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Summary 

Type 2 Diabetes Mellitus (DM) is a complex disorder, involving, amongst others, 

abnormalities in glucose homeostasis, lipid metabolism, and blood pressure regulation. 

The syndrome shares some of its best known complications with type 1 DM; retinopathy, 

nephropathy, and neuropathy are among the most prevalent of these 'diabetic' 

complications. The most notable complication, however, in type 2 DM, is early 

cardiovascular disease and mortality. Approximately two-thirds of all patients die from 

cardiovascular disorders, as opposed to little over one-third of non-diabetics or patients 

with type 1 DM. 

The excretion of small amounts of albumin in urine, so-called 'microalbuminuria' (MA), 

predicts the onset of overt nephropathy in both type 1 and type 2 DM. Since the early 

1980s, however, we have learned that MA is also a strong, independent predictor of 

cardiovascular disease and mortality, especially in type 2 DM. The explanation for this 

somewhat remarkable association is not precisely known. On the one hand, it may be that 

MA is an expression marker for the presence of one or several risk factors for cardiovascular 

disease. It is well established that, for example, high age, smoking, poor glycaemic control, 

hypertension, and dyslipidaemia, all atherosclerotic risk factors, are determinants of MA. 

Another explanation for the association between MA and cardiovascular disease may be 

that MA reflects a state of generalised vascular disease. In particular, dysfunction of the 

vascular endothelium, which is an early step in the process leading to atherosclerosis, has 

been shown to correlate with MA in both type 1 and type 2 DM. 

In chapter 1, the literature on MA in type 2 DM is reviewed, with particular reference 

to the mechanism of renal albumin loss, determinants of the occurrence of MA, the 

association between MA and cardiovascular disease, and therapeutic interventions to 

reduce MA. 

High day-to-day variability in the excretion of albumin has been a problem ever since 

the 'discovery' of MA. In chapter 2, several parameters of albuminuria are compared to 

each other with respect to their variability and the shape of their sampling distributions. 

The data came from 3 different sources: collection of 30 consecutive split (overnight 

and daytime) urine samples by 4 patients, collection of 10 consecutive overnight urine 

samples by 10 patients, and 300 triplicate samples (200 24-hour and 100 overnight urine 

samples) obtained at routine visits to the outpatient clinic. Compared to the amount of 

albumin excreted in 24 hours and to the albumin-to-creatinine ratio (ACR) in daytime 

and 24-hour urine samples, the ACR in early morning, first voided urine turned out to be 
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the least variable parameter of albuminuria. However, the average error (deviation from 

the reference value) of a single early-morning-ACR measurement still exceeded 30%. By 

taking the median value of a triplicate sample, this number could be reduced to 17.9%. 

The sampling distributions of all parameters of albuminuria were positively skewed, but 

not in a log-normal fashion. 

We concluded that the recommended sampling procedure for assessing albuminuria 

is to perform triplicate measurements of the ACR in early morning, first voided urine, 

and to take the median result as the optimal estimate of the ACR value. 

Although the presence of MA has been extensively studied in patients with type 2 

DM, the progression characteristics of MA have received little attention. We assessed 

the inter-individual variation in the rate of progression of MA in a prospective, 2-year 

follow-up cohort study including 58 patients with type 2 DM and well-controlled blood 

pressure (chapter 3). In addition, we identified baseline determinants of progression of 

MA in these patients. MA was found to progress linearly in time, with a wide range of 

individual rates of progression. The yearly change in the ACR in 24-hour urine samples 

varied from -5.2 to +12.9 mg/mmol. Multivariate analysis identified two significant 

determinants of progression of MA; the use of angiotensin-converting-enzyme (ACE-) 

inhibitors was negatively, and the ratio of triglycerides to high-density-lipoprotein-

cholesterol was positively correlated with progression of MA. Whereas the observed 

protective effect of ACE-inhibitors was well known from previous studies, the significance 

of dyslipidaemia in this context was a new finding. 

We concluded that the severity of typically type 2-DM-related dyslipidaemia is a predictor 

of more rapid progression of MA among patients with well-controlled blood pressure. 

If dyslipidaemia is a risk factor for progression of MA, then treatment of this disorder 

might stabilise or even reduce MA. Chapter 4 describes a study in which 15 patients with 

type 2 DM, MA, and hypertriglyceridaemia (>2.5 mmol/1) were randomised to receive 

either placebo tablets or active treatment with gemfibrozil 600 mg b.i.d.. The level of 

MA was monitored for a period of one year. The progression rate of MA during this 

year was lower in the gemfibrozil group than in the placebo group (36% versus 65%), 

but this difference was not statistically significant. When patients with a >20% reduction 

in triglyceride levels were compared to those without such an improvement in 

dyslipidaemia, the difference in the rate of progression of MA was more evident (+1% 
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versus +97%, p=0.03). Continued follow-up data from patients switching from placebo 

to gemfbrozil after the trial had been completed provided further support for a role of 

triglyceride reduction in stabilising MA. 

We concluded that effective treatment of hypertriglyceridaemia may result in 

stabilisation or reduction of MA. 

Mild hyperhomocysteinaemia is a relatively recently discovered risk factor for premature 

atherothrombotic disease. We studied determinants of fasting and post-methionine 

homocysteine levels and associations between homocysteine levels and micro- and macro-

vascular complications in type 2 DM in a cross-sectional study, reported in chapter 5. 

Fasting homocysteine levels were measured in 150 patients, and an additional methionine 

loading test was performed in a subgroup of 85 patients. We found that mildly depressed 

or even low-normal values for creatinine clearance (<80 ml/min/ 1.73m2), folate (<20 

nmol/1), vitamin B12 (<350 pmol/1), and vitamin B6 (<80 nmol/1) were associated with 

increasing plasma levels of homocysteine (fasting, post-methionine, or both). Hyperhomo

cysteinaemia did not cluster with other cardiovascular risk factors. Fasting homocysteine 

levels, and not post-methionine levels, correlated clearly with having a history of 

cardiovascular disease. However, we found no evidence of a correlation between 

homocysteine levels and retinopathy or MA. 

We concluded that homocysteine levels in type 2 DM rise even with minor deterioration 

of renal function, and with otherwise unremarkable low-normal values of folate, vitamin 

B12 and B6. Given the absence of a correlation between MA and homocysteine levels, 

our data suggest that it is unlikely that hyperhomocysteinaemia could help explain why 

patients with MA have an increased risk of early cardiovascular disease. 

Although relatively rarely diagnosed in daily practice, dysfunction of the autonomic 

nervous system is not an infrequent complication of type 2 DM. Before the clinical 

diagnostic criteria for autonomic neuropathy are met, discrete abnormalities in autonomic 

function are already present. An important subtype of this disorder is impaired 

cardiovascular autonomic function, which is a strong, independent predictor of mortality 

in type 2 DM. In order to investigate whether cardiovascular autonomic function is 

correlated with MA, we studied an age-, sex-, and glucose-tolerance stratified population 

sample using data from the Hoorn study (chapter 6). The results of 4 measures of 

cardiovascular autonomic function provided by 2 tests (the deep-breathing-test and the 
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lying-to-standing-test) were combined in a single 'cardiovascular autonomic function 

score' (CAFS). We found that the degree of cardiovascular autonomic dysfunction, as 

expressed by the CAFS, was independently correlated with the presence of MA in patients 

with impaired glucose tolerance or type 2 DM, but apparently not in patients with normal 

glucose tolerance. 

We thus concluded that MA is associated with yet another risk factor for cardiovascular 

mortality. It may be that this correlation in part explains the association between MA and 

cardiovascular mortality. 

Chapter 7 contains some critical remarks the value of defining and assessing abnormal 

urinary albumin excretion in daily clinical practice. The findings from the studies in this 

thesis are discussed, and directions for future research are suggested. 
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