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PART I

Microalbuminuria and C-reactive protein
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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.
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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
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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.
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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).
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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
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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.
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