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INTRODUCTION AND AIMS OF THE THESIS 
Albumin is the most abundant protein in human blood plasma. After being produced 
in the liver, it circulates as a polypeptide chain of 585 amino acids which is cross-
linked by 17 disulphide bonds. Albumin has a molecular mass of 66,439 Dalton, a 
molecular radius of approximately 36 Å, and a pI of 5.6.1,2 Although physical and 
chemical data support a heart shaped structure for albumin,3 the molecule can rapidly 
change conformation.1 Constituting 60% of the total plasma protein, albumin 
contributes to about 80% of the colloid osmotic pressure, and binds a variety of 
ligands such as fatty acids, bilirubin, calcium, hormones, and certain drugs.  
Albumin is excreted in the urine in very small amounts of less than 30 mg per day in 
healthy individuals. It is assumed that albumin passes through the glomerular filtration 
barrier, and is reabsorbed by the proximal tubular cells by receptors such as megalin 
and cubulin, after which it is delivered to the lysosomal system and broken down to 
amino acids which are delivered back into the circulation.4,5 Increased amounts of 
albumin can appear in the urine, resulting from increased glomerular filtration and/or 
altered tubular reabsorption.  
 

ALBUMINURIA AS AN ESTABLISHED RISK MARKER 

The excretion of small amounts of albumin in the urine (microalbuminuria, 30-300 
mg/24 hour) has been established as one of the earliest indicators of nephropathy in 
patients with diabetes mellitus.6-10 Furthermore, it has been recognized as a powerful 
marker and predictor for cardiovascular disease in diabetes as well as in the general 
population.11-13 The underlying mechanism of leakage of albumin into the urine is 
suggested to be endothelial dysfunction which is presumably not only confined to the 
kidneys, but might be an indication of generalized endothelial dysfunction.14   
 
THE MEASUREMENT OF ALBUMINURIA 

Given the fact that cardiovascular disease is the leading cause of death in 
industrialized countries, it is of great importance to identify those at risk for 
cardiovascular disease in order to be able to start preventive treatment. In this respect 
assessment of urinary albumin may be a strategy.   
The first laboratory tests developed to detect urinary albumin (dipstick tests) could 
only measure concentrations of 300 mg/24 hour and above. The first analytical test 
that could measure lower albumin concentrations was a radio-immuno assay (RIA), 
using 125I labeled albumin which is based on the binding of albumin and the labeled 
albumin to form an immune complex. The RIA method is consuming and expensive, 
and therefore an immunonephelometry based automatic assay was developed in 
which albumin forms an immunochemical reaction. Antibody and antigen are mixed, 
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resulting in small aggregates. These aggregates will scatter light and the amount of 
scatter can consequently be measured. In the clinical setting, assessment of 
microalbuminuria (30-300 mg/day by immunonephelometry) has been established as 
a valuable risk marker for the early detection of nephropathy in both type I and type II 
diabetes mellitus. Nephelometry is a commonly used method in hospital diagnostics 
and clinical research.  
 

ALBUMINURIA AND STORAGE OF SPECIMENS (PART I OF THIS THESIS)              

In the past decade, several large epidemiological studies have investigated predictors 
for renal and cardiovascular disease. Frozen blood samples and/or urine specimens 
are often used to assess the analyte of interest in these studies. This has the advantage 
that samples can be processed in a relatively short time-span in which laboratory 
conditions can be carefully controlled and analytical drift in the assay can be 
prevented. It is questionable whether storage of samples at -20°C, but also at -80°C, is 
permissible for the correct assessment of albumin in the urine. In part I of the thesis 
this issue was addressed. In chapter 2 the effect of prolonged frozen storage at -20°C 
and different mixing methods of the samples on the measured albumin concentration 
was investigated. The effect of prolonged frozen storage at -20°C on the predictive 
power of albuminuria for mortality was studied in chapter 3, and chapter 4 describes 
the role of urinary pH on a decline in albumin concentration when assessed by 
immunonephelometry. In chapter 5 we investigated whether a potential decrease in 
albumin concentrations could be prevented by storage of urine samples at -80°C. In 
this chapter, the effect of frozen storage on different methods to assess albumin, such 
as immunonephelometry and a recently developed High Performance Liquid 
Chromatography (HPLC) method, was also studied.  
 

ALBUMINURIA AND METHODS OF ANALYSIS (PART II OF THIS THESIS) 

In chapter 6 we describe several aspects which should be taken into consideration 
when making the choice between the different ways to measure albumin in urine: as 
urinary albumin concentration, albumin:creatinine ratio or as 24 hour urine collection. 
This chapter also contains a thorough discussion on what the gold standard for 
assessing albuminuria should be: 24 hour urine collections or spot morning urine 
samples.            
 
As previously described, albumin in the urine is traditionally measured by 
immunochemical based methods using anti-albumin antibodies, such as 
immunonephelometry. Several studies, however, have shown that urine contains 
relatively large quantities of an intact modified form of albumin that is undetected by 
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Figure 1. Schematic overview of the HPLC method developed to measure total albumin. 

 
 
conventional albumin antibodies.15-18 This other form of albumin is hypothesized to be 
a product of decreased lysosomal activity in vivo, resulting in modifications or changes 
in ligand binding and consequently in a disruption of the immuno-reactive binding site 
of the molecule. This so-called ‘immunochemically nonreactive albumin’ is in terms of 
shape, size and charge similar to native albumin and can be detected by a new 
developed HPLC method, based on size-exclusion (figure 1).19 This method is said to 
measure both immunochemically reactive and immunochemically nonreactive 
albumin (total albumin concentration).    
Chapter 7 compares the albumin concentration, measured by immunonephelometry 
and HPLC, with respect to the prevalence of microalbuminuria and the association 
with cardiovascular risk factors and peripheral vascular disease. Chapter 8 describes 
the predictive performance of albumin assessed by both methods for both 
cardiovascular and total mortality.  
 
All investigations in this thesis have been performed within the scope of the 
Prevention of REnal and Vascular ENdstage Disease (PREVEND) Study in Groningen, 
the Netherlands. The PREVEND study started in 1997, and is a prospective, cohort 
study with sequential follow-up to investigate the natural course of albuminuria and its 
relation to renal and cardiovascular disease in a large sample drawn from the general 
population.  
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