 18

Diastolic Blood Pressure (mmHg) 76 ± 10 76 ± 10 76 ± 10 77 ± 10

Cholesterol (mmol/l) †

Total 5.7 ± 1.0 5.8 ± 1.1 5.8 ± 1.0 5.8 ± 1.0

HDL 1.0 ± 0.4 1.0 ± 0.3 1.0 ± 0.4 1.0 ± 0.3

LDL 4.0 ± 0.9 4.1 ±1.0 4.0 ± 1.0 4.1 ± 1.0

Triglycerides (mmol/l) † 1.3 (0.9 to 1.9) 1.4 (0.9 to 2.0) 1.3 (0.9 to 1.9) 1.4 (0.9 to 2.0)

Glucose (mmol/l) 5.0 ± 1.2 4.9 ± 1.0 4.9 ± 0.9 5.0 ± 1.2

Serum creatinine (µmol/l) 89 ± 14 92 ± 14 90 ± 14 91 ± 14

Albuminuria (mg/24h) 22.1 (15.3 to 39.4) 23.5 (16.8 to 43.9) 23.5 (16.1 to 42.5) 22.2 (15.6 to 40.8)

Body Mass Index (kg/m2) 26 ± 5 26 ± 4 26 ± 4 26 ± 4

Diabetes Mellitus (%) 2.8 2.3 2.3 2.8

Prior event (%) 2.5 4.2 4.4 2.3

Myocardial Infarction (%) 0.2 0.7 0.7 0.2

Angina Pectoris (%) 0.5 0.7 0.5 0.7

Coronary Angioplasty or Bypass (%) 0.5 1.2 0.9 0.7

Heart Failure (%) 0 0 0 0

Cerebrovascular Accident (%) 0.2 1.4 1.2 0.5

Peripheral vascular disease (%) 0.5 0.7 0.7 0.5

Aspirin and anti-platelet agents (%) 2.8 2.1 3.5 1.4

Beta-blockers (%) 1.4 0.7 1.4 0.7

Nitrate (%) 0.5 0.5 0.9 0

Diuretics (%) 0.7 0.7 0.9 0.5

Calcium channel blockers (%) 0.9 0.9 1.2 0.7

Digoxin (%) 0.9 0.7 0.9 0.7

* Plus-minus values are means ± SD. Median (25th to 75th percentile) was used for triglycerides and albuminuria, which

were skewed distributed.

† To convert values for cholesterol to mg/dl, divide by 0.02586. To convert values for triglycerides to mg/dl, divide by

0.01129.

Results

Baseline characteristics of all randomized subjects are summarized in table 1. These
characteristics show a middle-aged population with a low prevalence of diabetes melli-
tus, and a relatively normal mean blood pressure and cholesterol level at baseline.
Furthermore, there is a low prevalence of subjects who have a previous cardiovascular
event or use cardiovascular drugs.
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In the fosinopril versus placebo arm, 70.7 % of the subjects in the placebo group and 63.3
% in the fosinopril group showed compliance above 75% after 4 years of follow-up. In
the pravastatin versus placebo arm, 66.4 % of the subjects in the placebo group and 74.1
% in the pravastatin group showed compliance above 75% after 4 years of follow-up. 5.2
% of the subjects received open-label ACE-inhibitor and 3.5 % open-label statin during
follow-up as prescribed by their general physicians. Fosinopril dose was reduced to 10
mg in 29 subjects (3.4%) because of side effects. Reasons for permanent treatment with-
drawal are presented in table 2.

Table 2. Reasons for premature discontinuation (n=864).

Fosinopril Pravastatin

Placebo Active Placebo Active

n = 433 n= 431 n=431 n=433 

Intolerability for pravastatin 2 (0.5%) 0 22 (5.1%) 13 (3.0%)

Intolerability for fosinopril 18 (4.2%) 58 (13.5%) 2 (0.5%) 5 (1.2%)

Death 4 (0.9%) 5 (1.2%) 4 (0.9%) 6 (1.4%)

Geographic reasons 3 (0.7%) 3 (0.7%) 3 (0.7%) 2 (0.5%)

Other medical reasons* 32 (7.4%) 17 (3.9%) 33 (7.7%) 23 (5.3%)

Refusal to continue study medication 36 (8.3%) 34 (7.9%) 42 (9.7%) 27 (6.2%)

Withdrawal consent 5 (1.2%) 5 (1.2%) 5 (1.2%) 5 (1.2%)

Other reasons 10 (2.3%) 8 (1.9%) 6 (1.4%) 11 (2.5%)

*Including study endpoints.

As shown in table 3, fosinopril treatment resulted in a slight but significant fall in systolic
and diastolic blood pressure as well as on short term as long term follow-up. In addition,
pravastatin lowered total cholesterol and LDL cholesterol significantly during follow-up.
No significant effect was found on the level of HDL cholesterol and triglycerides. No sig-
nificant differences were found in lipid levels between the fosinopril and placebo group.
In addition, pravastatin did not lower systolic and diastolic blood pressure in compari-
son to placebo.
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Table 3. Mean (SD) blood pressure and lipid levels by treatment and visit (n=864).

Systolic blood pressure Diastolic blood pressure Total Cholesterol † LDL- cholesterol †

(mmHg) (mmHg) (mmol/l) (mmol/l)

Placebo Fosinopril Placebo Fosinopril Placebo Pravastatin Placebo Pravastatin 

Baseline 131±18 129±17 76±10 76±10 5.8±1.0 5.8±1.0 4.0±1.0 4.1±1.0

n=433 n=431 n=433 n=431 n=430 n=432 n=427 n=432

3 months 133±18 124±17* 76±10 72±9* 5.7±1.0 4.7±0.9* 3.8±0.9 2.9±0.8*

n=409 n=411 n=409 n=411 n=405 n=412 n=403 n=412 

1 years 131±18 125±18* 77±10 74±10* 5.6±1.0 4.7±1.0* 4.1±1.6 3.1±0.8*

n=418 n=409 n=418 n=409 n=409 n=412 n=409 n=412

2 years 130±18 126±18* 77±9 75±10* 5.6±1.0 4.7±1.0* 3.9±0.9 3.1±0.9*

n=402 n=398 n=402 n=398 n=395 n=394 n=392 n=394

3 years 131±18 125±17* 77±9 74±9* 5.7±1.1 4.8±1.0* 4.0±1.0 3.1±0.9*

n=394 n=384 n=394 n=384 n=385 n=385 n=384 n=385

4 years 132±18 129±18* 78±9 76±9* 5.6±1.1 4.8±1.0* 3.9±0.9 3.1±0.9*

n=392 n=388 n=392 n=388 n=382 n=376 n=379 n=375

† To convert values for cholesterol to mg/dl, divide by 0.02586.

* P<0.05, active treatment versus its matching placebo.

The effect of treatment on urinary albumin excretion is presented in table 4. Urinary
albumin excretion was significantly lowered by fosinopril in comparison to placebo dur-
ing the whole study period. Pravastatin did not have any effect on albuminuria during
the four years of follow-up.

Table 4. Median (interquartile range) urinary albumin excretion (mg/24h) by treatment
and visit (n=864).

Fosinopril Pravastatin

Placebo Active Placebo Active

Baseline 22.1 (15.3 to 39.4) 23.5 (16.8 to 43.9) 23.5 (16.1 to 42.5) 22.2 (15.6 to 40.8)

n=433 n=431 n=431 n=433

3 months 22.2 (14.0 to 41.4) 17.6 (12.8 to 31.2)* 20.1 (13.4 to 38.2) 19.8 (13.2 to 34.5)

n=399 n=404 n=398 n=405

1 year 23.7 (15.5 to 41.7) 19.2 (12.8 to 33.7)* 21.2 (13.9 to 39.9) 20.7 (13.3 to 36.7)

n=377 n=383 n=372 n=388

2 years 23.4 (14.9 to 45.0) 19.1 (12.2 to 38.9)* 21.4 (13.5 to 42.0) 21.6 (13.4 to 42.7)

n=354 n=356 n=345 n=365

3 years 22.1 (13.1 to 43.0) 17.8 (11.2 to 38.1)* 20.1 (12.2 to 43.1) 20.8 (11.9 to 39.1)

n=342 n=345 n=335 n=352

4 years 23.2 (13.4 to 42.6) 18.6 (11.0 to 39.9)* 20.3 (12.5 to 40.5) 21.8 (11.6 to 41.9)

n=323 n=324 n=314 n=333

* P<0.05, active treatment versus its matching placebo.
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During a mean follow-up of 46 ± 7 months, the primary endpoint occurred in 45 (5.2%)
subjects. Subjects treated with fosinopril had a 40% lower incidence of the primary end-
point than subjects did in the placebo group (3.9% versus 6.5%, p=0.098, figure 2).
Subjects treated with pravastatin had a 13% lower incidence of the primary endpoint
than subjects did in the placebo group (4.8% versus 5.6%, p=0.649, figure 2). The inci-
dences of the individual endpoints in the different treatment groups are given in table 5.
Interestingly, a 90% reduction was observed in cerebrovascular events in the group treat-
ed with fosinopril (Relative risk of event [95% confidence interval]: 0.10 [0.01-0.78],
p=0.03). The incidence of non-cardiovascular mortality was 1.9 % in the fosinopril
group versus 2.1 % in its placebo group and 2.1 % in the pravastatin group versus 1.9%
in its placebo group. Using a post-hoc Cox regression analysis, the effect of fosinopril and
the effect of pravastatin did not change substantially after respectively adjusting for sys-
tolic, diastolic blood pressure, and after adjusting for total cholesterol levels. Similar
point estimates were demonstrated after stratification for pravastatin or its placebo in the
fosinopril analyses and for fosinopril or its placebo in the pravastatin analyses. When the
study population is divided in 4 groups to investigate an additive effect between fosino-
pril and pravastatin, the event rate was 6.9 % in the placebo group, 4.2% in the fosino-
pril group, 6.0 % in the pravastatin group and 3.7 % in the group with both treatments.
The event rates between fosinopril or pravastatin alone and the combination therapy
were not significantly different.

Figure 2. Kaplan-Meier estimates of the incidence of cardiovascular events in the fosinopril
and its matching placebo group and pravastatin and its matching placebo group. Hazard
ratios [95% confidence interval] are given.

Furthermore, subjects with a urinary albumin excretion in the upper quintile receiving
placebo had an increased risk for developing a cardiovascular event (figure 3, p=0.008).
In subjects with an albuminuria level below 50mg/24h, fosinopril reduced the events
from 5.1 % to 3.6 %, which is a relative risk reduction of 29 % whereas in subjects with
a high albumin excretion, fosinopril reduced the events from 13.0% to 5.2%, a relative
risk reduction of 60 % (heterogeneity p=0.35). Subjects with a urinary albumin excre-
tion in the upper quintile receiving fosinopril had a comparable event free survival as
subjects with a urinary albumin excretion in the lowest four quintiles (figure 3).
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Figure 3. Kaplan-Meier estimates of the incidence of cardiovascular events in the fosinopril
and placebo group divided by a urinary albumin excretion (UAE) more or less than
50mg/24h.

Discussion

This study showed that treatment of microalbuminuric subjects with fosinopril during 4
years had a significant effect on urinary albumin excretion. In addition, fosinopril treat-
ment was associated with a trend in reducing cardiovascular events. Four years treatment
with pravastatin did not result in a significant reduction in urinary albumin excretion or
cardiovascular events. Subjects with a urinary albumin excretion in the highest quintile
had a significant higher incidence of the primary endpoint and fosinopril had a marked
outcome protection in this group to a level of risk that was comparable to the group with
a urinary albumin excretion in the lowest four quintiles.

Microalbuminuria 
The PREVEND IT included subjects who had a marginally increased urinary albumin
excretion from 15 mg/24 hours at baseline. By definition the level of microalbuminuria
is set at a urinary albumin excretion of 30 to 300 mg/24 hours. These cut-off values are
derived from prospective studies in insulin-dependent diabetes mellitus patients, and
were based on various stages of diabetic nephropathy [1]. It has been speculated that uri-
nary albumin excretion levels relevant for predicting cardiovascular disease might be
lower in the non-diabetic population, and studies showed that microalbuminuria can be
a marker of cardiovascular disease at a lower cut-off value[2;19;20]. Since there were no
data available from prospective studies at the time of the design of the PREVEND IT
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study for normotensive or non-diabetic subjects, we defined the entry criterion for an
increased urinary albumin excretion as 15-300 mg/24 hour. The results of the present
study show that there is a direct relation between the level of urinary albumin excretion
and long-term clinical outcome.

Effect of ACE inhibitor intervention
Treatment with fosinopril resulted in the PREVEND IT study in a rapid and long lasting
reduction in urinary albumin excretion. Earlier studies already documented the benefi-
cial effect of ACE-inhibitors on urinary albumin excretion [8;21]. Clinical beneficial effects
of ACE inhibition in microalbuminuric subjects have been well-documented[10;11;22].
However, it is important to realize that these previous studies with diabetic subjects used
higher cut-off values than PREVEND IT. The study described by Ravid et al. included
normotensive subjects with type II diabetic patients with microalbuminuria 
(30-300mg/24h) and demonstrated a beneficial effect of enalapril on albuminuria[10].
The Collaborative Study Group performed a trial in type I diabetics with proteinuria 
(> 500mg/24h) and the urinary protein excretion was lower in the captopril group after
4 years of treatment[22]. In addition, ramipril also decreased the urinary albumin excre-
tion measured as albumin/creatinine ratio[11]. In contrast to these previous studies, PRE-
VEND IT included a few diabetics and used a lower cut-off value to identify high-risk
subjects. Furthermore, PREVEND IT is the first study evaluating the effect of ACE inhi-
bition specifically aimed at targeting microalbuminuria. Other clinical endpoint studies
evaluating the use of ACE inhibition in cardiovascular risk patients are the HOPE and
EUROPA trial[4;5]. Patients in HOPE were 55 years or older with documented cardiovas-
cular disease or diabetes with an additional risk factor. Patients in EUROPA were at least
18 years and had documented coronary heart disease. Major annual event rates were
higher in HOPE compared to EUROPA. Patients in PREVEND IT were at a substantial-
ly lower risk level compared to both HOPE and EUROPA. Nevertheless, ACE-inhibition
seemed to be beneficial in all three studies. On the other hand, both in HOPE, EUROPA,
and PREVEND IT, treatment with the ACE-inhibitor inevitably resulted in a decrease of
blood pressure. Therefore, we cannot exclude the possibility that our results can be part-
ly explained by the reduction of blood pressure, although adjustment for systolic and
diastolic blood pressure did not change the effect of fosinopril on outcome. On the other
hand, cerebrovascular events in the study were significantly reduced, making it tempting
to suggest that pressure responses indeed played a role in this population.

Effect of statin intervention
This trial is the first to assess the effects of an intervention with a statin in microalbu-
minuric subjects with relatively normal plasma cholesterol. Only a limited number of
studies have evaluated the effect of a statin on urinary albumin excretion. These studies
were performed in type 2 diabetic patients with hyperlipidemia or in patients with pro-
teinuria. A study performed by Tonolo et al. showed in normotensive type 2 diabetic
patients that simvastatin decreases urinary albumin excretion [12]. In PREVEND IT, no
early or late effect was seen on urinary albumin excretion when compared to placebo.

Treatment with pravastatin had no effect on the primary endpoint in the PREVEND IT
trial despite a significant reduction in total cholesterol and LDL cholesterol concentra-
tions. On the basis of cholesterol lowering, a reduction in clinical events in the order of
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25 % could have been expected[23]. However, the study was powered to detect a reduc-
tion of 35% in the primary endpoint at an incidence rate of 15% in the placebo group.
Long term benefit of cholesterol lowering in this patient population cannot be excluded.

Limitations
At the time this study was designed, no data were available about the event-rate in
microalbuminuric subjects derived from the general population. The event-rate is lower
than expected beforehand, which is an important message for researchers designing pri-
mary prevention trials. Despite this low event-rate, a substantial relative risk reduction
was observed after 4 years of treatment with fosinopril. When we divided our population
in high- and low albuminuria, the expected event rate was observed in subjects with a
high level of albuminuria. Still, a relative risk reduction of 29% was demonstrated in sub-
jects with low albuminuria. Irrespective of the lower than expected power of the trial, the
findings are very consistent. Therefore, we feel that the conclusions are not based on a
chance finding.
Another limitation is the lack of an active control arm with blood-lowering drugs not
targeting the renin-angiotensin system. Only then, it is possible to conclude a beyond
blood-lowering effect of ACE-inhibitors.

Conclusion

PREVEND IT does not generate a definite answer on the question whether primary 
prevention is indicated in microalbuminuric subjects without any other indication for
primary prevention. However, the results of the intervention with fosinopril, particular-
ly in the high albuminuria (higher risk) group, support the hypothesis that a treatment
with a significant favorable effect on urinary albumin excretion rate is associated with a
beneficial clinical outcome. Therefore, the results of the PREVEND IT favors further
(larger) studies in subjects with microalbuminuria, but with no other indication for 
primary prevention. Moreover, intervention directed at the renin-angiotensin system
appears to be the therapy of first choice in such studies.
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Abstract

Background Cardiovascular disease (CVD) is one of the leading causes of death in many
countries. Many studies have proven secondary prevention to be cost-effective, but only
a few reports thus far proved cost-effectiveness in primary prevention, in particular with
respect to nephrologic markers.

Objective To estimate cost-effectiveness of screening the general population for elevated
albumin levels with subsequent fosinopril treatment to prevent cardiovascular events.
The PREVEND-IT (Prevention REnal and Vascular ENdstage Disease Intervention Trial)
was a single centre, double blind, randomised placebo-controlled trial with a two-by-two
factorial design to assess the effects of fosinopril 20 mg and pravastatin 40 mg on car-
diovascular events in 864 subjects with a urine albumin excretion (UAE) in the range of
15-300mg/day, blood pressure < 160/100 mmHg and plasma cholesterol level < 8.0
mmol/l. Next to the individual data of the PREVEND-IT study, observational data from
the larger PREVEND-study were used. Evaluation of treatment was based on the PRE-
VEND-IT study, whereas the screening part of our analysis was primarily based on the
observational data gathered among the trial participants and beyond. Cost-effectiveness
estimates were produced for the Dutch population, concerning a screening program
based in the general community.

Intervention and mean outcome measures The intervention concerned involves com-
munity-based screening for elevated albumin levels, with subsequent fosinopril treat-
ment to prevent cardio-vascular events. Cost-effectiveness was expressed in net costs per
life-year gained (LYG) in the baseline and (stochastic) sensitivity analysis.

Results Cardiovascular events occurred in 45 (5.2%) subjects included in PREVEND-IT.
Patients treated with fosinopril showed a 40% lower incidence of cardiovascular events
than patients in the placebo group (3.9% versus 6.5%, respectively, p=0.098). Cost-effec-
tiveness of screening for elevated albuminuria was €16,710/LYG (ranging from €6,100 to
€25,400 in sensitivity analysis). Stochastic analysis indicated that the probability of cost-
effectiveness below the suggested Dutch threshold for cost-effectiveness of €20,000 per
LYG is 61% in the baseline, increasing to 92% if only those subjects are treated with fos-
inopril showing a UAE in the range of 50-300 mg/day. Also, limiting the screening to only
those aged 50 and over improved cost-effectiveness considerably.

Conclusions Screening the general population for elevated albuminuria and subsequent
treatment with fosinopril of those found positive may well be cost-effective due to pre-
venting cardiovascular events.
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Introduction

Cardiovascular disease (CVD) is one of the leading causes of death in many countries[1-

2]. In the Netherlands, CVD accounts for about 11% of all health care costs [3]. Various 
trials demonstrated the health benefits connected with treatments to prevent CVD. Many
studies have proven secondary prevention to be cost-effective [4-7], but only a few reports
thus far have investigated cost-effectiveness in primary prevention, in particular with
respect to nephrologic markers [8-9].

Primary prevention based on albumin level measurements in the general community
presents one option, to be investigated in this paper. One recent paper by Boulware et al
in this journal addressed exactly this issue for a primary-care based screening in the USA
[10]. However – as already indicated in our letter to the editor of the JAMA [11] - we argue
that the approach chosen by Boulware et al[10] of economically analysing screening for
dipstick proteinuria with follow-up angiotensin-converting enzyme (ACE) inhibitor
treatment to avert renal damage should be extended. In particular, the approach should
comprise (1) micro-albuminuric subjects detected by the screening and (2) prevention
of CVD-events for such subjects.
Because the incidence of proteinuria was less than 1% in the study by Boulware et al,
their approach requires screening of many individuals to find one case. Based on Dutch
data, we found a prevalence of 0.6% for proteinuria, similar to Boulware et al. [12].
However, the prevalence of micro-albuminuria was substantially higher at 5.5%, and sig-
nificantly less individuals are to be screened (and costs made) to find one subject.
PREVEND-IT (Prevention of REnal and Vascular ENdstage Disease Intervention
Trial)[13] was conducted as a single centre Dutch study, in a two-by-two factorial design
to assess the ability of the ACE-inhibitor fosinopril and the HMG CoA Reductase
Inhibitor pravastatin to reduce the incidence of cardiovascular events in subjects with
albuminuria. Patients treated with fosinopril showed a 40% lower incidence of the pri-
mary endpoint on CVD-events than patients in the placebo group.
This paper investigates whether screening for micro-albuminuria is worthwhile from a
pharmacoeconomic perspective, based on observational data of the PREVEND-study[14-

15] and trial-gathered data in the PREVEND-IT study [12-13].

Methods

The design and principal results of the PREVEND-IT-trial have been reported in detail
elsewhere.[12,13] Briefly, the PREVEND-IT-trial is part of the ongoing PREVEND study
[14-15]. PREVEND was designed to study the impact of elevated albuminuria levels on
cardiovascular and renal morbidity and mortality in the general population. In 1997-
1998 the pre-screening phase started, in which all inhabitants of the city of Groningen
(North of the Netherlands), aged 28 - 75 years (n=85,421), were asked to send in a morn-
ing urine sample for measurement of the urinary albumin concentration (UAC) and to
fill out a short questionnaire on demographic and cardiovascular history. Responses in
this pre-screening phase were received from 40,856 persons. All subjects with an UAC >
10 mg/l (n=7,768) in their morning urine, together with a randomly selected control
group with non-elevated albumin concentrations (< 10 mg/l; n=3,395), were subse-
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quently invited to the outpatient clinic for extended testing and further assessment of
cardiovascular risk factors and detailed inventory of cardiovascular and renal morbidity.
Subjects who reported pregnancy or insulin-using diabetics were excluded. A total of
8,592 subjects completed the screening program, in which amongst others two further
urine samples were collected for accurate measurement of the 24 hours urinary albumin
excretion (UAE). Of the 8,592 subjects, 1,106 subjects had a high-normal UAE (15-30 mg
albumin/day) and 932 had micro-albuminuria (30-300 mg albumin/day).
In principle, subjects from the PREVEND-screening with high-normal UAE or micro-
albuminuria were eligible for inclusion in the PREVEND-IT-trial. Further formal 
inclusion criteria of the PREVEND-IT-trial were persistent albuminuria (once a urinary
albumin concentration > 10 mg/l in the early morning spot urine and at least one meas-
urement of 15-300 mg/24 hours in two 24-hours urine samples), a blood pressure 
< 160/100 mmHg, the absence of anti-hypertensive and lipid lowering medication and a
total cholesterol < 8.0 mmol/l, or < 5.0 mmol/l in case of previous myocardial infarction.
A total of 864 subjects fulfilled all formal inclusion criteria for PREVEND-IT and were
willing to participate in the trial. These subjects were randomized to fosinopril 20 mg or
matching placebo and to pravastatin 40 mg or matching placebo.
The primary endpoint of PREVEND-IT was incidence of cardiovascular events; defined
as cardiovascular mortality, non-fatal myocardial infarction or myocardial ischemia,
heart failure, peripheral vascular disease or cerebrovascular attack.
During follow-up (46+7 months), the primary endpoint occurred in 45 (5.2%) subjects,
of which 17 events were in the fosinopril group (n=431) and 28 in the placebo group
(n=433). Patients treated with fosinopril had a 40% lower incidence of the primary end-
point than patients in the placebo group (3.9% versus 6.5%, respectively; p= 0.098).
Pravastatin resulted in a 13% lower incidence of the primary endpoint compared to
placebo (4.8% versus 5.6%, respectively; p=0.649).

Design

Cost-effectiveness of screening for albuminuria was estimated in the baseline analysis
and sensitivity analysis (in particular, stochastic- and subgroup analysis). In all calcula-
tions, fosinopril treatment subsequent to detection in the screening was assumed, as this
study drug showed a relevant (although not statistically significant at the conventional
cut-off) effect on the incidence of cardiovascular events. For this purpose, subjects with
fosinopril (n=431) were compared with those 433 subjects receiving the fosinopril place-
bo (in the two by two factorial design this means that half of the subjects with fosinopril
and half of those with placebo also got pravastatin). This approach optimised the num-
ber of patients to be included for our analysis. In sensitivity analysis, we analysed cost-
effectiveness based on that half of the study population in the factorial design, not receiv-
ing pravastatin (215 subjects having fosinopril and placebo versus 216 subjects on dou-
ble placebo).
The study adopted the Dutch health-care perspective and focused on the costs of hospi-
tal resource use for CVD-events: hospitalisations, diagnostics and therapeutic proce-
dures. Additionally, the costs for the screening procedure and the drug costs of fosinopril
were estimated. Patient-level data on resource use were collected over the full period of
study follow-up. All costs were expressed in 2002 €’s.
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Costing

Hospital costs
Costs associated with diagnostic and therapeutic procedures for the cardiovascular
events of the primary endpoint were derived by multiplying resource use with unit costs
taken from the Dutch Tariff Book 2002 [16]. Daily inpatient costs on a regular ward were
€199 in a general hospital and €279 in an academic hospital and €889 for ICU, accord-
ing to the Dutch reference prices for pharmacoeconomic evaluation [17-18]. These costs
included specialist, residence and nursing fees. Costs for laundry, nutrition, accommo-
dation and cleaning, overhead and equipment were also included. Medication costs –
other than the study drugs - during hospitalisation were not included. Furthermore, the
out-patient-visit costs were taken into account at €40 in a general hospital and €70 in an
academic hospital [17]. Obviously, every subject with an event had different total hospital
costs, depending on the individually consumed diagnostics and therapeutic procedures,
the length of hospital stay and the number of visits to the out-patient clinic.

Drug costs
The costs of fosinopril were based on the actual consumption during the study follow-
up. The costs for the general practitioner (€18/visit) and pharmacist’s fee (€6/prescrip-
tion per 3 months) related to the drug(s) were also taken into account (no additional vis-
its to the GP were assumed for adverse effects of fosinopril). The costs of medication
were obtained from the Dutch Pharmacotherapeutic Guidelines[19].

Screening costs – Screening costs were estimated from the observational PREVEND study.
The costs for the pre-screening program, for 85.421 persons initially approached,
amounted to €62,700 for apparatus, €76,800 for administration, €61,800 for laboratory
materials and €81,400 for personnel. The costs for the screening program were €73,600
for apparatus, €9,100 for administration, €90,000 for laboratory materials, and €328,200
for personnel. For personnel costs, those related to researchers (epidemiologists and stat-
isticians) were excluded, as these would not be part of a routine screening program
assumed here. All together the costs for the pre-screening and screening program
amounted to €282,700 and €500,900, respectively, adding to €783,600. The screening
costs to find one person with micro-albuminuria or high-normal UAE was subsequent-
ly estimated at €385, based on 2,038 persons with such characteristics. In subgroup
analysis, limitation of treatment to those with a UAE 30-300 mg/day (n=319) or UAE 50-
300 mg/day (n=169) was investigated with corresponding higher costs to find one such
person (€841 and €1,238, respectively). Screening costs are summarized in Table 1.

Table 1. Costs of screening in €’s (price level: 2003)

Total prescreening costs (40,856 subjects) 282,727
Total screening costs (8,592 subjects)) 500,909
UAE 15-300 mg/day (2,038 subjects) 385*
UAE 30-300 mg/day (932 subjects) 841*
UAE 50-300 mg/day (633 subjects) 1,238*

* screening costs to find one micro-albuminuric person
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Cost-effectiveness Analysis
Cost-effectiveness was expressed in net costs per life-year gained (LYG). In the baseline
analysis, net costs result from investment costs in the screening and the costs for fosino-
pril treatment minus benefits of averted costs related to averted events; i.e. screen & treat
is compared to no screening or “doing nothing”. Life-years gained were based on losses
in remaining life expectancies of subjects with events in both groups (fosinopril and
placebo). Loss in remaining life expectancy after a cardiovascular event was estimated
using the Dutch adaption of the Framingham study2 and standard Dutch life-tables
(data for 1998 – 2002 of the Central Bureau of Statistics) [20]. Table 2 lists these assump-
tions (for ages in between those presented interpolation was used). Monetary amounts
and life-years gained were discounted at 4%, according to the Dutch guidelines for
Pharmaco-economic research [20].

Table 2. Remaining life expectancy for the general population and for those subjects with a
cardiovascular event (CVE) at various Ages.

Age General* After CVE†
Male
50 27.8 15.9
60 19.3 12.3
70 12.1 8.8
80 6.8 5.3

Female
50 32.4 20.3
60 23.5 16.1
70 15.4 11.0
80 8.7 7.0

* Dutch Life Tables (the Netherlands Central Bureau of Statistics)

† Framingham life tables adapted to the Dutch population2

Statistical analysis

The bootstrap method (1000 replications) was used to derive 95% confidence intervals
for net costs per LYG (cost-effectiveness ratio; CER) [22-23]. In particular, the parametric
bootstrap was used, assuming a bivariate normal distribution for mean net costs and
mean effect (LYG) [24-25]. To describe the uncertainty in the estimates of the CER, we con-
structed cost-effectiveness acceptability curves [26]. These curves show probabilities that
the intervention of screening and treatment is acceptable given a specific threshold above
which the CER is considered unfavorable and below which it is considered favorable. In
cost-effectiveness acceptability analysis, we report the median CER and the percentage
corresponding to €20,000 per LYG, as this figure is the only published threshold for the
Netherlands up to now [27]. We do however note that this threshold is not undisputed
and its use should be interpreted with cautiousness.
Sensitivity analysis – Further sensitivity analysis was particularly directed at performance
in different subgroups. A number of subgroup analyses have been carried out in order to
explore the variation of the results and the potentials for targeted implementation.
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Results

The primary endpoint in the PREVEND-IT trial occurred 17 times in the fosinopril
group and 28 in the placebo group.

Costs
The costs of cardiovascular events were calculated from the clinical trial at €206 and €148
per subject, in the fosinopril and placebo groups, respectively (Table 3). Per-person costs
in the fosinopril group were slightly higher than in the placebo group, primarily because
patients (persons with events) in the fosinopril group more often underwent coronary
artery bypass grafting (CABG) compared to the placebo group.
Above costs were applied to the screen & treat and the no screening strategies, respec-
tively (Table 3). Adding estimated intervention costs at €1306 for fosinopril treatment
(inclusive GP’s - and pharmacist’s shares) and screening costs at €385, resulted in esti-
mated mean costs of €1888 (1815 if discounted) per person in the screening program.
Obviously, no further costs for screening nor for treatment were considered for the no
screening option, and resulting total costs were €147 (144 if discounted) per person
(Table 3). The difference in discounted costs between screen & treat versus no screening
was thus estimated at €1,671 (Table 3).

Table 3. Estimated mean costs in €’s (price level: 2003) per person for various categories in
two strategies: screening and treating albuminuric subjects with fosinopril versus no
screening and the respective differences.

Screen & treat No screening Difference
Cardiovascular events 206 148 58
• Procedures 113 68 45
• Hospital contacts 93 80 13

Intervention 1,296 0 1,296
• Fosinopril 1,001 0 1,001
• GP and pharmacist 295 0 295
• Screening 385* 0 385

Total Costs 
• Undiscounted 1,888 147 1,741 
• Discounted 1,815 144 1,671

* screening costs to find one micro-albuminuric person in the baseline analysis

Baseline Analysis
The higher event rate in the placebo compared to the fosinopril group (6.5% versus
3.9%) translated into an estimated mean number of life-years lost at 0.28 per person not
using fosinopril versus 0.18 in the fosinopril group. These figures were applied to the no
screening and screening options, respectively. Ergo, screening was estimated to gain 0.10
life years per person; i.e. approximately one month.
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Figure 1 Cost-effectiveness of screening for albuminuria and subsequent fosinopril treatment
versus no screening in the Netherlands, in the baseline and sensitivity analysis. Scatter plots
present 1000 replicates per analysis using the bootstrap method, additionally empirical 95%-
confidence limits (dotted lines) and estimated means (solid lines and actual figures given)
are shown.

CHAPTER FIVE

92

N
et costs (

€)

3000

3000

3000

3000

3000

3000

3000

-1.0 -0.5 0.0

Life Year Gained

€ 16,710
All subjects

0.5 1.0

N
et costs (

€)

3000

3000

3000

3000

3000

3000

3000

-1.0 -0.5 0.0

Life Year Gained

€ 15,530
Exclude pravastatin

0.5 1.0

N
et costs (

€)

3000

3000

3000

3000

3000

3000

3000

-1.0 -0.5 0.0

Life Year Gained

€ 21,858

0.5 1.0

N
et costs (

€)

3000

3000

3000

3000

3000

3000

3000

-1.0 -0.5 0.0

Life Year Gained

€ 14,467
Age > 50

0.5 1.0

N
et costs (

€)

3000

3000

3000

3000

3000

3000

3000
-1.0 -0.5 0.0

Life Year Gained

€ 12,089
UAE 30-300 mg/d

0.5 1.0

N
et costs (

€)

3000

3000

3000

3000

3000

3000

3000
-1.0 -0.5 0.0

Life Year Gained

€ 6,057
UAE 50-300 mg/d

0.5 1.0

Age     50<  

ProefschriftFolkert25-11-04.qxd  25-11-2004  12:41  Pagina 92



In the baseline analysis, estimated cost-effectiveness was €16,710 per LYG
(=€1,671/0.10). Figure 1 shows the corresponding scatter plot of the 1000 bootstrap
replications of net costs and effects in the cost-effectiveness plane, the estimated mean
and the 95%-confidence interval. Results are spread over the first and fourth quadrant of
the cost-effectiveness plane. The estimated mean is below the Dutch threshold of €20,000
per LYG.
Additionally, we determined the probability that the CER is above or below various
thresholds for maximum willingness to pay for gaining a life-year (Figure 2). For 50% of
the bootstrap replicates in the baseline analysis estimated cost-effectiveness is below
€15,690 per LYG (this median is indicated in Figure 2). For a maximum acceptable cost-
effectiveness ratio €20,000, the screen & treat option is acceptable in 61% of cases (see
Figure 2 and Table 4).

Figure 2 Cost-effectiveness acceptability curves for screening for albuminuria and subse-
quent fosinopril treatment versus no screening in the Netherlands, in the baseline and sen-
sitivity analysis. A: all subjects with UAE 15-300 mg/day; B: subgroups by age (based on
median age in PREVEND-IT at 50 years); C: subgroups by UAE (30 mg/day and 50 mg/day
are commonly used alternative cut-off points). Any curve represents the probability (y-axis)
that screen & treat is acceptable over a range of cost-effectiveness thresholds of decision mak-
ers’ willingness to pay (x-axis).
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Sensitivity analysis
Figures 1 and 2 and Table 4 also show the results of the sensitivity analysis. Firstly,
restricting our analysis to those subjects not receiving pravastatin did not change our
findings. However, the estimated mean cost-effectiveness ratio was lower for those older
than 50 years than for subjects of 50 years or younger (€14,470 and €21,860 per LYG,
respectively). Median cost-effectiveness estimates were similar (Figure 2). Finally, limit-
ing treatment to only those micro-albuminuric subjects with a relatively high UAE than
in the baseline lowered cost-effectiveness considerably to €12,100 for those with a UAE
above 30 mg/day, or even down to € 6,100 per LYG for those excreting more than 50 mg
albumin per day (Figure 1). In the latter case, the probability of being cost-effective
(below € 20,000 per LYG) becomes more than 90% (Figure 2).

Table 4. Median cost-effectiveness from the cost-effectiveness acceptability curve (Figure 2)
and probability of acceptable cost-effectiveness given a threshold of €20,000 per life-year
gained

Median Probability

Baseline € 15,670 0.61
Pravastatin excluded € 15,530 0.56
Age > 50 € 14,470 0.61
Age <51 € 21,860 0.43
UAE 30-300 mg/ day € 12,100 0.75
UAE 50-300 mg/ day € 6,100 0.92

Discussion

This study shows the cost-effectiveness of fosinopril in primary prevention of cardiovas-
cular events in albuminuric subjects from the Dutch health-care perspective. We esti-
mated the mean cost-effectiveness ratio of screening and subsequent active fosinopril
treatment at €16,710 per LYG in the baseline analysis. With a maximum acceptable cost-
effectiveness of €20,000 per LYG – as has been recently published - our point estimate
would be considered cost-effective and probabilistic analysis indicates an estimated
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probability of 61% for the screen & treat strategy to be cost-effective. Although the latter
percentage does not prove statistically significant favorable cost-effectiveness, one may
conclude from our study that screening for albuminuria and subsequent fosinopril treat-
ment is worth to consider from a Pharmaco-economic perspective, based on the mean
and on the fact that the majority of cases indicated by the probabilistic sensitivity analy-
sis show a favorable ratio.
We used the factorial design in our economic analysis in such a way that results would be
based on maximum numbers of patients included in the trial. This implied that in com-
paring groups with and without fosinopril, half of both groups were on pravastatin addi-
tionally. In sensitivity analysis, we investigated the exclusion of those subjects and found
similar results, justifying our use of the factorial design for the economic analysis.
Further, sensitivity analysis revealed that cost-effectiveness varied by subgroup. In par-
ticular, for subjects older than 50 years a relatively more favorable cost-effectiveness was
estimated. Also, limitation to only those subjects with a UAE above 30 – or even above
50 mg/day – improved cost-effectiveness further. Whether this warrants limitation of any
considered screen & treat strategy to those subgroups requires additional studies, as these
specific subgroups are represented only by relatively small numbers in our trial.
Our study did not explicitly assume specificity and sensitivity of the testing sequence in
the screening (one UAC- and two 24-hours UAE-measurements). Testing performance is
implicitly incorporated in our analysis. Pre-screening by measuring UAC in a spot morn-
ing urine sample is satisfactorily predictive of the UAE (specificity 85%). Obviously,
some subjects with elevated albumin levels will be missed (estimated sensitivity also at
85%), but this pre-screening keeps the burden and costs for a population screening as
low as possible [28].
Only one study that is comparable to ours could be detected in the literature. Boulware
et al investigated initial dipstick screening for proteinuria in the general population, with
follow-up tests to confirm proteinuria and to start ACE-inhibitor treatment. Obviously,
screening for proteinuria yields lower numbers of subjects than screening for albumin-
uria does in our approach, primarily explaining the much higher cost-effectiveness ratios
found by Boulware et al for screening the general population, ranging from US$53,370
to 282,800 per quality-adjusted life-year (QALY) gained. Additionally, further differences
between both approaches exist: (1) different health-care systems; (2) different imple-
mentations (GP-based versus systematic postal) and (3) in- or exclusion of cardio-
vascular risks. We do note that – given the favorable cost-effectiveness of ACE-inhibitor
therapy for proteinuria [10,29] – inclusion of fosinopril treatment for screened overt pro-
teinuric subjects, instead of only those with an UAE of 15-300 mg/day, would improve
cost-effectiveness in our study.
Still, cost-effectiveness of ACE-inhibitor therapy in non-proteinuric populations has
been studied previously. Bjorholt et al did a sub-study of the HOPE-trial on the Swedish
participants to estimate the cost-effectiveness of ramipril treatment for patients with vas-
cular disease or diabetes [7]. The principal finding indicated net costs per LYG at €1,940-
5300. Note that this estimate includes treatment only, no (costs of) screening was con-
sidered. Based on our data, we could estimate cost-effectiveness of fosinopril treatment
of albuminuric subjects at €12,780 in the baseline analysis.
Also, cost-effectiveness analysis of ACE-inhibitor therapy as first line antihypertensive
compared to conventional therapy of beta-blockers or diuretics has been studied previ-
ously [4]. Nordmann et al reported estimated cost-effectiveness ranging from US$200,000
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to 700,000/QALY. Obviously, this range presents a cost-effectiveness that can never be
considered acceptable given any threshold defined so far internationally.
The major strength of our study is that it combines population-based data on the preva-
lence of albuminuria with outcomes of treatment in a subsection of that population.
Also, our study was based registered on events in patients as they occurred during the fol-
low-up of the PREVEND-IT trial, minimizing the number of assumptions required to
perform the whole analysis. Still, the inherent limitation of this is that our study lacks the
patient data beyond the endpoints, such as nursing home care for stroke, rehabilitation
after acute events and potential re-hospitalizations, with corresponding costs. It may thus
be argued that the calculation of cost-effectiveness may – in reality – be even more favor-
able. However, we should also note that – given the limited follow-up in the PREVEND-
IT trial - lifetime health gains had to be modeled using Dutch data on remaining life
expectancy and Framingham life tables.
Further work on our approach should involve the combination of cardiovascular events
and progression of renal disease. For the purpose of this combination a Markov model
could be developed with stages corresponding to albumin levels, transition probabilities
derived from various trials and cardiovascular risks factored into the different stages.
Such models have been developed for diabetes patients focusing on renal disease, how-
ever still lack the formal inclusion of cardiovascular risks [30-31].
What may be the implications of our study for health policy? Our current study clearly
shows that major potentials for favorable cost-effectiveness exist for a screening program
for albuminuria in the general population. The overall baseline cost-effectiveness esti-
mated at €16,710 per LYG is below the only defined threshold for cost-effectiveness in the
Netherlands at €20,000 per LYG [27]. Cost-effectiveness may be further improved if
screening is limited to predefined subgroups, for example, by age or albumin level.
Further research is needed to confirm our findings in other settings and using addition-
al trials on the issue.
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Abstract

Background Elevated Urinary albumin excretion (UAE) is associated with an increased
carotid intima-media thickness (IMT). As ACE-inhibitors as well as statins have been
shown to lower UAE and the progression of IMT, we assessed the effects of fosinopril and
pravastatin on carotid intima-media thickness in subjects with an increased UAE (15-
300mg/24h).

Methods IMT was measured at the posterior wall of the left common carotid artery using
radio frequency signal analysis obtained by M-mode ultrasonography. 642 subjects were
double blind randomized to fosinopril 20 mg or matching placebo and to pravastatin 40
mg or matching placebo and were available for intention-to-treat analysis.

Results Mean age was 51 ± 11 years, 65% were male, the median UAE was 22.5 (15.5 to
40.8) mg/24h, and the mean IMT at baseline was 0.77 ± 0.18 mm. The overall progres-
sion rate of IMT in 4 years was 0.037 ± 0.006 mm. No significant difference in IMT pro-
gression was found between fosinopril, pravastatin or matching placebo. IMT after 4
years was predicted by IMT at baseline, age, gender, pulse pressure, and LDL cholesterol
levels. Furthermore, a higher incidence of clinical events was observed in subjects with
an IMT > 1 mm after a mean follow-up of 46 ± 7 months (hazard ratio 3.13 [95% CI
1.59-6.16], p=0.001).

Conclusions In subjects with an increased UAE, treatment with fosinopril and pravas-
tatin showed no significant effect on carotid IMT. Furthermore, an IMT < 1 mm at base-
line is an important indicator for event-free survival.
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Introduction

An increased urinary albumin excretion (UAE) is an indicator for the presence of multi-
ple cardiovascular risk factors and is associated with an increased risk of cardiovascular
morbidity and mortality in patients with known cardiovascular disease, as well as in sub-
jects of the general population [1]. Similarly, carotid intima-media thickness (IMT) is
widely accepted as surrogate cardiovascular clinical endpoint and is often used in clini-
cal trials to evaluate the efficacy of interventions. ACE-inhibitors as well as statins have
been shown to decrease cardiovascular events in high-risk subjects [2;3]. Both drugs have
also shown to lower UAE and to halt the progression of IMT in high-risk populations.
Unknown is whether an intervention aimed at lowering UAE will reduce the progression
of IMT in lower risk populations.

Therefore, the objective of this study was to assess the effects of the ACE-inhibitor
fosinopril and the statin pravastatin on carotid IMT in a population with an increased
UAE (15-300mg/24h).

Methods

The PREVEND IT is an investigator-initiated, single-center, double blind, randomized,
placebo-controlled trial with a 2x2 factorial design. Subjects were randomized to fosino-
pril 20 mg or matching placebo and to pravastatin 40 mg or matching placebo. Details of
the PREVEND IT objectives, design, methods and main results have been reported pre-
viously [4;5]. A brief summary follows.

Subjects
The PREVEND Intervention Trial is a predefined substudy of the PREVEND program.
The objective of the PREVEND program is to assess the value of microalbuminuria as an
indicator of increased cardiovascular and renal risk in the general population. In 1997-
1998, all inhabitants of the city of Groningen, the Netherlands, aged 28-75 years
(n=85,421), were asked to send in a morning urine sample and to fill out a short ques-
tionnaire on demographics and cardiovascular history. Response was received from
40,856 subjects (47.8%). All subjects with a urinary albumin excretion of >10 mg/l
(n=7,768) in their morning urine together with a randomly selected control group with
a urinary albumin concentration of <10 mg/l (n=3,395) were invited to the outpatient
clinic. A total of 8,592 subjects completed the screening program. Subjects using insulin
or pregnant women were excluded from participation in the screening program. A total
of 1439 subjects fulfilled the inclusion criteria for the PREVEND IT. The key entry crite-
ria of the PREVEND IT were persistent microalbuminuria (once a urinary albumin con-
centration > 10 mg/l in an early morning spot urine and at least once 15-300 mg/24
hours in 2x24-hour urine samples), a blood pressure of < 160/100 mmHg and not using
antihypertensive medication, a total cholesterol < 8.0 mmol/l, or < 5.0 mmol/l in case of
previous myocardial infarction, and not using lipid lowering medication. From April
1998 to June 1999, 864 subjects were willing to participate in the PREVEND IT and were
randomized to study medication.

EFFECTS OF FOSINOPRIL AND PRAVASTATIN ON CAROTID INTIMA-MEDIA THICKNESS

101

ProefschriftFolkert25-11-04.qxd  25-11-2004  12:41  Pagina 101



Measurements
Urinary albumin excretion was measured as the mean of two 24h-urine collections.
Urinary albumin concentrations were determined by nephelometry with a threshold of
2.3 mg l-1 and intra- and inter-assay coefficients of variation of less than 2.2% and 2.6%,
respectively (Dade Behring Diagnostic, Marburg, Germany). Systolic and diastolic blood
pressures were calculated as the mean of the last two out of ten consecutive measure-
ments with an automatic Dinamap XL model 9300 series device (Johnson-Johnson
Medical INC, Tampa, Florida). Pulse pressure was defined as the difference between sys-
tolic and diastolic blood pressure. Plasma glucose, serum total and LDL cholesterol,
serum creatinine were determined by Kodak Ektachem dry chemistry (Eastman Kodak,
Rochester, New York, U.S.A.). The primary endpoint was the combined incidence of car-
diovascular mortality and hospitalization for cardiovascular morbidity. Cardiovascular
hospitalization was defined as hospitalization for documented: [1] non-fatal myocardial
infarction or myocardial ischemia, [2] heart failure, [3] peripheral vascular disease, and/or
[4] cerebrovascular accident[5].

Carotid Intima-Media thickness measurements
IMT measurements were performed using a Pie Medical Scanner 200 device with a lin-
ear array transducer of 7.5 MHz, as reported previously [6]. The IMT was measured at the
posterior wall of the left common carotid artery approximately 1 cm proximal to the bul-
bus at 3 different positions. A B-mode image was obtained of the carotid artery after
which an M-line was positioned perpendicular to the posterior wall, showing an intima-
media complex. The radio frequency signals and the electrocardiogram were stored on
hard disk for 3 periods of 4 sec and IMT was calculated for the total 4-sec periods. The
recorded files were processed using the wall thickness calculation section of the Wall
Track System 2.0 software (Pie Medical, Maastricht, The Netherlands)[6]. The mean of
the 3 measurements was used to calculate IMT. When the echographer fined a plaque
and carotid IMT could therefore not be analyzed, the IMT measurement was not per-
formed. The intra-observer variability in our laboratory is 0.051 mm, or 8.1% of the
mean IMT, and is independent of wall thickness (R2=0.13, non-significant). Analysts
blinded for patient characteristics and previous images performed all off-line analyses.

The study was approved by the Institutional Review Board and conducted in accordance
with the guidelines of the declaration of Helsinki. Informed consent was obtained from
all subjects before randomization.

Statistical analysis
All analyses were performed on an intention-to-treat basis and p-values were two-sided
and needed to be <0.05 to be significant. PREVEND IT was powered to demonstrate a
relative risk reduction of 35% in cardiovascular morbidity and mortality. The planned
sample size of 450 subjects in each medication group (450 fosinopril vs. 450 placebo or
450 pravastatin vs. 450 placebo given the 2 x 2 factorial design) provided approximately
80% power to detect this difference. Because our population size was powered to demon-
strate a significant effect on the primary endpoint, no separate power analysis for the
IMT measurements was performed. Baseline characteristics are given as means ± stan-
dard deviation. Change in systolic and diastolic blood pressure, IMT, total and LDL-cho-
lesterol are expressed as mean ± SE. In case of a skewed distribution the median
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(interquartile range) is presented. Differences between treatment groups were evaluated
by Student t-test for the normally distributed continuous variables, or with the Wilcoxon
two sample test if data was skewed. To investigate that no withdrawal bias had occurred
and therefore underestimation of the intervention, we performed a “worse case” analysis
by replacing missing values with the mean or the worse IMT progression after 4 years of
follow-up. Statistical analyses of changes in IMT were performed with two-way analysis
of variance to account for the two individual drug treatments. To explore the association
between IMT at baseline, microalbuminuria and cardiovascular risk factors at baseline,
we used the Pearson or Spearman correlation test, when appropriate. For optimal distri-
bution, urinary albumin excretion was transformed to natural logarithm. The change in
mean IMT in the common carotid artery was the primary endpoint measure. The impact
of baseline mean IMT on clinical events was evaluated by dichotomizing the parameter
into the lowest 9 deciles against the highest decile (IMT >1.0 mm). Results are present-
ed by hazard ratios with 95% confidence intervals. Multivariate backward regression
analysis was used to evaluate which factors predict IMT at end of study. All calculations
were performed with SPSS version 11.0 software (SPSS, Chicago, IL, USA).

Table 1. Summary of Demographics and Baseline Characteristics*

Variables Fosinopril Pravastatin

Placebo Active Placebo Active

n = 323 n= 319 n=325 n=317 

Age (years) 51.0 ± 11.3 50.6 ± 11.5 50.6 ± 11.6 51.1 ± 11.3

Men (%) 63.2 66.8 63.1 66.9

Smoking (%)

Past 32.8 33.2 32.9 33.1

Current 42.4 36.4 38.5 40.4

Systolic Blood Pressure (mmHg) 130 ± 17 130 ± 17 130 ± 17 130 ± 18

Diastolic Blood Pressure (mmHg) 76 ± 10 76 ± 10 76 ± 10 76 ± 10

Cholesterol (mmol/l) †

Total 5.7 ± 1.0 5.9 ± 1.1 5.8 ± 1.1 5.8 ± 1.1

HDL 1.0 ± 0.4 1.0 ± 0.3 1.0 ± 0.4 1.0 ± 0.3

LDL 4.0 ± 0.9 4.1 ±1.0 4.0 ± 1.0 4.1 ± 1.0

Triglycerides (mmol/l) † 1.3 (0.9 to 1.9) 1.4 (0.9 to 2.0) 1.3 (0.9 to 1.9) 1.4 (0.9 to 2.0)

Glucose (mmol/l) 4.9 ± 1.0 4.9 ± 1.0 4.9 ± 1.0 4.9 ± 1.1

Serum creatinine (µmol/l) 89.0 ± 13.5 91.4 ± 13.5 89.8 ± 13.7 90.6 ± 13.5

Albuminuria (mg/24h) 21.4 (15.1 to 38.7) 23.2 (16.2 to 42.5) 23.4 (15.7 to 43.5)21.9 (15.2 to 38.5)

Body Mass Index (kg/m2) 26 ± 5 26 ± 4 26 ± 4 26 ± 4

Diabetes Mellitus (%) 4.0 4.6 4.1 4.4

Previous cardiovascular event (%) 2.8 3.8 4.0 2.5

Drugs (%) 6.5 3.8 6.8 3.5

* Plus-minus values are means ± SD. Median (25th to 75th percentile) was used for triglycerides and albuminuria, which

were skewed distributed.

† To convert values for cholesterol to mg/dl, divide by 0.02586. To convert values for triglycerides to mg/dl, divide by

0.01129.

EFFECTS OF FOSINOPRIL AND PRAVASTATIN ON CAROTID INTIMA-MEDIA THICKNESS

103

ProefschriftFolkert25-11-04.qxd  25-11-2004  12:41  Pagina 103



Results

From the 864 randomized subjects in the PREVEND IT, IMT was measured in 776 sub-
jects at baseline and in 681 subjects after 4 years. Finally, baseline and follow-up IMT
data and subsequently the change in IMT were available in 642 subjects.

Baseline characteristics of all randomized subjects (n=642) with available baseline and
follow-up IMT measurements are summarized in table 1. The same characteristics and
baseline IMT were found when we analyzed all subjects with an available baseline IMT
measurement (n=776). These characteristics show a middle-aged population with a rel-
atively low prevalence of conventional cardiovascular risk factors. Furthermore, there is
a low prevalence of subjects who have a previous cardiovascular event or using cardio-
vascular drugs.

As reported previously[5], fosinopril treatment decreased mean (± SE) systolic and dias-
tolic blood pressure significantly after three months of treatment (-5.24 ± 0.8 mmHg,
and –4.02 ± 0.4 mmHg, both p<0.001). Pravastatin lowered total cholesterol and LDL
cholesterol after three months with 1.2 ± 0.04 mmol/l and 1.2 ± 0.04 mmol/l, respectively
(both p<0.001). No significant effect was found on the level of HDL cholesterol and
triglycerides. In addition, fosinopril lowered the urinary albumin excretion significantly
after three months (median urinary albumin excretion -5.47 mg/24h [interquartile range
–14.1, 1.0], p<0.001). Pravastatin had no effect on albuminuria.

Figure 1. Kaplan-Meier estimates of the incidence of cardiovascular events in subjects with
an intima-media thickness (IMT) above and below 1.0 mm.
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Table 2. Pearson and Spearman correlation coefficients between mean intima-media thick-
ness of the common carotid artery at baseline and the presence of cardiovascular risk factors.

Intima-media 

thickness

Age 0.58*

Male gender † 0.12* 

Systolic blood pressure 0.34 *

Diastolic blood pressure 0.29 *

Cholesterol 0.19 *

Glucose 0.13 *

Serum creatinine 0.14 *

Current smoking 0.02

Body mass index 0.19 *

Urinary albumin excretion 0.14*

Previous cardiovascular event † 0.12* 

Use of cardiac drugs † 0.15* 

* p <0.01, † Spearman correlation coefficient

Mean IMT value at baseline was 0.77 ± 0.18 mm and was significantly correlated with
several cardiovascular risk factors including urinary albumin excretion (table 2). During
46 ± 7 months, 40 (5.2 %) endpoints occurred in 776 subjects. Baseline IMT was 0.89 ±
0.23 mm in subjects who developed an endpoint in comparison to an IMT of 0.77 ± 0.18
mm in subjects without an endpoint. A significantly higher incidence of clinical events
was observed in subjects with an IMT > 1 mm at baseline (hazard ratio 3.13 (1.59-6.16),
p=0.001, figure 1). As shown in figure 2, the relative risk reduction observed in subjects
with an IMT > 1 mm receiving fosinopril (46.3%) was comparable to the relative risk
reduction in subjects with an IMT < 1 mm receiving fosinopril (52.8%). In contrast, the
absolute risk reduction was higher in the group with an IMT > 1 mm, 6.8% (95%CI, -
6.4-20.0%) versus 2.9% (-0.07-5.9%). No differences were found in the pravastatin arm.
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Figure 2. Kaplan-Meier estimates of the incidence of cardiovascular events in subjects with
an intima-media thickness (IMT) above and below 1.0 mm divided by treatment with fos-
inopril or matching placebo. RRR: relative risk reduction.

The mean IMT increased 0.037 ± 0.006 mm during 4 years in the total population. The
effect of treatment on IMT is presented in table 3. IMT was significantly higher in all
groups after 4 years of follow-up. Pravastatin and fosinopril did not have any effect on
IMT during four years of follow-up. When we replace the missing values by the mean or
the worse IMT progression after four years of follow-up, the results showed again no sig-
nificant effect of fosinopril and pravastatin on carotid IMT. When the study population
was divided into four groups to explore the additive effect of fosinopril and pravastatin,
the mean change in carotid IMT was 0.045 ± 0.013 mm in the placebo group, 0.026 ±
0.011 mm in the fosinopril group, 0.042 ± 0.013 mm in the pravastatin group, and 0.036
± 0.013 mm in the group with both fosinopril and pravastatin. A two-way analysis of
variance, used to evaluate the effects and interactions of the factorial design between fos-
inopril and pravastatin, showed no association with the main effect terms (fosinopril
(p=0.324) and pravastatin (p=0.774)), and no evidence for statistically significant inter-
action between fosinopril and pravastatin (p=0.641) in regard to changes in IMT.
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Table 3. Intima-media thickness (IMT) of the carotid artery at baseline and after 4 years
of treatment (only non-missing values presented), and the mean change in IMT.

Variables Fosinopril Pravastatin

Placebo Active Placebo Active

n = 323 n= 319 n=325 n=317 

Mean ± SD IMT at baseline, mm 0.77 ± 0.18 0.77 ± 0.17 0.77 ± 0.18 0.77 ± 0.18

Mean ± SD IMT at 4 years, mm 0.81 ± 0.17* 0.80 ± 0.16* 0.81 ± 0.17* 0.81 ± 0.16*

Mean ± SE Change IMT, mm 0.043 ± 0.009 0.031 ± 0.008 0.035 ± 0.009 0.039 ± 0.009

SD: Standard deviation, SE: standard error, *significantly different from the value of entry p<0.01

In a backward multivariate regression analysis using potentially predictive variables of
carotid IMT such as baseline IMT, gender, age, pulse pressure, total cholesterol, HDL
cholesterol, LDL cholesterol, triglycerides, urinary albumin excretion, glucose, smoking,
body mass index, cardiovascular history, use of cardiac drugs, treatment with fosinopril
and pravastatin, the IMT after 4 years was significantly associated with baseline IMT,
gender, age, pulse pressure, and LDL cholesterol (table 4).

Table 4. Multivariate backward regression analysis presenting all significant predictors of
intima-media thickness (IMT) at end of study

B SE Partial correlation P-value

IMT at baseline 0.403 0.037 0.40 <0.001

Age 0.003 0.001 0.17 <0.001

Male gender 0.025 0.011 0.09 0.024

Pulse pressure 0.001 0.000 0.11 0.005

LDL Cholesterol 0.016 0.006 0.11 0.005

Discussion

PREVEND IT confirms that IMT is a significant predictor of cardiovascular events in
subjects with an increased UAE (15-300mg/24h). However, fosinopril and pravastatin
therapy during 4 years has no effect on the progression of IMT of the common carotid
artery in middle-aged, albuminuric subjects.

The effect of pravastatin on the rate of progression of IMT of the common carotid
artery has been studied extensively. The Pravastatin Lipids and Atherosclerosis in the
Carotids (PLAC II)[7] study was the first double-blind randomized clinical trial that
demonstrated that pravastatin reduced the progression of IMT in hypercholesterolemic
patients with coronary heart disease. However, they included subjects with an IMT > 1.3
mm. The present study investigated IMT at an earlier point in the atherosclerotic process
(mean IMT 0.77 mm at baseline). The same is applicable for the Kuopio Atherosclerosis
Prevention Study (KAPS)[8], the Carotid Atherosclerosis Italian Ultrasound Study
(CAIUS)[9] and the Fukuoka Atherosclerosis Trial (FAST)[10], which also included sub-
jects with high IMT values at baseline. Furthermore, the LIPID Atherosclerosis
Substudy[11] demonstrated a beneficial effect of pravastatin in subjects with a mean IMT
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of 0.79 mm at baseline, mean cholesterol levels of 5.7 mmol/l but with a history of
myocardial infarction or unstable angina. In contrast to previous reports, the Regression
Growth Evaluation Statin Study (REGRESS)[12] showed no treatment effect of pravas-
tatin on the far wall of the common carotid artery, but they did find a highly significant
effect on the combined carotid and femoral artery IMT in male patients with coronary
artery disease. In concordance with our results, the Arterial Biology for the Investigation
of the Treatment Effects of Reducing Cholesterol study (ARBITER)[13] demonstrated an
IMT progression of 0.025 mm after 1 year of treatment with pravastatin in hypercholes-
terolemic patients of which 46 % had known cardiovascular disease. Baseline IMT was
0.63 mm in this study.

To date, limited data are available on the effect of fosinopril on IMT. Migdalis et al.[14]

demonstrated a positive effect of fosinopril on carotid mean maximal IMT in diabetic
patients (n=20) with hypertension, but this small study was not double blind or place-
bo-controlled. One study that could confirm the results of our study, would be the ongo-
ing randomized, double blind, clinical trial Plaque Hypertension Lipid Lowering Italian
Study (PHYLLIS)[15] comparing hydrochlorothiazide and fosinopril, pravastatin and
lipid lowering diet. Several randomized clinical trials evaluated the effects of other ACE-
inhibitors on IMT. The Study to Evaluate Carotid Ultrasound Changes in Patients
Treated with Ramipril and Vitamin E (SECURE)[16] showed a beneficial effect of ramipril
on carotid IMT. Baseline mean maximum IMT was 1.1 mm. In contrast to the SECURE,
the Prevention of Atherosclerosis with Ramipril Trial (PART-2)[17] showed no beneficial
effect of ramipril on IMT. Furthermore, Stanton et al.[18] demonstrated that the common
carotid IMT was more reduced by amlodipine treatment than lisinopril therapy. In sum-
mary, these data of controlled clinical trials are not all in favor of ACE-inhibition on IMT
and further studies are necessary to reveal the mechanisms underlying these paradoxical
results.

As mentioned above, the baseline IMT of our population was lower than randomized
trials performed in subjects with high cardiovascular risk. However, the mean IMT of
our study is comparable to the baseline IMT of 0.77 mm found in the population based
Kuopio Ischemic Heart Disease Risk Factor Study (KIHD)[19] and the baseline IMT (0.76
mm) found in the Rotterdam study, which was also performed in the Netherlands[20].
These results suggest that the baseline IMT values found in our study are comparable to
the general population. In addition, in our study we found a significant progression of
carotid intima-media thickness during 4-years of follow-up, which might be explained
as the natural thickening of the carotid IMT by aging.

Interestingly, mean IMT measured at baseline was a significant predictor of cardio-
vascular events in this middle-aged, albuminuric population. These results suggest that
IMT measurements could be useful as screening tool in populations with an intermedi-
ate risk profile.

In our study, we could not demonstrate a beneficial effect of pravastatin and fosino-
pril on the IMT of the posterior wall of the left common carotid artery. Nevertheless, we
cannot exclude a potential beneficial effect on other segments of the IMT of the carotid
or femoral artery. However, we have confirmed the relation between IMT and cardiovas-
cular events in our population. Furthermore, traditional cardiovascular risk factors were
correlated with IMT at baseline and after 4 years of follow-up, which substantiates the
robustness of the data. In addition, like in several other IMT intervention studies, we
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used the mean change in IMT of the far wall of the left common carotid artery as pri-
mary outcome, which is preferable to obtain a reliable and reproducible IMT[21]. IMT
measurements were analyzed off-line based on M-line signal processing using the wall
track system. This method is comparable with commonly used manual B-mode method
with off-line storage of images by video recording as published by Willekes et al[6].

Finally, the strength of our study is the use of one core laboratory for offline reading
and the single-center design.

PREVEND IT demonstrated a significant reduction in albuminuria by fosinopril and
a trend in reducing cardiovascular events. Pravastatin treatment did not result in a reduc-
tion of albuminuria or cardiovascular events after 4 years of follow-up. The negative
effect on carotid IMT is in line with the results found in the main study of PREVEND IT.
This non-significant effect on cardiovascular events and the lack of any association
between treatment and regression of IMT might be explained by the lower than previ-
ously described risk population as reflected by the lower mean IMT. Another explanation
could be the relatively short follow-up period in this primary prevention setting, which
might result in a low power due to the small numbers of events. Future randomized 
clinical trials using carotid IMT as surrogate cardiovascular endpoint have to include
subjects at higher cardiovascular risk than described in PREVEND IT or extent the 
period of treatment to demonstrate a significant effect on carotid IMT.

We conclude that in subjects with an increased UAE, treatment with fosinopril and
pravastatin showed no significant effect on carotid IMT. Furthermore, an IMT < 1 mm
at baseline is an important indicator for event-free survival.
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Abstract

Background Risk assessment is the cornerstone of primary prevention of cardiovascular
disease. Our objective was to evaluate the prognostic value of the Framingham score in
microalbuminuric subjects without a history of cardiovascular disease and whether this
risk score can predict the benefit of treatment with fosinopril or pravastatin.

Methods Subjects were randomized to fosinopril 20 mg or matching placebo and to
pravastatin 40 mg or matching placebo (mean age 51 ± 12 years, 65% men, n=830).
Prediction of 10-year risk for coronary heart disease by the Framingham score was per-
formed using the risk factor categories with LDL cholesterol.

Results Albuminuria was correlated with Framingham score at baseline (p<0.001). In the
population with a Framingham risk score < 20 %, both albuminuria and Framingham
risk score were independent predictors of the primary endpoint. A twofold increase of
albuminuria or the Framingham risk score was associated with a hazard ratio of 1.60
[1.10-2.31], p=0.013 and 3.00 [95% Confidence Intervals 1.40-6.44], p=0.005, respec-
tively. In contrast to fosinopril, pravastatin showed a significant beneficial effect on
Framingham risk score after 4 years of follow-up (p<0.001). Furthermore, the observed
absolute risk reduction in cardiovascular events was greater than calculated by the
Framingham risk score.

Conclusions Framingham score is useful in microalbuminuric subjects as prognostic
tool. In addition, when considering the risk score as a target of intervention the benefi-
cial effects of therapies might be underestimated. Combining the Framingham score
with the level of urinary albumin excretion is suggested as a primary prevention strate-
gy with higher efficiency.
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Introduction

It has been generally accepted that early detection of cardiovascular risk and subsequent
intervention can prevent coronary heart disease (CHD). The traditional cardiovascular
risk factors are male gender, age, cigarette smoking, elevated blood pressure, high LDL
cholesterol, low HDL cholesterol, and diabetes. All these cardiovascular risk factors are
included in the Framingham cardiovascular risk score. This score can help physicians to
predict 10-year risk for major cardiovascular events in the individual patient. Studies also
show that the higher the risk for developing CHD, the higher the efficacy of the inter-
vention is. However, several primary prevention trials have demonstrated a significant
effect of intervention on cardiovascular events in patients with a lower risk score[1;2].
Limited data are available on the recommended strategy in lower risk populations with
a 10-year risk between 10-20 %. New tools such as noninvasive imaging and novel serum
markers are in development to use in clinical practice. These markers may be used after
assessment of traditional cardiovascular risk factors to identify the persons whom need
aggressive intervention despite their moderate risk. A new relatively inexpensive to be
measured risk indicator is microalbuminuria, which has been associated with an
increased risk for cardiovascular disease in subjects with hypertension and diabetes, but
also in the general population[3]. The Prevention of REnal and Vascular ENdstage
Disease Intervention Trial demonstrated that treatment with fosinopril had a significant
effect on urinary albumin excretion and was associated with a trend in reducing cardio-
vascular events. Treatment with pravastatin did not result in a significant reduction in
urinary albumin excretion or a reduction in the primary endpoint [4]. All these subjects
had no indication for primary prevention at inclusion. In this supplementary-analysis of
the PREVEND IT, we evaluated the prognostic value of the Framingham risk score in
microalbuminuric subjects without a history of cardiovascular disease and whether this
risk score can predict the benefit of treatment with fosinopril or pravastatin.

Methods

The PREVEND IT was an investigator-initiated, single-center, double blind, randomized,
placebo-controlled trial with a 2x2 factorial design. Subjects were randomized to fosino-
pril 20 mg or matching placebo and to pravastatin 40 mg or matching placebo (n=864).
The key entry criteria were persistent microalbuminuria (once a urinary albumin con-
centration > 10 mg/l in an early morning spot urine and at least once 15-300 mg/24
hours in 2x24-hour urine samples), blood pressure < 160/100 mmHg without the use of
antihypertensive medication and total cholesterol < 8.0 mmol/l or < 5.0 mmol/l in case
of previous myocardial infarction and without the use of lipid lowering drugs. The lab-
oratory and diagnostic methods to measure risk factors and the definition of the primary
endpoint are described previously [5]. Prediction of CHD risk by the Framingham risk
score was performed using the risk factor categories with LDL cholesterol reported by
Wilson et al [6]. The scores provide estimates of CHD risk during a period of 10-year
based on the Framingham study in men and women aged 30-74. To evaluate the
Framingham risk score in our population, we excluded subjects with a history of cardio-
vascular disease. From the 864 subjects, 34 subjects were excluded, 29 because of a histo-
ry of cardiovascular disease and 5 subjects were excluded due to missing LDL-cholesterol
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values at baseline. Finally, 830 subjects were eligible to analyze the prognostic value of the
Framingham risk score at baseline. The effect of intervention on reduction in
Framingham risk score was evaluated by comparing 3 months treatment data with base-
line scores. Non-parametric Mann-Whitney tests were used to test the difference in
Framingham risk score between placebo and active treatment after 4 years of follow-up.
Cox regression analysis was used to investigate the prognostic value of albuminuria and
Framingham risk score. Albuminuria and the Framingham risk score showed a log-lin-
ear functional form with the response variable and were subsequently transformed to a
2-log scale. Using this transformation the relative risk estimates should be interpreted as
if values of albuminuria or Framingham risk score were doubled (e.g. 20 mg/24h vs. 10
mg/24h or 10% vs. 5%). All calculations were performed with SPSS version 11.0.1 soft-
ware (SPSS, Chicago, IL, USA). The study was approved by the Institutional Review
Board and conducted in accordance with the guidelines of the declaration of Helsinki.
Informed consent was obtained from all subjects before randomization.

Table 1. Baseline characteristics

Framingham risk score
< 10 % 10-20 % > 20 % Total

Age, years 43 ± 9 52 ± 9 62 ± 9 51 ± 12
Male gender 44.6 % 74.1 % 88.7 % 64.9 %
SBP, mmHg 122 ± 14 131 ± 16 141 ± 17 130 ± 18
DBP, mmHg 71 ± 8 78 ± 9 82 ± 9 76 ± 10
LDL-cholesterol, mmol/l 3.7 ± 0.8 4.2 ± 0.9 4.5 ± 1.0 4.1 ± 1.0
HDL-cholesterol, mmol/l 1.1 ± 0.3 1.0 ± 0.3 0.9 ± 0.2 1.0 ± 0.3
Current smoking 29.8 % 48.2 % 47.4 % 39.8 %
Diabetes 0.3 % 3.1 % 5.7 % 2.5 %
Albuminuria, mg/24h 19.5 (13.9-36.8) 22.9 (16.0-38.9) 28.6 (18.2-50.6) 22.6 (15.6-40.8)
Framingham risk score, % 5.2 (3.0-7.2) 13.8 (11.6-16.8) 29.9 (24.3-39.5) 11.1 (5.6-21.2)

SBP: systolic blood pressure, DBP: diastolic blood pressure. Data are given as mean ± standard deviation, except for albu-

minuria and Framingham risk score which are presented as median (interquartile range).

Results

The baseline characteristics for the total population and the 3 Framingham risk strata are
summarized in table 1. Almost half of our population (44.8%) has a Framingham risk
score < 10%, 27.5 % has as risk score between 10-20 %, and 27.7 % has a risk score 
> 20%. The level of albuminuria itself was significantly correlated with the Framingham
score at baseline (p for linear trend <0.001). As illustrated in figure 1, the Framingham
risk score has prognostic value in microalbuminuric subjects. In the population with a
Framingham risk score < 20 %, albuminuria and Framingham risk score itself were inde-
pendent predictors of the primary endpoint. A twofold increase of albuminuria or
Framingham risk score was associated with a Hazard ratio of 1.60 [1.10-2.31], p=0.013
and 3.00 [95% Confidence Intervals 1.40-6.44], p=0.005, respectively.
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Figure. 1. Kaplan-Meier analysis illustrating the prognostic value of Framingham risk score
in microalbuminuric subjects. The population is divided in three groups according to 10-year
risk on cardiovascular disease. Hazard ratios [95% confidence intervals] are given for the
groups with a score between 10-20% and > 20%.

In 4 years of follow-up 41 primary endpoints occurred, 1.3% of the subjects with a
Framingham <10% had an endpoint, 5.3% in the group between 10-20% and 10.4 % in
the group with a Framingham > 20%. These incidences were comparable with the pre-
dicted incidence of cardiovascular events over the 4-year period: 2.1 %, 5.5 % and 11.9
% respectively. As shown in figure 2, fosinopril and pravastatin both decreased the event
rate over 4 years calculated by Framingham risk score by 1.1 % and 0.8 % respectively.
Interestingly, the observed reduction during the four-year follow-up was greater than the
calculated reduction (3.1 % and 1.3 % respectively). Despite a significant reduction of
fosinopril in cardiovascular events, no beneficial effect could be demonstrated on
Framingham risk score after 4 years of follow-up. Median [interquartile range] delta
Framingham risk score was 6.01 % in the fosinopril group versus 6.42 % in the placebo
group. In contrast to fosinopril, pravastatin did show a positive and long-term effect on
Framingham risk score. In the pravastatin group a median [interquartile range] delta
Framingham risk score of 3.74 % was observed in comparison to 8.53 % in the placebo
group (p<0.001).
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Figure 2. The effects of fosinopril and pravastatin on the calculated Framingham risk score
and the observed incidence of cardiovascular events during 4-years of follow-up.

Discussion

In a microalbuminuric population, a strong prognostic value of the Framingham risk
score was observed. Microalbuminuria itself, as indicator of increased cardiovascular
risk, is correlated with this Framingham risk score and was an independent predictor of
primary endpoints in subjects with a Framingham risk score < 20 %. In contrast to fos-
inopril, pravastatin showed a significant beneficial effect on Framingham risk score after
4 years of follow-up. Furthermore, the observed reduction in cardiovascular events in
both actively treated groups of subjects with microalbuminuria was higher than the pre-
dicted reduction.
In our main report on the results of the PREVEND IT study, we already observed that
fosinopril but not pravastatin had an effect on microalbuminuria. Many studies have
shown that the presence and magnitude of risk factors is associated with the level of
microalbuminuria. The fact that the calculated effect of pravastatin on the risk score is
lower than the calculated effect for fosinopril is in line with the observed difference in
their effect on microalbuminuria. Furthermore, the predicted difference in incidence of
cardiovascular events between the pravastatin and fosinopril group is in line with the
observed incidence. However, it is also evident that for both groups the Framingham
score is underestimating the beneficial effect of treatment substantially. This suggests
that including microalbuminuria in the algorithm for the Framingham score could
improve the prediction for those treatments, which have an effect on the level of urinary
albumin excretion. Especially, microalbuminuria could improve the predictive value of
the Framingham risk score in subjects with a risk score below 20 %.
In conclusion, the Framingham risk score predicts also in microalbuminuric subjects the
incidence of cardiovascular events. However, the beneficial effects of therapies reducing
albumin excretion are underestimated. Combining the Framingham score with the level
of urinary albumin excretion is suggested as a primary prevention strategy with high effi-
ciency.
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Abstract

Impaired endothelial function is recognised as one of the earliest events of atherogene-
sis. Endothelium dependent vasomotion has been the principal method to assess
endothelial function. In this article, we will discuss the clinical value of the different tech-
niques to evaluate endothelium dependent vasomotion. To date, there seems not to be a
simple and reliably endothelial function test to identify asymptomatic subjects at
increased risk for cardiovascular disease in clinical practice. Recent studies indicate that
pharmacological interventions, in particular with ACE-inhibitors and statins, might
improve endothelial function. However, there is no solid evidence that improvement of
endothelial function is a necessity for the observed reduction in cardiovascular events by
these compounds. Overall, at this moment, there is no place in clinical practice for the
use of endothelial function as a method for risk assessment or target of pharmacological
interventions.
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1. Introduction

Since the discovery of the obligatory role for the endothelium in relaxing arterial smooth
muscles by acetylcholine in 1980(Furchgott & Zawadzki 1980), the endothelium has
been the focus of intensive research. Currently, the endothelium is recognized to play a
crucial role in vascular homeostasis in health and is considered to be early involved in the
pathophysiology of cardiovascular disease (Moncada & Higgs 1993; Rubanyi 1993; Ross
1999; Davignon & Ganz 2004; Glasser et al. 1996). The endothelium, a single cell layer of
the vascular wall, has the ability to respond to physical, chemical, and neurohumoral
stimuli by the production and release of a variety biological active substances, e.g. nitric
oxide (NO), prostanoids, endothelin, angiotensin II, thrombomodulin, heparan sul-
phate, tissue-type plasminogen activator (t-PA), plasminogen activator inhibitor-1 (PAI-
1), von Willebrand factor (vWF), adhesion molecules and cytokines. NO, synthesized by
the endothelial NO synthases, is the most investigated substance released from the
endothelium and plays a pivotal role in endothelium-dependent vasodilatation and 
regulation of other protective functions of the endothelium. Functions of NO include
regulation of vascular smooth muscle cell tonus and proliferation, blood hemostasis, vas-
cular permeability, inflammatory response, platelet adherence and aggregation, and
endothelial cell-leukocyte interaction (Rubanyi 1993; Moncada & Higgs 1993; Glasser et
al. 1996). In addition, the endothelium has organ-specific roles that are differentiated for
various parts of the body, such as gas exchange in the lungs, control of myocardial func-
tion in the heart or phagocytosis in the liver and spleen (Vane et al. 1990). A disturbance
in the integrity or function of the endothelium is called endothelial dysfunction. In 
this review, we will focus on endothelium dependent vasodilatation as an measure 
of endothelial function (mediated predominantly by NO). We will discuss different
methods of assessment; prognostic and clinical implications and pharmacological inter-
ventions aimed at lowering blood pressure and cholesterol, in particular with ACE-
inhibitors and HMG-CoA reductase inhibitors, respectively.
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Figure. 1 Effect of acetylcholine/shear stress, ACE-inhibition, and statins on vasomotor func-
tion. BK: bradykinin, B2: B2-kinin receptor, ACE: angiotensin converting enzyme, AT:
angiotensin, NO: nitric oxide, O2: superoxide anion, ONOO-: peroxynitrite anion, eNOS:
endothelial Nitric oxide synthase, TXA2: thromboxane A2, PGH2: prostaglandin H2, PKC:
protein kinase C, L-NMMA: L-NG-monomethyl arginine, BH4: tetrahydrobiopterin,
NADH: NADH/NADPH oxidase, DAG: diacylglycerol, AGE: advanced glycation endprod-
uct, ox-LDL: oxidised low-density lipoprotein, sGC: soluble guanylate cyclase, cGMP: cyclic
guanosine monophosphate.

Upregulation, Downregulation 

2. Endothelial dependent vasomotor function

Endothelial cells synthesise NO through NO synthases (e.g. eNOS) by oxidation of the
amino acid L-arginine (figure 1).(Palmer et al. 1988) NO is thought to be the most
important endothelial derived vasodilator. Required cofactors for eNOS functioning are
haem, calmodulin, tetrahydrobiopterin, flavin mononucleotide and FAD, and
NADPH(Marletta 1993; Fleming & Busse 2003; Albrecht et al. 2003). NO is continuous-
ly produced by eNOS in the healthy endothelium in certain amounts in response to shear
and pulsatile stretch of the vascular wall. The production of NO can be increased by
many physiological stimuli, such as hypoxia, increase blood flow or shear stress, and
pharmacological stimuli such as acetylcholine, bradykinine, adenosine triphosphate,
adenosine diphosphate, thrombin, serotonin, histamine and substance P (Luscher &
Vanhoutte 1990). NO released from the endothelium in turn stimulates the soluble
guanylate cyclase in the vascular smooth muscle cells, resulting in an increase in the for-
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mation of cyclic GMP (Rapoport & Murad 1983; Rapoport et al. 1983; Draznin et al.
1986). Activation of cyclic GMP-dependent protein kinases alters the phosphorylation
state of various proteins and cascades, subsequently resulting in the decrease in vascular
tonus through either a decrease in intracellular free calcium concentrations, calcium
desensitization, and/or thin filament regulation, or a combination of these processes (see
Refs (Lincoln et al. 2001; Hofmann et al. 2000) for reviews).
In addition to NO, other endothelial-derived factors contribute to vasorelaxation, e.g.
prostacyclin and endothelium-derived hyperpolarizing factor (non-NO and non-
prostaglandin mechanism). In contrast to NO, EDHF is predominantly present in small-
er resistance arteries and less in large conduit vessels.(McGuire et al. 2001) The relevance
of non-NO dependent mechanisms is well established in animal and experimental mod-
els, but its clinical assessment and importance is still subject of investigation.

3. Assessment of endothelium dependent vasomotor function

Endothelium dependent vasodilatation has grown to be the read out of endothelial func-
tioning based on the assumption that impaired endothelium dependent vasomotion
reflects impaired NO production and other of its protective properties. In 1980,
Furchgott and Zawadzki demonstrated that relaxation of isolated rabbit thoracic aorta
and other blood vessels by acetylcholine was dependent on the presence of endothelium
(Furchgott & Zawadzki 1980). In the absence of endothelium acetylcholine caused vaso-
constriction through a direct effect on the muscarinic receptors of the vascular smooth
muscle cells. Similar experiments confirmed the presence of endothelium dependent
vasomotor function in human isolated internal mammary arteries, a vessel widely used
for coronary bypass surgery (Schoeffter et al. 1988). It has been suggested that the
decreased endothelium dependent vasorelaxation in saphenous venous segments to
acetylcholine, compared to mammary artery segments, can explain the differences in
graft patency after bypass (Luscher et al. 1988; Yang et al. 1989; Werner et al. 1990;
Tadjkarimi et al. 1992). In isolated human coronary arteries, obtained from hearts of car-
diac transplant patients, the endothelium dependent vasomotor function in response to
substance P, bradykinin, and Ca+-ionophore A23187 of atherosclerotic arteries was
attenuated (Forstermann et al. 1988).
Abnormal vasomotor response to acetylcholine can also be demonstrated in vivo in the
catheter laboratory using quantitative angiography. In patients with coronary athero-
sclerosis in the left anterior descending coronary artery, acetylcholine induced vasocon-
striction (Ludmer et al. 1986). In subsequent studies, progressive impairment of
endothelial dependent vasomotor function was demonstrated in coronary arteries of
patients with different early stages of atherosclerosis (Zeiher et al. 1989; Zeiher et al.
1991b) and traditional risk factors (Vita et al. 1990; Zeiher et al. 1991a; Antony et al.
1994; Nitenberg et al. 1995; Quyyumi et al. 1995).
However, coronary endothelial testing during catheterization is invasive, not without
risk, and time consuming (Tio et al. 2002). Assessment of endothelial function in the
brachial artery could be a solution to some of these limitations. Endothelial dependent
vasomotor function can be assessed in peripheral arteries by using intra-arterial infu-
sions of pharmacologic stimuli, like acetylcholine, to enhance NO release. During venous
occlusion strain gauge plethysmography total forearm blood flow (FBF) and thus vaso-
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motor function can be calculated by measuring increase in forearm volume over time
after infusion of acetylcholine (Wilkinson & Webb 2001; Hokanson et al. 1975; Stroes et
al. 1995; Stroes et al. 1997). Indeed, impairment of endothelial function as assessed by
FBF is also associated with cardiovascular risk factors, including hypercholesterolaemia,
diabetes mellitus and cigarette smoking (Chowienczyk et al. 1992; Makimattila et al.
1999; Heitzer et al. 1996). In addition, we found a significant correlation between the
endothelium dependent vasodilatation in the coronary and brachial artery after acetyl-
choline infusion in patients referred for a first diagnostic angiogram (Monnink et al.
2002). Venous occlusion plethysmography in the brachial artery consists of less risk com-
pared to assessment of the coronary artery, but is still not suitable in asymptomatic
patients due to its invasive approach.
Since impaired NO release in humans can be demonstrated by an impaired vasomotor
response to eNOS activation, it can also be demonstrated by physiological stimuli, such
as exercise- (Gordon et al. 1989) or cold-pressor testing (Nabel et al. 1988; Zeiher et al.
1989). Another physiological stimulus, blood flow, allows non-invasive assessment of
endothelial dependent vasodilatation. Flow-mediated vasodilatation (FMD) in the
brachial artery measures the diameter of the brachial artery at rest and during reactive
hyperaemia with high-resolution ultrasound and has been widely used for quantifying
endothelium dependent vasodilatation (Celermajer et al. 1992; Raitakari & Celermajer
2000). Anderson et al. (Anderson et al. 1995b) demonstrated a relation between coronary
artery endothelium-dependent vasomotor responses to acetylcholine and the FMD.
There was a positive predictive value of 95% between an abnormal brachial artery dilata-
tion and coronary endothelial dysfunction. However, the sensitivity for detecting coro-
nary endothelial dysfunction was only 49%. Besides quantitative angiography, FBF and
FMD, there are some other methods, such as positron emission tomography (Bottcher et
al. 1999) and transthoracic doppler echocardiograpy (Iliceto et al. 1991; Hozumi et al.
1998), but these are currently not commonly used and only small sample sizes have been
reported. To date, non-invasive assessment of the flow-mediated vasodilatation with
ultrasound seems to be the most attractive method to assess endothelium dependent
vasodilatation because of its safety and the potential to measure vascular function
repeatedly over time.
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Table 1. Prognostic studies of coronary and peripheral endothelial function

Study n Extent of CAD Design Method Cut-off value Events, n Follow-up, Result

months

Suwaidi 157 < 40% stenosis prospective CEDV -20 % 6 28 +
(Suwaidi et al. 2000)

Schachinger 147 1 VD prospective CEDV 0 % 16 92 +
(Schachinger et al. 2000)

Hollenberg 73 < 50% stenosis prospective CEDV 5 % 14 9 +
(Hollenberg et al. 2001)

Halcox 308 Mild to moderate retrospective CEDV 0 % 35 46 +
(Halcox et al. 2002)

Targonski 503 < 30 % stenosis retrospective CEDV 20 % 25 16 +
(Targonski et al. 2003)

von Mering 163 75 % normal prospective CEDV 0 %* 58 48 +
(von Mering et al. 2004) or mild VD

Asselbergs  277 0-3 VD prospective CEDV 0 % 24 47 -
(Asselbergs et al. 2004)

Schindler 130 0 VD prospective CPT 0 % 26 45 +
(Schindler et al. 2003)

Nitenberg 128 0 VD retrospective CPT 0 % 27 45 +
(Nitenberg et al. 2004)

Perticone 225 Unknown prospective FBF Tertiles 29 32 +
(Perticone et al. 2001)

Heitzer 281 1-3 VD prospective FBF Median 91 54 +
(Heitzer et al. 2001)

Neunteufl 73 0-3 VD prospective FMD 10 % 27 12 +
(Neunteufl et al. 2000)

Gokce (Gokce et al. 2002) 187 Unknown Prospective FMD Tertiles 45 1 +

Gokce (Gokce et al. 2003) 199 Unknown prospective FMD Tertiles 35 14 +

Chan (Chan et al. 2003) 152 Unknown prospective FMD FMD/NMD ratio 22 34 +

Brevetti  131 Unknown prospective FMD median 39 23 +
(Brevetti et al. 2003)

Fathi (Fathi et al. 2004) 444 Unknown prospective FMD Tertiles 49 24 -

CAD: coronary artery disease, CEDV: coronary endothelial dependent vasodilatation, CPT: cold-pressor testing, FMD: flow 

mediated vasodilatation, NMD: nitroglycerin mediated dilation

*In the multivariate analysis, no cut-off value was used, but the change in diameter after acetylcholine infusion was continu-

ously entered into the model.

4. Prognostic value of endothelium dependent vasomotor function

To our knowledge, no studies have been published on the prognostic value of endothe-
lial dependent vasodilation of isolated human vascular segments. However, several 
studies (table 1) have investigated the prognostic value of endothelium dependent
vasodilatation in the coronary artery as assessed at the catheter laboratory. Suwaidi et al.
(Suwaidi et al. 2000) were the first to report that endothelial dysfunction is associated
with increased cardiac events in 157 patients with mild coronary artery disease (CAD)
during a 2.3-year follow-up. This finding was confirmed by Schächinger et al.
(Schachinger et al. 2000) who studied 147 patients with mild CAD during a median 
follow-up of 7.7 years. Since these two studies had a relatively small number of events 

CLINICAL IMPACT OF VASOMOTOR FUNCTION ASSESSMENT

129

ProefschriftFolkert25-11-04.qxd  25-11-2004  12:41  Pagina 129



(6 and 16, respectively) it was not considered as sufficiently convincing evidence.
However, Halcox et al. (Halcox et al. 2002) provided similar data, retrospectively, about
the predictive value of coronary endothelial dependent function in a study in 308
patients with mild to moderate CAD and even in patients with angiographically normal
coronary arteries, with a follow up of 46 months (35 events). Another retrospective study
demonstrated an independent association between coronary endothelial function and
cerebrovascular events in patients without obstructive coronary artery disease at an early
stage of atherosclerosis (Targonski et al. 2003). More recently, the Women’s Ischemia
Syndrome Evaluation (WISE) Study investigated the prognostic value of coronary vas-
cular dysfunction in 163 women referred for diagnostic angiogram for evaluating
myocardial ischemia (von mering et al. 2004). Seventy-five percent had no or mild coro-
nary artery disease and the degree of coronary artery disease and the change in diameter
after intracoronary acetylcholine infusion were both predictive for cardiovascular events.
Unfortunately, it is unclear how many events occurred in the group with mild and in the
group with severe coronary artery disease. Fifty-eight (36%) of these so-called lower-risk
women had a cardiovascular event during a follow-up period of 48 months and the
WISE study has thereby the highest event rate of all studies listed in table 1. We studied
277 patients referred for a first coronary angiogram (Asselbergs et al. 2004). In contrast
to other studies, we did not exclude patients with advanced atherosclerosis who were
candidates for revascularization. This might explain why we were unable to demonstrate
prognostic value of coronary endothelium dependent vasomotor function. Furthermore,
discontinuing vasoactive medication before the coronary angiogram in this study may
confound this finding. It might have been the case that non-responders to cardioprotec-
tive medication experienced events. Unfortunatly, how previous studies dealt with
vasoactive medication prior to endothelium assessment is not clear. Two other studies
reported that endothelial vasomotor function of the coronary artery in response to cold-
pressor testing have prognostic value in patients with normal coronary angiograms
(Schindler et al. 2003; Nitenberg et al. 2004). Collectively, the above studies indicate that
coronary vasomotor function in patients with an increased cardiovascular risk profile
can predict future cardiovascular events. However, measuring endothelial function in
coronary arteries is only justifiable in high-risk patients and therefore does not add any
value to primary prevention programs.
Only recently, the prognostic value of peripheral assessment of endothelial dependent
vasodilatation by FBF in response to intra-arterial acetylcholine infusion was demon-
strated (Perticone et al. 2001; Heitzer et al. 2001). In patients with initially untreated and
uncomplicated essential hypertension and in patients with documented coronary artery
disease forearm endothelial dysfunction appeared a marker for future cardiovascular
events (Perticone et al. 2001; Heitzer et al. 2001). Non-invasive assessment of peripheral
endothelial dependent vasodilatation by FMD might also be a marker for increased car-
diovascular risk (Kuvin et al. 2001). Two studies have reported a significant (modest-
strong) relation with impaired endothelial dependent relaxation in the coronary arteries
and brachial arteries (Anderson et al. 1995a; Takase et al. 1998). However, the results of
FBF and FMD may not be analogous (Eskurza et al. 2001; Monnink et al. 2002) and
reproducibility of FMD can be poor. (Hijmering et al. 2001; Monnink et al. 2002).
Neunteufl et al. (Neunteufl et al. 1997) demonstrated that FMD measurements are inde-
pendently associated with the angiographic extent of CAD. Interestingly, the same group
found a relation between endothelial function measured by the FMD and need for car-
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diac revascularization (Neunteufl et al. 2000). Gokce et al. demonstrated in a prospective
study that an impaired FMD predicts short-term and long-term cardiovascular events
after vascular surgery (Gokce et al. 2003; Gokce et al. 2002). In another report it was
shown that functional integrity following arterial bypass surgery was preserved, which
may partially explain the long term beneficial outcome after arterial graft surgery
(Amoroso et al. 2000). However, in a recent study, involving a relatively large number of
patients (n=444) at relatively high risk, Fathi et al, investigated whether FMD measure-
ments have an additional value in predicting mortality and cardiovascular morbidity 
relative to other predictors of outcome (Fathi et al. 2004). Although they found in 
univariate analysis that the most disturbance of FMD had greater subsequent cardiac
morbidity and mortality than those with normal or mildly abnormal FMD, in multi-
variate analysis this could be independently predicted by intima medial thickness (IMT)
and LV mass rather than FMD. Only in a subgroup undergoing stress testing, FMD pro-
vided additional information (along with IMT and LV mass).
When considering the above, it should be noted that studies demonstrating prognostic
value of coronary vasodilation have predominantly been performed in patients with
mild to moderate CAD. In patients with more severe CAD, peripheral endothelial func-
tion testing was used to investigate its predictive value. This discrepancy in study designs
may suggest that endothelium dependent vasodilatation test for assessment of endothe-
lium function can only be assessed in vessels with intact endothelium, e.g. the brachial or
coronary artery with mild atherosclerosis. To visualise this conception, figure 2 shows a
coronary artery without obstructive coronary artery disease and an intact endothelial
layer. In contrary to mild coronary artery disease, the endothelium is damaged or oblit-
erated in coronary arteries with severe atherosclerosis and plaques (figure 3). Therefore,
we hypothesize that coronary endothelial function testing might not be a powerful diag-
nostic modality in patients with advanced atherosclerosis. In addition, use or non-use of
vasoactive mediation introduces an important potential confounder since non-respon-
ders to vasoactive medication might continue to have diminished endothelium vasomo-
tor function in contrast to responders. In this respect, discontinuing medication might
provide a better information of the intrinsic health of the endothelium, while continu-
ing medication probably provides better information of the endothelium function in
‘real life’, when events do occur. Which of these two situations provides the strongest
prognostic information still remains to be elucidated.
In summary, most of the aforementioned studies demonstrate a predictive value of
endothelial function in patients independent of traditional cardiovascular risk factors.
Whether or not this is truly independent or additive, in all situations remains to be estab-
lished. Furthermore, most studies were retrospective in nature, with few events and per-
formed in selected patient populations only. Invasive endothelial function measured by
intracoronary or intrabrachial acetylcholine infusion does not seem to have future as pri-
mary prevention tool considering their risk and costs. Nevertheless, these tests continue
to have value for academic reasoning and assessing vascular response to therapeutic
intervention over time in symptomatic or high-risk patients. The FMD assessment of
endothelial dependent vasomotor function seems to be the most attractive candidate
since it can safely be applied to large and asymptomatic patients. However, disadvantages
of FMD are the high variability, its modest association with coronary endothelial func-
tion and lack of standardisation between centres.
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Figure. 2 Coronary artery without obstructive coronary artery disease and an intact
endothelial layer. Reproduced with permission of AC van der Wall (Academic Medical
Center, Amsterdam).

Figure. 3 Coronary artery with a microthrombus centrally located, the endothelium is dam-
aged or obliterated at the site of injury. The black arrows indicate adjacent endothelial cells.
Reproduced with permission of AC van der Wall (Academic Medical Center, Amsterdam).
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5. Intervention on endothelium dependent vasomotor function

Numerous studies have reported the beneficial effects of several physiological and phar-
macological interventions on endothelial function (Hambrecht et al. 2000; Husain et al.
1998; Noon et al. 1998; Quyyumi 1998; Levine et al. 1996; Gokce et al. 1999; Andrews et
al. 2001; Lieberman et al. 1994; Gerhard et al. 1998; Saitta et al. 2001). Among these, ACE-
inhibitors and HMG CoA reductase inhibitors (statins) are most extensively investigated
in experimental and clinical setting. Both drugs have repeatedly been demonstrated to be
very effective in decreasing cardiovascular events in high-risk populations. Therefore,
this review is limited to the effects of these drugs on endothelial function.

5.1 Hypertension, ACE-inhibitors and endothelium dependent vasomo-
tor function

It has been repeatedly shown that hypertension impairs endothelium dependent vaso-
motor function in animal models as well as human studies (for reviews see (Lind et al.
2000; Vanhoutte 1996) Impairment of endothelium dependent vasodilatation has been
extensively documented in hypertensive subjects with several methods and in different
arteries (Linder et al. 1990; Panza et al. 1990; Treasure et al. 1992; Brush, Jr. et al. 1992;
Panza et al. 1995; Iiyama et al. 1996; Li et al. 1997). It has not yet been fully elucidated
whether impaired endothelium dependent vasodilatation causes hypertension or vice
versa. Nevertheless, antihypertensive treatment with ACE-inhibitors, calcium-channel
blockers, angiotensin 2 receptor blockers, betablockers and diuretics can improve
endothelium dependent vasodilatation in animal experimental models of hypertension
(Clozel et al. 1990; Novosel et al. 1994; Rodrigo et al. 1997; Hayakawa et al. 1997;
Vanhoutte et al. 1993; Finta et al. 1993). In humans, it has also been demonstrated that
improvement in endothelial function may be obtained after antihypertensive therapy
and, in addition, clearly identifies patients who possibly have more favourable prognosis
(Modena et al. 2002). The most potent improvement of endothelium function might be
obtained by ACE-inhibitors. ACE inhibitors not only prevent the production of
angiotensin II from angiotensin I, but also stimulates the production of bradykinin.
Bradykinin contributes to the effects of ACE inhibitors in clinical setting (Gainer et al.
1998). Several pathways are activated by both actions, which are illustrated in figure 1.
Indeed, treatment with ACE-inhibitors has been shown to improve endothelial function
in humans (table 2) (Rajagopalan et al. 1996; Antony et al. 1996; Prasad et al. 2000b;
Cheetham et al. 2000). The Brachial Artery Normalisation of Forearm Function
(BANFF) study was designed to compare the effect of ACE-inhibition with quinapril or
enalapril, angiotensin II blockade with losartan, and calcium-channel blocking therapy
with amlodipine on FMD in 80 patients with CAD (Anderson et al. 2000). The authors
demonstrated that only quinapril improved FMD after eight weeks of treatment in
patients with CAD. These results were in concordance with other studies comparing
enalapril and quinapril. Moreover, the beneficial effect of quinapril was confirmed in
studies using FMD, FBF, and coronary endothelial function (table 2). Only Benacceraf
(Benacerraf et al. 1999) et al. did not demonstrate a beneficial effect of quinapril in
patients with CAD. Nevertheless, quinapril improved FBF in healthy subjects in this
study. The discrepancy found in the BANFF study between quinapril and losartan sug-
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gest an important role of kinins in endothelium dependent vasodilatation, as losartan
did not augment FMD. However, despite extensive experimental evidence and the stud-
ies using quinapril, the beneficial effects of other ACE-inhibitors on endothelial function
in humans are more inconsistent (table 2). Benazepril only augmented FMD in hyper-
tensive patients with a FMD <5% at baseline (Nagy et al. 1998). Lisinopril showed an
antioxidant effect, but showed no acute benefit in terms of endothelial function in
patients with CAD (Bae et al. 2001). In addition, lisinopril increased vasodilatation in
response to bradykinin, but not to acetylcholine in hypertensive patients (Taddei et al.
1998). On the other hand, two studies showed that lisinopril increases FBF in cigarette
smokers and hyperlipidaemic subjects (Lee et al. 1999; Butler et al. 2001). Other ACE-
inhibitors than enalapril and quinapril are more difficult to evaluate, because only a few
human studies have been performed with those drugs, such as benazepril, captopril,
perindopril, cilazapril, ramipril and temocapril (table 2). In the near future, the results of
a nested substudy of the EUROPA trial, studying the effects of perindopril on stable
coronary artery disease, will be published (Bots et al. 2002). Using FMD measurements
the effect 3 years of perindopril will be assessed in a relatively large cohort of patients
(n=345). The prospective findings of this study may further enhance our understanding
and provide a more definite answer on effects of ACE inhibitors on endothelium func-
tioning.
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Table 2. Overview of human studies investigating the effect of ACE-inhibitors on endothe-
lial function

Study Patient N Method ACE- Follow-up Result

characteristics inhibitor

Mancini (Mancini et al. 1996) CAD 105 CEDV quinapril 6 months +

Prasad (Prasad et al. 2000a) Coronary sclerosis 56 CEDV enalapril Immediately after infusion +

or risk factors

Antony (Antony et al. 1996) Hypertension 10 CPT perindopril Immediately after infusion +

Hirooka (Hirooka et al. 1992) Hypertension 12 FBF captopril Acute +

Kiowski (Kiowski et al. 1993) Hypertension 10 FBF cilazapril 5 months -

Creager (Creager & Roddy 1994) Hypertension 44 FBF captopril 7-8 weeks -

enalapril -

Iwatsubo (Iwatsubo et al. 1997) Hypertension 26 FBF temocapril 6 months +

O’Driscoll  Type I DM 9 FBF enalaprilat / Acute infusion / 1 month + / + 
(O'Driscoll et al. 1997a) enalapril

Haefeli (Haefeli et al. 1997) Healthy volunteers 44 FBF quinapril Immediately after infusion +

enalapril -

Taddei (Taddei et al. 1998) Hypertension 20 FBF lisinopril 6-8 hours / 1 month / +/+

12 months

Millgard J (Millgard et al. 1998) Hypertension 23 / 5 FBF captopril 1 hour / 3 months +

O’Driscoll (O'Driscoll et al. 1999) Type II DM 10 FBF enalapril 4 weeks +

Benacerraf (Benacerraf et al. 1999) CAD 26 FBF quinapril Immediately after infusion -

Lee (Lee et al. 1999) Hyperlipidaemia 40 FBF lisinopril 6 months +

Houben (Houben et al. 2000) Hypertension 12 FBF quinapril Immediately after +

enalapril infusion -

Higashi (Higashi et al. 2000) Hypertension 296 FBF any ACEi > 24 weeks +

Butler (Butler et al. 1999) Smokers 23 FBF lisinopril 8 weeks +

Nagy (Nagy et al. 1998) Hypertension 21 FMD benazepril 2 hours/ 1 month - / -

Mullen Type 1 DM 91 FMD enalapril 12 / 24 months - / -
(Mullen et al. 1998)et al. (1998)

Hornig (Hornig et al. 1998) CHF 15 FMD quinapril Immediately after +

enalapril L-NMMA -

Wilmink (Wilmink et al. 1999) Healthy volunteers 30 FMD quinapril 2 weeks +

McFarlane (McFarlane et al. 1999) Type 1 DM 20 FMD perindopril 12 weeks -

Arcaro G, (Arcaro et al. 1999) Microalbuminuric 9 FMD captopril / 1 week / 1 week +/+

type 1 DM enalapril

Anderson CAD 80 FMD quinapril 8 weeks +
(Anderson et al. 2000) et al. (2000) enalapril -

Esper (Esper et al. 2000) CAD with hyper 38 FMD enalapril 8 weeks +

cholesterolemia

Bae (Bae et al. 2001) CAD 39 FMD lisinopril 2 hours -

Bots (Bots et al. 2002) coronary artery 345 FMD perindopril 3 years ? (not 

disease completed)

EF: endothelial function, CAD: coronary artery disease, CHF: chronic heart failure, DM: diabetes mellitus,

FBF: Forearm Blood Flow assessed by venous occlusion plethysmography, FMD: endothelium dependent Flow-mediated 

vasodilatation of the brachial artery, CPT: cold-pressor test, CEDV: coronary endothelium dependent vasodilatation 

after infusion of acetylcholine, L-NMMA: L-NG-monomethyl arginine, ACEi: ACE-inhibitor.
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5.2 Effects of cholesterol lowering therapy and HMG CoA reductase
inhibitors on endothelium dependent vasomotor function

Effects of hypercholesterolemia on endothelial function have also been extensively 
studied. Numerous studies indicate cholesterol to be an independent predictor for
endothelial dysfunction and to have an inverse correlations with endothelium depend-
ent vasodilatation with different methods of assessment and in different arteries (Creager
et al. 1990; Vita et al. 1990; Drexler & Zeiher 1991; Celermajer et al. 1992; Chowienczyk
et al. 1992; Casino et al. 1993; Seiler et al. 1993; Shiode et al. 1996; Voors et al. 1997).
Several explanations can account for the decreased endothelial function in hypercholes-
terolemia. (Oxidized) LDL cholesterol can decrease eNOS activity at several levels, such
as downregulation mRNA (Liao et al. 1995), inhibition of membrane signal transduction
(Liao 1994) and NO inactivation (Galle et al. 1991). In addition, increased vascular
oxidative stress is associated with hypercholesterolemia and could further diminish the
availability of NO (Ohara et al. 1993). Evidence for causality in humans was provided by
several LDL apheresis studies. A single LDL apheresis can result in LDL reductions of 40-
90% within 3 hours. In hypercholesterolemia patients improvement of endothelial
dependent vasodilatation could be demonstrated directly after LDL apheresis in the
coronary artery (Mellwig et al. 1998; Igarashi et al. 2004) and forearm vessel (FBF)
(Tamai et al. 1997). A reduction of triglycerides showed no such correlation. This stud-
ies strongly supports the concept that hypercholesterolemia in itself causes endothelial
dysfunction that can be immediately reversed by an acute aggressive reduction of serum
cholesterol.
Only very few studies investigated pharmacological interventions on endothelium
dependent vasorelaxation not using statins. Treatment with cholestyramine in hyper-
cholesterolaemic patients resulted in a 29% reduction in total cholesterol after 6 months
and a significant improvement of acetylcholine induced vasomotor response of the coro-
nary artery (Leung et al. 1993). Treatment with gemfibrozil resulted in improvement in
10 subjects with DM, but had no effect in 100 subjects with LDL <160mg/dl (Avogaro et
al. 2001; Andrews et al. 1997). Most studies used statin treatment as cholesterol lowering
intervention. Statin trials were able to confirm beneficial effects of statins on endothelial
vasomotor function in hypercholesterolemia (table 3). However, besides cholesterol low-
ering efficacy, evidence is accumulating statins might have additional effects on the
endothelium (for reviews see (Takemoto & Liao 2001; Liao 2002; Wolfrum et al. 2003;
Laufs 2003)). In vitro, statins can increase eNOS mRNA expression, stability as well as
eNOS activity (Di Napoli et al. 2001; Laufs et al. 2000). Furthermore, protection of
statins was completely abolished in eNOS knockout mice and after inhibition of eNOS
with L-NAME (Bell & Yellon 2003; Wolfrum et al. 2003). Considering these cholesterol-
independent mechanisms of action, statin studies on endothelium dependent effects
were further evaluated. Laufs et al, demonstrated that high dose atorvastatin treatment
in healthy normocholesterolemic subjects with normal vascular function increases
endothelium-dependent FBF within 24 hours, before serum cholesterol and hs-CRP
which decreased after 2 days of treatment (Laufs et al. 2001). Furthermore, withdrawal
of atorvastatin therapy acutely impaired vascular function independent of the sustained
decreased cholesterol levels. This acute effect was confirmed by Omori et al. using
cerivastatin (Omori et al. 2002). A single dose of cerivastatin increased vascular endothe-
lial responsiveness transiently in cerivastatin treated subjects after 3 hours, also before an
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effect on serum cholesterol levels was detectable. The time course of cholesterol lowering
at the beginning and end of treatment disassociated from alterations of vascular func-
tion. Therefore, these data support the existence of cholesterol-independent effects of
statins in humans. Similar, pravastatin improved endothelial dependent vasodilatation
after 3 days of treatment in normocholesterolemic CAD patients (Masumoto et al. 2001).
This improvement in endothelial function was completely blocked by coinfusion of the
NO synthase inhibitor L-NMMA, thus seems to be attributable to a potentiation of
eNOS activity. After menopause, most healthy women show an impairment of peripher-
al vasodilatation. 10 days of atorvastatin treatment improved endothelium-dependent
vasodilatation in postmenopausal normocholesterolemic women, without affecting
serum lipoproteins. Furthermore, the effect was potentiated by L-arginine and blunted
by L-NMMA, strongly suggesting an association with increased NO production by statin
treatment (Mercuro et al. 2002). Recently, it was demonstrated that impaired endothelial
function caused by cigarette smoking could be improved by statin treatment in normo-
cholesterolemic smokers, without associations between baseline lipid levels and change
in lipid levels (Beckman et al. 2004).
These studies all suggests that statins probably exerts a direct action on the arterial
endothelium independently of (serum) cholesterol levels. However, in diabetic subjects
results are less consistent (table 3). (Sheu et al. 1999; Sheu et al. 2001; van de Ree et al.
2001; Duffy et al. 2001; van Etten et al. 2002; Economides et al. 2004; van Venrooij et al.
2002) In diabetic studies, endothelial function seems not to be associated with an tradi-
tional lipid variable, in contrast to studies of nondiabetic subjects (Vogel et al. 1996;
Toikka et al. 1999; van Venrooij et al. 2002) (Cosentino & Luscher 1998). Interestingly, in
elderly type 2 diabetic patients 3 days of cerivastatin treatment did not result in change
in lipid concentrations, but did improve the FMD and this was associated with an
increase in plasma NOx and decrease of oxidant markers (Tsunekawa et al. 2001). Thus,
whether in diabetic subjects, hyperglycemia is the principle cause of endothelial dys-
function resistant to statin therapy remains to be further elucidated.
In contrast to several studies investigating peripheral endothelial function in normocho-
lesterolemic patients, two placebo-controlled randomised studies failed to show an
improvement on coronary endothelial function after 6 months of treatment with sim-
vastatin and cerivastatin, the CARATS and the ENCORE study (Vita et al. 2000; 2003).
The improvement of coronary endothelial function in the placebo group might have
resulted in the regression to the mean phenomenon. Both groups assessed the effects on
the most constrictive segment. However, when all coronary segments were analysed, this
phenomenon disappeared. Taken all together, more positive than negative studies have
been published for each method of endothelial function testing (table 3). The currently
available studies strongly suggest that treatment of hypercholesterolemia can restore
endothelial dysfunction. At the moment, conflicting clinical evidence of statin therapy
exists on endothelium dependent effects beyond cholesterol lowering. Furthermore, no
study has demonstrated whether improvement of endothelium dependent vasodilata-
tion is a necessity for the efficacy of statin treatment.
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Table 3. Overview of human studies investigating the effect of statins on endothelial func-
tion.

Study Patient n Method Statin Follow-up Result

characteristics

Egashira (Egashira et al. 1994) hypercholesterolemia 9 CEDV pravastatin 6 months +

Treasure (Treasure et al. 1995) CAD 23 CEDV lovastatin 12 days / 5.5 months - / +

Anderson (Anderson et al. 1995a) Cholesterol  49 CEDV lovastatin 1 year + 

(4.7-7.2 mmol/l) cholestyramide

probucol

Houghton (Houghton et al. 2000) Normal coronary 6 CEDV pravastatin 6 months -

arteries

Vita (Vita et al. 2000) CAD 60 CEDV simvastatin 6 months -

Penny (Penny et al. 2001) Hypercholesterolemia 29 CEDV lovastatin 18 months +*

ENCORE (2003) CAD 343 CEDV cerivastatin 6 months -

Wassmann (Wassmann et al. 2003) Angina pectoris 27 CEDV pravastatin 24 hours +

O'Driscoll  Cholesterol  10 FBF simvastatin 4 weeks / 3 months + / +
(O'Driscoll et al. 1997b) (6.0-10.0 mmol/l)

Perticone (Perticone et al. 2000) hypercholesterolemia 40 FBF atorvastatin 1 month +

John (John et al. 2001) hypercholesterolemia 37 FBF cerivastatin 2 weeks +

Duffy (Duffy et al. 2001) hypercholesterolemia 26 FBF simvastatin After L-NMMA -

van de Ree (van de Ree et al. 2001) Type 2 DM 17 FBF simvastatin 6 weeks -

Laufs (Laufs et al. 2001) Healthy male 28 FBF atorvastatin 48 hours +

Mercuro (Mercuro et al. 2002) Postmenopausal  28 FBF atorvastatin 10 days +

women

van Etten (van Etten et al. 2002) Type 2 DM 44 FBF atorvastatin 4 weeks -

Wassmann  Normocholesterolemic 18 FBF atorvastatin 6 weeks +
(Wassmann et al. 2004) with increased 

cardiovascular risk

Vogel (Vogel et al. 1996) Hypercholesterolemia 7 FMD simvastatin 12 weeks +

Neunteufl (Neunteufl et al. 1998) hypercholesterolemic 7 FMD simvastatin 20 weeks +

vitamin E

Simons (Simons et al. 1998) hypercholesterolemia 32 FMD atorvastatin 30 weeks +

simvastatin + +

cholestyramine

Sheu (Sheu et al. 1999) Type 2 DM with 21 FMD simvastatin 24 weeks -

hypercholesterolemia

Dupuis (Dupuis et al. 1999) ACS 60 FMD pravastatin 6 weeks +

Jarvisalo (Jarvisalo et al. 1999) CAD 45 FMD statins After at least +

3 months of statins

Rashid (Rashid & Touchon 1999) CAD 8 FMD simvastatin 3 / 6 months + / +

Mullen (Mullen et al. 2000) Type 1 DM 84 FMD atorvastatin 6 weeks +

Tsunekawa (Tsunekawa et al. 2001) Type 2 DM 27 FMD cerivastatin 3 days +

3 months

Sheu (Sheu et al. 2001) Type 2 DM with 12 FMD simvastatin 12 weeks +

hypercholesterolemia

Malik (Malik et al. 2001) hyperlipidemia 29 FMD fenofibrate 10 weeks -

atorvastatin -

Stein (Stein et al. 2001) hypercholesterolemia 37 FMD pravastatin 6 months -

17 simvastatin -
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Table 3. Continued

Study Patient n Method Statin Follow-up Result

characteristics

Van Venrooij  Type 2 diabetes 133 FMD atorvastatin 10mg 30 weeks -

atorvastatin 80mg -

Dogra (Dogra et al. 2002) Nephrotic syndrome 10 FMD any statin 12 weeks +

Omori (Omori et al. 2002) Healthy volunteers 30 FMD cerivastatin 1h/3h/6h/12h -/+/-/-

de Jongh (de Jongh et al. 2002) FH 69 FMD simvastatin 28 weeks +

Vita (Vita et al. 2003) CAD 51 FMD Atorvastatin 36 hours -

van Haelst (van Haelst et al. 2003) FH 35 FMD simvastatin 6 weeks -

Economides  Diabetes Type 1/2 40 FMD atorvastatin 12 weeks +
(Economides et al. 2004)

Beckman (Beckman et al. 2004) Cigarette smokers 20 FMD atorvastatin 4 weeks +

Healthy controls 20 -

EF: endothelial function, CAD: coronary artery disease, CHF: chronic heart failure, DM: diabetes mellitus, FBF: Forearm

Blood Flow assessed by venous occlusion plethysmography, FMD: endothelium dependent Flow-mediated vasodilatation of

the brachial artery, CEDV: coronary endothelium dependent vasodilatation after infusion of acetylcholine, ACS: acute coro-

nary syndromes, FH: familial hypercholesterolemia, L-NMMA: L-NMMA: L-NG-monomethyl arginine. *Improvement only

in the most constricted segments

5.3 Clinical Implications of therapeutic interventions on endothelial
dependent vasomotor function

Improvement of endothelial function can be induced by statin therapy and possible ACE
inhibitors. Like aspirin (Husain et al. 1998; Noon et al. 1998; Quyyumi 1998), statins and
ACE inhibitors definitely improve cardiovascular prognosis concomitantly with
endothelial dependent vasomotor function. However, endothelial function can also be
improved with other pharmacological interventions, such as vitamins/antioxidants
(Levine et al. 1996; Gokce et al. 1999; Andrews et al. 2001; Title et al. 2000) and hormone
replacement therapy (Lieberman et al. 1994; Gerhard et al. 1998; Saitta et al. 2001) but
without positive effects on clinical outcomes (2002; Yusuf et al. 2000; Nelson et al. 2002;
Liem et al. 2003; Lange et al. 2004). Thus, improvement of endothelial function is not
necessarily a good surrogate marker of risk reduction. The clinical value of persistent
endothelial dysfunction after initiation of a well proven treatment has not been well
established. Currently, only one study reported the lack of change in FMD in response to
blood pressure lowering therapy could predict cardiovascular events in 400 post-
menopausal hypertensive women (Modena et al. 2002).

6. Conclusions

In this paper, we reviewed the most commonly used methods to assess endothelial
dependent vasomotor function. It is conceivable to assume that endothelial dependent
vasodilatation is of prognostic value for future cardiovascular events. Non-invasive
assessment of the flow-mediated vasodilatation with ultrasound seems to be the most

CLINICAL IMPACT OF VASOMOTOR FUNCTION ASSESSMENT

139

ProefschriftFolkert25-11-04.qxd  25-11-2004  12:41  Pagina 139



attractive method to assess endothelium dependent vasodilatation in low-risk and
asymptomatic patients because of its safety and the potential to measure vascular func-
tion repeatedly. However, studies aimed at the prognostic value were only performed in
selected patients referred for evaluation of cardiovascular disease. Consequently, these
data cannot be extrapolated to the general population. In addition, the assessment of
flow-mediated dilatation is a sophisticated and expensive procedure, which may only be
useful for academic reasoning towards new diagnostic and treatment modalities.
Secondly, we discussed blood pressure and cholesterol lowering interventions, in partic-
ular with ACE inhibitors and statins, on endothelium dependent vasodilatation, which
seems beneficial in small sample sizes. Currently, large randomised population based
prospective studies on treatment of endothelial function with statins or ACE inhibitors
in low risk patients are lacking. Improvement of endothelial dependent vasodilatation
could, theoretically, exert a beneficial effect on clinical outcome. However, several inter-
ventions improving endothelial function did not improve clinical outcome and therefore
it remains questionable whether improvement of endothelial function is a necessity to
improvement in cardiovascular prognosis.
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Abstract

Disturbed vasomotor function in coronary arteries has clinical importance in early
stages of coronary artery disease (CAD). It may contribute to the potential risk for an
ischemic coronary event. In the present study, we investigated the relation between coro-
nary vasomotor function and the extent of CAD. The response to acetylcholine and
nitrate infusion was assessed by quantitative coronary angiography. The extent of CAD
was categorised in two groups: Minor CAD (normal coronary arteries and vessel wall
irregularities), and significant CAD (1-, 2- and 3-vessel disease). A total of 277 patients
with stable angina pectoris, referred for a first diagnostic coronary angiography were 
eligible for analysis (mean age 57 year, 61% male). The response to nitrate was signifi-
cantly impaired in patients with significant CAD (p<0.001). On the other hand, the
response to acetylcholine was not different between the two groups (p=0.12). However,
a trend between the response to acetylcholine and the extent of CAD was observed in
patients without a previous infarction (p=0.07), which was a significant interaction vari-
able. Furthermore, a significant relation between coronary vasomotor response and
number of cardiovascular risk factors was observed (p<0.05). In conclusion, in a hetero-
geneous group of patients, coronary vasomotor function measured by nitrate infusion
was stronger associated to the extent of CAD and the number of risk factors than the
response to acetylcholine. These data suggest that in patients with advanced atheroscle-
rosis or multiple risk factors the vasomotor dysfunction is not solely restricted to the
endothelium.
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Introduction

Historically, the ideas about the pathophysiologic mechanism of myocardial ischemia
varied between static or dynamic occlusions of coronary arteries. At present, the most
plausible cause appears to be a combination of both explanations [1]. To evaluate the
dynamic component, coronary vasomotor testing has been introduced. After the pio-
neering years of coronary angiography, the application of spasm provocation protocols
using ergotalkaloids during standard coronary angiography were described by several
high volume centres [2-5]. At present, intracoronary acetylcholine infusion in combina-
tion with quantitative coronary angiography has become a generally accepted method to
assess vasomotor function. ‘Endothelial dysfunction’ is thought to be present when
acetylcholine induces vasoconstriction [6]. Endothelial dysfunction is considered to be
the first step in the cascade of atherosclerosis [5] and has been shown to be related to tra-
ditional cardiovascular risk factors [7-10] and to predict future coronary events [11-13].

Ludmer and colleagues reported in 1986 for the first time an association between the
presence of atherosclerosis and an impaired response to acetylcholine. However, their
study population consisted of 14 patients and 4 female control subjects (14). These
results are partly confirmed by several groups in patients with early signs of atheroscle-
rosis [15;16]. No study has yet validated the data of Ludmer in a patient population with
more advanced atherosclerosis.

In contrast to the response to acetylcholine, the response to nitroglycerin – which is
an endothelium-independent smooth muscle dependent vasodilator – has always been
considered to remain within the normal ranges during the process of atherogenesis.
However, Schächinger and colleagues found that the response to nitrate has a strong
prognostic value in patients with mild coronary artery disease (CAD), which suggest that
not solely the endothelium is involved. No data are available regarding the extent of CAD
and the response to nitroglycerin [12]. We hypothesised that the response to nitroglycerin,
parallel to the response to acetylcholine, is related to the extent of CAD.

Therefore, the objective of this study was to further investigate the key features of
coronary vasomotor function and the extent of CAD.

Methods

Study Population
Patients between 18 and 80 years with angina pectoris referred for their first diagnostic
coronary angiography since November 1996 were considered for enrolment in the
Intervention Cardiology Risk Stratification (ICaRiS) study. Excluded were patients with
unstable angina, recent (< 3 months) myocardial infarction, valvular heart disease
requiring surgical intervention, clinical evidence of heart failure, a history of previous
coronary intervention or any serious disease that may interfere with the follow-up.
Excluded from acetylcholine infusion were patients with significant left main coronary
artery narrowing, severe angiographic abnormalities with ischemic electrocardiographic
changes and / or progressive angina pectoris during diagnostic catheterisation.
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Definitions 
The following traditional cardiovascular risk factors were predefined. Male gender and
an age above 60 year were defined as risk factors. The smoking status was divided into 2
categories: no cigarette smoking for > 3 months or currently a cigarette smoker.
Hypercholesterolemia was defined as a fasting serum cholesterol value > 6.5 mmol/l or a
history of hypercholesterolemia for > 3 months that led to the initiation of lipid lower-
ing therapy by the primary physician. Hypertension was defined as a systolic blood pres-
sure > 140 mmHg or a diastolic blood pressure > 90 mmHg (measured twice), or a his-
tory of high blood pressure that led to the initiation of antihypertensive therapy by the
primary physician. Diabetes was defined as high blood glucose levels requiring glucose
lowering therapy. Family history of CAD was defined as evidence of the disease in a par-
ent or sibling before 60 years of age at the time of diagnosis. Patients had a history of a
myocardial infarction when pathological Q-waves > 0.04 s in duration were present in
two adjacent leads on the 12-leads ECG or had a history of hospitalisation with ST-seg-
ment elevation > 0.1 mV measured 80 ms after the J-point in two adjacent leads on the
12-leads ECG, eventually supported by biological markers of myocardial necrosis. A
stenosis was defined as >50% luminal narrowing in a coronary artery. The severity of
CAD was categorised in two groups: Minor CAD (normal coronary arteries vessel wall
irregularities), and significant CAD (1-, 2- and 3-vessel disease). To investigate the asso-
ciation between vasomotor response and cardiovascular risk factors, we divided the
number of traditional risk factors in three groups: no risk factors, 1-3 risk factors, and 
3-7 risk factors. The vasomotor response was the change in diameter in response to 
maximal concentration acetylcholine and nitroglycerin respectively, expressed as the per-
centage of the mean baseline diameter. A negative response represents a vasoconstriction.

Coronary Angiography 
Before the coronary angiogram, vasoactive agents were discontinued for at least 3 days
(24 hours if recurrent angina was expected). Considered as vasoactive agents were long
acting nitrates, calcium channel blockers, angiotensin converting enzyme inhibitors and
angiotensin II receptor blockers (adrenergic blockers were allowed). Smokers did not
smoke for at least 4 hours before examination. Using a standard percutaneous femoral
approach, a 6F diagnostic catheter was advanced into the left main coronary artery.
Intracoronary nitroglycerin was not given before the diagnostic catheterisation proce-
dure.

Vasomotor Function Test
After completion of the diagnostic CAG, the diagnostic 6 French Judkins catheter was left
in the left main coronary artery. For accurate vasomotor response measurement, the sub-
sequent angiographic recordings were made with 25 frames per second and care was
taken to have an adequate part of the catheter visible for calibration. A baseline coronary
angiogram was done, visualising the proximal LAD. Then acetylcholine-chloride (con-
centration 0.16 µg/ml; Clinalfa AG, Läufelfingen, Switzerland) was infused through the
catheter for at least 3 minutes. This results in an infusion of 120x10-8 mmol/minute,
resulting in a final concentration in the coronary blood of 1x10-8 mol /L (with the
assumption that the blood flow in the left main coronary artery was 120 ml/minute).
This procedure was repeated using 10-7 mol/L and 10-6 mol/L respectively. Finally, the
response to nitrate was recorded one minute after an intracoronary bolus of 0.5-mg

CHAPTER NINE

156

ProefschriftFolkert25-11-04.qxd  25-11-2004  12:41  Pagina 156



nitroglycerin. The response to both stimuli was measured by automatic contour detec-
tion technique (quantitative coronary angiography) in the non- stenotic proximal 
segment of the left artery descending (LAD). Quantitative Coronary Angiography was
performed by a previously described and validated automatic contour detection tech-
nique (CMS, Medis Co., Nuenen, the Netherlands) [17]. Mean segment diameter of the
proximal LAD was determined in millimetres.

Statistical Analysis
Baseline characteristics are presented as mean (± standard deviation [SD]), and number
of valid observations by the subgroups of patients based on their coronary artery disease
status assessed by coronary angiography. Categorical data are presented as per group per-
centages. Differences between disease status subgroups were evaluated by Student t-test
for the normally distributed continuous variables, or with the Wilcoxon two sample test
if data was skewed. For categorical data the Fisher exact test or the Chi-square test was
used.

The relation between coronary vasomotor response and extent of coronary artery
disease, as well as other known factors associated with the coronary vasomotor response
were evaluated using one way analysis of variance. In addition, multivariate analysis of
variance was performed allowing the evaluation of potential interactions influencing the
relation between coronary vasomotor response and extent of coronary artery disease.

A p-value < 0.05 was considered statistically significant. SAS version 6.12 (Cary, N.C)
was used for all statistical analyses.

Ethical Considerations
Written informed consent was obtained from all patients before the study and the
Institutional Review Board of the University Hospital of Groningen approved the study
protocol. The study was consistent with the principles outlined in the Declaration of
Helsinki.

Table 1. Baseline Characteristics of the total study population and the population separat-
ed by the extent of coronary artery disease (CAD).

Variable Overall Minor CAD Significant CAD P-value
(n=277) (n=142) (n=135)

Male/Female 169/108 74/68 95/40 0.002
Age (years) 57±12 53±12 62±9 <0.001
Smoking 79 (29%) 45 (32%) 34 (25%) 0.29
Hypercholesterolemia 139 (50%) 58 (41%) 81 (60%) 0.002
Hypertension 147 (45%) 62 (44%) 85 (63%) 0.002
Diabetes mellitus 30 (11%) 7 (5%) 23 (17%) 0.002
Glucose (mmol/l) 5.29±1.30 5.11±0.97 5.47±1.55 0.12
Family history of CAD 123 (44%) 62 (44%) 61 (45%) 0.81
Previous myocardial infarction 53 (19%) 8 (6%) 45 (33%) <0.001

Values shown are either mean ± standard deviation or total number (percentage) 
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Results

A total number of 312 patients undergoing a first diagnostic angiogram for the suspicion
of coronary artery disease were included. Due to technical failure, nine values of the
vasomotor response of the LAD were missing. Furthermore, 13 patients did not under-
go acetylcholine infusion because of left main or severe three-vessel disease and 13
patients were excluded because of a recent myocardial infarction (between 11 days and 
3 months before the diagnostic angiogram). These patients were excluded from further
analysis. The remaining 277 patients had a mean age (standard deviation) of 57 years (±
12), and 169 (61%) of them were male. In this group, 30.0% of the patients had normal
smooth coronary arteries, 21.3% had vessel wall irregularities (<50% luminal narrowing
in all coronary arteries), 20.9% had 1-vessel disease, 18.8% had 2-vessel disease and 9.0%
had 3-vessel disease. Surprisingly, a substantial number of patients had normal coronary
arteries. A positive exercise test was present in 26.5% of these patients, a positive nuclear
test in 25.3% and 90.4% had angina pectoris according the Canadian Cardiovascular
Society (CCS) classification. A total of 21% used ACE inhibitors, 65% aspirins, 65% beta-
blockers, 42% calcium antagonists, 16% diuretics, 27% long acting nitrates, and 31 %
used lipid-lowering drugs. Patients with significant CAD were significantly older than
patients with minor CAD. Furthermore, more males were present in the group with sig-
nificant CAD and more patients had a history of hypercholesterolemia, hypertension,
diabetes mellitus and a previous myocardial infarction in comparison to the group with
minor CAD (table 1). As shown in figure 1, the nitrate response was significantly differ-
ent between the two groups. The mean (± SD) nitrate response was 11.74 (± 9.69) % in
patients with minor CAD and 6.70 (± 7.42) % in patients with significant CAD
(p<0.001). In contrast, the response to acetylcholine was not different between the two
groups. The mean (± SD) epicardial luminal area change after infusion of the maximum
dose of acetylcholine was –4.34 (± 12.16) % in the group with minor CAD versus –5.66
± (10.43 %) in the group with significant CAD (p=0.12). Vasoconstriction to acetyl-
choline occurred in 186 (65%) of the subjects. Interestingly, if vasoconstriction to acetyl-
choline was observed, a significant disturbed nitrate response could be demonstrated.
The mean (± SD) nitrate response was 13.36 (± 8.69) % in patients with vasodilatation
and 7.29 (± 8.49%) in patients with vasoconstriction after infusion of acetylcholine
(p<0.001).
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Figure 1. Response to acetylcholine and nitroglycerin infusion in all patients. CAD: coronary
artery disease.

In order to evaluate the relation between cardiovascular risk factors and the response
to acetylcholine and nitrate, we investigated subgroups based on the number of tradi-
tional cardiovascular risk factors (figure 3). A stepwise negative relation can be seen
between the coronary vasomotor response and the number of risk factors (p<0.05).
Important to notice is the vasodilatative response to acetylcholine in the group without
cardiovascular risk factors, all women beneath 60 years of age.

Figure 3. Median responses to acetylcholine and nitroglycerin divided by number of tradi-
tional cardiovascular risk factors.
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In multivariate analysis with acetylcholine response as the dependent variable, a sig-
nificant interaction between the extent of CAD and a previous myocardial infarction was
observed (p<0.001). Based on this result, data are further described in strata by the pres-
ence or absence of a previous myocardial infarction. Of note, multivariate analysis of the
nitrate response did not show any significant interactions between the extent of CAD
and traditional risk factors. A total of 53 patients (19%) had a history of a more than 3
months old myocardial infarction, 8 (6%) in the minor CAD group, and 45 (33%) in the
group with significant CAD. The median (range) interval between the documented
myocardial infarction and the diagnostic coronary angiography was 14.1 (5.0-70.0)
months.

The response to acetylcholine, divided by the presence of a previous myocardial
infarction, is shown in figure 2. In the group without a previous infarction, the mean (±
SD) response to acetylcholine infusion was –3.57 (± 11.11) % in the minor CAD group
versus –6.24 (± 11.48) % in the group with significant CAD (p=0.071). In contrast, in
patients with a previous myocardial infarction, there was an inverse relation between
acetylcholine response and the extent of coronary artery disease, the mean (± SD)
response was –17.21 (± 20.72) % in patients with minor CAD versus –4.50 ± 7.91 % in
patients with significant CAD (p=0.11).

Figure 2. Response to acetylcholine infusion, separated by the presence of a previous myocar-
dial infarction (MI). CAD: coronary artery disease.

Discussion

In the present study, coronary vasomotor function was investigated in a heterogeneous
group of patients. The main finding of our study is that the nitrate response was signif-
icantly impaired in patients with significant CAD. On the other hand, the response to
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acetylcholine was not different between the two groups. However, the presence of an old
myocardial infarction was a significant interaction variable between the extent of ather-
osclerosis and the response to acetylcholine. In patients without a previous infarction, a
trend between the response to acetylcholine and the extent of CAD was observed.
Interestingly, in the group with a previous infarction (more than 3 months before vaso-
motor testing), an inverse relation between the response to acetylcholine and the extent
of coronary artery disease was observed. Moreover, we found an inverse relation between
vasomotor function and the number of traditional cardiovascular risk factors.

The impaired vasodilator response to nitrate in patients with significant CAD and
multiple risk factors suggests that vasomotor dysfunction in high-risk patients is not
only present at the endothelial level, but might also be located in the smooth muscle cells.
This observation is in line with the data of Schächinger et al., who showed that an
impaired nitrate response was stronger related to the occurrence of cardiovascular events
than the vasoconstrictive response to acetylcholine [12].
An explanation for this finding could be the limited distension of the vessel wall due to
fibrosis or a change in baseline vasomotor tone in patients with severe atherosclerosis.
Another, more likely explanation for this impaired nitrate response is a specific defect of
the smooth muscle cell function, in particular of the soluble guanylate cyclase/cyclic
gyanosine monophosphate signaling system [18]. Moreover, it has been shown that cer-
tain cardiovascular risk factors increase the endothelial superoxide anion production [19],
which may decrease the availability of nitroglycerin/nitric oxide to the smooth muscle
cell.

The coronary endothelium plays an important role in the integrity and progression
of myocardial perfusion and hence myocardial function. Nitric oxide produced by the
endothelium is a prerequisite for vasodilatation and inhibits vascular smooth muscle cell
proliferation, monocyte adhesion and platelet aggregation. For these reasons, the
impaired response to acetylcholine observed after myocardial infarction might have
important implications for risk stratification.

In most studies, coronary vasomotor function has been mainly studied in small or
selected groups of patients. On the other hand, few large scale studies in heterogeneous
patient groups have been conducted [2;5;20;21]. Bertrand et al. [2] were the first to describe
the effect of a previous myocardial infarction on ergonovine-induced spasm, a form of
‘vasomotor dysfunction’. They evaluated intracoronary ergonovine in eight different
groups of patients. In the group of patients with an old myocardial infarction, they found
that an additional recent (< 6 weeks previously) infarction coincided with a high inci-
dence of coronary spasm. Spasm was provoked by ergonovine in 20% of these patients.
A myocardial infarction longer than 6 weeks was not related to such a high incidence of
spasm (6.2%). Sueda et al. (21) studied, amongst others, a group of patients with a recent
myocardial infarction (4 weeks) and a group with an older infarction (> 1 month old;
range 2-36, mean10.6±7.4 months). In both groups comparable incidences of acetyl-
choline induced spasm were found (37.5 and 37.8). This study was performed in a
Japanese population. In these two studies, no consideration about the relation between
post-myocardial infarction, vasomotor dysfunction and with the extent of coronary
artery disease was reported.

Our results indicate that coronary vasomotor dysfunction is present in patients with
a previous myocardial infarction after a longer period than has been described so far.
Interestingly, the response to acetylcholine is more disturbed in patients without signif-
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icant CAD. This observation is also underscored by studies on the prognostic signifi-
cance of endothelial function in patients with mild coronary artery disease [11-13].
Furthermore, it is known that myocardial infarction develops predominantly in coronary
vessels with mild or moderate stenosis and especially in coronary vessels known to show
vasoconstriction after infusion of acetylcholine. In fact, an impaired response to acetyl-
choline was found to be the most important predictor for future myocardial infarction
[5]. Considering the aforementioned arguments, the results of our study may provide a
mechanistic rationale for the implementation of aggressive secondary prevention in sub-
jects with minor CAD and an old myocardial infarction.

A limitation of this study is the descriptive nature of the data. Therefore, we can not
state any conclusion about the precise relation in time between the impaired response to
acetylcholine and the occurrence of a myocardial infarction; consequently, the data
shown are only hypothesis generating. Longitudinal study designs are necessary to deter-
mine the underlying mechanism. In addition, the number of subjects (n=8, 2.6%) with
a previous myocardial infarction and no significant coronary artery disease is in line with
previous studies [22], but due to this small number no significance could be reached in
our study. Angiotensin converting inhibitors as well as statins are known to improve
coronary vasomotor function [23;24]. Although all vasoactive drugs were stopped prior to
the study, a longer-term benefit cannot be excluded.

In conclusion, our data suggest that in patients with significant CAD or multiple 
cardiovascular risk factors, coronary vasomotor dysfunction is present and that this dys-
function is not solely restricted to the endothelial layer.
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Abstract

At present, the value of endothelial function as a prognostic tool has only been evaluat-
ed in selected groups of patients with mild or minor coronary artery disease but not in
the complete spectrum of patients presenting with angina. Our objective was to evaluate
whether endothelium dependent vasodilatation of the coronary arteries in response to
acetylcholine infusion as marker of endothelial function would have prognostic value in
patients referred for a first coronary angiogram. Our data suggests that endothelial func-
tion assessment does not contribute to the prediction of outcome in patients referred for
a first coronary angiogram.
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Introduction

The endothelial layer has a key role in the preservation of vascular integrity; a distur-
bance in the cellular function of the endothelial layer results in so-called endothelial dys-
function, which subsequently may facilitate the early consecutive stages of atherogenesis.
At present, intracoronary acetylcholine infusion in combination with quantitative coro-
nary angiography is a generally accepted method to assess endothelial function. Several
studies found a predictive value of endothelium dependent vasodilatation in response to
intracoronary infusion of acetylcholine. These studies excluded patients with more
advanced coronary artery disease (CAD), such as three vessel disease or candidates for
revascularization[1-4]. We evaluated whether acetylcholine infusion as a marker of
endothelial function in patients referred for a first coronary angiogram would have addi-
tional prognostic value. Candidates for revascularization were explicitly not excluded.

Methods and Results

Patients between 18 and 80 years suspected for CAD referred for their first coronary
angiography since November 1996 were considered for enrolment in the Intervention
Cardiology Risk Stratification (ICaRiS) study. Subject recruitment and methods are
described in detail previously, and will be explained in short[5]. We excluded patients
with unstable angina pectoris (Canadian Cardiovascular Society class 4), recent (< 3
months) myocardial infarction, valvular heart disease requiring surgical intervention,
clinical evidence of heart failure, a history of previous coronary intervention or any seri-
ous disease that may interfere with follow-up. We excluded patients from acetylcholine
infusion with significant left main coronary artery narrowing, severe angiographic
abnormalities with ischemic electrocardiographic changes and / or progressive angina
during catheterization. A total number of 312 patients underwent a first coronary
angiogram to further assess the presence and severity of CAD. Of these 312 patients, 13
patients had a recent myocardial infarction and were therefore not included in the analy-
sis. Furthermore, 13 patients did not undergo acetylcholine infusion because of left main
or severe 3-vessel disease and due to technical failure, 9 values of the vasomotor response
were unavailable.

Male gender, an age > 60 year, and current smoking were defined as cardiovascular
risk factors. Hypercholesterolemia was defined as a fasting serum cholesterol value > 6.0
mmol/l (>232 mg/dl) or a history of hypercholesterolemia for > 3 months that led to the
initiation of lipid lowering therapy by the primary physician. Hypertension was defined
as a systolic blood pressure > 140 mmHg or a diastolic blood pressure > 90 mmHg
(measured twice), or a history of high blood pressure that led to the initiation of antihy-
pertensive therapy by the primary physician. Diabetes was defined as high blood glucose
levels requiring glucose lowering therapy. Family history of CAD was defined as evidence
of the disease in a parent or sibling before 60 years of age at the time of diagnosis. Based
on angiography, the severity of CAD was categorized into 2 groups: no or minimal CAD
(no angiographic evidence of CAD and non-significant CAD (lesions < 50% luminal
narrowing in a coronary artery)), and significant CAD (1-, 2- and 3-vessel disease).

Before the diagnostic coronary angiogram, vasoactive agents were discontinued for at
least 3 days. After completion of the coronary coronary angiogram, a baseline coronary
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angiogram was done, visualizing the proximal left anterior descending coronary artery.
Then acetylcholine-chloride (concentration 0.16 µg/ml; Clinalfa AG, Läufelfingen,
Switzerland) was infused through the catheter for at least 3 minutes. This results in an
infusion of 120x10-8 mmol/minute, resulting in a final concentration in the coronary
blood of 1x10-8 mol /L (with the assumption that the blood flow in the left main coro-
nary artery was 120 ml/minute). This procedure was repeated using 10-7 mol/L and 10-6

mol/L respectively. Finally, the response to nitroglycerin was recorded one minute after
an intracoronary bolus of 0.5-mg nitroglycerin. The response to both stimuli was meas-
ured by automatic contour detection technique (quantitative coronary angiography) in
the non-stenotic proximal segment of the left anterior descending coronary artery.
Quantitative Coronary Angiography was performed by a previously described and vali-
dated automatic contour detection technique (CMS, Medis Co., Nuenen, the
Netherlands) [6]. The vasomotor response was the change in diameter in response to
maximal concentration acetylcholine and nitroglycerin respectively, expressed as the per-
centage of the median baseline diameter. A negative response represents a vasoconstric-
tion.

Follow-up data were obtained using questionnaires. In addition, hospital records
were reviewed. Our primary endpoint was a composite for: A. cardiac death, which was
defined as death due to a myocardial infarction or sudden cardiac death, B. acute
myocardial infarction was diagnosed when at least two of the following three criteria
were present: 1) myocardial ischemic chest discomfort lasting > 30 minutes, and unre-
lieved by nitroglycerin 2) ST segment elevation ≥ 0.1 mV measured 80ms after J-point or
new abnormal Q-waves ≥ 0.04s in duration in two adjacent leads, 3) serum creatine
kinase > 2 times upper limit of normal with creatine kinase-MB > 10% of creatine kinase
value and C. unstable angina was diagnosed when the following criteria were present: 1)
chest, neck and/or arm discomfort lasting at least 1 minute 2) relieved by short acting
nitroglycerin 3) associated with new, horizontal or downsloping ST segment depression
≥ 0.1 mV measured 80ms after J-point. An independent event classification committee
classified all documented events.

Baseline characteristics are presented as mean (± standard deviation), and categori-
cal data are presented as per group percentages. Differences between subgroups were
evaluated by Student t-test for the normally distributed continuous variables, or with the
Mann-Whitney test, if data were skewed. For categorical data, the Fisher exact test or the
Chi-square test was used. Cumulative event rates were estimated by Kaplan Meier sur-
vival curves for categorical variables. Probability values were determined by the use of
log-rank statistics. Cox regression analyses were used to examine the potential relation-
ships between clinical variables and cardiac events during the follow-up period. Data are
expressed as hazard ratio (HR)[95% confidence interval]. A p-value < 0.05 was consid-
ered statistically significant. All calculations were performed with SPSS version 10.1 soft-
ware (SPSS, Chicago, IL, USA).

Written informed consent was obtained from all patients before the study and the
Institutional Review Board of the University Hospital of Groningen approved the study
protocol. The study was consistent with the principles outlined in the Declaration of
Helsinki.
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Table 1. Clinical characteristics separated by cardiac events

Variable Overall No Events Cardiac events
(n=277) (n=253) (n=24)

Age (years) 57.3 ± 11.6 57.1 ± 11.5 59.0 ± 12.3
Men 61.0 % 60.1 % 70.8 %
Hypertension 53.1 % 52.6 % 58.3 %
Hypercholesterolemia 63.5 % 63.6 % 62.5 %
Current smoker 28.5 % 28.5 % 29.2 %
Diabetes mellitus 10.8 % 9.9 % 20.8 %
Body mass index (kg/m2) 26.4 ± 3.2 26.4 ± 3.3 26.3 ± 2.2
No or minimal CAD 51.3 % 53.8 % 25.0* %
1-vessel coronary disease 20.9 % 20.6 % 25.0 %
2-vessel disease 18.8 % 17.8 % 29.2 %
3-vessel disease 9.0 % 7.9 % 20.8 %
Aspirin 65.3 % 66.0 % 58.3 %
Long acting nitrate 27.1 % 26.9 % 29.2 %
Diuretics 16.2 % 15.4 % 25.0 %
Beta-blockers (%) 65.3 % 66.4 % 54.2 %
Calcium antagonists 41.9 % 40.3 % 58.3 %
Statins 28.5 % 29.2 % 20.8 %
Angiotensin converting enzyme-inhibitors 20.9 % 20.2 % 29.2 %

Values shown are either mean ± standard deviation or percentage, CAD: coronary artery disease, *P < 0.05.

A total of 277 patients were eligible for analysis. All characteristics of the study 
population are presented in table 1. Signs of ischemia on exercise or nuclear test were
present in 61.9 % of the patients, and 94.4% had angina according to Canadian
Cardiovascular Society classification.

During a median (interquartile range) follow-up of 47 (35-59) months, 24 patients
suffered from a primary endpoint: 5 cardiac deaths, 6 acute myocardial infarctions, and
13 hospitalizations for unstable angina pectoris. Differences between patients with and
without an endpoint are listed in table 1.

The median (interquartile range) diameter changes after infusion of the maximum
dose of acetylcholine and nitroglycerin are listed in table 2. Vasoconstriction in response
to acetylcholine occurred in 67.6% of the patients without cardiac events and in 62.5%
of the patients with cardiac events.

Table 2. Coronary vasomotor response separated by cardiac events

Overall No Events Cardiac events
Variable (n=277) (n=253) (n=24)

Diameter at baseline (mm)* 2.96 ± 0.65 2.97 ± 0.64 2.81 ± 0.71
Diameter change after acetylcholine -3.81 (-9.40,1.83) % -3.81 (-9.81,1.76) % -3.83 (-7.84, 3.54) %
Diameter change after nitroglycerin 8.10 (3.41,14.21) % 8.10 (3.46, 14.25) % 7.08 (1.67,13.91) %

Values shown are either *mean ± standard deviation or median (interquartile range) percentage change in diameter 
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Kaplan-Meier analysis demonstrated that in contrast to the response to acetylcholine
and nitroglycerin (figure 1a, 1b), the severity of CAD had a prognostic value during long-
term follow-up (figure 1c). Adjustment for all predefined traditional cardiovascular risk
factors, baseline diameter, and use of cardiac medication did not alter these results. Our
findings did not change if we used the median acetylcholine response (0.91 [0.40-2.09])
or the lowest tertile (0.69 [0.28-1.75]) as cut-off value to define endothelial dysfunction.
In addition, the results did not alter when we studied the three doses of acetylcholine
responses separately instead of using the maximum dose of acetylcholine (data not
shown). The primary endpoint was a composite for cardiac death, acute myocardial
infarction and unstable angina. A large proportion of the patients underwent a revascu-
larization procedure (n=68). When we included the need for revascularization in the
endpoint definition, Cox regression analysis demonstrated a significant association
between the response to nitroglycerin and the combined endpoint of cardiovascular
events (1.89 [1.23-2.86], p=0.003). The prognostic value of vasoconstriction to acetyl-
choline infusion did not change substantially (1.02 [0.66-1.57], p=0.94) when we added
the need for revascularization in the endpoint definition.

Figure 1. Kaplan-Meier analysis demonstrating the relationship between the occurrence of
cardiac events and a) acetylcholine response divided into vasodilatation and vasoconstric-
tion, b) nitroglycerin response divided into above and below median, and c) coronary artery
disease (CAD) divided by no or minimal CAD and significant CAD. HR: Hazard ratio
(95% confidence interval), NS: non-significant.
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Discussion

The severity of CAD assessed by coronary angiography is a strong predictor for future
cardiac events[7]. The results of this prospective study suggest that a vasoconstrictive
response to acetylcholine, as a marker of endothelial function, does not predict cardiac
events in patients referred for a first coronary angiogram. These data could have conse-
quences for the applicability of the acetylcholine test in clinical practice. Our results are
in contrast to the previous four studies on prognostic value of intracoronary acetyl-
choline infusion for endothelial function testing, that have been published so far[1-4]. In
these previous studies, either patients with non-significant CAD (<30% or < 40%
stenoses) were included[1;4], or patients with mild to moderate CAD without an indica-
tion for revascularisation[3], or patients undergoing coronary angiogram or percuta-
neous coronary intervention for 1 vessel disease[2]. Although endothelial function may
be of prognostic significance in such selected groups of patients, our data imply that in
patients referred for a first coronary angiogram, this is not the case.

How can we explain the apparent difference between the present study and the pre-
vious ones? The key may be found in the extent of atherosclerosis. The interpretation of
the response to acetylcholine may differ during the process of atherogenesis. In the early
stages, the acetylcholine may have more discriminative value, because no structural 
vessel wall changes are present yet. In diseased arteries, the response to intracoronary
acetylcholine infusion frequently results in vasoconstriction due to unopposed smooth
muscle cell activation in the absence of intact endothelium. The high percentage of vaso-
constriction found in our study confirms this concept.

Parallel to the response to acetylcholine, we found no association between the nitro-
glycerin response and the occurrence of the primary endpoint. This finding is in line
with the results showed by Halcox and colleagues[3]. Though, a significant relation was
observed in our study between the response to nitroglycerin and the occurrence of car-
diac events when revascularization procedures were included in the composite endpoint.
This relation could be explained by the presence of CAD, which may be related to a
reduction of vascular wall structure[5]. Schächinger et al[2] demonstrated that the predic-
tive value of the nitroglycerin response is independent of the presence of CAD and supe-
rior to the vasomotor response following acetylcholine infusion. They suggest that an
impaired vasodilator function occurs both in the endothelium, as in the smooth muscle
cells. Interestingly, the same group found that luminal irregularities had a stronger 
predictive value than endothelial function [2]. This is compatible with our data showing
that the anatomical outcome of the angiography had a higher predictive value than the
functional (endothelial) measurements.

Endothelial function may be influenced by cardiac medication, such as angiotensin
converting enzyme inhibitors or statins [8;9]. In previous studies, the number of patients
on these drugs was not described. In our study, these agents were used in a high propor-
tion of patients. When we stratified our population to statin therapy, no differences were
found in the results. Although all vasoactive drugs (long acting nitrates, calcium channel
blockers, angiotensin converting enzyme inhibitors and angiotensin II receptor blockers)
were discontinued 3 days before angiography, a potential effect of these drugs on the
vasomotor response to acetylcholine cannot be excluded. In addition, we only evaluated
the vasomotor response in epicardial vessels and not in the microvasculature by measur-
ing coronary blood flow responses.
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Abstract

Background Unknown is the predictive value of the coronary artery diameter without
the administration of vasomotor stimuli. A small reference diameter of the target vessel
has been demonstrated to be an adverse prognostic factor in patients undergoing revas-
cularisation. The present study investigated the prognostic value of the proximal non-
stenotic left anterior descending coronary artery (LAD) diameter in patients referred for
a first diagnostic angiogram without a previous revascularisation.

Methods A total of 277 patients (mean age 57 year, 61% male) were eligible for analysis.
The proximal non-stenotic diameter of the LAD was measured by quantitative coronary
angiography without prior nitrate infusion. We defined a small LAD as a diameter ≤ 2.5
mm. Cardiovascular events were defined as cardiac death, myocardial infarction, and
hospitalizations for unstable angina.

Results During a median follow-up of 47 months, 24 major cardiac events occurred. The
cumulative survival for patients with a small LAD was significantly lower, than for
patients with a large LAD (hazard ratio 2.51; 95% confidence interval 1.11-5.66,
p= 0.03). In the multivariate analysis, a LAD diameter ≤ 2.5 mm remained a significant
predictor of cardiovascular events after adjustment for age, gender, and the presence of
significant coronary artery disease (hazard ratio 2.32; 95% confidence interval 1.01-5.34,
p = 0.048).

Conclusion In patients referred for a first diagnostic angiogram without a previous
revascularisation, the diameter of the proximal non-stenotic LAD is an independent pre-
dictor of cardiovascular events.
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Introduction

The traditional model of atherosclerosis states that the gradual accumulation of athero-
matous material in the arterial lumen results in a progressive luminal narrowing, which
may lead to symptomatic disease. Initially, the atheromatous material accumulates in the
vessel wall without significant intra-luminal obstruction [1]. Simultaneously, compensa-
tory remodelling of the vessel wall prevents luminal narrowing to a stage that consider-
able atherosclerosis disturbs the balance [2-4]. The arterial intra-luminal expansions at
sites of coronary atherosclerotic lesions, known as stenoses, are local expressions of the
generalized atherosclerotic process. At the time that intra-luminal narrowing is detected
by coronary angiography, the complete coronary vasculature is involved in the athero-
sclerotic process. This so called diffuse atherosclerosis can disturb endothelial function,
reduce coronary flow reserve, evolves in a substrate for plaque rupture and subsequent-
ly contribute to myocardial ischemia [5]. It is important to establish the presence of dif-
fuse atherosclerosis at an early stage to prevent its future clinical manifestation. However,
measurement of the absolute vessel size as a marker for diffuse atherosclerosis has not
been used in contrast to the measurement of the target vessel size in patients undergoing
revascularisation. Several studies described an adverse prognosis in patients who under-
went a revascularisation procedure with a target vessel size below 2.5 mm [6-8]

Unknown is the prognostic value of the vessel size in patients without previous revas-
cularisation. More explicitly, at present, the prognostic value of the vessel size has only
been described after vasomotor stimuli, such as acetylcholine or nitroglycerin [9-11]. In
this study we hypothesized that the intra-luminal diameter of the proximal non-stenotic
left anterior descending coronary artery (LAD) is of prognostic value in patients referred
for a first diagnostic angiogram without a previous revascularisation.

Methods
2.1 Patients
All consecutive patients between 18 and 80 years with stable angina referred for a first
diagnostic coronary angiography to evaluate chest pain were screened for this study.
Patients were excluded in case of unstable angina, recent (< 3 months) myocardial
infarction, valvular heart disease requiring surgical intervention, clinical evidence of
heart failure, a history of previous coronary intervention (PTCA or CABG) or any dis-
ease that results in a very restricted life expectancy.
A total of 312 patients with stable angina were included. Of these, 35 patients were
excluded from further analysis: 13 patients had a recent myocardial infarction and 
the coronary angiograms of 22 patients were not suitable for quantitative coronary
angiography (QCA)[12].

2.2 Definitions
Body surface area was calculated as 0.20247 x Height(m)0.725 x Weight(kg)0.425 [13].
Hypertension was defined as a systolic blood pressure > 140 mmHg or a diastolic blood
pressure > 90 mmHg (measured twice), or a history of high blood pressure that led to
the initiation of antihypertensive therapy by the primary physician.
Hypercholesterolemia was defined as a fasting serum cholesterol value > 6.0 mmol/l or a
history of hypercholesterolemia for > 3 months that led to the initiation of lipid lower-
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ing therapy by the primary physician. Diabetes was defined as high blood glucose levels
requiring glucose lowering therapy. The smoking status was divided into 2 categories: no
cigarette smoking for > 3 months or currently a cigarette smoker. Coronary artery dis-
ease was defined as the presence of ≥ 1 significant stenosis on the coronary angiogram.
A stenosis was defined as >50% luminal narrowing in a coronary artery.

Small LAD was defined as a diameter of the proximal non-stenotic LAD £ 2.5 mm and
a large LAD as a diameter of the proximal non-stenotic LAD > 2.5 mm (6). The LAD
diameter was measured by QCA.

2.3 Follow-up
Follow-up data were obtained using questionnaires. In addition, hospital records were
reviewed. We analyzed the data available at 1 January 2003. Complete information about
vital status during the whole study period could not be obtained in 8 patients due to geo-
graphical reasons. Our primary endpoint was a composite for: A. cardiac death, which
was defined as death due to a myocardial infarction or sudden cardiac death, B. acute
myocardial infarction was diagnosed when at least two of the following three criteria
were present: 1) myocardial ischemic chest discomfort lasting > 30 minutes, and unre-
lieved by nitroglycerin 2) ST segment elevation ≥ 0.1 mV measured 80ms after J-point or
new abnormal Q-waves ≥ 0.04s in duration in two adjacent leads, 3) serum creatine
kinase (CK) > 2 times upper limit of normal with CK-MB > 10% of CK value and C.
unstable angina was diagnosed when the following criteria were present: 1) chest, neck
and/or arm discomfort lasting at least 1 minute 2) relieved by short acting nitroglycerin
3) associated with new, horizontal or downsloping ST segment depression ≥ 0.1 mV
measured 80ms after J-point. An independent event classification committee classified all
documented events.

2.4 Quantitative Coronary Angiography
QCA was performed by a previously described and validated automatic contour detec-
tion technique (CMS, Medis Co., Nuenen, the Netherlands) (14). End-diastolic frames of
non-stenotic proximal segment of the LAD were selected for QCA analysis. User interac-
tion was limited to the definition of the start and end points of the coronary segment to
be analyzed. In case of overlap with other branches, the independent analyst manually
edited automatic contour detection. Before the coronary angiogram, vasoactive agents
were discontinued for at least 3 days (24 hours if recurrent angina was expected).
Considered as vasoactive agents were long acting nitrates, calcium channel blockers,
angiotensin converting enzyme inhibitors and angiotensin II receptor blockers (adrener-
gic blockers were allowed). Smokers did not smoke for at least 4 hours before examina-
tion. Intracoronary nitroglycerin was not given before the measurement of the LAD
diameter.

2.5 Statistical Analysis
Baseline characteristics are presented as mean (standard deviation) by the subgroups of
patients based on their LAD diameter. Categorical data are presented per group percent-
age. For the normally distributed continuous variables differences between subgroups
were evaluated by the T-test. Differences between subgroups were evaluated by the use of
the Fisher exact test or the Chi-square test. Cumulative event rates were estimated by
Kaplan Meier survival curves and Cox regression analyses were used to examine the
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potential relationships between clinical variables and events during the follow-up 
period. A p-value < 0.05 was considered statistically significant. All calculations were per-
formed with SPSS version 10.1 software (SPSS, Chicago, IL, USA). Written informed
consent was obtained from all patients before the study and the Institutional Review
Board of the University Hospital of Groningen approved the study protocol. The study
was consistent with the principles outlined in the Declaration of Helsinki.

Table 1. Baseline characteristics of the total study population and the population separated
by the size of left anterior descending coronary artery (LAD).

Variable Overall Large LAD (>2.5 mm) Small LAD (≤2.5 mm)
(n = 277) (n = 208) (n = 69)

Mean age (SD), years 57 (12) 56 (12) 60 (11)
Male gender 169 (61%) 124 (60%) 45 (65%)
Mean body surface area (SD), m2 1.93 (0.18) 1.94 (0.18) 1.93 (0.18)
Hypertension 147 (53%) 113 (54%) 34 (49%)
Hypercholesterolemia 176 (64%) 134 (64%) 42 (61%)
Diabetes 30 (11%) 21 (10%) 9 (13%)
Current smoking 79 (29%) 60 (29%) 19 (28%)
Presence of significant CAD 135 (49%) 95 (46%) 40 (58%)

Values shown are either mean (standard deviation) or total number (percentage). CAD: coronary artery disease,

Results

A total of 277 patients with stable angina were eligible for analysis. These 277 patients
had a median age of 57 years (IQR 50-66) and 61% of them were male. Signs of ischemia
on exercise or nuclear test were present in 61.9 % of the patients, and 94.2% had angina
according to Canadian Cardiovascular Society classification. Our study patients were
mainly Caucasian (98%) and ethnic origination appeared not to show any significant
effect on vessel diameter. Nevertheless, it should be mentioned that ethnic origin could
be associated with small vessel size such as in eastern subjects. The groups divided by
LAD size were comparable regarding common risk factors (table 1). In respect to cardiac
medication, no significant differences were found between the two groups, except for
beta-blockers that were more often prescribed in the small LAD group.
During a median (interquartile range) follow-up of 47 [35-59] months, 24 patients suf-
fered from a primary endpoint: 5 cardiac deaths, 6 acute myocardial infarctions, and 13
hospitalizations for unstable angina.
14.5 % of the patients with a small LAD developed a cardiovascular event during follow-
up compared to 6.7 % of the patients with a LAD > 2.5 mm (p=0.047). The cumulative
survival for patients with a small LAD was significantly lower, than for patients with a
large LAD (hazard ratio 2.51; 95% confidence interval 1.11-5.66, p= 0.03), as illustrated
in figure 1. The presence of significant coronary artery disease was also significantly asso-
ciated with cardiovascular events (hazard ratio 3.15; 95% confidence interval 1.25-7.97,
p = 0.02). In the multivariate analysis, a LAD diameter ≤ 2.5 mm remained a significant
predictor of cardiovascular events after adjustment for age, gender, and the presence of
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significant coronary artery disease (hazard ratio 2.32; 95% confidence interval 1.01-5.34,
p = 0.048). Adjustment for all predefined traditional cardiovascular risk factors, body
surface area, history of an old myocardial infarction and the use of cardiac medication,
such as ACE-inhibitors, statins, nitrates, Ca-inhibitors, beta-blockers, and diuretics did
not change the results of the multivariate model. When the analysis was limited to sub-
jects with significant coronary artery disease (n=135), the same prognostic value of a
small LAD was found (hazard ratio 2.77; 95% confidence interval 1.10-7.00, p = 0.03).
No significant interaction on cardiovascular events was observed between a significant
stenosis and a small diameter.

Figure 1. Kaplan-Meier analysis. Event-free survival curves of patients with stable angina
were subdivided by small and left anterior descending coronary artery (LAD).

Discussion

This study shows that a diameter ≤ 2.5 mm of the proximal non-stenotic LAD is an inde-
pendent prognostic marker of cardiovascular events in patients with stable angina. To
our knowledge, there are yet no reports on the prognostic value of LAD size in patients
without a previous revascularisation. In prior intervention studies the predictive value of
coronary lumen size has been investigated in subjects with advanced atherosclerosis.
These studies showed that a small reference diameter of the target vessel (<2.5 mm) is a
major adverse prognostic factor [6;15]. The present study investigated the influence of the
vessel caliber at an earlier stage in the diagnostic process.

In this study, coronary artery disease was more pronounced in patients with a small
LAD. This is in line with other data, which have shown that diffuse coronary artery dis-
ease is more severe in patients with focal coronary narrowing [16]. The results in this
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study confirm that the presence of coronary artery disease is a strong predictor for car-
diovascular events. A small LAD diameter related to generalized atherosclerosis remained
an independent variable in the multivariate model. This was also found for advanced
occlusive atherosclerotic disease.

In contrast to a previous report [17], we did not find an association between a small
LAD and age, gender and body surface area. An explanation could be that these factors
influence vessel lumen diameter during our lives, however, the differences between sub-
jects become negligible in progressive coronary atherosclerosis.

Clinical and epidemiological studies have shown that coronary artery disease is more
aggressive in patients with diabetes. Diabetic patients have more diffuse affliction of
vessels, a four to five times higher mortality rate and worse outcome following any inter-
vention [18-20]. In our study, LAD diameter ≤2.5 mm was associated with cardiovascular
events independent of the presence of diabetes.

It should be mentioned that in this study no vasoactive drugs were administered
before QCA. We used this strategy as we aimed to investigate the prognostic value of the
baseline lumen diameter and not the response to vasomotor stimuli. In our conception,
it is uncertain whether normal-appearing arterial segments are truly normal of size fol-
lowing administration of intracoronary nitroglycerin. Moreover, it has previously been
shown that an association exists between the lumen diameter and the presence of diffuse
atherosclerosis without prior nitrate infusion [21]. In addition, our measurements also
take baseline vasomotor tone into account. This may have a pro-atherogenic effect since
sympathetic stress leads to paradoxical vasoconstriction in patients with cardiovascular
risk factors or coronary artery disease and to vasodilatation in low-risk patients [22].

4.1 Limitations
The use of QCA and not intravasculair ultrasound (IVUS) may be considered as a study
limitation as IVUS is a more accurate method for measuring coronary lumen diameter
than QCA. In contrast to QCA, it may have several advantages for detecting atheroscle-
rosis [23;24], as it provides information about luminal, as well as vessel wall morphology.
On the other hand, in small vessels (<3.0mm), IVUS may overestimate vessel lumen
diameter due to the local morphological effect of the catheter and the poorly detected
blood-intimal border. Another limitation of IVUS is that vessels smaller than the diam-
eter of the ultrasound catheter (currently about 1.0 mm) can not be investigated [25;26].
In addition, we want to mention that the present report reflects a post-hoc analysis of
prospective findings and thereby hypothesis-generating. In future studies, it should be
investigated whether the circumflex and right coronary artery have similar mechanistic
characteristics for adverse cardiovascular events and new studies are needed to confirm
the suggestions presented by the current data.

Conclusion

In subjects referred for a first diagnostic angiogram without a previous revascularisation,
both the diameter of the proximal non-stenotic left anterior descending coronary artery
as the presence of significant coronary artery disease are independent predictors of
future cardiac events. These variables can be regarded to represent respectively the extent
of generalized atherosclerosis and the adverse characteristics of severe focal disease.
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In this thesis, we aimed to investigate several issues concerning vascular function and
cardiovascular disease. The first part described the novel markers microalbuminuria and
C-reactive protein and the second part the assessment of coronary vasomotor function.

PART I

Microalbuminuria has been regarded as a reflection of abnormalities in glomerular fil-
tration rate. Glomerular hyperfiltration is considered as one of the pathophysiological
mechanisms for the development of renal disease[1;2]. Furthermore, it is believed that
microalbuminuria is a marker of generalized endothelial damage and has been proposed
to indicate increased endothelial permeability[3-5]. The mechanisms underlying this
increased vascular permeability are unknown. In chapter 1, we have demonstrated that
microalbuminuric subjects had a higher prevalence of cardiovascular risk factors and
plasma level of vascular endothelial growth factor (VEGF). This association between ele-
vated plasma levels of VEGF and the occurrence of microalbuminuria was dependent of
cardiovascular risk factors. Hypoxia is a strong trigger for VEGF production. Therefore,
local hypoxia caused by cardiovascular risk factors may induce VEGF production, which
may enter the systemic circulation. These circulating elevated VEGF-levels may increase
vascular permeability, which results in microalbuminuria in the kidney. Next to hypox-
ia, pressure might be an important player in the development of albuminuria. As shown
in chapter 5, fosinopril, an ACE-inhibitor with blood pressure lowering capacities,
reduced albuminuria significantly after three months of treatment. In addition, cere-
brovascular events in the study were significantly reduced by fosinopril, suggesting that
pressure responses indeed play a role in the etiology of albuminuria.

In chapter 2a, we demonstrated a significant association between left ventricular hyper-
trophy and microalbuminuria, both markers of early cardiovascular end-organ damage.
The most probable explanation for the association between left ventricular hypertrophy
and microalbuminuria is an intermediate factor, which is both associated with microal-
buminuria and left ventricular hypertrophy, such as increased blood pressure, which is
both related to albuminuria and left ventricular hypertrophy [6]. Interestingly, the 
association between left ventricular hypertrophy and microalbuminuria remained statis-
tically significant after adjustment for systolic blood pressure. Furthermore, endothelial
dysfunction [7;8] and activation of the renin-angiotensin system[9] are possible contribu-
tors for the development of both left ventricular hypertrophy and microalbuminuria.
The LIFE study showed that treating patients with electrocardiographic left ventricular
hypertrophy with an AT1-antagonist resulted in a better clinical outcome than with con-
trol therapy, whereas blood pressure control was comparable[10;11]. In addition, in chap-
ter 5 we demonstrate a reduction in cardiovascular events and level of albuminuria after
4 years treatment with fosinopril, an inhibitor of the angiotensin-converting enzyme.
These beneficial effects and the significant association between microalbuminuria and
left ventricular hypertrophy may suggest that angiotensin-II plays an important role in
the pathophysiology of left ventricular hypertrophy, albuminuria and their associated
increased risk for cardiovascular morbidity and mortality.

In addition, as described in chapter 2b, microalbuminuria was significantly associated
with atrial fibrillation, another indicator of cardiovascular end-organ damage.
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Microalbuminuria might be a marker of functional and structural changes that might be
responsible for the development of atrial fibrillation. Experimental data showed an asso-
ciation between atrial fibrillation and a decreased bioavailability of nitric oxide in pigs,
which may indicate a dysfunctional endothelium[12]. Another explanation for the associ-
ation between microalbuminuria and atrial fibrillation might be that both are induced
by a common denominator distinct from atherosclerosis. For instance, increased sympa-
thetic activity is known to facilitate atrial fibrillation [13], and increased sympathetic
response also causes the kidney to increase renin release[14]. In turn, renin converts
angiotensin I to angiotensin II and both renin and angiotensin II can increase urinary
albumin excretion[15;16]. In addition, angiotensin II is one of the mediators responsible
for the development of atrial fibrosis, which might lead to atrial fibrillation [17]. In a 
retrospective analysis of patients with left ventricular dysfunction enrolled in the Studies
Of Left Ventricular Dysfunction study, enalapril was associated with a 78% risk reduc-
tion in the incidence of atrial fibrillation [18]. In addition, Zaman et al [19] prospectively
demonstrated that the number of defibrillation attempts required restoring sinus
rhythm and the incidence rate ratio of readmissions for atrial fibrillation were signifi-
cantly lower in patients treated with ACE-inhibitors. Furthermore, Kumagai and col-
leagues[20] demonstrated a beneficial effect of candesartan on the development of atrial
fibrosis in dogs undergoing four weeks of rapid atrial pacing.

These data suggest that vascular dysfunction as indicated by the presence of microalbu-
minuria may play an important role in the etiology of left ventricular hypertrophy and
atrial fibrillation. Consequently, microalbuminuria may play an important role in risk
stratification as marker of generalized vascular dysfunction accompanied by end-organ
damage in the heart and could be used as easy to obtain target for therapeutic intervention.

Next to the association between microalbuminuria and early signs of cardiovascular 
disease such as left ventricular hypertrophy and atrial fibrillation, we evaluated the prog-
nostic value of albuminuria on cardiac mortality in chapter 3. We demonstrated that
albuminuria predicts short-term risk of cardiac and all-cause mortality in the general
population and this prognostic information was independent of traditional cardiovas-
cular risk factors such as hypertension, hyperlipidemia, smoking and diabetes.

Microalbuminuria is nowadays a well-established cardiovascular risk indicator in sub-
jects with hypertension or diabetes, but also in the general population as described in
chapter 3[21-25]. However, the question remains whether microalbuminuria is a modifi-
able risk factor and can be used as therapeutic target in primary prevention trials. Several
studies demonstrated a beneficial effect of pharmacological intervention on cardio-
vascular disease in albuminuric subjects, but these studies were subgroup analyses or car-
diovascular disease was defined as secondary endpoint[26;27]. No study has prospectively
investigated whether intervention aimed at lowering albuminuria will reduce the risk for
cardiovascular morbidity and mortality. Chapter 4 describes the main results of the
Prevention of Renal and Vascular ENdstage Disease Intervention Trial (PREVEND IT), a
single-center, double-blind, placebo-controlled, randomized clinical trial, which investi-
gated the effects of fosinopril 20mg and pravastatin 40mg on cardiovascular morbidity
and mortality in microalbuminuric subjects (15-300mg/24h). After 4 years of follow-up,
fosinopril reduced cardiovascular events by 40% and had a marked outcome protection
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in the group with a urinary albumin excretion above 50 mg/24h to a level of risk that was
comparable to the group with a urinary albumin excretion below 50 mg/24h. However,
microalbuminuria was still present in 53 % of the subjects after three months of follow-
up, despite the significant reduction of microalbuminuria by fosinopril. Therefore, we
concluded that the results of PREVEND IT favors further (larger) intervention studies in
microalbuminuric patients. Equally important as the prognostic value and the therapeu-
tic consequences, is cost-effectiveness of a new defined cardiovascular risk indicator due
to the fact that an enormous amount of subjects need to be screened, which will have a
huge impact on the cost of health care in the Western world. As described in chapter 5,
treatment with fosinopril during four years might be cost-effective in patients with albu-
minuria to prevent cardiovascular events. Furthermore, treatment with fosinopril is
especially cost effective when using a higher cut-off value for microalbuminuria or
screen older subjects due to the increased incidence of cardiovascular events. These mat-
ters are important when designing future trials investigating microalbuminuria as
screening method for cardiovascular disease and especially the cost-effectiveness of this
new approach of cardiovascular risk assessment.

Carotid intima-media thickness (IMT) is widely accepted as surrogate cardiovascular
clinical endpoint and is often used in clinical trials to evaluate the efficacy of interven-
tions, especially in studies with a short follow-up or a low incidence of cardiovascular
events. In PREVEND IT, fosinopril and pravastatin therapy had no effect on the pro-
gression of IMT of the common carotid artery in middle-aged, albuminuric subjects
(chapter 6). The negative effect on carotid IMT is in line with the results found in the
main study of PREVEND IT. The non-significant effect on cardiovascular events and the
lack of any association between treatment and regression of IMT might be explained by
the lower than previously described risk population as reflected by the lower mean IMT.
Another explanation could be the relatively short follow-up period in this primary pre-
vention setting, which might result in a low power due to the small numbers of events.
Future randomized clinical trials using carotid IMT as surrogate cardiovascular endpoint
have to include subjects at higher cardiovascular risk than described in PREVEND IT or
extent the period of treatment to demonstrate a significant effect on carotid IMT.

As investigated in chapter 3, microalbuminuria predicts risk for cardiovascular disease
beyond the traditional cardiovascular risk factors. In chapter 7, we evaluated the associ-
ation between Framingham risk score, which includes all classic risk factors, and albu-
minuria. At baseline the level of albuminuria was significantly associated with the
Framingham risk score. More importantly, microalbuminuria was an independent pre-
dictor of primary endpoints in subjects with a Framingham risk score < 20 %.
Surprisingly, despite the prognostic value of the Framingham risk score in albuminuric
subjects, the Framingham score underestimates the beneficial effect of treatment. These
data suggest that including albuminuria in the algorithm for the Framingham score
could improve the prediction for those treatments, which have an effect on the level of
urinary albumin excretion.

C-reactive protein (CRP) is an easily measurable acute phase peptide synthesized by
hepatocytes in response to pro-inflammatory cytokines. Many epidemiological studies
have shown that CRP is an important risk indicator for atherosclerosis and coronary
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heart disease [28-33]. In this thesis, C-reactive protein (CRP) has been associated with 
several expressions of cardiovascular disease. First, we demonstrated (chapter 2b) a sig-
nificant positive association between an elevated CRP level and atrial fibrillation. This
association was independent of traditional risk factors predisposing to atrial fibrillation.
This result suggests that besides the traditional risk factors for atrial fibrillation, systemic
inflammation may play an important role in the etiology of atrial fibrillation by induc-
ing structural and/or electrical remodeling of the atria. No direct causal relation can be
made due to the cross-sectional nature of the data, but the population based
Cardiovascular Health Study showed a significant relation between the occurrence of
atrial fibrillation and baseline CRP level during a follow-up of 6.9 years[34]. This associ-
ation between atrial fibrillation and CRP levels could have consequences for the treat-
ment of atrial fibrillation. Several agents lower CRP levels including statins. Kumagai et
al. have treated 20 dogs with atorvastatin and saw that dogs treated with atorvastatin had
a shorter duration of atrial fibrillation. Furthermore, Siu et al.[35] demonstrated in a ret-
rospective study, that statins decrease the recurrence of atrial fibrillation after electrical
cardioversion. This beneficial effect could be mediated by the increased inflammatory
status in patients with atrial fibrillation.

In chapter 2c, we demonstrated a significant association between an elevated CRP level
and electrocardiographic abnormalities. Especially, a clear association was present
between infarct patterns and CRP, but also an abnormal T-axis was significantly associ-
ated with an elevated CRP. The T-axis is a strong independent predictor for fatal and
non-fatal cardiac events. Both chapter 2b and 2c show an independent association
between an elevated level of CRP and electrocardiographic indicators of cardiovascular
disease, which suggest that CRP may play an important role in the development of
cardiovascular disease. However, it remains to be elucidated whether CRP has a causal
relation with cardiovascular disease or is an indicator of several cardiovascular risk fac-
tors such as hyperlipidemia, smoking and obesity.

How is the prognostic value of CRP on cardiac events in the general population? To con-
firm the cross sectional data described in previous chapters prospectively, we describe in
chapter 3 the prognostic value of CRP on cardiac mortality in the general population.
After a follow-up of more than five years, CRP added prognostic value independent of
the traditional cardiovascular risk factors. However, CRP was not the strongest predictor
of cardiac mortality in comparison to other risk indicators such as a history of cere-
brovascular disease, glomerular filtration rate, smoking, male gender and microalbu-
minuria. Furthermore, CRP was equally as not more predictive for non-cardiovascular
mortality, which illustrates the non-specificity of CRP as cardiovascular risk indicator.
CRP as marker of inflammation is thought to reflect the extent of unstable plaques in
coronary arteries. This hypothesis has been tested in high-risk patient with coronary
artery disease, which characteristics differ significantly with our population. CRP may
reflect two different mechanisms in high versus low-risk individuals. In high-risk sub-
jects, CRP might be a marker of unstable atherosclerosis and in the general population
CRP might be a non-specific indicator of sub clinical disease, but further research needs
to be done to clarify this issue.
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Besides its predictive value, CRP screening may play a role in targeting statin therapy in
high-risk subjects. Cervastatin, lovastatin, simvastatin, pravastatin and atorvastatin sig-
nificantly decrease levels of CRP in patients with hyperlipidemia, although there is no
association between the reductions in CRP and lipid levels[36]. Data from the Cholesterol
And Recurrent Events trial demonstrated that in patients with stable coronary artery dis-
ease, the effect of CRP levels on coronary risk may be attenuated by pravastatin therapy
[37]. Furthermore, Walter et al. [38] found retrospectively that statin therapy significantly
attenuates the increased risk for major adverse cardiac events in patients with elevated
CRP levels undergoing coronary stent implantation, suggesting an anti-inflammatory
effect of statins in addition to the well-established lipid-lowering properties.

However, no study has yet investigated whether statins specifically aimed at reducing
CRP will reduce cardiovascular disease. At this moment, the inclusion is started of the
justification for the use of statins in primary prevention Trial (JUPITER)[39], which
investigate whether statin therapy aimed at lowering CRP will reduce cardiovascular dis-
ease in a primary prevention setting.

PART II

In chapter 8, we reviewed the most commonly used methods to assess endothelial
dependent vasomotor function such as the Flow-mediated vasodilatation, Forearm
Blood Flow by plethysmography and endothelium dependent vasodilatation after intra-
coronary acetylcholine infusion. We concluded after reviewing the available literature
that the last two tests are not suitable for primary prevention programs due to their inva-
sive and time-consuming nature. Non-invasive assessment of the flow-mediated vasodi-
latation with ultrasound seems to be the most attractive method to assess endothelium
dependent vasodilatation in low-risk and asymptomatic patients because of its safety and
the potential to measure vascular function repeatedly. However, disadvantages of the
assessment of Flow-mediated vasodilatation are the high variability, its modest associa-
tion with coronary endothelial function and lack of standardization between centers.

Secondly, we discussed pharmacological interventions with ACE inhibitors and statins
on endothelium dependent vasodilatation, which seems beneficial in small sample sizes.
However, several interventions improving endothelial function did not improve clinical
outcome and therefore it remains questionable whether improvement of endothelial
function is a necessity to improve cardiovascular prognosis.

As reviewed in chapter 8, endothelial function has prognostic value in several patient
populations independent of traditional cardiovascular risk factors. However, these stud-
ies demonstrating prognostic value of coronary vasomotor function have predominant-
ly been performed in patients with mild to moderate coronary artery disease. In patients
with more severe coronary artery disease, peripheral endothelial function testing was
used to investigate its predictive value. This discrepancy in study designs may suggest that
endothelium dependent vasodilatation test for assessment of endothelium function can
only be assessed in vessels with intact endothelium, e.g. the brachial or coronary artery
with mild atherosclerosis.
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In chapter 9, coronary vasomotor function was investigated in a more heterogeneous
group of patients than previously described. In this study, vasoconstriction in response
to acetylcholine infusion, which has been accepted as an indicator of vascular dysfunc-
tion, occurred in 65% of the subjects. In perspective of aforementioned limitations
reviewed in chapter 8, this high percentage is not surprising because all subjects under-
went coronary angiography to assess the presence of coronary artery disease. In contrast
to the response to acetylcholine, the nitrate response was significantly impaired in
patients with significant coronary artery disease, which suggests that vasomotor dys-
function is not restricted to the endothelium, but might also be located in smooth mus-
cle cells. Moreover, we found an inverse relation between vasomotor function and the
number of traditional cardiovascular risk factors. The next question needed to be
answered is whether the coronary vasomotor function is also predictive for cardiovascu-
lar disease in this heterogeneous group of patients.

In chapter 10, the results of the Intervention Cardiology Risk Stratification (ICARIS)
study are described. This prospective study was designed to evaluate the prognostic value
of coronary vasomotor function in patients referred for a first diagnostic angiogram.
This study confirmed the prognostic value of significant coronary artery disease assessed
by coronary angiography. In contrast, no predictive value of the response to intracoro-
nary infusion of acetylcholine was demonstrated. How can we explain the apparent dif-
ference between the present study and the previous ones described in the literature?
Acetylcholine may have more discriminative value in the early stages of atherosclerosis,
because no structural vessel wall changes are present yet. In diseased arteries, the
response to intracoronary acetylcholine infusion frequently results in vasoconstriction
due to unopposed smooth muscle cell activation in the absence of intact endothelium.
The high percentage of vasoconstriction found in our study confirms this concept.

Parallel to the response to acetylcholine, we found no association between the nitro-
glycerin response and the occurrence of the primary endpoint. Though, a significant
relation was observed in our study between the response to nitroglycerin and the occur-
rence of cardiac events when revascularization procedures were included in the compos-
ite endpoint. This relation could be explained by the presence of coronary artery disease,
which may be related to a reduction of vascular wall structure[40]. These data suggests
that in addition to a coronary angiogram, endothelial function assessment does not con-
tribute to the prediction of long-term outcome in a more heterogeneous group of
patients.

Next to assessment of vasomotor function after infusion of stimuli or the assessment of
coronary artery disease, we evaluated the prognostic value of the baseline diameter of the
proximal non-stenotic left anterior descending coronary artery without prior infusion of
vasomotor stimuli (chapter 11). In this sub-study of the ICARIS, we demonstrated a
prognostic value of the vessel size of the left coronary artery independent of the presence
of significant coronary artery disease. These results indicate that besides the presence of
significant coronary artery disease as indicator of severe focal disease, vessel size, as pos-
sible marker of diffuse atherosclerosis, is an independent predictor of future cardiac
events.
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In summary, this thesis aimed to investigate several markers of vascular function and the
effect of early pharmacological intervention. At this point, there is no place in clinical
practice for the use of endothelium dependent vasodilatation as a method for risk assess-
ment or target of pharmacological interventions in primary prevention programs.
Therefore, easy to obtain markers as microalbuminuria and CRP are promising candi-
dates for future screening programs to prevent cardiovascular disease in asymptomatic
subjects. Markers obtained from urine or blood samples score much higher than other
measurements of vascular function in respect of the costs and ease of implementation,
which are important criteria of screening tests. However, despite of all the evidence avail-
able, it is not yet absolutely proven in primary prevention trials whether lowering these
markers will result in a significant cost-effective reduction in cardiovascular events. Large
randomised clinical trials with CRP and albuminuria guided therapy are needed and will
hopefully confirm the already acquired evidence in primary and secondary prevention of
cardiovascular events to finally consider the assessment of these markers as good clinical
practice next to the already available risk assessment tools such as the Framingham risk
score.
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Samenvatting

Het voorkómen van hart- en vaatziekten is een cruciaal onderdeel geworden binnen de
cardiologie. Inmiddels zijn veel risicofactoren voor hart- en vaatziekten geïdentificeerd,
waarvan hoge bloeddruk, roken, hoog cholesterol en suikerziekte de bekendste zijn. Deze
risicofactoren dienen agressief behandeld te worden. Aan de ene kant om herhaling van
hart- en vaatziekten te voorkomen, maar ook om de kans op een eerste optreden van
hart- en vaatziekten te verkleinen. In dit kader is gestart met het informeren van de gehe-
le bevolking over de schade van risicofactoren zoals een hoog cholesterol, roken en te
weinig beweging. Naast de bestaande risicofactoren, blijft het zoeken naar nieuwe metho-
des om patiënten met een hoog risico op hart- en vaatziekten te identificeren een bron
van onderzoek. Vooral voor die mensen die (nog) niet in aanmerking komen voor
behandeling volgens de huidige richtlijnen zou dit van belang kunnen zijn.

DEEL I

In het eerste gedeelte van dit proefschrift worden twee nieuwe risico-indicatoren
beschreven, namelijk microalbuminurie, een licht verhoogde hoeveelheid eiwit in de
urine, en een verhoogd C-reactief proteïne, een gevoelige maat voor ontsteking. De
onderzoeken in dit eerste gedeelte zijn onderdeel van het PREVEND programma, een
groot bevolkingsonderzoek in de stad Groningen. PREVEND, het acroniem van
Prevention of REnal and Vascular ENdstage Disease, is opgezet met als doel de waarde
van microalbuminurie als indicator voor hart-, nier- en vaatziekten te onderzoeken in de
algemene bevolking.

Microalbuminurie ontstaat waarschijnlijk door een toegenomen druk in, en een ver-
hoogde doorlaatbaarheid van de wand van de bloedvaten in de nieren. Deze verhoogde
doorlaatbaarheid wordt toegeschreven aan het niet goed functioneren van de binnen-
bekleding van de vaatwand, het zogenaamde endotheel (hoofdstuk 1). Het niet goed
functioneren van het endotheel is één van de eerste stappen in de ontwikkeling van ader-
verkalking, wat weer aanleiding kan geven tot verstopping van de kransslagaders met 
een hartaanval tot gevolg. Inmiddels is in de PREVEND studie aangetoond dat micro-
albuminurie in verband staat met risicofactoren voor hart- en vaatziekten. In de hoofd-
stukken 2a en 2b van dit proefschrift wordt het verband beschreven tussen micro-
albuminurie en twee vroege uitingen van hart- en vaatziekten, die met behulp van een 
eenvoudig hartfilmpje kunnen worden ontdekt, namelijk een vergrote linker hartkamer
en boezemfibrilleren. Dit verband is onafhankelijk van andere risicofactoren voor hart-
en vaatziekten en bevestigt daarmee de indruk dat vaatdisfunctie geïdentificeerd door de
aanwezigheid van microalbuminurie gerelateerd is aan het bestaan van onderliggend
hartlijden. Dit vermoeden wordt bevestigd in hoofdstuk 3 waar het verband tussen het
hebben van microalbuminurie en het overlijden ten gevolge van hart- en vaatziekten
wordt aangetoond. Mensen die aan het begin van de PREVEND studie een verhoogde
hoeveelheid eiwit in de urine hadden, hebben een hogere kans op overlijden ten gevolg
van hart- en vaatziekten, maar ook ten gevolge van andere aandoeningen.
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Kan microalbuminurie ook behandeld worden? Dit kan namelijk consequenties hebben
voor de dagelijkse medische praktijk, want identificeren van een nieuwe risico-indicator
is natuurlijk een belangrijke stap, maar de mogelijkheid om het te beïnvloeden is mis-
schien wel belangrijker. ACE-remmers, bloeddruk verlagende medicijnen, en statines,
cholesterol verlagende medicijnen hebben bewezen de vaatfunctie te kunnen verbeteren
en kunnen mogelijk een rol spelen in de behandeling van mensen met microalbuminu-
rie. Het is aangetoond dat statines en ACE-remmers de hoeveelheid eiwit in de urine
kunnen verminderen bij patiënten met een hoog risico op hart- en vaatziekten, maar tot
nu toe was nog niet onderzocht of medicijnen gericht tegen het verlagen van microalbu-
minurie ook een vermindering van het aantal hart- en vaatziekten kunnen veroorzaken.
Daarom is binnen de PREVEND studie een klinische geneesmiddelenstudie, de PRE-
VEND Intervention Trial, opgezet. Aan deze studie deden 864 mensen met microalbu-
minurie mee. Deze mensen werden gedurende 4 jaar behandeld met de ACE-remmer
fosinopril of een placebo, en de statine pravastatine of een placebo. De bedoeling van
deze studie was om aan te tonen of deze medicijnen een effect hebben op microalbumi-
nurie in een populatie met een lager risico dan voorheen beschreven. Daarnaast was het
natuurlijk de vraag of deze geneesmiddelen het risico van hart-, en vaatziekten van pati-
ënten met microalbuminurie kunnen verlagen. Na een periode van 4 jaar liet fosinopril
een significant effect zien op microalbuminurie en een trend in het verminderen van
hart- en vaatziekten. In tegenstelling tot fosinopril had pravastatine geen effect op micro-
albuminurie of op het optreden van hart- en vaatziekten in deze 4 jaar (hoofdstuk 4).

Even belangrijk als het bevestigen van de voorspellende waarde van en de therapeutische
mogelijkheden voor microalbuminurie, is het onderzoeken of de screening op en de
behandeling van microalbuminurie kosteneffectief is. Dit is van belang omdat bovenge-
noemde resultaten ertoe zouden kunnen leiden dat er zeer veel mensen gescreend en met
medicijnen behandeld moeten gaan worden. Hoofdstuk 5 concludeert dat behandeling
van mensen met microalbuminurie met fosinopril kosteneffectief zou kunnen zijn en
dan vooral bij ouderen en mensen met zeer veel eiwitverlies in de urine.

In hoofdstuk 6 hebben we het effect onderzocht van bovengenoemde behandelingen op
de dikte van de binnenwand van de halsslagader, een maat voor aderverkalking met een
voorspellende waarde voor hart- en vaatziekten. Er werd geen verschil aangetoond in de
dikte van de halsslagader tussen de placebo groep en de groep die behandeld werd met
pravastatine of fosinopril. Dit negatieve resultaat kan verklaard worden doordat de
gemiddelde dikte van de halsslagader in de bestudeerde mensen overeenkomt met de
halsslagader dikte in de algemene bevolking, en dus mogelijk al optimaal was. Een ande-
re verklaring voor dit resultaat is dat 4 jaar te kort is om een effect te kunnen waarnemen
in deze populatie met een lager risico voor hart- en vaatziekten vergeleken met eerder
beschreven onderzoeken met een hoger risicopopulatie, waarbij wel een positief effect
van dit soort medicijnen is beschreven.

Om de kans op hart- en vaatziekten van een individu te berekenen, wordt veelvuldig de
Framingham risico score gebruikt, die de kans op hart- en vaatziekten voor de komende
10 jaar berekent aan de hand van cardiovasculaire risicofactoren. In hoofdstuk 7 wordt
het verband beschreven tussen deze risico score en microalbuminurie. Microalbuminurie
blijkt voorspellend te zijn voor hart- en vaatziekten bij mensen met een Framingham
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risico score van minder dan 20%. Microalbuminurie heeft dus een toegevoegde waarde
naast deze risico score om de kans op het krijgen van hart/en vaatziekten te voorspellen.

C-reactief proteïne, kortweg CRP, is een gevoelige maat voor ontsteking in het lichaam
en heeft laten zien een voorspellende waarde voor hart- en vaatziekten te zijn. In dit
proefschrift beschrijven we het verband tussen CRP en verschillende uitingen van hart-
en vaatziekten, zoals boezemfibrilleren en een hartaanval gedetecteerd door een hart-
filmpje (hoofdstuk 2b en 2c), maar ook tonen we een relatie aan tussen een verhoogd
CRP en het overlijden ten gevolge van hart- en vaatziekten (hoofdstuk 3).

Zoals eerder genoemd in het gedeelte over microalbuminurie, is het, naast het bevestigen
van de prognostische waarde van CRP, belangrijk om te onderzoeken of het verlagen van
CRP een vermindering geeft van het optreden van hart- en vaatziekten. Een potentieel
krachtig geneesmiddel om dit te bewerkstelligen is een statine, omdat is aangetoond dat
statines het CRP kunnen verlagen en tevens een gunstig effect hebben op de overleving
van mensen met een hoog cholesterol. In dit proefschrift wordt niet verder ingegaan op
de behandeling van CRP, maar op dit moment lopen er verschillende grootschalige
onderzoeken om deze vraag te beantwoorden.

DEEL II

In het tweede gedeelte van dit proefschrift worden de resultaten van de ICaRiS studie
beschreven. In deze studie werden patiënten bestudeerd die een hartkatheterisatie
moesten ondergaan vanwege klachten van pijn op de borst. De Intervention Cardiology
Risk Stratification (ICaRiS) studie was opgezet om de voorspellende waarde van vaatdis-
functie gemeten in de kransslagaders te onderzoeken. Vaatdisfunctie speelt een belang-
rijke rol in de vorming van aderverkalking. In hoofdstuk 8 worden de studies beschreven
die de prognostische waarde van vaatdisfunctie en de behandeling daarvan hebben
onderzocht. Uit dit literatuuronderzoek blijkt dat op dit moment nog geen één studie
overtuigend heeft aangetoond dat de behandeling van vaatdisfunctie een verbetering van
de prognose van dit soort patiënten veroorzaakt..

In hoofdstuk 9 tonen we een verband aan tussen de ernst van aderverkalking in de krans-
slagaders en de vaatdisfunctie aldaar. Opvallend was de sterke relatie tussen de aderver-
kalking en de functie van de gladde spiercellen in de vaatwand, wat suggereert dat vaat-
disfunctie niet alleen ter hoogte van het endotheel, de binnenbekleding van de vaatwand,
aanwezig is, maar ook op het niveau van gladde spiercellen, die onder het endotheel lig-
gen. Tevens was deze vaatdisfunctie geassocieerd met de aanwezigheid van de eerder
genoemde risicofactoren voor hart- en vaatziekten. In tegenstelling tot de studies, die in
hoofdstuk 9 worden beschreven, werd in de ICaRiS studie geen verband gevonden tus-
sen het optreden van hart- en vaatziekten en de functie van het endotheel en de gladde
spiercellen (hoofdstuk 10). De heterogeniteit van de bestudeerde patiënten is één van de
verklaringen voor het negatieve resultaat. Een andere verklaring is dat de vaatdisfunctie
bij de meerderheid van de patiënten aanwezig is, wat het onderscheidend vermogen van
deze test in deze studie erg laag maakt. Deze test is waarschijnlijk meer voorspellend in
de beginfase van het ontstaan van aderverkalking, omdat dan (nog) geen structurele
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afwijkingen aanwezig zijn. De ICaRiS studie laat overigens wel een voorspellende waarde
zien van de diameter van de linker kransslagader, wat een maat zou kunnen zijn voor dif-
fuse aderverkalking (hoofdstuk 11).

Conclusie

Op dit moment is er geen plaats voor het meten van vaatdisfunctie in de dagelijkse prak-
tijk met behulp van de meetmethoden, die in het tweede gedeelte van dit proefschrift zijn
beschreven. Des te meer aandacht verdienen de makkelijk meetbare indicatoren voor
hart- en vaatziekten zoals microalbuminurie, een verhoogd eiwitverlies in de urine, en 
C-reactief proteïne, een maat voor ontsteking.
Dit proefschrift toont verbanden aan tussen microalbuminurie, C-reactief proteïne en
verschillende uitingen van hart- en vaatziekten, welke onafhankelijk waren van klassieke
risicofactoren zoals roken, hoge bloeddruk, hoog cholesterol of suikerziekte. Bovendien
wordt beschreven dat behandeling met de ACE-remmer fosinopril een verlaging veroor-
zaakt van microalbuminurie en dat deze behandeling geassocieerd is met een reductie in
hart- en vaatziekten. Deze resultaten zijn veelbelovend, maar niet geheel conclusief.
Daarom is er nog verder onderzoek nodig om aan te tonen dat grootschalige behande-
ling van microalbuminurie en C-reactief proteïne gepaard gaat met een vermindering
van het aantal hart- en vaatziekten.
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Woord van dank

Zoals u reeds aan het aantal en de diversiteit van de artikelen kunt opmaken, is dit proef-
schrift niet tot stand gekomen door één enkel persoon, maar door vele mensen van ver-
schillende afdelingen. Hieronder zal ik proberen zoveel mogelijk personen te bedanken,
maar meteen weet ik dat ik niet volledig ben. Hiervoor bij voorbaat mijn excuses. De
afdelingen die verantwoordelijk waren voor de inhoud van dit proefschrift zijn de
Klinische Farmacologie van de Rijksuniversiteit Groningen en de afdelingen Cardiologie,
Nefrologie, Interne Geneeskunde en het Trial Coordination Center van het Academisch
Ziekenhuis Groningen.

Voordat ik mensen persoonlijk dank, wil ik eerst de inwoners van de stad Groningen
bedanken voor deelname aan de beschreven studies in dit proefschrift. De deelnemers
van de PREVEND IT studie heb ik de afgelopen drie jaar goed leren kennen. De motiva-
tie van deze mensen, die geen enkel eigenbelang in de studie hadden, vond ik zeer 
bijzonder. Ter ere van jullie is d’Olle Grieze afgebeeld op dit proefschrift.

De meest bepalende persoon voor de inhoud van dit proefschrift, maar vooral voor de
inhoud van mijn promotietijd was professor van Gilst, mijn eerste promotor. Beste Wiek,
ik wil je bedanken voor alle mogelijkheden die je me hebt gegeven en gegund. Naast je
kracht om op het goede moment aan te geven wanneer iets anders moet en het continue
vertrouwen dat je me gaf, heb ik van je geleerd hoe ik mezelf en mijn onderzoek het best
kan presenteren in de wetenschappelijke wereld. Naast onze gezamenlijke wetenschappe-
lijke activiteiten hoop ik nog regelmatig met je op zoek te gaan naar nieuwe gadgets,“Surf
& Turf” en andere zaken die het leven aangenaam maken.

Graag wil ik ook mijn tweede promotor, professor van Veldhuisen, bedanken. Beste Dirk-
Jan, naast het kritisch beoordelen van mijn manuscripten ben ik je zeer dankbaar voor
de vrijheden die je me hebt gegeven om af en toe van de rode draad van mijn onderzoek
af te wijken. Tevens ben ik je erkentelijk voor het vertrouwen dat je me gaf tijdens de pro-
motiebesprekingen en de mogelijkheid om me te specialiseren tot cardioloog.

Cruciaal voor het eerste gedeelte van dit proefschrift is mijn derde promotor, professor
de Jong. Beste Paul, ik wil je bedanken voor je kritische en relevante vragen, die zorgden
voor een gezonde stimulans om ideeën en data nogmaals te controleren en tweemaal na
te denken voordat ik een discussie naar je opstuurde. Gedurende het promotietraject heb
je mijn respect vooral verdiend door de bevlogenheid waarmee je de PREVEND studie
leidde en het enthousiasme als je weer nieuwe data van een promovendus had gekregen,
die niet alleen hypotheses beantwoordden maar ook altijd weer nieuwe genereerden. Ik
hoop nog lang bij de PREVEND studie betrokken te blijven.

Verantwoordelijk voor het opzetten en het verloop van de ICaRiS studie, die is beschre-
ven in het tweede gedeelte van mijn proefschrift, is mijn copromotor, dr Tio. Beste René,
het was niet altijd gemakkelijk om mensen te overtuigen van de resultaten uit de ICaRiS
studie, maar uiteindelijk is de boodschap helder verwoord en zal het zijn plaats innemen
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als kritische noot tussen de andere endotheelfunctie studies. Helaas heeft de REPAIR stu-
die dit proefschrift niet gehaald, maar ook deze studie zal nieuwe inzichten geven in de
functie van de vaatwand. Naast onze discussies over nieuwe projecten, wil ik je bedanken
voor mijn begeleiding en wetenschappelijke vorming.

De leden van mijn leescommissie, professor Rabelink, professor Tijssen en professor
Verheugt, wil ik bedanken voor de bereidheid om mijn proefschrift te beoordelen.

Tijdens mijn promotietijd heb ik de mogelijkheid gekregen om vele cursussen en con-
gressen te bezoeken. Hierdoor heb ik het GUIDE certificaat kunnen bemachtigen en de
opleiding tot klinisch farmacoloog kunnen volgen. Graag wil ik hierbij professor de
Graeff en professor de Zeeuw bedanken voor de mogelijkheid om me te bekwamen in de
klinische farmacologie.

De data, die in dit proefschrift zijn beschreven, zijn door verschillende personen gegene-
reerd. Wekelijks worden tientallen deelnemers van de PREVEND studie gezien en onder-
zocht door de assistenten van de PREVEND polikliniek. Hierbij wil ik in alfabetische
volgorde Anna, Annet, Annie, Erika, Janita, Jannie, Judith, Linda, Martha en Roelie
bedanken voor het verzamelen van alle gegevens, maar vooral voor de gezelligheid op de
poli. Hierbij mijn excuses voor het ontbreken van enig humeur om halfacht ‘s ochtends
en het consequent negeren van de afwas.

De dikte van de vaatwand van de halsslagader beschreven in hoofdstuk 6 werd gemeten
door een viertal analisten van het vaatlab. Hierbij wil ik Wietze Kuipers, Marianne Bruin,
Anne van Gessel en Margreet Teune-Weesjes hartelijk danken voor hun bekwaamheid,
maar vooral voor hun flexibiliteit. Tevens wil ik dr Arie van Roon en dr Andries Smit
bedanken voor het respectievelijk analyseren van de ruwe data en het interpreteren van
de resultaten. Dr Jan Kors wil ik bij deze bedanken voor het coderen van alle hartfilmpjes
van de PREVEND studie, de welwillendheid om nieuwe variabelen te creëren en het mee
denken over nieuwe ideeën. Daarnaast wil ik dr Ad van Boven, dr Maarten van den Berg
en dr Gillian Jessurun bedanken voor hun bijdrage aan enkele hoofdstukken uit dit
proefschrift. Dr May wil ik bedanken voor mijn introductie bij de cardiologie. De groep
van professor de Jong-van den Berg en in het bijzonder Jarir Atthobari en dr Maarten
Postma wil ik bedanken voor de kennismaking met de farmaco-economie, een vak dat
naar mijn mening een steeds grotere rol gaat spelen binnen de cardiologie. Rob Bieringa,
Marco Assmann, en Diane Steenks wil ik bedanken voor het verwerken van de PRE-
VEND-data tot een te analyseren database. Rob, de PREVEND IT is mede dankzij jou tot
een goed einde gebracht, waarvoor veel dank. Voor de ICaRiS studie was Margriet
Couperus onmisbaar en ik wil je hartelijk danken voor de goede samenwerking en de
gestructureerde manier, waarop je de eindpunten verzamelde. Ook wil ik mijn voorgan-
gers Gilles Diercks en Stefan Monnink bedanken voor de belangrijke rol die zij hebben
gespeeld bij het opzetten van en het includeren van patiënten in de PREVEND IT en de
ICaRiS studie.

Zowel de eindpunten van de PREVEND IT als de ICaRiS studie werden beoordeeld door
een onafhankelijke eindpuntencommissie, die ik veel dank ben verschuldigd voor het
belangeloos evaluaren van de mogelijke eindpunten. De eindpuntencommissie van de
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PREVEND IT bestond uit professor Verheugt, dr Kremer Hovinga en drs Schrijvers. Die
van de ICaRiS studie uit professor Bär, dr Peters en dr den Heijer. I would like to thank
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