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GENERAL DISCUSSION 
The history of the term microalbuminuria dates back to 1981, when it was shown that 
concentrations of urinary albumin that can not be detected by standard dipsticks, 
predict development of overt proteinuria in patients with diabetes.1,2 A few years later, 
in 1984, it was shown that low levels of albuminuria also predict mortality in patients 
with diabetes.3,4 Although the clinical application of microalbuminuria is still largely 
limited to the area of diabetes, it soon became clear that the predictive properties of 
microalbuminuria go beyond diabetes: at the end of the eighties it was demonstrated 
that microalbuminuria is predictive of mortality and vascular disease in non-diabetic 
subjects of the general population.5,6 During the last decade, it has become evident 
that  microalbuminuria is an independent predictor of total and cardiovascular 
mortality, and also of cardiovascular morbidity in patients with diabetes, hypertension, 
and in the general population.7-16 

 
SCREENING FOR AND MONITORING OF MICROALBUMINURIA 

Is it then worthwhile to screen and/or monitor for microalbuminuria? It certainly is in 
patients with diabetes. Early detection and treatment with blood pressure lowering 
drugs, especially drugs that intervene in the renin-angiotensin-aldosteron system 
(RAAS) - has been shown to at least delay, and possibly even prevent, development of 
end-stage renal disease in patients with diabetes mellitus and 
macroalbuminuria/proteinuria.17,18 In a post-hoc analysis of one of these trials, the 
RENAAL study, it was shown that the reduction in albuminuria achieved after six 
months of treatment, strongly predicted the long-term renal function outcome.19 
Besides the reduction in albuminuria, residual albuminuria during treatment was 
strongly associated with the rate of decline in renal function.19 In another trial, it was 
found that roughly the same findings applied to the reduction of proteinuria.20  
The reduction in albuminuria achieved by treatment also appears to be important from 
a cardiovascular perspective. Another post-hoc analysis of the RENAAL study showed 
that every 50% reduction in albuminuria is associated with an 18% reduction in 
cardiovascular risk and a 27% reduction in the risk for heart failure.21 Recent studies 
suggest that the renoprotective effect of such treatment in patients with diabetes also 
extends into the microalbuminuric,22 and even into the normoalbuminuric range.23 
Interestingly, it has been reported that the rates of end-stage renal disease due to type 
1 diabetes in the Netherlands have been declining in recent years, although the 
incidence of DM 1 doubled every 20 years.24 The same has been observed in the 
USA.25 It is likely that this has to be attributed to an increasing habit of early 
intervention with renoprotective intervention in patients with diabetes. Little is known 
whether early detection of microalbuminuria might also actually benefit non-diabetic 
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subjects in the general population. Population screening may be feasible from the 
perspective of early prevention of the upcoming epidemic of end-stage renal disease, 
due to Western life style and longevity.26,27 The same may be true from a 
cardiovascular point of view.27  
An advantage of detection of albuminuria over screening for other risk factors is that it 
only requires a portion of urine, which could be sent in by post, rather than a costly 
visit to a physician or health center, with or without venipuncture. In this sense, it is 
not a prerequisite that microalbuminuria is an independent risk factor, because it could 
be economically advantageous to use it as only a screening factor for identification of 
subjects at risk. Such an approach was tested for cost-effectiveness by Atthobari et al. 
using data from the Prevention of Renal and Vascular End-Stage Disease Intervention 
Trial (PREVEND IT).28 They calculated that from the Dutch health care perspective, 
screening of the general population for albuminuria, and subsequent treatment with an 
ACE inhibitor in case subjects that are found to be microalbuminuria positive, is cost-
effective compared to no screening. These encouraging data require, however, 
confirmation from larger multicentre trials and other populations.    
 
HOW TO SCREEN FOR MICROALBUMINURIA? 

Since albumin excretion follows a circadian rhythm, assessment of albumin excretion 
in a 24 hour urine collection is considered the ‘gold standard’ for detection of 
microalbuminuria.29 However, this procedure is cumbersome and may be inaccurate 
due to collection errors. There is an ongoing debate whether either albumin 
concentration or the albumin to creatinine ratio (ACR) from a spot morning void can 
be used as alternatives, and which one is best.30-32 Both of these alternatives have their 
advantages and disadvantages. The albumin concentration is sensitive to urinary 
volume, and its use without correction for dilution may be associated with a lower 
specificity and sensitivity for detection and prediction of disease than 24 hour urinary 
albumin excretion. The ACR, in which the albumin concentration is divided by the 
urinary creatinine concentration, thus correcting for variations in urinary volume, goes 
together with an extra measurement and hence additional variation and costs. Of 
note, urinary creatinine excretion is not only determined by the degree of 
concentration, but also by muscle mass, and consequently by gender, age, and race. It 
has therefore been advocated that for the ACR gender specific cut-off values defining 
microalbuminuria should be used, and perhaps even age-dependent cut-off values.33,34 
Introducing different cut-off values for various subgroups limits of course the practical 
use of the ACR. Many studies, some of them recently published, have evaluated the 
performance of the urinary albumin concentration, ACR and use of semi quantitative 
albumin test strips in comparison to 24 hour albuminuria.30-32 However, most studies 
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included a relatively small number of patients, used different reference procedures (24 
hour versus timed overnight sampling), variable cut-off values for the reference 
procedure, and used different types of urine collections (first morning void versus 
random urine void), as reviewed by Bakker.35 This complicates direct comparison 
between studies. In the largest study hitherto, Gansevoort et al. evaluated the 
performance of the albumin concentration and ACR in predicting microalbuminuria in 
subsequent 24 hour urine collections.36 For this study, 2527 subjects collected a first 
morning urine void in which the albumin concentration and ACR was determined. It 
was then analyzed whether either the urinary albumin concentration or the ACR was 
more strongly predictive of the presence of microalbuminuria in a ‘gold standard’ 24 
hour urine collection gathered a few weeks later. After analyzing the data, using 
Receiver-Operating-Characteristics (ROC) curves, it appeared that there was hardly 
any difference between the urinary albumin concentration and ACR in the ability to 
predict the presence of microalbuminuria. The area under both ROC curves was 
satisfactory and moreover similar (0.92 versus 0.93, P=NS). These data suggest that 
screening based on determination of UAC or ACR in a spot urine sample is feasible. It 
should be noted that in this study the presently used cut-off values defining 
microalbuminuria for albumin concentration and for ACR resulted in a substantial 
number of false negative results with respect to predicting the presence of 
microalbuminuria in the subsequent 24 hour urine collections. One might argue that 
for screening purposes lower cut-off values should be used, and it was suggested that 
the optimal value for the albumin concentration is just above 10 mg/L.36 This notion 
needs, however, confirmation. There are other issues that have to be resolved before it 
can be decided whether assessment of albumin concentration or the ACR in a spot 
urine can replace the ‘gold standard’ 24 hour albuminuria. It is important to investigate 
which of the albuminuria measures shows the least intra-patient coefficient of variation 
(CV). Dyer et al. studied the intra-individual CV of the urinary albumin concentration, 
the albumin excretion and albumin:creatinine ratio and found this to be 30-80%.37 In 
chapter 6 we respond to this study by calculating these albumin measures in the 
PREVEND IT trial. We found much smaller CV’s, and this difference between the two 
studies probably originates from the fact that Dyer et al. used frozen urine samples to 
assess the albumin concentration while in the PREVEND IT study fresh samples were 
used. Interestingly, we found that the within-person CV is time-dependent: when the 
time between collections is longer, the CV is larger. These differences, however, make 
it difficult to compare studies investigating this topic. We furthermore note that for the 
assessment of the albumin concentration, excretion, and ACR the 24 hour collection 
was used while in the clinical practice spot morning urine samples are used. Besides 
the difference in within-person CV of the albuminuria measures, another important 
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aspect in this discussion is which albuminuria measure performs best in its ability to 
predict cardiovascular and renal outcome.  
  
STORAGE OF URINE PRIOR TO ASSESSMENT 

It is common that large epidemiological studies and clinical trials freeze biological 
samples prior to assessment, both for reasons of convenience and to allow for 
performance of assessments in an as short as possible period of time, to keep assay 
variation as low as possible. It is questionable whether freezing is also optimal in the 
case of urinary albumin assessment. Few studies have investigated the effect of 
prolonged frozen storage, and until recently these studies were small, with samples in 
the macroalbuminuric range. Chapter 2 describes our study on this topic which is the 
largest (n = 1785) and longest (up to two years of frozen storage at -20°C) to date in 
this field, with the majority of samples in the normo and microalbuminuric range. In 
this study we not only found that sample handling by vortexing or hand inversions is of 
great importance for an optimal result, but also that a certain degree of decline is 
inevitable, in particular in the normo and microalbuminuric range. A decline in the 
macroalbuminuric range was also present, but it was significantly lower than in the 
other samples. A fixed decline would not be a problem for studies on changes in 
response to treatment or time. It appeared, however, that there was great variation 
between samples from the effect of freezing. In chapter 3 we showed that prolonged 
frozen storage of 7 years indeed leads to an increase in variability. Our study 
contained 3432 subjects of which two urine samples on two consecutive days were 
present. This unique property of the study made it possible to calculate the biological 
and total coefficient of variation (CV). Using the formula CV2

total = CV2
analytical+biological + 

CV2
freezing we calculated that the between day CV for fresh samples was 24, 26, 25, 

and 16% for the <10, 10-20, 20-200 and >200 mg/L categories respectively, and 27, 
40, 37, and 23% after freezing. We therefore found that freezing introduced an 
additional CV of 12, 30, 27, and 17% in the respective categories. We furthermore 
showed in this chapter that freezing results in a decrease in predictive performance of 
albuminuria for mortality. This effect of freezing is a serious thread to the interpretation 
of longitudinal studies that investigate the value of albuminuria in predicting clinical 
outcome, but use urine samples that have been stored frozen for prolonged periods of 
time.    
It has been suggested that frozen storage at -70°C or -80°C is superior to frozen 
storage at -20°C in preventing decreases.38,39 There are only few studies that have 
further investigated this issue. Schultz et al. studied differences in albumin 
concentrations after 8 months of storage at -70°C compared to -20°C, but they did not 
perform fresh assessments, so they could not investigate whether storage at -70°C 
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actually prevented losses during storage.40 Another previously performed study, in 
which 12 urine samples with a median initial albumin concentration of 7 mg/L, were 
stored at -20°C and -80°C for up to 6 months, found only a trend, but no significant 
difference between both storage temperatures.38  
The studies described in chapters 2 and 3 of this thesis were not designed to 
investigate the cause of the decreases after storage. Several explanations have been 
proposed but never thoroughly studied. To shed some light on possible mechanisms 
of decrease, we investigated a potential relationship between the initial pH of urine 
and a decline after storage (chapter 4). The isoelectric point of albumin is 4.7 and 
urine at low pH may therefore cause increased aggregation and denaturation of 
albumin. Indeed, we found that urinary pH is associated with the magnitude of decline 
in urinary albumin assessed after frozen storage for one year. Other explanations 
concerning the decline in albumin concentration after storage might be the 
entrapment of albumin in the precipitate, bacterial contamination, conformational 
changes, and the attachment of albumin molecules on the tube wall. Further studies 
concerning this aspect of sample conservation have to be performed.  
In chapter 5 we studied whether the decreases in albumin concentration after frozen 
storage could be prevented by storage at lower temperatures. We subsequently found 
that storage for one year at -80°C indeed prevents a change in albumin when assessed 
by immunonephelometry.   
                   
A NEW ASSAY FOR ASSESSMENT OF URINARY ALBUMIN 

Urinary albumin is complex and exists in multiple forms. Currently, there is no 
consensus how to measure urinary albumin. Traditional assays are based on 
immunochemical methods such as immunoelectrophoresis, immunonephelometry, 
radioimmunoassay, and immunoturbidimetry, and may use antibodies raised against 
serum albumin rather than urinary albumin. These traditional assays detect 
immunochemically reactive albumin and other compounds with albumin-
immunoreactivity, including polymer albumin aggregates and albumin fragments 
>12kDa.41-43 Recently, a new method, using high performance liquid chromatography 
(HPLC) has been developed, that determines urinary albumin based on its size. Studies 
in animals and humans using this size exclusion HPLC method have shown that urine 
contains both an immunochemically reactive portion of albumin and an additional 
portion of ‘immunochemically unreactive’ albumin, which is not detected with 
conventional immunoassays.44,45 It has been hypothesized that the immunochemically 
unreactive albumin is an intact, although damaged, protein with cleaved peptide 
chains. This cleavage would be the consequence of exposure to lysosomal enzymes. 
In this scenario, the whole molecule remains together by noncovalent disulfide bonds. 
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Due to the loss of peptide chains, the albumin molecule is not recognized by 
immunochemical techniques, but can be detected by means of HPLC.46 

When urine samples are measured using the HPLC assay a substantial percentage of 
patients initially characterized as normoalbuminuric should be reclassified as 
microalbuminuric. A study with 97 patients with diabetes reported that 33% of 
subjects were classified as normoalbuminuria by immunochemical assays but were in 
the microalbuminuric range when measured with HPLC.45 In chapter 7 we showed 
that in the PREVEND cohort study, with high prevalence of microalbuminuria, it was 
necessary to re-classify 34.2% of the subjects that were initially classified as 
normoalbuminuric to microalbuminuric according to HPLC. Furthermore, the relation 
between albuminuria assessed by the two methods and peripheral vascular disease 
was studied. By using ROC analysis, no significant difference was found but when 
applying the classic cut-off values we found HPLC assessed albumin to show a 
stronger relation with PVD than albuminuria by immunonephelometry. Similar results 
were found in an Australian cohort of 10,010 subjects, representing the general 
population. According to HPLC assessment, 17.4% of the total cohort changed from 
normo to microalbuminuria. This change in albuminuria category was furthermore 
associated with an increased odds ratio for CVD in women, patients with treated and 
untreated hypertension, and patients with impaired fasting glucose or diabetes. 47 A 
recent study performed within the HOPE-study showed that the prevalence of 
microalbuminuria with HPLC assessed albumin is 2 to 3 times higher compared to RIA 
assessed albumin.  The authors conclude that because of a difference in albumin 
concentration measured by the two methods, new method-specific cut-off values 
should be applied. 48  
These previously performed studies all showed that the differences between the 
methods are especially evident in the lower albuminuria ranges (as assessed by 
immunochemical methods). Conclusions drawn by these studies are all based on the 
application of clinical cut-off values, however, all these studies used frozen urine 
samples to compare both methods. Freezing highly influences the HPLC assessed 
albumin concentration with a 55% decline after 1 year of storage at -20°C compared 
to a -30% change after 1 year when assessed by immunonephelometry (chapter 5). 
Storage at -80°C can furthermore not prevent a decline in HPLC assessed albumin. 
These results implicate that cut-off values should not be applied when using stored 
samples. Studies comparing the assessment of albumin by HPLC to immunochemical 
methods, and using classic cut-offs for micro- and macroalbuminuria should therefore 
be re-interpreted in terms of outcomes and conclusions. For this reason we used 
continuous levels of urinary albumin, instead of the traditionally used cut-off values, to 
study the predictive performance of albuminuria (assessed after storage for 7 years at -
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20°C) for total mortality assessed by immunonephelometry and HPLC (chapter 8). 
These analyses showed that both albuminuria assessed by immunonephelometry and 
HPLC are good predictors for mortality. We could furthermore demonstrate additional 
predictive properties of HPLC assessed albumin which can not be detected by ROC 
curves. Multivariate analysis showed that HPLC measured albuminuria results in a 
significantly higher hazard ratio in subjects with low immunonephelometry measured 
albuminuria compared to subjects with high immunonephelometry measured 
albuminuria. 
The poor relationship between the two methods in the low albumin concentration 
ranges, found in both studies, indicates that there is not a constant amount or 
proportion of immunochemically unreactive albumin that can be added to the amount 
of immunochemically reactive albumin, to derive the total amount excreted. An 
argument that is frequently brought forward in the discussion as to whether HPLC 
should be preferred above immunochemical methods is that it was shown in patients 
with type 1 and type 2 diabetes that HPLC measurement detects the onset of 
microalbuminuria respectively 3.9 and 2.4 years earlier compared to immunologic 
methods,49 making an earlier start of preventive interventions possible.  
Although several studies assume the superiority of HPLC over immunochemical 
detection, some limitations have been demonstrated. Sviridov et al. showed that major 
urinary components with the same molecular size as albumin, such as transferrin, α1-
acid glycoprotein, and α1-proteinase inhibitor, could not be separated from albumin in 
the HPLC assay.50 Due to peak tailing some larger proteins overlapped with albumin 
and could not be separated. A second limitation of the HPLC assay is that it is difficult 
to integrate the albumin peak properly. It is sometimes necessary to ‘guess’ where the 
true baseline for the albumin peak on the chromatogram lies.50 Sviridov et al. 
estimated that urinary globulins account for 20 to 30% of the albumin peak. On the 
other hand, Clavant and Comper et al. showed that other urinary proteins play no 
important role.49,51 These seemingly contradictory observations indicate that the 
reliability and sensitivity of the size-exclusion HPLC assay have yet to be established.  
 
What should we deduce from these data? It seems accurately demonstrated that urine 
indeed contains a varying amount of immunochemically unreactive albumin in 
addition to immunochemically reactive albumin. It could be that this 
immunochemically unreactive albumin, as well as possibly other proteins that are 
additionally detected by HPLC, are also predictive of future renal and cardiovascular 
events. Optimally, this should be investigated in a prospective study, using freshly 
collected urine samples. Such a study should show that the difference between the 
two assays is predictive of the future development of renal and cardiovascular events, 
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Table 1: Definition and classification of albuminuria 

 24 hour urine Timed overnight Spot (morning) sample 

 

 Albumin Albumin Albumin Albumin:creatinine ratio 

 (mg/24h) (μg/min) (mg/L)  (mg/mmol) (mg/g) 

Normal <30 <20 <20 M 

F 

<2.5 

<3.5 

<20 

<30 

Microalbuminuria 30-300 20-200 20-200 M 

F 

2.5-25 

3.5-35 

20-200 

30-300 

Macroalbuminuria >300 > 200 >200 M 

F 

>25 

>35 

>200 

>300 

Abbreviations: M, male; F, female 

 
or that immunochemical albumin and HPLC are shown to be independent risk 
predictors. 
 
IS A LOWER CUT-OFF VALUE FOR THE DEFINITION OF MICROALBUMINURIA REQUIRED? 

The currently used definitions for microalbuminuria are presented in Table 1. 
Consensus about the definitions based on albumin excretion and albumin 
concentrations has been reached in the mid-nineties,52,53 whereas recommendations 
about the use of different cut-offs for ACR’s in men and women have been put 
forward later.33,34 In the mid-nineties, the most sensitive strips for detection of 
albuminuria had thresholds for detection of 20 mg/L.53 The lower limit of 30 mg/24 
hour for the definition of microalbuminuria has been chosen because this threshold of 
20 mg/L is multiplied by an average daily urinary output of 1.5 liters.  
 
The upper limit of 200 mg/L and 300 mg/24 hour has been determined by the fact 
that the sensitivity of the older strips for albumin was in the order of 100-300 mg/L.1,2 
The currently used cut-offs are therefore somewhat arbitrary, and not the result of 
prospective studies in which the best cut-off values have been defined. Recent studies 
have demonstrated that a continuous relationship exists between albumin excretion 
and cardiovascular risk. More importantly, subjects with subtle increases in urinary 
albumin excretion in the ‘normal’ range have been shown to be at increased risk for 
development of cardiovascular morbidity and mortality, and also for all cause 
mortality.9,10,12,15,53-57 In individuals with a high risk of CVD, as enrolled in the Losartan 
Intervention For Endpoint reduction (LIFE) and Heart Outcomes Prevention Evaluation 
(HOPE) trials risk for cardiovascular morbidity and mortality increased continuously as 
ACR increased.12,15 In the HOPE study, risk for cardiovascular events and all cause 
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mortality began to increase from an ACR of 1.9 mg/g, therefore well below the cut-off 
for microalbuminuria. The same is true for the risk for major cardiovascular events, 
which increased by 6% for every 3.5 mg/g increment in ACR. In the LIFE trial, risk 
began to increase from ACR levels of 2.2 mg/g. Every 10-fold increase in ACR 
corresponded to an increase of 55% in cardiovascular and total mortality, stroke and 
myocardial infarction.  
Recently, it was shown that levels of albuminuria below the threshold of 
microalbuminuria also predict the development of CVD in low risk patients. Middle 
aged, nondiabetic, nonhypertensive individuals were selected from the Framingham 
Heart Study. After adjustment for established cardiovascular risk factors, an ACR of  ≥ 
3.9 mg/g for men or ≥ 7.5 mg/g for women was associated with a 3-fold increased risk 
in CVD compared with subjects below the sex specific median.58  
Klaussen et al. suggested that the usual definition should be adjusted to lower levels 
than are presently used.56 A letter in response to this article pointed out that a minimal 
cut-off value can not be defined because there is a continuous increase in risk for 
cardiovascular death with increasing levels of urinary albumin excretion.59 As an 
explanation, one can think of the analogy with blood pressure. For diastolic and 
systolic blood pressure there is also a continuous increase in risk. Why then not lower 
the present JNC-7 advocated threshold of 140/90 mm Hg? This cut-off value has been 
defined because prospective placebo-controlled intervention studies have shown that 
antihypertensive treatment, in subjects with blood pressures above this cut-off, results 
in a valuable absolute risk reduction, at acceptable cost-effectiveness. In our opinion, 
redefining the minimal cut-off value for microalbuminuria should likewise be based 
upon clinical trials in which it is established that protective treatments, when started 
above that particular value, confer renal and cardiovascular protection versus no 
treatment, again at acceptable cost-effectiveness.58 

 
NOVEL BIOMARKERS  

Albuminuria as a biomarker has been thoroughly studied during the last decade with 
promising results. Good biomarkers are substances which are elevated in a diseased 
state and normal in healthy subjects. They should be easily measurable and detectable 
before the diseased state is reached, so effective treatment can be started early. One 
of the most extensively studied biomarkers is high-sensitive C-reactive protein (CRP) 
which plays an important role in the immune response by activating the classic 
complement pathway. It is generally believed that CRP represents the inflammatory 
component of atherosclerosis in the arterial vessel wall,60 and higher CRP levels have 
been identified in patients with myocardial infarction and stroke.61 In addition to CRP, 
other markers of inflammation have been studied such as sCD40L, which has been 
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receiving growing attention. Soluble CD40 ligand is a platelet derived inflammatory 
marker of plaque rupture, and has been identified on endothelial cells, macrophages 
and monocytes.62, 63 Furthermore, sCD40L has been shown to be an independent 
predictor of cardiovascular disease.64 Other recently studied biomarkers are, amongst 
others, ICAM-1, VCAM-1, AGEs and NT-proBNP.  
The use of novel biomarkers in the screening for (vascular) inflammation might be an 
important tool to detect subjects at risk for cardiovascular disease. The simultaneous 
detection of these biomarkers might give us a broader view on the complex nature of 
cardiovascular disease. In this sense, the application of proteomics (large scale study 
of proteins) will have great opportunities by identifying new diagnostic biomarkers.  
Proteomics is a new method of analysis which can be performed in different sorts of 
biological samples such as urine, blood, cells and tissues. But also atherosclerotic 
plaques can be analyzed.65 The advantage of proteomics above genomics is that the 
body produces much more proteins (1,000,000) than there are genes that encode for 
those proteins (25,000). With proteomics, multiple proteins can be analyzed 
simultaneously, and this can give information on the effectiveness of treatment in 
patients, but is can also shed some light on the different stage of disease.                   
 
FUTURE PERSPECTIVES 

It is not known whether urinary albumin excretion is a risk factor or merely a risk 
marker. It is difficult to resolve this issue because most interventions that reduce 
albuminuria also affect blood pressure. Only trials that do not interfere in other 
cardiovascular and renal risk factors, such as blood pressure or serum cholesterol, can 
provide information whether reduction of albuminuria indeed confers protection in 
itself. In this respect it is interesting that recently the glycosaminoglycan sulodexide has 
become available for clinical research. This compound has been shown in pilot studies 
to lower albuminuria, without changing traditional cardiovascular risk factors. Several 
phase III studies have now been launched that aim at evaluating whether treatment of 
albuminuria with sulodexide can induce (independent of blood pressure increases) 
regression from microalbuminuria to normoalbuminuria in patients with type 2 
diabetes, and whether it increases time to first occurrence of End Stage Renal Disease 
in patients with type 2 diabetes, hypertension, and overt nephropathy.  
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