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Critical notes and general discussion 

THE DEFINITION OF MICROALBUMINURIA 

MA is low-grade albuminuria, defined as albumin excretion in urine from 20 to 200 

ug/min (or 30 to 300 mg per day). What is the basis for this definition? The first major 

papers on the clinical relevance of MA in diabetes were published in the beginning of 

the 1980's, and were mainly focused on the prognostic relevance of MA for the 

development of nephropathy in type 1 DM (1-3). In one of the first studies, the lower 

cut-off value for the definition of MA (30 ug/min, not 20 Hg/min) was based on 

observations in 7 patients who developed proteinuria after a fixed interval of 14 years 

(1). Other important early papers did not provide a detailed motivation for their choice of 

(different) lower cut-off values for MA (2,3). The first studies describing an association 

between MA and mortality in type 2 DM also did not clarify why >20 ug/min should be 

the best choice for defining MA (4,5). In fact, the study byjarrett and colleagues supported 

an albuminuria level of 10 ug/min as a prognostically significant cut-off level (4). By expert 

consensus, however, the lower cut-off level for defining MA was set at 20 ug/min, based 

on the combined data from several studies performed before 1984 (3). The upper level 

for MA was defined in a much more straightforward way, since it corresponded to the 

level of albuminuria that could just be detected by the conventional albustix method. 

Generally spoken, cut-off values for continuous biological variables are based either 

on statistical abnormality or on pathophysiological alterations. However, none of these 

two conditions appears to apply to the current definition of MA. Firstly, the upper limit 

of the 95% confidence interval for albuminuria in the population is distinctly lower than 

30 mg per day (6,7). Also, the level of albuminuria is strongly influenced by age, so that 

age-corrected normal values would be appropriate for a consistent level of statistical 

abnormality. Secondly, there has never been consistent evidence that the transition from 

normoalbuminuria to MA is associated with concurrent pathophysiological alterations, 

or with a sudden change in prognostic significance of albumin excretion. 

Albuminuria within the 'normal' range is characterized by progression from low-normo-

to high-normoalbuminuria (8). In type 2 DM, high normoalbuminuria is a risk indicator 

not only for MA (9-11), but also for overt nephropathy (10) and early mortality (5,12,13). 

Thus, high normoalbuminuria evolves from low-normoalbuminuria and has prognostic 

implications which are identical to those of MA. This casts doubt on the clinical value of 

the currently employed distinction between normoalbuminuria and MA. A similar 

argument can be raised against the distinction between MA and proteinuria, but is not 
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equally relevant in this context, since this distinction does not pretend to separate 'healthy' 

from 'unhealthy' individuals. 

The essence of this reasoning is that, at least from a pathophysiological point of view, 

there is a strong case for regarding albuminuria as a continuum, rather than as a di- or 

trichotomous variable. The remaining justification for distinguishing normoalbuminuria 

and MA is that it provides a practical tool for clinicians. Although this may be a valid 

argument, a critical reappraisal of the currently used lower cut-off value for MA, and an 

ongoing appreciation of the limitations of such a cut-off level remains essential. 

PROGNOSTIC AND THERAPEUTIC IMPLICATIONS OF 
MICROALBUMINURIA 

By definition, MA must be caused by abnormalities in renal function. However, as 

outlined in the introduction of this thesis, MA, except in type 1 DM, is more relevant in 

the context of cardiovascular disease than that of renal disease. Thus, in type 2 DM, it 

should be regarded as mainly a parameter for vascular, rather than for renal disease. 

It is important to emphasize that MA is not a nui factor, but a risk marker for 

cardiovascular disease. Risk factors musthe treated, risk markers may be monitored. There 

is no sense in treating a risk marker, unless there is evidence such treatment implies a 

reduction of actual risk. If this is not the case, then treating MA compares best to silencing 

an alarm signal, without resolving the condition causing the alarm, let alone its potentially 

hazardous consequences. 

Do we have evidence that reduction of MA in response to certain specific interventions 

reflects a reduction in cardiovascular risk in patients with type 2 DM? The interventions 

that may reduce MA are outlined in the introduction of this thesis, and include mainly 

improvement of glycaemic control, blood pressure reduction, and treatment of hyper-

lipidaemia. Let us compare the effect of these interventions on MA with their impact on 

cardiovascular disease. 

Regarding glycaemic control, the United Kingdom Prospective Diabetes Study (UKPDS) 

showed a small, but significant effect on the risk of developing MA, but a less clear effect 

on cardiovascular disease (14). At this time, no other study describes the independent 

effect of glycaemic control interventions on MA and macrovascular endpoints. 
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Intensive treatment of hypertension reduces cardiovascular mortality in type 2 DM, 

as shown for example by the Hypertension Optimal Treatment (HOT) subanalysis in 

diabetics and by the UKPDS (15,16). The HOT study did not include albuminuria 

measurements. In the UKPDS, the effect on cardiovascular endpoints was more evident 

than the beneficial effect on albuminuria, which was statistically significant only at the six 

year interval, and was lost after 9 years follow up. Whether reduction of risk of MA after 

3 or 6 years predicted reduction of risk of clinical endpoints was not reported. 

The question now is whether the specific antiproteinuric (or pro-proteinuric) properties 

of some antihypertensives reflect a reduction (or increase) of cardiovascular risk. Recently, 

we have seen several trials comparing the effects of different classes of antihypertensives 

on cardiovascular mortality in type 2 DM. The Appropriate Blood Pressure Control in 

Diabetes (ABCD) study, and the Fosinopril versus Amlodipine Cardiovascular Events 

Trial (FACET) suggested that ACE inhibitors resulted in lower mortality rates than did 

calcium channel blockers of the dihydropyridine class (17,18). One other trial of calcium 

channel blockers in type 2 DM was the Systolic Hypertension in Europe (Syst-Eur) 

diabetes substudy (19). This was the only trial of cardiovascular endpoints in type 2 DM 

that reported a beneficial effect of a calcium channel blocker (nitrendipine), but the 

control group was treated with placebo, which resulted in a sizable difference in blood 

pressure (19). As a result of these trials, and of similar results of trials in patients with 

pre-diabetes (20) and in non-diabetics (21), an intensive debate has begun as to whether 

dihydropyridine calcium channel blockers may in fact be harmful in terms of cardio

vascular risk compared to other antihypertensives, especially in type 2 DM. 

Two trials have compared ACE inhibitors to antihypertensives other than calcium 

channel blockers in type 2 DM. The Captopril Prevention Project (CAPPP) trial compared 

Captopril to a conventional regimen of diuretics and ß-blockers and, in the diabetic 

subgroup, found the ACE inhibitor to lower cardiovascular risk more clearly than 

conventional treatment (22). In contrast, the UKPDS study, comparing Captopril to the 

ß-blocker atenolol, showed no difference in outcome between these two treatments (23). 

Summarising the hypertension trials in type 2 DM, dihydropyridine calcium channel 

blockers probably represent the least favourable class of drugs in terms of cardiovascular 

endpoints, and ACE inhibitors may perform better than ß-blockers and diuretics. These 

conclusions show intriguing parallels with the effects of these different classes of 

antihypertensives on MA. As outlined in the introduction, calcium channel blockers may 

increase MA, and all other agents reduce MA together with blood pressure, with ACE 
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inhibitors showing the most pronounced effect. Unfortunately, of the large trials 

comparing different antihypertensives, only the FACET and the UKPDS papers reported 

data on MA. In the FACET study, lower mortality in the ACE inhibitor group was not 

associated with a more profound reduction in MA, and in the UKPDS study, the risk of 

MA was similar in the two treatment groups, as was the risk of cardiovascular disease. 

Thus, these two trials do not unequivocally support the concept of a concordance between 

the effects of the type of antihypertensive treatment on MA and on cardiovascular risk. 

The beneficial effect of treatment of hyperlipidaemia on MA is controversial, but 

modest at most (24). However, data from the large cholesterol intervention trials generally 

show a clear effect of HMG-CoA reductase inhibitors on cardiovascular mortality in 

type 2 DM (25-27). The effect of treatment with gemfibrozil, which reduces predominantly 

serum triglycerides, is still uncertain. This is so not only for cardiovascular disease (28), 

but also for MA, since our study reported in chapter 4 is too small to be regarded as 

providing definite proof. Thus, for hyperlipidaemia, there are not enough data to 

demonstrate that treatment reduces MA, let alone to indicate that such a reduction predicts 

a reduction in cardiovascular risk. 

Summarising, there are insufficient and sometimes conflicting data on the correlation 

between the effect of interventions on MA and on cardiovascular disease in type 2 DM. 

It is regrettable that, of the larger trials, only the FACET and the UKPDS reported data 

on MA together with data on macrovascular endpoints. If the HOT, ABCD, CAPPP, 

Syst-Eur, and the large lipid intervention trials would have provided data on MA, then 

the possibility of such a correlation could have been studied in more detail. Those trials 

that dó have MA data, including the UKPDS, could report whether subgroups with the 

most distinctive reduction in MA show a more substantial cardiovascular risk reduction 

than subgroups in which MA decreases less or even increases. 

In conclusion, although the presence of MA is a marker for cardiovascular risk, the 

prognostic value of monitoring changes of this risk marker in response to interventions 

aimed to reduce the amount of risk is still unproved. 
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(HOW) SHOULD MICROALBUMINURIA BE MEASURED? 

Diagnosing MA in a patient with type 2 DM tells us that this patient is probably at 

increased risk for cardiovascular mortality. It does not inform us about the cause of this 

increased risk, or about the preferred therapeutic interventions. The most important 

treatable cardiovascular risk factors in type 2 DM include hypertension, hyperglycaemia, 

dyslipidaemia, and smoking. There is general consensus that the presence of these risk 

factors must be assessed periodically in every patient. Knowing whether the patient has 

MA or not does not change this recommendation, although one may argue that the 

interval of risk factor screening should be shortened if MA is present. 

If the presence or absence of MA does not influence patient monitoring, does it 

influence therapeutic decision making? It may do so in two ways: it may influence the 

type of intervention, or it may influence the threshold for starting a therapy or the goals 

of treatment. Choosing the type of treatment for a specific risk factor should preferably 

be based on results from trials with clinical endpoints, not on trials with MA as 

'microvascular endpoint'. As outlined above, several important trials with clinical endpoints 

are available for hypertension, hyperlipidaemia, and hyperglycaemia, and more will follow. 

Should the diagnosis of MA influence the threshold for initiating risk factor 

intervention, or should it influence the goals of treatment? The answer to this question 

may be an issue of health economics, rather than of medical reasoning. In a sense, every 

patient with type 2 DM is entitled to an approach aiming for a blood pressure of around 

130/70 mmHg, an HbAlc of 6.5%, an LDL cholesterol below 3 mmol/1, triglycerides 

below 2 mmol/1, and intensive counseling to refrain from smoking. However, this is 

hardly an attainable goal with the relative shortage in budget and health care personnel. 

Testing for MA may provide a tool for preferential allocation of available resources to a 

high-risk subgroup within the population of patients with type 2 DM. However, many 

arguments can be raised against such a policy, the most important probably being that 

many (exactly how many is not known) patients who experience their first major 

cardiovascular event will not have MA in the preceding period. In order to minimize the 

chance of misclassifying high-risk patients on the basis of absence of MA, the search 

for more powerful or complementary risk markers is important. 

Should we test for MA in the interest of renal function? The presence or absence of 

MA may lead clinicians in their decision whether ACE inhibitors should be started with 

the purpose of attenuating renal function loss. However, this beneficial effect of ACE 
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inhibitors is found in normoalbuminuric patients as well as in patients with MA (29), 

and, combined with the knowledge that up to 50% of patients show loss of tenal function 

without prior MA (30), this policy seems at least questionable. Nevertheless, MA does 

identify patients at higher risk of renal failure than normoalbuminuric patients, and if 

future studies would confirm that ACE inhibitors in normotensive type 2 diabetics with 

MA prevent severe renal failure, then this certainly could be a valid reason to test all 

patients with type 2 DM for MA. 

If we decide to measure albumin excretion, the following question is: how do we do 

this? There are several different guidelines regarding this issue, some of which accept 

albumin-to-creatinine ratios in untimed urine samples to screen for MA, but recommend 

timed (24-hour) samples to provide definite confirmation of the presence of MA (31). 

In our clinic, we favour a policy of sequential monitoring of triplicate early morning 

urine samples at regular intervals, expressing the result as the median albumin-to-creatinine 

ratio of these triplicate samples. We have chosen this approach for the following reasons. 

Firstly, it is far more practical for patients to collect (multiple) early morning urine samples 

than it is to collect exactly timed (overnight, daytime or 24-hour) samples. Secondly, the 

proposed sampling method is associated with the least variability, and can thus be expected 

to provide the most reproducible results (chapter 2 of this thesis). Thirdly, although the 

traditional definition of MA may require timed samples, the pathophysiological significance 

of this definition is, as outlined above, very limited, and it can be argued that patient 

convenience and reproducibility of results are more important than focusing on a 

disputable definition. Fourthly, sequential monitoring of albuminuria provides insight 

into the individual kinetics of albumin excretion. If the treating physician has such data 

available, he or she can predict whether a patient will develop (prognostically relevant) 

high-normoalbuminuria or MA, without having to be concerned specifically at which 

point in time an arbitrary cut-off level of albuminuria is surpassed. 

Once the patient is well within the range of MA, it remains to be determined whether 

monitoring the rate of progression of MA provides the clinician with clinically relevant 

additional information. Certainly, those with rapidly progressive MA will convert to overt 

proteinuria earlier than those with stable MA. However, the relevance of the rate of 

progression of MA for renal insufficiency and, most importantly in type 2 DM, for 

cardiovascular risk is unknown. Likewise, as discussed above, it is unknown whether 

influencing the rate of progression of MA by manipulating cardiovascular risk factors 

provides the clinician with information about changes in cardiovascular risk. 
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In conclusion, testing for MA in type 2 DM serves mainly to identify a high cardio

vascular risk group, to whom extra attention should be paid in the context of risk factor 

management. It is disputable whether it should guide the choice for, or type of, therapeutic 

intervention. Sequential monitoring of the albumin-to-creatinine ratio in early morning 

urine samples may be the preferred method, but whether the kinetics of albumin excretion 

within the range of MA are prognostically relevant remains to be determined. 

THIS THESIS 

What have we learned from the studies outlined in chapters 2 to 6 in the context of 

what has been discussed in the introductory section and above? 

The conclusions of the variability study in chapter 2 may have a direct impact on 

clinical practice, if it were not for the relatively small number of patients included. On 

the other hand, in spite of the small study size, the results are as one would expect on 

grounds of physiological reasoning, and are not opposed by conflicting results from 

other studies. Also, our recommendations for urine sampling procedures compare 

favourably to other proposals for monitoring MA with regard to patient convenience, 

and this alone may motivate clinicians to opt for this method. 

Chapters 3 and 4 are interesting mainly from a pathophysiological point of view, as 

they provide insight in the role of type 2 DM related dyslipidaemia in MA. An interesting 

aspect is that, after hypertension and hyperglycaemia, the typical type 2 DM-related type 

of dyslipidaemia is the final major component of the insulin resistance syndrome of 

which a direct, probably causal relation with progression of MA is demonstrated. As for 

the clinical relevance of chapters 3 and 4, these studies anticipate on an observation that 

has yet to be made, which is that rate of progression of MA is in itself prognostically 

relevant. As outlined previously, the only known clinical relevance of this parameter is 

that it will predict the onset of manifest proteinuria, which should not be the major 

concern of clinicians treating type 2 diabetics with MA. Although it is plausible that the 

rate of progression of a cardiovascular risk marker conveys information about the 

magnitude of risk, proof for this concept is lacking at this time. 

Chapter 5 addresses the role of hyperhomocysteinaemia in type 2 DM. Although 

hyperhomocysteinaemia is probably an important cardiovascular risk factor, it does not 

appear to be associated with MA. Several other studies have shown opposite results (32-
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34), indicating that this issue is yet unresolved. It is important to again stress that the 

absence of a correlation with MA does not indicate that the variable at issue is not a 

cardiovascular risk factor (see introduction). Certainly, the strong association between 

homocysteine levels and the presence of a history of cardiovascular disease in chapter 5 

suggests otherwise. With this association in mind, and knowing that hyperhomo-

cysteinaemia is easily treated with B-vitamins, it is recommendable that patients with 

type 2 DM are screened for hyperhomocysteinaemia. Whether this screening should be 

performed in high-risk patients only (i.e. those with MA?), and whether it should include 

a methionine loading test will not be discussed here. However, the lack of association 

between post-methionine homocysteine levels and cardiovascular disease history in 

chapter 5 is, in this context, worth mentioning. 

Finally, chapter six describes the association between impaired cardiovascular autonomic 

function and MA. Again, this study is mainly interesting from a pathophysiological point 

of view, and has no direct relevance for clinical practice. It is tempting to speculate 

whether deterioration of cardiovascular autonomic function helps to explain why MA is 

associated with cardiovascular mortality. Autonomic dysfunction is clearly related to 

mortality in type 2 DM. The conventional explanation for this is that cardiac autonomic 

neuropathy predisposes to (fatal) cardiac arrhythmia, which may result in both unexplained 

sudden death and in higher mortality rates of ischaemic cardiac events (35,36). However, 

the risk of cardio-vascular disease appears to be also predicted by autonomic function 

(37). In accordance, recent evidence suggests that impaired cardiac autonomic function 

may promote coronary artery disease (38). Thus, cardiac autonomic neuropathy may be 

part of the explanation for the association between MA and cardiovascular mortality 

risk. To my knowledge, only one study in type 2 DM compared the independent predictive 

role of both MA and autonomic dysfunction in a multivariate analysis. The results of 

this study were intriguing, since they suggested that MA is no longer a predictor of 

mortality in type 2 DM after adjustment for subclinical autonomic neuropathy (39). 

There is always a possibility that the non-causal association between MA and cardiovascular 

risk is merely a cover-up for a single causal association between an MA-related condition 

and cardiovascular disease. The significance of autonomic dysfunction in this context 

certainly deserves more attention. 
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DIRECTIONS FOR FUTURE RESEARCH 

The exact explanation for the association between MA and cardiovascular risk remains 

a problem, and should continue to be the subject of future investigations. In particular, 

there is a need for large prospective studies incorporating both MA and a comprehensive 

set of the currently known cardiovascular risk factors. 'New' risk factors should also be 

included in such studies, and should include not only causes of atherosclerosis and 

thrombosis, but also other types of risk factors for cardiovascular mortality, like autonomic 

dysfunction. 

Future studies should address the question which type of MA is prognostically most 

relevant. Is it albuminuria above a certain cut-off level, and, if so, how does this cut-off 

level relate to the one used now? Is progressive MA a more powerful risk marker than 

stable MA? Is stable MA a risk marker at all? Are there subtypes of MA which are 

'benign' or 'malignant', and can these subtypes, as was recently suggested (40), be 

distinguished by looking at other clinical or biochemical variables? 

Finally, the prognostic relevance of changes in the level of MA brought about by 

interventions aimed at reducing cardiovascular risk should be investigated. 

These are some of the issues that need to be addressed in the coming years. 
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