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2      Introduction 

Albuminuria and renal function 
 
The kidneys have different physiological functions. The homeostatic system of the kidneys 
regulates that the level of body water and elements as sodium and potassium remains 
constant. The renal endocrine function is responsible for the production of hormones as renin 
and erythropoietin. The third major function of the kidneys consists of the excretion of waste 
products. Examples of waste products of an endogenous origin are creatinine or urea. 
Glomerular filtration rate (GFR) refers to the ability of the kidneys to clear the blood plasma 
from a certain substance. The main characteristics of renal dysfunction are an increase in 
urinary albumin excretion (UAE) and a decrease in glomerular filtration rate (GFR).   
 
Urinary proteins 
The renal glomerular basement membrane sieves water, small molecules and proteins < 20 
kDa. The amount of proteins that is found in the urine of a healthy individual is low (30-130 
mg/day). Plasma proteins are filtered by the glomerular membrane and are largely reabsorbed 
by the proximal tubular cell. Urinary proteins have their origin from blood plasma or from 
tubular cells. Albumin is the most common plasma protein present in urine. Albumin is 
normally excreted in the urine in low quantities because of its size (66 kDa) and its negative 
charge (the glomerular membrane is also negatively loaded). Its urinary excretion should not 
exceed 30 mg/day. Another important urinary protein is the Tamm-Horsfall protein, a tubular 
glycoprotein of 80 kDa located at the tubular epithelial surface of the thick ascending part of 
the loop of Henle. In pathological circumstances elevated amounts of proteins can be found in 
the urine (proteinuria). The mechanisms of abnormal protein loss are: 
 
1) Damage of the glomerular membrane, which causes filtration of large proteins. The 

tubular cell cannot reabsorb the amount of presented proteins, which results in glomerular 
proteinuria. 

2) Damage of the tubular cells and no tubular reabsorption of filtered proteins. The 
consequence is the presence of small proteins in the urine (tubular proteinuria). 

3) Increased production of proteins, which results in proteinuria especially if the proteins are 
small and have a positive charge. 

4) Increased production of tubular proteins (this is a rare cause of proteinuria) (1). 
 
In clinical practice the spectrum of urinary proteins gives information on the pathogenesis of 
the disease. Small proteins indicate a tubular pathology or increased production of proteins. 
The tubular protein beta2-microglobulin (11.8 kDa) can be used as a non-specific marker of 
renal tubular damage. Large amounts (> 3.5 gram) of albumin in the urine are indicative of 
glomerular disease.  
 
Renal function 
The assessment of glomerular filtration is fundamental to the diagnosis of renal glomerular 
pathology. Measurements of GFR are based on the renal clearance of a marker in plasma, 
expressed as the volume of plasma completely cleared of the marker per unit time. Normal 
GFR varies according to age, sex, and body size; in young adults it is approximately 120 
mL/min/1.73 m2 and declines with age. A decrease in GFR precedes the onset of kidney 
failure; therefore a persistently reduced GFR is a specific indication of chronic kidney disease 
(CKD). Below 60 mL/min/1.73 m2, the prevalence of complications of CKD increases, as 
does the risk of cardiovascular disease. 
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Mechanism of microalbuminuria 
The detection of proteins in the urine is frequently the first indication of a renal disease. 
Proteins can leak through the renal basement membrane because of an elevated pressure in the 
renal vessels (glomerulus) and/ or the basement membrane can be damaged. This thesis will 
concentrate on the leakage of low amounts of albumin in the urine (microalbuminuria), which 
is thought to be a more general indicator of vascular damage. 
 
The mechanism underlying microalbuminuria is suggested to be endothelial damage. This 
damaged endothelium leads to leakage of plasma albumin trough the vessel wall. 
Microalbuminuria might be an indication of general vascular leakage of albumin, caused by 
endothelial dysfunction, which is not restricted to the kidney. Atherogenic processes are 
suggested to damage endothelial cells also in the vessels of the glomerulus, which causes 
increased permeability of the glomerulus and albumin leakage. The endothelium plays a role 
in the control of vascular and renal function as vascular tone, vascular permeability and 
platelet aggregation. In diabetes (type 1 and 2) endothelial dysfunction seems to be present 
before the development of microalbuminuria (2). Von Willebrand Factor, a regulatory protein 
stored in the endothelium and present in the blood in case of endothelial damage, precedes the 
occurrence of microalbuminuria by about 3 years in diabetic patients (3). Von Willebrand 
Factor is also associated with microalbuminuria in hypertensive patients (4) and in healthy 
individuals (5). Other markers (as NO, e-selectine, endotheline) and functional tests (6,7) of 
endothelial dysfunction are described in association with microalbuminuria. The 
transcapillary escape rate of albumin is increased in subjects with microalbuminuria, even in 
the absence of diabetes (8-10). Although the precise mechanism of urinary albumin leakage is 
not clarified yet, general damage to the endothelial layer of the vascular system is probably 
caused by subclinical inflammation, oxidative stress and elevated sympathetic activity 
(11,12). Inflammatory markers as C-reactive protein, cytokines, fibrinogen and vascular cell 
adhesion molecule-1 (VCAM-1) have been found to be related to albuminuria. 
 
A second hypothesis is that urinary albumin excretion may be a local process restricted to the 
kidneys caused by an increased intraglomerular pressure. The loss of charge selectivity has 
also been mentioned to be involved. This may result in less rejection of the negative albumin 
molecules by the glomerular membrane (13). A reduction in heparan sulfate proteoglycans, 
the anions responsible for the negative charge of the glomerular basement membrane has been 
found in diabetic nephropathy (14). 
 
Mechanism of renal dysfunction 
Renal function loss is hypothesized to be based on glomerulosclerosis. By augmentation of 
the filtration function in the less damaged glomeruli, the overall renal function is held 
constant for a certain period. This hyperfiltration state is thought to result in an increase 
pressure in the glomeruli. Increased intra-glomerular pressure damage the endothelial surface 
of the glomerular vessels. Consequently GFR falls resulting in chronic kidney disease. CKD 
is a multifactioral disease and other possible causes of glomerulosclerosis are metabolic, lipid- 
or genetic abnormalities. 
 
 
Renal indices as outcome parameter  
 
In diabetes disease, renal complications are common. Approximately 30% to 40% of all 
diabetics will develop evidence of nephropathy, although a higher percentage of type I 
patients progresses to end-stage renal disease (ESRD) (15). Diabetic nephropathy manifests as 
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increased urinary albumin excretion and as alterations in GFR. Also in hypertensive patients 
organ damage is frequently manifested as renal dysfunction (16). Renal function in the 
general population has recently obtained more interest. The asymptomatic onset and gradual 
course of CKD are responsible for the late detection of renal dysfunction in the population at 
large. The meaning of renal function indices as albuminuria and decreased GFR have been 
especially studied in diabetic subjects. Also some information is available in hypertensive 
subjects and in the general population. 
 
Diabetes Mellitus 
Diabetes is one of the main causes of end-stage renal disease (15). In type 1 and 2 diabetic 
patients the excretion of small amounts of albumin in the urine (microalbuminuria: 30-300 
mg/24h) is an early characteristic of later renal function impairment. Over the years of disease 
duration, diabetic nephropathy develops, characterized by glomerular proteinuria caused by 
damage of the glomerular membrane. In type 1 diabetes urinary albumin excretion increases 
after about ten years of disease duration. Because diabetes type 2 has an asymptomatic start, 
microalbuminuria is most commonly already present at the time of diabetes diagnosis. The 
course of renal function in diabetes starts with an increase in glomerular filtration rate (GFR) 
(17,18). This hyperfiltration state is caused by afferent vasodilatation and efferent 
vasoconstriction and is accompanied by microalbuminuria (19). Hyperfiltration is a major 
burden for the kidney, and consequently, GFR starts to fall (20). When GFR decreases it is 
accompanied by excretion of larger amounts of albumin (macroalbuminuria: > 300 mg/24h). 
Figure 1 shows the biphasic pattern of the development of renal function over the years of 
duration of diabetes type 1. Early detection and therapeutical intervention can postpone ESRD 
and renal replacement therapy such as dialysis (1). For that reason diabetic patients should be 
screened annually for the presence of microalbuminuria. Blood pressure and glycemic control 
are effective methods to prevent or postpone diabetic nephropathy although hypoglycaemic 
episodes are more frequent when blood glucose is intensively treated (21). In case of the 
presence of persistent microalbuminuria ACE inhibition can be started to lower urinary 
albumin excretion and to postpone progression to ESRD. Other interventions under study that 
might lower urinary albumin excretion are statins (22), NSAID's (23), Cox-2 inhibitors (24), 
and a diet low in proteins (25). Microalbuminuria is not only a predictor of renal disease but 
also of cardiovascular morbidity and mortality in diabetic patients (26-29). Microalbuminuria 
as a risk marker of cardiovascular and renal disease in diabetes makes the underlying 
atherosclerotic pathogenesis of renal disease plausible. 
 
Hypertension 
Blood pressure is a strong determinant of albuminuria (30) even in the normal ranges of blood 
pressure (31). It has been suggested that microalbuminuria is a reflection of the blood pressure 
control in hypertensive subjects (32). Reduction of high blood pressure is known to lower 
albuminuria (33). Microalbuminuric subjects often represent a cluster of cardiovascular risk 
factors (hypertension, dyslipidemia, hyperinsulinaemia, glucose intolerance). Some authors 
state that microalbuminuria is part of the metabolic syndrome (syndrome X) (34). Insulin 
resistance and microalbuminuria might have a causal relation or could be both end products of 
the same pathogenetic factors (32).  
 
Also, in hypertensive subjects albuminuria is related to renal function prognosis. In 
microalbuminuric subjects the decline of renal function is enhanced compared to 
normoalbuminuric subjects (35). During 7 years of follow-up of 141 hypertensive patients the 
decline in creatinine clearance of microalbuminuric subjects was 12.7 mL/min (SD 2.8) 
compared to 7.1 mL/min (SD 0.9) in normoalbuminuric subjects (p <0.03) (figure 2). In black 
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Figure 1. The course of renal function over the years of diabetes (type 1) duration. The shaded 
area indicates normal GFR. Normoalbuminuria is present in the first years of disease duration; 
microalbuminuria accompanies hyperfiltration until GFR decreases and macroalbuminuria 
occurs. Adapted from Mogensen (19). 
 

 
 

Figure 2. The decline of creatinine clearance (mean, SD) in normoalbuminuric and 
microalbuminuric hypertensive subjects. Adapted from Bigazzi et al (35). 
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hypertensive Jamaicans, microalbuminuric subjects had lower renal plasma flow and higher 
filtration fraction and renal vascular resistance compared to normoalbuminuric hypertensive 
subjects. More studies are needed to determine if microalbuminuria is an indicator of 
nephrosclerosis in hypertensive subjects (36). 
 
 
The “general population” 
 
PREVEND 
The aim of the PREVEND study (Prevention of Renal and Vascular End-stage Disease) was 
to describe the impact of urinary albumin excretion on renal and cardiovascular disease in the 
general population. This prospective cohort study started in 1997 by inviting all inhabitants of 
the city of Groningen (The Netherlands), aged 28-75 years (n= 85,421) to answer a short 
questionnaire and to send in a morning spot urine (figure 3). 
 
 
 
Figure 3. Outline of PREVEND study. 
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Pregnancy and type 1 diabetes were exclusion criteria. Of the 40,856 that responded all 
subjects with a urinary albumin concentration ≥ 10 mg/L and a random sample of the subjects 
with urinary albumin concentration < 10 mg/L were invited for two visits at the outpatient 
clinic. A total of 8,592 subjects completed both visits which formed the baseline data of the 
PREVEND study. The thesis is based on these cross-sectional data with the exception of the 
last chapter. After a mean follow-up of four years all subjects were invited for the same two 
visits on the outpatient clinic and 6,864 subjects completed the follow-up visits. The 
information of these visits was used in addition to the baseline data in chapter 8. 
 
Prevalence of microalbuminuria and impaired renal function 
The PREVEND study showed that microalbuminuria is a common phenomenon in the general 
population. The prevalence of microalbuminuria, defined as albumin concentration 20-200 
mg/L, was 7.2% (after exclusion of pregnancy or subjects using insulin). The prevalence of 
microalbuminuria in non-diabetic non-hypertensive subjects was 6.6%. In patients with 
diabetes type 2 or hypertension the prevalence was respectively 16.4 and 11.5% (37). In the 
US population the prevalence of microalbuminuria, defined as A/C ratio 30-300 mg/g, is 
7.8%. In subjects without diabetes, cardiovascular diseases or elevated serum creatinine the 
prevalence was 5.1% (38). These percentages indicate that microalbuminuria is more often 
present in subjects with cardiovascular risk factors; however, in apparently healthy subjects 
microalbuminuria can frequently be encountered. Overall, 11 adults need to be screened to 
identify one individual with micro- or macroalbuminuria. This number decreases in subgroups 
of subjects with elevated cardiovascular risk (39). 
 
In the Framingham Heart Study the prevalence of mild renal insufficiency was 8.9% in men 
and 8.0% in women, defined as the sex-specific 95th percentile of serum creatinine of a 
“healthy” reference sample. Elevated serum creatinine was strongly associated with age, 
hypertension treatment and diabetes (40). The NHANES III study estimated the prevalence of 
renal function impairment in the US population as defined by the American national 
guidelines (K/DOQI). The prevalence of a GFR 60-89 mL/min/1.73 m2 (estimated by MDRD 
formula) was 31.2%; the prevalence of a GFR 30-59 was 4.3%, and of a GFR 15-29 was 
0.2%. These findings indicate that about 8.3 million individuals in the US have a GFR < 60. 
In addition, of the subjects with GFR ≥ 60, 6.3% (11.2 million) have persistent albuminuria 
(41).  
 
 
Link between cardiac and renal function in the general population 
 
Epidemiological studies use albuminuria already as an indicator of renal damage in the 
general population. However the information on albuminuria related to renal function in the 
general population is scarce. This relation is studied in Australian Aborigines, a population 
with a higher incidence of renal disease compared to the general population. In these subjects 
the suggestion was made that on average, GFR was stable or increased slightly over four 
years in subjects with low levels of albuminuria. GFR began to fall at the time 
microalbuminuria had developed. The decrease of GFR was pronounced in subjects with 
overt albuminuria at baseline (42).  
 
In the general population the significance of albuminuria as a marker for cardiovascular 
morbidity and mortality has been studied. The first study was performed in 1988 by assessing 
the association of microalbuminuria with vascular disease (coronary heart disease and 
peripheral vascular disease) in 187 subjects (aged over 40 year) (43). This was recently 
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confirmed by the EPIC-Norfolk study that showed in a large cohort that microalbuminuria 
predicts coronary heart disease in the general population (44). Furthermore the relation of 
albuminuria and all-cause mortality was studied. In elderly subjects (> 60 year) elevated 
urinary albumin excretion was an independent prognostic determinant of mortality (45). The 
MONICA study showed in 3,785 non-diabetic subjects that microalbuminuria was associated 
with a higher risk on the development of ischemic heart disease (46). In the HOPE study 
microalbuminuria was associated with several risk factors for cardiovascular and renal disease 
among 5,708 non-diabetic subjects with established vascular disease (47). In the general 
population albuminuria, compared to other cardiovascular risk factors, is a strong predictor of 
all-cause mortality and that this holds especially true for cardiovascular mortality (48,49). A 
doubling of urinary albumin concentration was associated with 29% higher cardiovascular 
mortality risk (figure 4). 
 
Mild renal insufficiency in the general population is common. Subjects with renal function 
impairment had a higher risk for cardiovascular and all-cause mortality compared to subjects 
with a normal renal function (50). Cardiovascular risk factors are associated with renal 
function impairment (51). Renal function impairment and cardiovascular disease may be 
related because renal impairment is associated to cardiovascular risk factors (52). However, 
independent of other cardiovascular risk factors, renal function impairment has recently been 
described as a risk factor for cardiovascular disease in the general population (50,53,54). 
Because the incidence of end-stage renal disease is relatively low (55,56), the absolute burden  
 
 
Figure 4. Estimated relation of urinary albumin concentration and the hazard ratio for 
cardiovascular death. Dotted lines indicate the 95% CI. Shaded area is microalbuminuric 
range. Data from prescreening of PREVEND study n= 40,856 (48). 
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of cardiovascular disease in the population of subjects with renal function impairment is much 
higher (57). Patients with chronic kidney disease are more likely to die from cardiovascular 
diseases than to develop kidney failure requiring treatment with dialysis or transplantation 
(58). The group of patients with chronic kidney failure are the group with highest risk for 
cardiovascular disease and the thresholds for risk factor intervention should be lower in this 
group compared to the general population (57). Moreover the asymptomatic clinical 
presentation makes detection of the patients difficult. For this reason screening on urinary 
albumin excretion may be beneficial in the general population.  
 
In conclusion, impaired renal function is common in the general population and associated 
with cardiovascular morbidity and mortality. In diabetic patients measurement of urinary 
albumin excretion is a screening method for renal function impairment. Whether albuminuria 
is a predictor of renal insufficiency in the general population has not been established yet. 
 
 
Methodology 
 
Urinary albumin excretion 
Twenty years ago Viberti (59) and Mogensen (26) described the predictive value of levels of 
urinary albumin excretion below the proteinuric range (microalbuminuria) for nephropathy in 
type 1 and 2 diabetes, respectively. Clinical tests with a higher sensitivity than the, at that 
time, standard dip stick for the detection of albuminuria made it possible to detect albuminuria 
< 150-200 µg/min (< 300 mg/24h). Until that moment, dipsticks used to detect proteinuria 
could only measure the presence of macroalbuminuria (> 300 mg/24h). The 
radioimmunoassay method with 125I labeled albumin was the first method that could measure 
low amounts of albumin in the urine. The principle of this method is competitive binding of 
albumin and labeled albumin to antibodies. Now dipsticks (dye-impregnated stick) have been 
developed (Micral-S) that indicate the presence of low urinary albumin excretion (30 
mg/24h). When albumin (negative charge) binds to a dipstick, it changes from color. 
Nephelometry is a common method to measure albuminuria in clinical research. Albumin 
forms immunecomplexes with antibodies that can be measured by photometry. The lowest 
detectable value of albumin in urine is 2.3 mg/L. Leucocyturia and erythrocyturia should be 
measured in parallel with albuminuria measurements because in case of urinary tract infection 
or menstruation urinary albumins are falsely elevated. Physical exercise, fever, and heart 
failure may transiently increase urinary albumin excretion and has to be avoided during urine 
collection for urinary albumin detection.  
 
The most sensitive standard of microalbuminuria measurement is the collection of 24h urine 
on several occasions. The excretion of albumin in the urine varies over time. During sleep 
urinary albumin excretion is 25% lower than when a person is awake, possibly because of the 
supine position and the lower blood pressure during sleep. The day-to-day variability of 
albuminuria is 31-52% (32). For this reason more than one urine collection has to be collected 
for reliable albuminuria detection. The disadvantage of 24h urines are collection errors. 
Careful attention has to be paid on patient instructions because collection of 24h urine is not 
an easy task. In epidemiological studies the collection of (several) 24h urine samples is 
cumbersome and time consuming. For this reason most studies use a spot urine. To take the 
variation of urinary albumin excretion into account, a morning spot urine is preferable. The 
disadvantage of spot urine is that some urine samples are more concentrated than others. To 
correct for the concentration level, the urine albumin concentration can be divided by 
creatinine concentration. The albumin/ creatinine ratio (A/C ratio) however, has as 
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disadvantage that urinary creatinine is dependent on muscle mass and thus on gender, age, 
race, and diet rich in meat. In men, young subjects and black people, the higher creatinine 
excretion leads to a relatively lower A/C ratio. Albuminuria can also be measured by timed 
overnight urine collection. Subjects go to sleep with an empty bladder and albumin 
concentration is measured in the morning spot urine, and expressed in µg/min using the hours 
of sleep as collection time. The disadvantage is that only urinary albumin excretion during 
night is measured which is lower than the excretion during day time. Table 1 shows the 
different measurement techniques of albuminuria and the definition of microalbuminuria. 
 
 
Table 1. Definition of microalbuminuria by different measurement techniques. 
 
Urine collection  Microalbuminuria Equivalent proteinuria 

(approximately) 
     
Morning spot urine - Concentration 20-200 mg/L  
 - Albumin/creatinine ratio 30-300 mg/g  
    Men 17-250 mg/g *  
    Women 25-355 mg/g  
    
Timed overnight  20-200 µg/min  
    
24 h urine  30-300 mg/24h 50-500 mg/24h 
*sex-specific cut off values as proposed by Warram et al (65) 
 
 
Renal function measurement 
Renal function is defined as the glomerular filtration rate (GFR) which is the amount of 
plasma that per unit of time is completely cleared of a certain substance. The ideal substance 
for GFR measurement is freely filtered by the glomerulus, and is not reabsorbed or secreted 
by the kidney or synthesized (or metabolized) by the tubulus. Substances used for GFR 
measurements are inulin, 125I- Iotalamate, 51Cr-EDTA, or 99mTc-DTPA (Technetium-99m 
diethylene triaminopentaacetic acid). These costly, time consuming and invasive GFR 
measurements are performed when renal disease is suspected. In clinical practice the 
alternative of GFR measurement is creatinine clearance. Creatinine is a degradation product 
of muscle mass that is produced in a constant rate and is freely filtered and excreted by the 
kidneys. A 24 hour urine collection and a blood sample is required from the patients. The 
clearance of creatinine can be calculated by multiplying the urinary concentration by urine 
volume (excreted in 24h) divided by serum creatinine concentration. Creatinine clearance is a 
relative simple alternative for GFR measurement. The limitation of creatinine clearance is the 
active secretion of creatinine by the tubulus which results in an overestimation of GFR. This 
tubular secretion can be pharmacologically blocked. Cimetidine blocks tubular secretion of 
creatinine almost completely and creatinine clearance measured under this condition is 
reported to approach GFR (60). A second limitation of creatinine clearance is that inadequate 
urine collection results in incorrect estimation of GFR. In epidemiological studies the 
collection of 24h urine is not easy to perform. Most studies estimate GFR solely based on 
serum creatinine. Serum creatinine varies with muscle mass, and is dependent on body 
composition. Serum creatinine concentration is affected by factors other than GFR, such as 
tubular secretion, generation and extra-renal excretion of creatinine. Due to variation in these 
processes amongst individuals and over time within individuals, especially in creatinine 
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generation, there is a relatively wide range for serum creatinine in normal persons. As a result, 
there are several significant limitations to estimating kidney function solely from serum 
creatinine. As well GFR must decline to approximately half the normal level before the serum 
creatinine concentration rises above the upper limit of normal. Serum creatinine can be 
corrected for those variables by using a creatinine-based formula for GFR estimation. The 
Cockcroft-Gault (61) and the MDRD (62) (Modification of Diet in Renal Disease) equation 
are the most widely used formulas. The generilizability of these formulas is poor which limits 
their use in different subgroups (63). New markers of renal function are needed that are 
reliable and can be easily measured. Cystatin C, a cystein proteinase inhibitor produced by 
nucleated cells, might be a candidate for renal function measurement although its advantages 
compared to serum creatinine are not established yet (64). 
 
 
Aims of this thesis 
 
Leakage of low amounts of albumin through the renal glomerular basal membrane predicts 
cardiovascular mortality and is, at least in diabetic subjects, an indicator of renal function 
impairment. We questioned whether urinary albumin excretion is also in the general 
population associated with de novo renal function impairment.  
 
The association of albuminuria and renal function impairment after four year follow-up was 
studied in the population based cohort of the PREVEND study. To address this issue, first the 
reliability of methods to estimate renal function in the general population was investigated in 
chapter 1-3. In chapter 4 the methodology of albuminuria testing in a population based study 
was evaluated. As cardiovascular risk factors are more frequently present in subjects with 
renal function impairment and/ or elevated urinary albumin excretion, the role of 
cardiovascular risk factors was studied in the relation of renal function and albuminuria. The 
relation of cardiovascular risk factors with albuminuria was described in chapter 5 and 6. In 
addition to albuminuria, impaired renal function is linked to cardiovascular disease. In chapter 
7 it was described to what extent renal function can be explained by cardiovascular risk 
factors and markers. The thesis concludes in chapter 8 by addressing the question if 
albuminuria is a predictor for de novo renal function impairment in the general population.  
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