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SUMMARY 
Albumin is the most abundant protein (65 kDalton) in human blood plasma. After 
being produced by the liver, albumin circulates as a polypeptide chain of 585 amino 
acids which is cross-linked by 17 disulphide bonds. Albumin contributes to about 80% 
of the colloid osmotic pressure, and it binds a variety of both self and non-self ligands 
such as hormones, fatty acids and drugs. Since the 1980s, it is known that the 
excretion of very small amounts of albumin in the urine (20-200 mg/L or 30-300 
mg/day), so called microalbuminuria, predicts the excretion of large amounts of 
proteins in the urine (proteinuria) in patients with diabetes mellitus. A few years later, 
microalbuminuria was also proven to be a powerful predictor of mortality in these 
patients. The clinical application of microalbuminuria as a laboratory risk marker is, to 
date, restricted to patients with diabetes mellitus. However, recent scientific research 
has shown that microalbuminuria is also an independent predictor of cardiovascular 
diseases and mortality in the general population. The underlying mechanism of these 
results is thought to be generalized endothelial dysfunction, expressed by the kidneys, 
resulting in ‘leakage’ of albumin into the urine. This endothelial dysfunction can be 
caused by risk factors such as high bloodpressure, smoking, obesity, and diabetes. 
Cardiovascular diseases are the leading cause of death in the Western world. The 
screening for subjects with an increased risk for cardiovascular diseases is therefore of 
utmost importance. In this respect, the detection of albumin in the urine plays a very 
important role.  
 
In this thesis we describe the effects of frozen storage of urine samples on the 
measured albumin concentration (part I). We furthermore explore the different 
methods of measurement that play a role in the assessment of albumin in urine (part 
II).  
 
 
PART I 
Frozen storage of urine and blood samples before the assessment of the analyte of 
interest, is a common practice in large epidemiological and cohort studies. It is often 
easier (and cheaper) to analyse large amounts of specimens at the same time. In 
addition, the variation of an analytical assay is lower when measuring in a relatively 
short period of time because this makes it easier to monitor the circumstances in the 
laboratory.   
In chapter 2 we describe the effect of long-term storage (of up to 2 years) of urine 
samples at -20°C on the measured albumin concentration. The urine samples we used 
for this study contained albumin concentrations that were mainly in the normo- and 
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microalbuminuric range. First, we showed that sample preparation such as vortex-
mixing or applying hand-inversions is essential for a correct assessment of the albumin 
concentration in urine. Secondly, storage of up to 5 months has no significant effect 
on the albumin concentration. After 5 months, the average albumin concentration in 
the urine samples starts to decrease, and this decrease stabilizes to -30% until the end 
of the study after 12 months. This decrease was principally present in urine samples 
with a relatively low initial albumin concentration. An especially interesting finding of 
our study is the variability in percentage changes which indicates large differences 
between individual samples in their response to freezing. Although we were not able 
to further explore this phenomenon in this study, in chapter 3, we show that freezing 
indeed results in the introduction of a measurement error. Frozen storage furthermore 
results in a diminished predictive power of albuminuria for total mortality. 
 
Studying the cause of falsely low albumin concentrations after frozen storage was 
beyond the scope of chapters 2 and 3. To shed some light on possible mechanisms of 
decrease, we investigated the potential relationship between the initial pH of urine 
and a decline after storage. Chapter 4 demonstrates that the urinary pH is associated 
with the magnitude of decline in urinary albumin assessed after frozen storage for one 
year. There is a clear relation between lower pH of the urine and a change in albumin 
concentration after storage. This can be explained by the isoelectric point of albumin 
being 4.7, resulting in aggregation and denaturation of albumin molecules at low pH.      
An often proposed possibility to prevent falsely low albumin concentrations, is to store 
urine samples at -80°C instead of -20°C. Surprisingly, this has never been properly 
investigated. In chapter 5, the effects of storage at different temperatures are 
compared, and indeed, storing samples at -80°C could prevent the decline in albumin 
concentrations after 12 months while storage at -20°C again resulted in a -30% 
change. Secondly, we studied whether using a different assay (high performance liquid 
chromatography (HPLC)) to measure albumin can prevent a change in albumin after 
storage. We found that the consequences of freezing on HPLC assessed albumin are 
much larger than on immunonephelometry. A decline in HPLC assessed albumin 
concentration could not be prevented by storing the samples at -80°C. Surprisingly, 
the relation between urinary pH and a decline in measured albumin concentration 
when assessed by immunonephelometry was not found when measuring by HPLC. 
 
              
PART II 
Albuminuria can be measured in several ways: 1) in a spot morning urine sample 
(mg/L), 2) as albumin:creatinine ratio (ACR, mg/g) and 3) in a 24 hour urine collection 
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as albumin excretion per 24 hour which is generally considered as the ‘gold standard’. 
However, the latter procedure is cumbersome and can be inaccurate due to collection 
errors. On the other hand, the albumin to creatinine ratio is accompanied with extra 
costs. There is an ongoing debate whether either albumin concentration or the 
albumin to creatinine ratio from a spot morning void can be used as alternatives, and 
which one of these is the best. In Chapter 6 we describe several aspects which we 
think should be taken into consideration when making the choice between the 
different ways to measure albumin in urine. These considerations apply to both the 
clinical setting and epidemiological trials. As we have shown in the first part of this 
thesis, it is important to know whether the albumin concentration is assessed in fresh 
or frozen samples. In addition, 24 hour urine samples should not be used as a 
substitute for a single urine sample which is common practice in large clinical studies.  
 
Traditionally, albumin in the urine is measured by immunochemical methods such as 
immunonephelometry and radio-immuno-assay. These methods are based on the 
formation of antigen-antibody complexes which precipitate and can be measured with 
so called ‘scatterlight’. Recent research has shown that urine not only contains 
immunochemically reactive albumin, but also another protein/albumin fraction. This 
intact form of albumin is believed to be the product of diminished lysosomal activity in 
the kidney, consequently resulting in the disruption of the immunochemically reactive 
activity of the albumin molecule. This ‘immunochemically unreactive albumin’ is similar 
to immunochemically reactive albumin with respect to size, form, and charge, and can 
be measured by a newly developed HPLC method based on size-exclusion. In 
Chapter 7 we compared the analytical properties and clinical value of albuminuria 
assessed by immunonephelometry and HPLC. HPLC measures higher albumin 
concentrations, especially present in the lower albuminuria ranges 
(immunonephelometry as reference: <200 mg/L). Consequently, the prevalence of 
subjects with microalbuminuria is much lower when albumin is assessed by HPLC than 
by immunonephelometry. When applying the classic cut-off values we found HPLC 
assessed albumin to show a stronger relation with peripheral vascular disease than 
albuminuria assessed by immunonephelometry. However, we could not find this 
relation by applying continuous levels of albuminuria (ROC analysis). The question 
then is, whether classic cut-off values should be applied when measuring with HPLC, 
or whether method-specific cut-off values should be defined. Furthermore, as 
described in chapter 5, freezing has large consequences on immunonephelometry but 
especially on HPLC assessed albumin. Because of these two reasons, clinical cut-off 
values should not be used when comparing these methods. That is why, in chapter 8, 
the predictive performance of albuminuria (after storage for 7 years at -20°C) assessed 
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by immunonephelometry and HPLC was studied on a continuous scale. Both HPLC 
and immunonephelometry measured albumin is a good predictor of (cardiovascular) 
mortality. In addition, albuminuria assessed by HPLC and immunonephelometry are 
additive in the prediction for both cardiovascular and total mortality. HPLC measured 
albuminuria results in a higher hazard ratio for mortality in subjects with low 
immunonephelometry measured albuminuria compared to subjects with high 
immunonephelometry measured albuminuria.  
 
Chapter 9 gives a general overview on the research described in this thesis.  
 
In conclusion, the frozen storage of urine samples at -20°C in large epidemiological 
studies has a large implication on the design and interpretation of these studies and 
should therefore be avoided. Although storage at -80°C might be an acceptable 
alternative, further studies on the potential increase in variability have to be performed 
to demonstrate that urine samples stored at this temperature can indeed safely be 
used to assess the albumin concentration.  
Urine contains varying amounts of immunochemically reactive and immunochemically 
unreactive albumin. This total albumin can be determined by HPLC and is, similar to 
immunonephelometry assessed albuminuria, a good predictor of mortality. Moreover, 
albuminuria assessed by HPLC and immunonephelometry are additive in the 
prediction for mortality. Prospective studies, using fresh urine samples should be 
performed to show that HPLC measured albumin is also a good predictor of renal end-
points.             
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