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Stellingen behorende bij het proefschrift 
'Microalbuminuria and cardiovascular risk factors in type 2 diabetes mellitus' 

1 Bij het kiezen van een urineverzamelmethodc voor het kwantificeren van micro-
albuminurie dient het criterium variabiliteit tenminste even zwaarwegend te zijn 
als de criteria sensitiviteit en specificiteit, (ditproefschrift) 

2 Dyslipidemie is een behandelbare determinant van de snelheid van progressie 
van microalbuminurie, (dit proefschrift) 

3 Hyperhomocysteïnemie is sterker gecorreleerd met macrovasculaire dan met 
microvasculaire complicaties van type-2-diabetes mellitus, (ditproefschrift) 

4 Het verband tussen microalbuminurie en cardiovasculaire autonome dysfunctie 
kan een bijdrage leveren aan het verklaren van de prognostische waarde van 
micoalbuminurie voor cardiovasculaire sterfte, (ditproefschrift) 

5 De term 'risicofactor' ter aanduiding van het verband tussen microalbuminurie 
en cardiovasculaire ziekte dient te worden vermeden. 

6 Bij aanwezigheid van hyperchloremische metabole acidose is de urine-pH ongeschikt 
als screenend onderzoek voor de diagnose renale tabulaire acidose. 
(Archives of Internal Medicine 1996;156:1629-1636) 

7 Trimethoprim kan een belangrijke stijging van de plasma-homocysteïneconcentratie 
veroorzaken. (Lancet 1998;352:1827-1828) 

8 De helft van de patiënten met het volwassen type van myotone dystrofie wordt 
niet ouder dan 60 jaar. (C.E.M, de Die-Smulders, Brain 1998;121:1557-1563) 

9 Een niet-significante confounder kan significant confounden. 

10 Het dichotomiseren van continue biologische variabelen is in het kader van 
pathofysiologisch onderzoek in beginsel stompzinnig. 

11 Twijfelzucht is een irritante doch essentiële karaktereigenschap voor een internist. 

12 Wind mee is wind tegen als je de andere kant op wilt. (All Stars, J. van de Velde, 1997) 

13 Op de tocht zitten is binnen lekker uitwaaien en dus bij uitstek goed voor oude 
en vatbare mensen. 

14 It's not the fall that kills you, it's the sudden stop. (Down by lain), J. Jarmusch, 1986) 

15 All docters are equal, but... 

16 Pluk morgen. (Salt Lake City, 1990) 

Yvo Smulders, oktober 1999 
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Introduction 

INTRODUCTION 

Type 1 diabetes mellitus (DM) is, from a pathogenetic point of view, a fairly simple 

disease of failing insulin secretion due to pancreatic ß-cell destruction. It results in fatal 

ketoacidosis if treatment with insulin is not instituted soon after diagnosis. In contrast, 

type 2 DM, which occurs about ten times more frequently, comprises a heterogeneous 

group of initially milder forms of diabetes, occurring mostly in adults. It is defined mainly 

in negative terms: patients are not particularly prone to ketosis, the disease is not linked to 

HLA markers or anti-pancreatic islet cell auto-antibodies, and it does not typically require 

insulin treatment to sustain life, at least not until the later stages of the disease. Because of 

this last characteristic, type 2 DM is also referred to as 'non-insulin-dependent DM', which 

is a less appropriate term, because many patients do require insulin treatment for control 

of hyperglycaemia. Tissue insensitivity to the effects of insulin is a hallmark of type 2 DM, 

and is not (or only mildly) present in type 1 DM. 

Compared to type 1 DM, type 2 DM is a much more complex disorder. Hyperglycaemia 

is only one of the manifestations of type 2 DM, which is also characterised by (central) 

obesity, hypertension and dyslipidaemia. Both type 1 and type 2 DM share the classic 

'diabetic' complications of retinopathy, nephropathy, and neuropathy. Most notable 

however, especially in type 2 DM, is the sharply increased incidence of cardiovascular 

disease and mortality (1-3). Patients with type 2 DM have a risk of cardiovascular disease 

two to five times that of non-diabetic individuals. About 65% of patients with type 2 DM 

die from cardiovascular disease, mainly coronary heart disease, followed by cerebrovascular 

disorders (2). The risk of a first myocardial infarction in a type 2 diabetic patient equals the 

risk of a second event in a non-diabetic patient who suffered a previous myocardial infarction 

(4). Women are relatively more severely affected than men, with type 2 DM effectively 

erasing the protection conferred by female sex on cardiovascular risk (5,6). In contrast, the 

cardiovascular mortality rate in type 1 DM is substantially lower, at about 35% (7). Yet, 

many practitioners treating patients with type 2 DM tend to focus primarily on the 'diabetic' 

complications, seemingly less aware of the imminent danger of cardiovascular disease. 

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

has become a common tool in the assessment of patients with diabetes. Its relevance is not 

limited to the development of diabetic nephropathy, but extends to the risk of developing 

cardiovascular complications. In this introduction, the emphasis will be on MA in type 2 

DM, with special reference to its significance for the development of cardiovascular disease. 



Chapter 1 

GENERAL ASPECTS OF MICROALBUMINURIA IN TYPE 2 DM 

Definition of microalbuminuria 
MA is defined as a urinary albumin excretion of 20-200 Lig per minute, corresponding 

to 30-300 mg/24 hours, found in at least two out of three timed urine samples (8). This 

definition is based on the observation that albuminuria within this range predicts overt 

nephropathy in patients with type 1 DM (8-10). It is important to emphasize that the 

lower cut-off value for MA is not based on statistical abnormality in a control population, 

since the 95th percentile of albumin excretion rate in the population is approximately 7.5 

to 11.0 (ig per minute (11). The range of albuminuria between this level of statistical 

abnormality and the lower level of MA as defined above certainly appears to be 

prognostically relevant (see chapter 7; Critical Notes and General Discussion). 

Alternative criteria for the diagnosis of MA have been proposed, but the 20-200 |ig 

per minute criterion is used most often in clinical practice and research. 

Analytical methods 
In 1963, Keen and Chlouverakis developed the first radioimmunoassay that was suitable 

to detect small concentrations of albumin in urine (12). Nowadays, rate nephelometry is 

the most commonly used technique. The detection limit is 1 to 2 mg/1, and its diagnostic 

accuracy is reflected by an intra-assay variability of <2.5% and an inter-assay variability 

of 4% to 7%. Alternative methods include updated radioimmunoassays and agglutination 

inhibition assays (13). More recently, rapid diagnostic methods involving urine dipsticks 

that can measure albumin concentrations as low as 10 mg/1 have become commercially 

available (14,15), but they are not (yet) widely used in clinical practice. In comparison, 

the traditional Albustix method detects urinary albumin concentrations only >200 mg/1, 

and is thus unsuitable to detect MA. The choice of urine samples for assessing the 

presence of MA (24-hour samples, nighttime or daytime samples; single or multiple 

samples) will be discussed in this thesis (chapter 2). 

Apart from the pathological conditions that are associated with type 2 DM and MA, 

which will be discussed below, various reversible physiological and pathological conditions 

influence urinary albumin excretion. These include, amongst others, posture, exercise, 

congestive heart failure, febrile illness, ketosis, and urinary tract infection (16). These 

factors should always be kept in mind in the interpretation of urinary albumin 

measurements. In addition, MA is found in a variety of non-diabetic glomerular and 

tubulointerstitial kidney diseases, which are outside the scope of this introduction. 

10 



Introduction 

Occurrence 
In newly diagnosed type 2 DM, the reported prevalence of MA is around 20% to 

25% (17-19). It is important to emphasize that MA in recendy diagnosed diabetics may 

disappear after initial blood glucose control measures. This so-called 'functional MA' is 

responsible for roughly a quarter to one third of all cases of MA in newly diagnosed type 

2 DM (17,20,21). In the years following the diagnosis of type 2 DM, the prevalence of 

MA rises steadily. 

Histopathology 
The histopathological substrate for renal disease in type 2 DM appears to be highly 

heterogeneous in both patients with overt nephropathy (22,23) and in patients with MA 

(24,25). Typical diabetic nephropathy, characterised by glomerular basement membrane 

thickening, mesangial expansion, and glomerulosclerosis, is found in only a third of 

patients with type 2 DM and MA. Another third shows characteristics of hypertensive 

nephropathy or non-specific abnormalities, and the remainder have perfectly normal 

glomeruli on light microscopic examination (24,25). Even electron microscopy studies 

may fail to detect morphological differences between normoalbuminuric and micro-

albuminuric patients with type 2 DM (26). It is difficult to predict the histo-pathological 

substrate for MA in an individual patient. Obviously, hypertensive nephropathy is more 

likely to be found in a patient with a history of co-existent hypertension. Changes typical 

of diabetic nephropathy in patients with type 2 DM and MA appear to be correlated to 

the presence of retinopathy, to increased CXl -microglobulin excretion (an indicator of 

tubular dysfunction) and an increased Von Willebrand factor antigen concentration in 

plasma, which is a marker of generalised endothelial dysfunction (discussed below) (24,25). 

Mechanism of increased albumin excretion 
Albumin is a small, negatively charged protein. In healthy subjects, it is near totally 

prevented from crossing the glomerular capillary wall both by a 'size barrier' as well as a 

'charge barrier'. The size barrier is constituted of pores in between cords of type IV 

collagen of the glomerular basement membrane and openings in the slit membrane, 

situated at the level of the foot processes of the glomerular epithelial cells. The size 

barrier is virtually impermeable for molecules larger than a radius of around 42 A. The 

filtration of albumin, with a mean radius of 36 A, is thus only partially restricted by the 

size barrier. An additional contribution to the restriction of albumin filtration results 

from negative charges in the glomerular basement membrane ('charge barrier'). These 

11 
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negative charges are predominantly caused by anionic heparan sulphate proteoglycans, 

which are produced by glomerular epithelial and endothelial cells. In spite of the glomerular 

barrier, an estimated 500 to 600 mg of albumin is filtered per day, most of which is 

reabsorbed by the tubulus (27,28). The tubular system has a high reserve capacity for 

increasing protein reabsorption in response to increased glomerular protein loss. As 

outlined below, both disturbances in glomerular and in tubular functions have been 

implicated in the pathogenesis of MA in type 2 DM. 

Both a defect in size selectivity and in charge selectivity may contribute to increased 

glomerular filtration of albumin in patients with DM (29). In type 1 DM, a decreased 

density of heparan sulphate proteoglycans in the glomerular basement membrane has 

been described (30). Also, glomerular hypertension, hyperfiltration, and probably also 

impaired size-selectivity, are features of (incipient) nephropathy in type 1 DM (29,31). 

Studies in type 2 DM addressing the mechanism of increased glomerular albumin leakage 

have been relatively scarce. However, some interesting observations have been made in 

recent years. 

Already in type 2 DM patients with normal levels of albumin excretion, there is evidence 

of glomerular hyperfiltration, impairment of barrier size selectivity, and increased albumin 

filtration (32,33). Changes in extracellular matrix composition (decrease in heparan 

sulphate proteoglycan) have also been described in type 2 DM (34), but to what extent 

these changes contribute to MA is less well defined than in type 1 DM. It is, however, 

evident that in patients with overt proteinuria, loss of size selectivity contributes more to 

albumin loss than does loss of charge selectivity (35). Unfortunately, similar studies 

addressing the relative contribution of size and charge selectivity to glomerular albumin 

filtration are not available for type 2 DM patients with MA. 

From a pathophysiological point of view, it is implausible that only increased glomerular 

albumin filtration leads to MA, since a compensatory increase in tubular protein 

reabsorption would be expected to counterbalance glomerular microproteinuria. 

Accordingly, in addition to changes in glomerular structure and function, tubular 

dysfunction has been demonstrated in the form of reduced albumin reabsorption 

(28,33,36). In patients with DM, the fraction of glycated serum albumin is increased 

(37). Glycated albumin is more anionic than unmodified albumin (38), which may lead to 

an impairment of tubular reabsorption, since molecular charge does not only influence 

filtration, but also tubular reabsorption (39,40). Additional mechanisms contributing to 

diminished tubular reabsorption of albumin may include increased urinary flow rate, 
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osmotic diuresis, and glucosuria (28). 

The relative contribution of enhanced glomerular filtration and impaired tubular 

reabsorption to MA was studied recently in humans with type 2 DM by Ishibashi (33). In 

this study, normoalbuminuric type 2 DM patients had increased glomerular albumin 

clearance compared to non-diabetic controls, but this phenomenon was counterbalanced 

by enhanced tubular reabsorption. MA was associated with further increases in glomerular 

albumin clearance, but, interestingly, with an absence of compensatory tubular 

reabsorption. These data thus suggest that only after tubular dysfunction has developed, 

MA becomes manifest. Further studies are required to elucidate the exact mechanism of 

albuminuria in type 2 DM. 

CLINICAL AND BIOCHEMICAL CORRELATES OF 
MICROALBUMINURIA 

Microalbuminuria in non-diabetic subjects 
MA occurs not only in patients with type 1 or type 2 DM. In the non-diabetic 

background population, MA is mainly related to increasing age and high blood pressure, 

but also to a high-triglyceride and low high-density-lipoprotein (HDL) cholesterol lipid 

profile, obesity and, although conflicting data exist, to the degree of insulin resistance 

(41-45). Thus, in non-diabetics, MA shows correlations with several components of the 

syndrome of insulin resistance (discussed below). It is noteworthy that in non-diabetic 

subjects, similar to patients with type 2 DM, MA is also a predictor of cardiovascular 

disease (46,47). Non-diabetics with MA are particularly at risk if hyperinsulinaemia is co

existent, suggesting that the pathophysiological explanation for the correlation between 

MA and vascular disease may not be fundamentally different for non-diabetics and 

diabetics (48). Finally, MA in non-diabetics may predict the onset of type 2 DM, although 

the latter correlation is weakened after adjustment for plasma glucose levels (49). 

Below, we will focus on the determinants and associated factors of MA in the population 

of patients with type 2 DM only. Extensive literature on the subject is available for type 

1 DM as well. 

13 
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Age 

As is the case in the background population, the prevalence of MA in patients with 

newly diagnosed type 2 DM increases with age (17,50). When duration of diabetes and 

age are evaluated together in known diabetics, the correlation between age and MA 

appears to be independent of the duration of DM (51). 

Duration DM 

As outlined previously, MA in patients recently diagnosed with type 2 DM may be 

'functional' as a result of uncontrolled hyperglycaemia (17,21). Reversible effects of 

hyperglycaemia include both glomerular hyperfiltration and, possibly, tubular reabsorption 

defects, both of which may contribute to this phenomenon (28,52). Only after the initial 

phase of glycaemic control, does the impact of duration of disease on the prevalence of 

MA become evident (53,54). Naturally, there is substantial co-linearity between age and 

duration of DM, and in some studies, duration of disease is not a predictor of albuminuria 

after adjustment for the effect of age (51). 

Glycaemic control 

Many cross-sectional and several prospective (51,55,56) studies have shown that poor 

glycaemic control is a risk factor for MA. Apart from the previously mentioned (reversible) 

effects of hyperglycaemia on kidney function, there is evidence that sustained effects of 

hyperglycaemia on kidney function are at least partly caused by accumulation of advanced 

glycosylation end products in kidney tissue (57). In contrast to type 1 DM (58), there is 

no suggestion of a threshold effect in this relation, implicating that there is no absolute 

level of glycaemic control that is 'safe' in terms of the risk of developing MA. 

Blood pressure 
Hypertension is a risk factor for the development of MA in both non-diabetic (59,60) 

as well as in (newly diagnosed) type 2 DM patients (54,61). Once MA has developed, 

those with high blood pressure are more likely to progress towards overt proteinuria 

(62). Hypertension frequently accompanies type 2 DM. Up to 50% of patients with type 

2 DM are hypertensive or receive antihypertensive treatment at the time of diagnosis 

(63). Together with dyslipidaemia and obesity, hypertension is a key manifestation of the 

metabolic 'Syndrome-X', which characterises many patients with type 2 DM (64,65), but 

also pre-diabetics (66). The manifestations of this syndrome are believed to have a 

common basis in insulin resistance, which is why it is also referred to as the 'insulin 
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resistance syndrome'. Several theories exist regarding the mechanism of hypertension in 

this syndrome. These explanations relate to direct effects of hyperinsulinaemia, increased 

sympathetic nervous system activity, renal sodium retention, generalised vascular smooth 

muscle cell hypertrophy, and endothelial dysfunction (discussed below) (67,68). A detailed 

discussion of the pathophysiological aspects of Syndrome-Xis beyond the scope of this 

introduction. 

Dyslipidaemia 

Another feature of Syndrome-X is dyslipidaemia. The typical pattern of lipid 

disturbances in type 2 DM is combined hypertriglyceridaemia and low HDL cholesterol 

levels (69,70). The severity of this type of dyslipidaemia appears to be direcdy related to 

the degree of insulin resistance (71). A mildly elevated low-density-lipoprotein (LDL) 

cholesterol may be found in some cases, but is not a typical feature of type 2 DM related 

dyslipidaemia. Hypertriglyceridaemia is probably caused by both impaired insulin mediated 

suppression of very-low-density-lipoprotein (VLDL) synthesis in the liver (72) and by 

reduced lipoprotein lipase mediated peripheral metabolisation of triglyceride-rich particles 

(69,70). Low HDL cholesterol levels are caused by multiple abnormalities in lipoprotein 

metabolism (69,73). 

Dyslipidaemia has in several studies been shown to be correlated with the presence or 

risk of development of MA (21,51,61). The correlation between MA and dyslipidaemia 

in type 2 DM has been shown for triglycerides, HDL, and, although not universally, for 

LDL cholesterol. As for lipoprotein(a), a lipid particle that is probably an independent 

atherosclerotic risk factor (74), (cross-sectional) studies addressing its correlation with 

MA have shown conflicting results (75,76). 

Obesity / insulin resistance 

Both a high body mass index (77,78) as well as a high waist-to-hip ratio (45) have, 

although not consistently, been found to be correlated with MA. Since both these measures, 

in particular waist-to-hip ratio, are inversely related to insulin sensitivity, the explanation 

for these correlations may be in the severity of insulin resistance. The degree of insulin 

resistance is a determinant of the Syndrome-X related abnormalities like hypertension 

and dyslipidaemia, both correlates of MA. However, insulin resistance also leads to higher 

insulin levels, which may themselves be an independent predictor of MA (56), although 

not all studies have confirmed this (45). In matched patients, it is unclear whether insulin 

sensitivity is directly related to MA (79,80). The explanation for a possible independent 
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relation between (central) obesity and MA thus remains complex. 

Smoking 
In type 1 DM, there is good evidence that active smoking is associated with an increased 

risk of MA (81,82) and progression of nephropathy (83). In type 2 DM, the prevalence 

of MA in smokers appears to be approximately twice as high as in non-smokers (55). 

Also, former smoking is associated with MA (shown in males only) (50). Not all studies, 

however, have supported a correlation between smoking and MA in type 2 DM (51). 

Genetic factors / ethnicity 
Men with type 2 DM are more likely to develop MA than women (51,55). In addition, 

the literature contains conflicting data regarding the correlation between ethnicity and 

MA. There is, however, consensus that MA occurs more often in various non-Caucasian 

populations than in Caucasians (84). Studies have indicated that Pima Indians (85), Mexican 

Americans (86), Nauruans (77), Maoris and Pacific Islanders from New-Zealand (18), 

and Asians living in England (87,88) and The Netherlands (89) have a high risk of 

developing MA compared to white Europeans. 

Evidence for a genetic predisposition for the development of MA comes from a 

study of familial clustering of MA, which demonstrated that siblings of type 2 DM 

patients with MA have increased levels of albuminuria compared to siblings of 

normoalbuminuric type 2 diabetics (90). 

A number of genetic polymorphisms may be relevant in the context of MA. One of 

the most extensively studied polymorphisms is that of the angiotensin-converting enzyme 

(ACE). The activity of this enzyme is partly related to the insertion-deletion (ID) genotype. 

Several studies have addressed the possible relation between ACE polymorphism and 

nephropathy in type 1 and type 2 DM. Taken together, these studies suggest that the 

D-allele correlates at most weakly with diabetic nephropathy (91-93). 

Diet 
A high-protein intake is correlated with the occurrence of MA in type 2 DM (94). 

Whether the explanation for this is as simple as an increased protein load at the level of 

the glomerulus, or whether more complex mechanisms play a role, is undetermined. 

Postulated mechanisms include glomerular hyperfiltration, glomerular eicosanoid produc

tion, and disruption of glomerular capillary permeability (95). 

Animal protein intake may be especially relevant since cationic polyaminoacids, which 
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occur predominantly in animal proteins, may have a neutralising effect on anionic 

glomerular charge, thus affecting the charge barrier to albumin filtration (96). 

CLINICAL IMPLICATIONS OF MICROALBUMINURIA 

Nephropathy 
MA was originally described to predict overt nephropathy in type 1 diabetic patients 

(hence the term 'incipient nephropathy') (8-10). When MA was later studied in a broader 

context, it was found to be similarly relevant in type 2 DM (97,98). The natural course of 

nephropathy in type 2 DM is less well defined than in type 1 DM. This is pardy because 

type 2 DM may be present for several years prior to the clinical diagnosis. Failure to 

identify the onset of a disease by definition makes it more difficult to describe its natural 

course. In general, however, nephropathy in type 2 DM appears to be characterised by 

the following sequence. Glomerular hyperfiltration develops during the stage of impaired 

glucose tolerance, which precedes type 2 DM, and increases even further at or around 

the onset of manifest diabetes (99,100). MA may develop during the stage of impaired 

glucose tolerance, or during manifest diabetes and, once present, usually gradually 

increases. The increase in albumin excretion during severe hyperglycaemia surrounding 

the onset of clinically manifest diabetes may, as discussed previously, be (pardy) reversible 

(52). At or around the point where MA turns into manifest proteinuria (>300 mg per 

day), the glomerular filtration rate starts to decline at a highly variable rate of 0-24 ml/ 

min/year, depending on many co-factors (93,101). 

It must be emphasised that several fundamental uncertainties regarding the course of 

events in type 2 DM related nephropathy remain. The time course of changes in 

glomerular filtration rate has been described in detail only in Pima Indians, and, for 

example, early hyperfiltration has not been found consistently in other populations (102-

104). Also, the level of MA correlates poorly with the decline of renal function (105), 

and the glomerular filtration rate may fall in type 2 DM patients who have never shown 

MA (106). The fact that the course of nephropathy is much less predictable in type 2 

than in type 1 DM is probably also due to the variable presence of other risk factors 

affecting the progression of chronic renal disease, especially hypertension, and maybe 

also dyslipidaemia and hyperinsulinaemia. 

There are two - not mutually exclusive - theories as to why MA predicts overt 
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nephropathy. The first is that MA is simply a reflection of an early stage of an intrinsically 

progressive process, i.e. diabetic nephropathy. Alternatively, MA may itself contribute to 

progressive renal injury. A high protein content of the glomerular ultrafiltrate is believed 

to represent a noxe for further glomerular and tubulointerstitial damage (107,108). In 

other words, apart from being a symptom, albuminuria may also be a cause of nephropathy. 

It must be stressed, however, that it is not certain whether albuminuria in the MA range 

is nephrotoxic, since studies addressing this topic have used models of overt proteinuria 

only. 

End-stage renal failure develops in only a limited number of patients with type 2 DM. 

The majority of patients with type 2 DM and MA are simply not allowed the time to 

develop end stage renal disease because of the high toll of early cardiovascular disease in 

these patients. 

Cardiovascular disease 

The first reports of an association between MA and cardiovascular disease in type 2 

DM were by Mogensen from Denmark (97) and by Jarrett from Britain (109). Since 

then, many studies have confirmed that MA predicts early mortality in type 2 DM (98,110-

116). A recent review of studies addressing the increased risk of mortality in type 2 DM 

found an overall MA-associated odds ratio for all-cause mortality of 3.1. The annual 

mortality rates were 5.9±2.0% (mean ± standard deviation) and 2.7±1.8% for type 2 

diabetic patients with and without MA, respectively (117). It is mosdy all-cause mortality 

or ischaemic heart disease that has been studied, but peripheral vascular disease and 

stroke are probably also associated with MA in patients with type 2 DM (17,116). 

MICROALBUMINURIA AND CARDIOVASCULAR DISEASE 

As discussed in the beginning of this introduction, type 2 diabetic patients have a 

sharply increased risk of dying from cardiovascular disease compared to non-diabetics, 

and also compared to patients with type 1 DM. The diabetic state per se independendy 

explains an estimated half of this increased risk (5,118), partly depending on the level of 

glycaemic control (114,119) and the degree of insulin resistance (120). The remainder 

of the excess risk is presumably explained by risk factors for atherosclerosis and 

thrombosis associated with type 2 DM (5,7). Established cardiovascular risk factors in 
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type 2 DM include hypertension, high LDL cholesterol, hypertriglyceridaemia, low HDL 

cholesterol, and obesity (7,121,122), all of which (except high LDL cholesterol) are 

intrinsically related to type 2 DM in the syndrome of insulin resistance (Syndrome-X, 

discussed previously). An important cardiovascular risk factor unrelated to the type 2 

diabetic state is smoking (3,122). 

As discussed, MA identifies a subgroup of type 2 diabetic patients with a particularly 

high risk of developing cardiovascular complications compared to patients with normal 

urinary albumin excretion. A correlation between two biological phenomena may suggest 

a causal relation, but in this case it is implausible that MA actually causes cardiovascular 

disease. No existing theory regarding the pathogenesis of cardiovascular disease 

accommodates a direct causal relation with MA. There are two - not mutually exclusive -

explanations for the correlation between MA and cardiovascular disease. One is that MA 

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

and thrombosis. The alternative explanation is that MA reflects an early stage of 

generalised vascular disease. 

Many of the correlates of MA discussed previously are independent risk factors for 

atherosclerosis. Certainly this is the case for age, duration of DM, hyperglycaemia, 

hypertension, smoking, and hypercholesterolaemia. Hypertriglyceridaemia, the key lipid 

abnormality in type 2 DM patients with MA, is probably also an independent 

cardiovascular risk factor (123,124). It may be directly toxic to the vessel wall, but it may 

also act as a risk factor by adversely affecting LDL particle size distribution (125). 

Hyperinsulinaemia, present in most patients with type 2 DM, and possibly more outspoken 

in patients with MA, is a controversial risk factor for atherosclerosis (126,127). Thus, 

cardiovascular disease and MA may reflect common determinants, without MA itself 

being directly related to vascular complications (128). A second possible explanation for 

the correlation between MA and cardiovascular disease is that MA represents an early 

stage of generalised vasculopathy 

The notion that MA reflects generalised vascular disease is certainly within the grasp 

of comprehension when one thinks of the glomerulus as simply a (specialised) vascular 

structure. If the glomerular vascular system is involved in whichever disease process, 

then why should the same condition not affect the entire vascular system? The 'Steno 

hypothesis' states that MA reflects generalised vascular damage caused by alterations in 

the extracellular matrix, leading to atherogenic diathesis (30). This hypothesis originated 

in studies in type 1 diabetes mellitus, and to what extent it applies to type 2 DM is 
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uncertain. However, a decreased density of heparan sulphate proteoglycan, which is one 

of the key features of altered extracellular matrix in glomeruli and blood vessels of type 

1 diabetics, has also been demonstrated in glomeruli (34) and in coronary arteries (129) 

of patients with type 2 DM. This biochemical abnormality in the vascular wall may lead 

to functional disorders, such as increased permeability to macromolecules, impaired 

lipoprotein lipase activity, proliferation of vascular smooth muscle cells, and procoagulant 

and antifibrinolytic disorders, and thereby contribute to premature atherothrombotic 

disease (30,130). 

Another model of generalised vascular disease associated with MA relates to the 

concept of 'endothelial dysfunction'. The vascular endothelium was originally thought 

of as serving mainly to smoothen the inside of vascular structures, and to limit exposure 

of blood cells to subendothelial structures. This concept has turned out to be an 

underestimation of the array of functions of the endothelium, which actively regulates 

vascular tone, balances coagulation and fibrinolysis, modulates vascular permeability to 

leukocytes and macromolecules, and influences proliferation of vascular smooth muscle 

cells and, in the glomerulus, mesangial cells (131,132). The number of functions it has, 

together with its sheer size (surface area equals 6 tennis courts) should leave little doubt 

about the importance of the vascular endothelium. 

In order to carry out all of its functions, the endothelium produces extracellular matrix 

components, as well as a number of regulatory mediators, including nitric oxide (for 

vasodilation), endothelin (for vasoconstriction), Von Willebrand factor, thrombomodulin, 

tissue-type plasminogen activator (t-PA), plasminogen activator inhibitor-1 (PAI-1) (all 

for coagulation and fibrinolysis), and adhesion molecules and cytokines (131,132). The 

term 'endothelial dysfunction' is used to indicate the presence of disturbances in one or 

more of these functions. Endothelial function can be assessed in several ways. 

Endothelium-dependent vasodilation can be tested by measuring flow-mediated or 

acetylcholine induced vasodilation. In addition, endothelium-derived regulatory proteins 

can be measured in serum or plasma. Von Willebrand factor antigen concentrations have 

been most extensively studied in this context, but additional options include measurement 

of t-PA, PAI-1, endothelin, fibonectin, soluble E-selectin, soluble vascular cell adhesion 

molecule-1 (sVCAM-1), and others (131,132). The trans capillary escape rate of 

intravenously administered radiolabeled albumin can be used as a test for endothelial 

permeability to macomolecules, but can also be regarded as supporting the 'Steno model' 

for vascular damage (loss of subendothelial negative charge). 
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The importance of endothelial dysfunction is in the fact that it appears to represent 

the first phase in a process eventually leading to atherosclerosis (133,134). Not only 

cross-sectional, but also prospective studies have linked various indicators of endothelial 

dysfunction to the occurrence of cardiovascular events. 

In type 2 DM, patients with MA show evidence of endothelial dysfunction more 

often than do those with normal albumin excretion rates. This is manifested mainly by 

increased Von Willebrand factor levels (135-137). Other abnormalities in plasma 

concentrations of endothelium-derived proteins have also been found (132). A pro-

thrombotic milieu is linked to MA in type 2 diabetes and also results, at least partly, from 

disturbances in endothelial function (138). The evidence regarding the transcapillary 

escape rate of albumin in microalbuminuric patients with type 2 DM remains inconclusive, 

with some studies (139) showing a positive correlation, and others (137) not. The same 

controversy exists for impaired endothelium-dependent vasodilation (132). Hyper-

triglyceridaemia may represent both a cause as well as a manifestation of endothelial 

dysfunction (140). Taken together, several lines of evidence indicate that MA in type 2 

DM is associated with disturbances of various functions of the vascular endothelium. 

Additional evidence to the same extent is available for type 1 diabetes, but is outside the 

scope of this introduction. In addition, the relation between MA and endothelial 

dysfunction is not exclusive for diabetes, but is also found in, for example, hypertensive 

patients (141). Endothelial dysfunction and albuminuria may be causally related through 

increased glomerular permeability to macromolecules, impaired vasomotor function of 

afferent and efferent arterioles, and non-vasomotor effects of nitric oxide (142). A direct 

causal relation between endothelial dysfunction and tubular dysfunction, which, as 

discussed previously, may be a prerequisite for the development of MA, is more difficult 

to envision. 

Endothelial dysfunction in type 2 DM can be caused by various mechanisms. There 

may be an important role for (chronic) hyperglycaemia and hyperinsulinaemia (132). In 

addition, Syndrome-X related phenomena as hypertension (143,144) and hyperlipidaemia 

(145), including hypertriglyceridaemia (146,147), have been described to cause endothelial 

dysfunction, although their specific role in type 2 DM related endothelial dysfunction is 

unclear. It is evident, however, that several factors that we know as risk factors for the 

development of MA, are also (or should we say 'in fact') risk factors for the development 

of endothelial dysfunction. 

How exactly do we fit in endothelial dysfunction in the correlation between MA and 
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cardiovascular disease? Figure 1 provides a possible explanatory model. 

microalbuminuria 

y"' 
cardiovascular ^ . endothelial ' 
risk factors dysfunction 

atherosclerosis 
time 

Can this model explain why MA is an independent predictor of cardiovascular disease 

after multivariate adjustment for known risk factors, such as hypertension, smoking, 

dyslipidaemia, and glycaemic control? The answer is that it may, for the following reasons. 

Firstly, if MA is present, then this may indicate that the joint effect of cardiovascular risk 

factors has already caused damage to the vascular endothelium, initiating the first step 

towards manifest atherosclerosis. Certainly, patients who have made this first step are 

closer (both in time and in magnitude of risk) to their cardiovascular event than those 

who do not show evidence of early vascular damage. A non-causal factor that is a measure 

of proximity to an event will qualify as an independent predictor of such an event, even 

after adjustment for all causative factors for this event in a multivariate statistical prediction 

model. If we, for example, compare this situation to that of ischaemic chest pain as a 

predictor for myocardial infarction, then few people will contest that chest pain is an 

independent predictor, even after adjustment for blood pressure, smoking, hyper-

cholesterolaemia, et cetera. However, it is equally incontestable that ischaemic chest pain 

does not cause myocardial infarction. 

A second explanation for the fact that MA independently predicts cardiovascular disease 

after adjustment for known cardiovascular risk factors is comprised in the word 'known'. 

Certainly, we have yet to discover the full spectrum of risk factors for atherosclerosis. 

Some of the 'newer' risk factors, such as homocysteine, lipoprotein (a), small dense LDL 

subclasses, genetic polymorphisms, et cetera have not yet been given an opportunity to 

take away some of the 'independent' predictive effect of MA. These and other, yet 

unknown, risk factors may also lead to cardiovascular disease, causing MA on their way. 

The model illustrated in the figure leaves some phenomena unexplained. A high LDL 

cholesterol level, for example, is a clear risk factor for endothelial dysfunction (145,148) 

and for the development of cardiovascular disease in type 2 DM (121,122), but does not 

correlate equally clearly with MA. MA may thus reflect susceptibility to most, but not to all 

atherosclerotic risk factors. Also, not all patients show MA prior to their cardiovascular 

event. There is a hypothetical concept of 'benign' and 'malignant' diabetic MA, the latter 
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being characterised by the co-existence of proliferative retinopathy and increased Von 

Willebrand factor concentrations (149). Only 'malignant' MA could confer an increased 

risk of cardiovascular disease, reflecting its correlation with endothelial dysfunction (135,149). 

A final remark on the subject of endothelial dysfunction is that it may not only result 

from the influence of cardiovascular risk factors, it could theoretically also play a role in 

the etiogenesis of Syndrome-X, by playing a contributory role in the etiology of insulin 

resistance, hypertension, and dyslipidaemia (150). 

The complex of possible causal relations between type 2 DM, cardiovascular risk 

factors, endothelial dysfunction, and MA requires further studying in order to be fully 

elucidated. It seems justified, however, to conclude that the onset of MA in type 2 DM 

signals the presence of a highly atherothrombotic milieu, with the presence of multiple 

risk factors, and with evidence of generalised vascular / endothelial disease. 

INTERVENTIONS TO REDUCE / STABILISE 
MICROALBUMINURIA IN TYPE 2 DM 

Improving glycaemic control / insulin sensitivity 
In the Diabetes Control and Complications Trial (DCCT), normoalbuminuric type 1 

diabetic patients who received intensified insulin treatment were less likely to develop 

MA or proteinuria than those receiving standard treatment (151). A previous smaller 

study showed a similar result (152). On the other hand, it has never been shown that 

improving glycaemic control can prevent the transition of MA into proteinuria, at least 

not in type 1 DM (153). 

Before 1998, studies addressing the potentially beneficial effects of improvement of 

glycaemic control on MA in type 2 DM were scarce, and showed conflicting results 

(154). The United Kingdom Prospective Diabetes Study (UKPDS), larger than any 

previous study of its kind, showed that intensive glycaemic control had a small effect on 

the risk of developing MA, which was significant only after a follow-up duration of 9 

years, and had only a transient impact on the risk of developing overt proteinuria (155). 

An important drawback of the UKPDS study is that only newly diagnosed diabetics were 

studied, and that the difference in HbAlc between the intensive treatment group and the 

conventional treatment group was only 0.9% (7.0% versus 7.9%). Clearer beneficial effects 
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of larger reductions in HbAlc are likely, but can not be proven using the UKPDS data. 

Troglitazone, a thiazolidinedione derivative, is an insulin sensitiser. Improvement of 

insulin sensitivity by the use of troglitazone has been reported to reduce urinary albumin 

excretion in patients with type 2 DM and MA (156). Metformin, which also causes a 

(modest) improvement in peripheral insulin sensitivity (157), did not show the same 

effect, despite a similar improvement of glycaemic control (156). Weight reduction is the 

most physiological way of improving insulin sensitivity, and has been suggested to reduce 

albuminuria in type 2 DM (158). The isolated effect of weight loss on MA is, however, 

difficult to assess, since several factors, including hyperglycaemia, hypertension and 

dyslipidaemia, tend to improve with weight reduction. 

Treating hypertension 

Treatment of hypertension reduces the albumin excretion rate both in non-diabetics 

(159) and in patients with type 2 DM (160). The UKPDS also involved a study addressing 

the importance of blood pressure control. The results suggested that a more strict level 

of blood pressure control is associated with a reduction in the risk of developing MA 

and proteinuria, but that this beneficial effect is diminished to non-significant levels after 

9 years of follow-up (161). With regard to the choice of antihypertensive drugs, several 

classes of agents have been shown to reduce albumin excretion rates in type 2 DM. 

Drugs studied include ß-blockers, calcium-antagonists, diuretics, and angiotensin 

converting enzyme (ACE) inhibitors. It is generally acknowledged that the effectiveness 

of blood pressure reduction is of primary importance in terms of an effect on albuminuria. 

However, there is evidence that ACE inhibitors (and probably also angiotensin-II receptor 

antagonists) may have an additional antiproteinuric effect in both type 1 (162-164) and 

type 2 (165-167) DM (168). This property presumably originates predominantly in a 

favourable effect of these agents on glomerular haemodynamics. The vasodilatory effect 

on the efferent glomerular arteriole is stronger than on the afferent arteriole, reducing 

intraglomerular capillary pressure and hyperfiltration (169). In addition, there is evidence 

indicating that other than direct glomerular haemodynamic effects of ACE inhibitors 

contribute to their antiproteinuric effect (170,171). Other possible effects include 

enhancement of the expression of heparan sulphate proteoglycans in the glomerular 

basement membrane, restoring the natural charge barrier against the leakage of albumin 

(172). In addition, signs of structural changes in the filtration barrier in response to ACE 

inhibitors have been found (173,174). In keeping with the hypothesis that albuminuria 
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may be a reflection of generalised endothelial dysfunction, ACE inhibitors have also 

been suggested to improve endothelial function (175,176). However, this effect remains 

to be demonstrated in patients with type 2 DM (177). Also, improvement of endothelial 

function as such may be insufficient to explain effects on albuminuria. Metformin, for 

example, may improve endothelial function (178), but appears to have no effect on 

albuminuria (156). 

The extra beneficial effect of ACE inhibitors on albuminuria may extend to a beneficial 

effect on the deterioration of glomerular filtration in both non-diabetics (179), as well as 

in patients with type 1 (163,164) and type 2 (165,180,181) DM (168). Surprisingly, the 

UKPDS, with an exceptionally long follow-up period (9 years), demonstrated no obvious 

benefit of an ACE inhibitor (Captopril) versus a ß-blocker (atenolol) regarding the risk 

of developing MA or renal failure (182). Thus, the long-term (10 or more years) benefit 

of ACE inhibitors over other antihypertensives with regard to the risk of (incipient) 

nephropathy is still debatable. 

Calcium channel blockers of the dihydropyridine class promote afferent more than 

efferent vasodilation in the glomerulus, which enhances glomerular hypertension (183). 

The drop in systemic blood pressure usually attenuates this effect on glomerular pressure. 

Nevertheless, an increase in MA, presumably caused by increased intraglomerular capillary 

pressure, has been observed in diabetic patients taking this type of calcium channel 

blocker, in particular nifedipine, in some (184,185), but not all (186-188) studies. Studies 

addressing the longitudinal effect of dihydropyridine calcium channel blockers on the 

glomerular filtration rate in diabetics are scarce and show conflicting results (188,189). 

Treating hyperlipidaemia 
Aggressive treatment of hypercholesterolaemia reduces cardiovascular risk in patients 

with type 2 DM (190,191). A recent meta-analysis of lipid reduction in mixed studies of 

both diabetic and non-diabetic renal disease pointed towards a significant beneficial effect 

of lipid reduction on both albuminuria and glomerular filtration rate (192). Some relatively 

small studies in type 2 diabetics have found a reduction of albuminuria following treatment 

with a statin (193-196) or with diet (197), others (198) have not. The typical dyslipidaemia 

associated with type 2 DM (high triglycerides and low HDL cholesterol) was usually not 

the target of treatment in such studies. 
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Diet modification 
Lowering protein intake may reduce albuminuria in non-diabetic renal disease and in 

type 1 DM (199,200). Studies in type 2 DM regarding the effects of lowering protein 

intake on MA are scarce, but appear to show a similar effect (201). In one study, a 

hypocaloric diet (500 kcal/day) resulted in significant weight loss and improvement of 

glycaemic control, and led to a reduction in albuminuria in a small study in 24 type 2 

diabetics (158). 

In summary, intensive treatment of several underlying metabolic abnormalities has 

been shown to reduce the risk of developing (progressive) MA in type 2 DM. A recent 

study in type 2 diabetic patients with MA convincingly demonstrated the effectiveness 

of intensified multifactorial intervention (202). This combined approach not only reduced 

the risk of developing nephropathy in these patients, it also reduced the proportion of 

patients showing progressive retinopathy and autonomic neuropathy (202). It may well 

be that a multifactorial intervention will show beneficial effects on microvascular or 

macrovascular end points that are larger than the additive effects of singular interventions. 

OUTLINE OF THESIS 

The focus of this thesis is on the correlations between several cardiovascular risk 

factors and MA in type 2 DM. Further exploration of these correlations may help unravel 

the mechanism(s) behind the association between MA and cardiovascular disease. 

Although many previous studies have addressed these issues, several questions have 

remained. These questions relate, amongst others, to kinetic aspects of MA, to possible 

beneficial effects of treating hypertriglyceridaemia on albumin excretion, to the role of 

'new' vascular risk factors like hyperhomocysteinaemia and, finally, to the correlation 

between MA and autonomic cardiovascular nerve function. 

In our hospital, we started measuring MA in patients with both type 1 and type 2 DM 

in the late 1980s. One of the first observations we made was that day-to-day variability 

of MA in individual patients appeared to be substantial. In the early period, MA was 

assessed using (triplicate) 24-hour urine samples only. We decided to look for other, 

possibly less variable methods of quantitating MA, both by using urinary creatinine 
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concentrations as a reference variable, and by taking (multiple) early morning urine samples. 

Chapter two describes a study addressing issues of variability, sampling distribution, and 

choice of sampling methods for quantifying MA in type 2 DM. 

Another observation we made was that there were striking inter-individual differences 

in the rate at which MA progresses in time. Some patients were diagnosed with MA and 

remained roughly stable for many years, whereas others showed rapid progression towards 

overt proteinuria. The study reported in chapter 3 explores these differences in progression 

of MA, and was specifically designed to identify predictors of progression of MA in 

patients with well-controlled blood pressure. 

Chapter four describes a small study in which progression of MA is attemptedly 

manipulated by treatment of hypertriglyceridaemia. 

Hyperhomocysteinaemia is a relatively recently discovered risk factor for cardiovascular 

disease (203). Its role in the aetiology of 'microvascular' complications is not well 

established. Given the uncertainty as to whether 'new' risk factors may help explain the 

excess cardiovascular risk in patients with type 2 DM, specifically those with MA, we set 

out to explore the possible role of hyperhomocysteinaemia in type 2 DM. This was done 

in a study which is reported in chapter five. 

Autonomic cardiovascular dysfunction is the subject of the final study of this thesis. 

This abnormality is independently related to cardiovascular mortality in type 2 DM 

(204,205), probably mainly because of arrhythmogenic effects of autonomic dysfunction, 

but possibly also because of an atherogenic effect (206,207). The study in chapter six 

explores the possibility of an association between MA and autonomic function in a 

population study which includes subjects with normal glucose tolerance, impaired glucose 

tolerance, and type 2 DM. 
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Chapter 2 

ABSTRACT 

Objective: To determine the degree of variability and sampling distribution of several commonly 

used parameters of microalbuminuria in patients with non-insulin-dependent diabetes 

mellitus (NIDDM), and to propose a sampling strategy for estimating the level of 

albuminuria. 

Methods: Four N I D D M patients with previously documented microalbuminuria collected 30 

consecutive split (overnight and daytime) 24-hour urine samples (experiment A). These 

samples were analysed for total 24-hour albumin excretion, daytime, overnight, and 24-

hour albumin concentration and daytime, overnight, and 24-hour albumin-to-creatinine 

ratio (ACR). In a second experiment (B), 10 patients collected 10 consecutive overnight 

urine samples. Finally, a total of 300 separate triplicate urine samples was analysed for 

variability of 24-hour albumin excretion (100 samples), and ACR in 24-hour (100 samples) 

and overnight (100 samples) urine. 

Results: The sampling distribution shape of all parameters of albuminuria is positively skewed, 

without consistent evidence of log-normality. Using two methods for quantifying day to 

day variability (the interquartile range / median ratio and the chance of a single 

measurement being >50% off the actual value of albuminuria), the overnight ACR is the 

least variable parameter of albuminuria, scoring 0.38 and 10% on both methods, 

respectively, in experiment A. Collecting multiple samples of overnight urine improves 

accuracy. The largest gain in precision in estimating the actual value of albuminuria is 

obtained for sample sizes of 3 and 5, and does not increase by non-consecutive sampling 

of urine. Based on the combined data from experiments A and B, the expected mean 

deviation of the median of 3 and 5 overnight samples from the actual level of the overnight 

ACR is 17.9% and 12.1%, respectively. An analysis of variability in 3 sets of 100 triplicate 

24-hour urine samples shows that the overnight ACR is a significantly more constant 

parameter of microalbuminuria than the amount of albumin excreted in 24-hours, or the 

ACR in 24-hour urine (p<.05) 

Conclusion: Parameters of diabetic albuminuria have positively skewed, non-log-Normal sampling 

distributions. The overnight albumin to creatinine ratio is the least variable parameter of 

microalbuminuria. We recommend collecting 3 consecutive early morning urine samples, 

using the median value of the albumin-to-creatinine ratio in these samples for quantifying 

albuminuria. 
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INTRODUCTION 

An increased urinary albumin excretion (UAE) in patients with NIDDM is a risk 

indicator for the future development of cardiovascular events, clinical proteinuria, and 

nephropathy (1-4). 

One of the difficulties in monitoring UAE has traditionally been the high degree of 

day-to-day variability (5). This causes problems both in defining micro- and macro-

albuminuria, and in the follow-up of UAE in individual patients. The high degree of 

variability of UAE is largely unexplained, but appears to be partly correlated to changes 

in posture, physical activity, dietary protein intake, and glycaemic control. Furthermore, 

disease states such as fever, urinary tract infection and congestive heart failure can influence 

UAE (5). It is currently unclear which parameter of UAE is most suitable for clinical use 

in terms of being the least variable and in terms of having a practical sampling routine. 

Lately, it has become more common practice to use the urinary albumin-to-creatinine 

ratio, since it may correct for collecting errors, which are likely to occur if patients are 

asked to perform a complete and exactly timed urine collection. Others oppose this idea, 

arguing that the introduction of a second biological variable (urinary creatinine) is unlikely 

to provide a clinically useful reduction in variability (6). 

It is essential for any biological variable showing significant variability that one obtains 

an estimate of the sampling distribution of this variable in individual patients. Not only 

is this important for clinical interpretation of measurements, it is also a requirement for 

a sensible choice of statistical methods in clinical research. In previous studies, it was 

often assumed that the distribution of UAE values is positively skewed in a log-Normal 

fashion (i.e. a Normal distribution after logarithmic transformation of the data). This 

assumption, however, appears to be based on extrapolation of population distributions, 

rather than on data from individual patients, since no study has ever been undertaken to 

verify the hypothesis of log-Normality 

The present study was designed with the purpose of quantifying the degree of variability 

of various commonly used parameters of UAE. In addition, distribution shapes of these 

parameters are studied. Finally, a strategy for monitoring UAE is proposed based on the 

study results. 
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METHODS 

Four NIDDM patients with documented microalbuminuria participated in the first 

part of this study (experiment A). Their clinical characteristics are listed in table 1. None 

of these patients showed signs of congestive heart failure, hypertension, or used an 

Angiotensin Converting Enzyme (ACE) inhibitor. Blood pressure and metabolic control 

patient: 1 2 3 4 

sex (male/female) F M M F 
age (years) 55 64 73 72 
duration of NIDDM (years) 25 5 18 24 
blood pressure (mmHg) 140/70 160/85 155/85 165/85 
HbAlc(%) 7.7 8.3 8.7 7.2 
serum creatinine (p.mol/1) 103 92 99 123 
smoking no no yes no 
medication insulin glibendamide 

metformin 
insulin insulin 

Table I : Clinical and laboratory data of the four patients in experiment A 

were stable for at least the year prior to the study. Microalbuminuria was diagnosed 

within one year before to the study, and was defined as an albumin excretion rate of 

between 30 and 300 mg in at least 2 out of 3 consecutive timed 24-hour urine samples. 

The diagnosis of microalbuminuria was established only after 2 triplicate 24-hour urine 

samples at least 3 months apart were within the microalbuminuric range. 

Study protocol: 

Patients were instructed to collect their urine for a period of 30 consecutive days. This 

collection period was chosen because of the large sample size that is needed for 

identification of sampling distribution shapes (7). Overnight and daytime urine was 

collected separately. Daytime collections ended at the time patients went to sleep. 

Overnight collections consisted of urine voided during the night, and the first morning 

urine, collected by emptying the bladder immediately after rising. Patients received oral 

and written instructions when to start and end collection periods. Rising hours were 

constant, bedtime hours varied with a maximum of one hour for each patient. The 

subjects were asked to adhere to their normal daily activity pattern, and to avoid 

extraordinarily strenuous activity, or to report such activities otherwise. Physical complaints 
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were monitored weekly, specifically those suggesting the presence of urinary tract infection 

or febrile illness. One patient (no 1) skipped 3 days of collecting urine because of her 

menstrual period. Urine was collected in polyethylene containers and kept in a cool, dark 

place in the subjects' homes. Twice weekly, these containers were collected, and urine 

was analysed immediately afterwards. Urinary albumin concentration is stable in fresh 

urine stored at room temperature for at least 7 days (8). On day 1 and 30 of the study 

protocol, urinary tract infection was excluded by urinary sediment and culture. 

Volume, albumin and creatinine concentrations were measured in the urine samples, 

and the following parameters of UAE were determined: A: amount of albumin excreted 

in 24-hours (mg/24h), B: Albumin-to-creatinine ratio (ACR) of urine collected overnight 

(mg/mmol), 

C: daytime ACR, D: 24-hour urine ACR. Values for 24-hour collections were 

constructed mathematically from daytime and following overnight values. 

In a second experiment (experiment B), 10 other NIDDM patients with micro

albuminuria collected 10 consecutive overnight urine samples, which were analysed for 

albumin and creatinine concentration in order to calculate the ACR. The inclusion criteria 

and the criteria for diagnosing microalbuminuria were the same as previously described 

for the 4 patients in experiment A. 

Finally, 300 separate triplicate urine samples (200 24-hour samples, 100 overnight 

samples), all from microalbuminuric NIDDM patients, were studied. Variability was 

quantified for albumin excretion in mg/24h (100 samples), ACR in 24h-urine (100 samples) 

and overnight ACR (100 samples). 

Analytical methods: 

Urinary albumin was measured using an immuno-chemical method on a Behring 

Nephelometer (Behringwerke, Germany, inter-assay coefficient of variation: 6.9% at level 

of 13 mg/1,4.2% at 75 mg/1, and intra-assay-variation: <2.5 % at all levels). Urinary creatinine 

was measured with a modified Jaffé method. HbAlc was measured using an automated 

HPLC analyser (Diamat BioRad Laboratories, NY, USA, normal range 5.2% to 6.7%). 

Statistical methods: 

From the data of experiment A, group averages of the distribution shapes of each of 

the four UAE parameters were constructed using the "Vincentising" method, which is 

used for estimating group distribution shapes from several individual distributions. It is 

unaffected by differences in the location of the distribution and in the scale of the 
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abscissa between subjects (9). The total number of observations was divided in 7 quantiles 

for graphic representation of the Vincentised distribution functions. Each distribution 

of UAE parameters A to D for patients 1 to 4 was also constructed after loge-

transformation of the UAE data. The hypothesis that parameters of UAE generally 

show a log-Normal distribution was tested by pairwise comparison of the Kolmogorov-

Smirnov z-test statistic for Normality of non-transformed and log-transformed 

distributions (9). 

To quantify the degree of variability of each UAE parameter, two methods were used. 

The first method consisted of calculating the ratio "interquartile range (IQR) / median" 

(IQR = absolute distance between P25 and P75). Often, the Coefficient of Variation (CV 

= standard deviation / mean) is used for purposes like these. However, both components 

of this CV-ratio require evidence of a Normal distribution of the variable of interest. 

Since neither the literature nor our own distribution histograms provided such evidence, 

the IQR / median ratio was used as a non-parametrical, distribution-free equivalent of the 

CV Secondly, for each distribution, the chance of a single measurement being more than 

50% off the reference value was calculated ("P50%off ") The median of the 30 samples 

was taken as the reference value ("true value") of UAE. Differences in variability of the 

UAE parameters A-D were tested with Student's t-tests for paired observations. 

To examine the effects of collecting multiple urine samples, the series of 30 samples 

from experiment A was clustered into groups of 2, 3, 5, and 7 samples. First, this was 

done in consecutive order, and subsequently, combinations were made of 2, 3, 5, and 7 

samples with intervals of 1, 2, and 7 days (for 7 day interval: groups of 2 and 3 samples 

only). The median values of these sample groups were subsequently analysed with respect 

to their deviation from the reference value of the parameter at issue (median of the 30 

samples). Gain from non-consecutive sampling would not be expected if consecutive 

samples are stochastically independent. If periodicity exists, gain in precision of estimating 

the reference value of UAE would be expected if the data were collected with an interval 

of half the main period (10). The question of whether there was evidence of periodicity 

in the UAE signal over the period of 30 days was addressed by computing autocorrelations 

for lag-series -15 to +15 (10). A similar analysis of the effect of collecting multiple 

samples was performed using the data from experiment B, in which the median of 10 

instead of 30 samples served as the reference value. Finally, an analysis of variability of 

albumin excretion was made in 300 triplicate urine samples. Analogous to the IQR / 

median ratio discussed previously, variability of triplicate samples was expressed as the 

ratio: full range / median. 
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Statistical calculations were performed using the Statview 4.01 statistical software 

package (Abacus Concepts Inc., Berkeley, CA, USA). Kolmogorov-Smirnov tests were 

performed using SPSS (SPSS Inc., Chicago, II, USA). Distribution Vincentising was done 

using Ratcliff's method (11), using specifically designed software. 

RESULTS 

Sampling Distributions: 

Figure 1 displays the distributions of the UAE parameters A-D in the 4 study patients. 

Note the inter-individual differences in variability and in the degree of positive skewness 

of the distributions. The Vincentised distribution functions of UAE parameters A-D 

are displayed at the bottom row of figure 1. All distributions are unimodal and positively 

skewed. When Kolmogorov-Smirnov Normality tests for untransformed and loge-

transformed data are compared, only transformation of parameter A results in a 

significantly closer approximation of a Normal distribution of the data (p=0.02). A 

similar but non-significant trend is seen for parameters C and D (p=0.13 and p=0.07, 

respectively). Log-transformation of parameter B does not result in a more Normal 

distribution (p=0.47). Although log-transformation of parameters A, C, and D results in 

distributions that are closer to Normality, the Kolmogorov-Smirnov test for Normality 

indicates statistical significance (p<0.05) only for patients 1 and 4 for parameter A, patient 

2 for parameter C, and patient 4 for parameter D. Normality is thus often more closely 

approached by loge-transformation, but is only sporadically actually achieved. Log10-

transformation gives virtually the same results as loge-transformation (data not shown). 

Variability: 

The indexes of variability of the UAE parameters A-D are displayed for each patient 

in experiment A in table 2. Essentially, these results show that all UAE parameters are 

associated with considerable variability. Both methods show a trend for B (overnight 

ACR) being the most constant, and A (mg alb/24h) being the most variable UAE 

parameter. Keeping in mind that any statistical method testing for differences between 

such small groups should be interpreted with caution, the difference between parameters 

B and A, and D and A with respect to the P50%off was found to be statistically significant. 

Variability scores are highest for overnight, daytime, and 24-hour urinary albumin 

concentrations (0.52, 0.49, and 0.47, respectively for IQR/median-ratios, and 29%, 22% 
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Figure I : Sampling distributions of various parameters of urinary albumin excretion. 
The bottom row displays the Vincentised group distribution functions for parameters A-D. This statistical 
method serves to provide an estimate of the shape of a distribution of a parameter as it would look like for 
any individual in a representative population. This estimate is based on a group of observed individual 
distributions, (ref #9) As these functions serve to illustrate only the shape of distributions, no axis units are 
presented. 
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IQR/med; ian chance of being >50% off reference value 
A B C D A B C D 

patient 
1 0.49 0.38 0.40 0.38 19% 11% 19% 15% 
2 0.47 0.55 0.62 0.53 27% 17% 13% 13% 
3 0.49 0.16 0.22 0.22 11% 0% 11% 7% 
4 0.44 0.42 0.55 0.49 23% 14% 17% 15% 
mean: 0.47 0.38 0.45 0.41 20% 1096+ 15% 12%+ 

+: P<.05 versus parameter A 

Table 2: Variability of parameters of Urinary Albumin Excretion in experiment A. 
A: mg Albumin /24h; B: overnight Albumin-to-Creatinine Ratio (ACR in mg/mmol); Cdaytime ACR; D:24h 
urine ACR (IQR = Inter-Quartile Range) 

and 2 1 % for P50%off). In contrast to albumin excretion, creatinine excretion showed a 

Normal distribution in all 4 patients. The coefficient of variation of 24-hour creatinine 

excretion was 8%, 12%, 13%, and 13% for patients 1-4, respectively. 

Effects of obtaining multiple samples: 
Because parameter B (ACR in overnight urine) shows a tendency to be the least variable, 

and since in clinical practice it is a parameter that is more suitable for multiple sampling 

than is 24-hour urine, it was analysed in more detail regarding the effects of multiple 

sampling. The deviation from the reference value of the overnight ACR is shown as a 

function of sample size in figure 2. Separate functions are shown for consecutive and 

non-consecutive samples. The 2 day interval function runs parallel and close to the line 

of non-consecutive sampling with a 1-day interval, and is not displayed in the interest of 

graph quality. The small differences between the functions at sample size n=3 are not 

statistically significant. In essence, figure 2 illustrates [1] the gain in precision in estimating 

the reference value of the overnight ACR when the sample size is increased, and [2] the 

lack of gain in precision when these multiple samples are taken at certain intervals. In 

accordance with the latter, computation of auto-correlation in the overnight ACR data 

series does not provide evidence for the existence of periodicity (p>0.5). Regardless of 

whether samples are taken consecutively or with certain intervals, the maximum gain in 

precision of the estimate of the actual value of the overnight ACR is obtained with 

sample sizes of 3 and 5. Deviations from the reference value are 16.9% and 10.3% for 

the median of 3 and 5 consecutive samples, respectively. Essentially the same results are 

obtained from the data of experiment B (panel in fig 2). For this experiment, 10 other 

NIDDM subjects were approached, 4 males, 6 females, mean age 56.3 years, all 
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Figure 2: Diagnostic Accuracy of median ACR of triplicate overnight samples as a function of sample size. 
Main figure: Deviation of median of overnight ACR in groups of 1, 2 (median = mean), 3, 5, and 7 samples 
from the reference value of the overnight ACR (median of 30), displayed as a function of sample size; data 
from experiment A. Lines are drawn for consecutive multiple samples and for multiple samples with I day 
and I week intervals. Error bars indicate SEM. 

The panel shows the same data for experiment B. Axis units are as in the main figure. As these patients 
collected 10 instead of 30 samples, a mean deviation for a sample size of 7 was not calculated. 

normotensive, non-ACE inhibitor users, and under stable metabolic control. Mean 

deviations from the reference value are 18.9%, and 13.8% for the medians of sample 

si2es 3 and 5, respectively. Although the available data are less extensive than for experiment 

A, again no advantage is obtained from non-consecutive sampling in experiment B (data 

not shown). Thus, based on the combined data, the expected mean deviation of the 

median of 3 and 5 overnight samples from the actual level of the overnight albumin-

creatinine ratio is 17.9% and 12.1%, respectively. 
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Figure 3: Box plots of variability scores of 3 methods for quantifying albumin excretion. 

The variability score for triplicate samples is defined as the full range / median-ratio. The 3 box plots each 
represent these scores for different groups of 100 triplicate urine samples, all within the range of 
microalbuminuria. The 5 horizontal lines display the 10th, 25th, 50th, 75th and 90th percentile, values 
outside this range are plotted separately. P-values are obtained using the Mann-Whitney U-test. 
mg/24h=amount of albumin (mg) excreted in 24 hours, 24h-ACR=albumin-to-creatinine ratio in 24-hour 
urine, ON-ACR=albumin-to-creatinine ratio in overnight urine. 

300 triplicate urine samples: 

After having obtained the above results, we decided to change our sampling routine for 

assessing microalbuminuria in diabetic outpatients. Previously, we routinely collected 24-

hour urine samples on 3 consecutive days, measuring volume, albumin concentration and 

creatinine concentration. We now request patients to collect a sample of overnight urine 

on 3 consecutive mornings. Figure 3 shows the impact this change in sampling routine has 

had on the degree of variability by performing an unpaired comparison of 3 separate sets 

of 100 triplicate urine samples. These samples were obtained from 186 different NIDDM 

patients, who collected consecutive triplicate urine samples at 3-monthly visits to the 

outpatient clinic. Median variability of triplicate samples, expressed as full range / median 

ratio, was 0.43, 0.38, and 0.28 for mg alb/24h, 24h-ACR and overnight ACR, respectively. 

The difference between mg alb/24h and 24h-ACR is not statistically significant (p=0.18), 

but the overnight ACR is clearly less variable than the two other methods (p=0.02), 

confirming the results of experiment A. 

49 



Chapter 2 . . 

DISCUSSION 

This study shows that all commonly used parameters of UAE are associated with a 

considerable degree of variability, and that the overnight ACR tends to show the lowest 

average variability in four patients who collected 30 consecutive samples. The lower 

degree of variability of the overnight ACR is statistically significant in a substantially 

larger data set of triplicate urine samples. Furthermore, several UAE parameters (albumin 

excretion per 24 hour, daytime ACR and 24-hour ACR) have positively skewed sampling 

distributions, which tend to become more Normal after log-transformation. However, 

log-transformation of these parameters by no means guarantees a Normal distribution. 

Therefore, although log-transformation is preferable if parametrical statistical methods 

are to be used, non-parametrical statistics remain first choice for analysing UAE data. 

The data do not support log-transformation of overnight ACR values. 

The problem of high variability of UAE in diabetic patients has been recognised before 

(5,12-16). Unfortunately, the majority of previous studies have performed variability 

calculations on as little as 4 to 5 non-consecutive urine samples, collected over periods 

ranging from 1 to 18 months. One conclusion that already became clear from these studies, 

and that is supported by our results, is that a simple albumin concentration is a highly 

variable, inaccurate parameter of UAE. It is generally accepted that its use should be avoided 

(17-22). The lower variability of overnight albuminuria compared to daytime measurements 

has also been observed before, and most likely results from more stable physiological 

conditions during the night (12). As with any highly variable biological parameter, the only 

method for obtaining a reliable value is by performing multiple measurements. In this 

respect, the overnight ACR qualifies best as the UAE parameter of choice, not only because 

it tends to be the least variable, but also because it is more convenient for patients to collect 

multiple untimed overnight urine samples than 24-hour samples. The median of these 

multiple samples is more appropriate than the mean because of the non-symmetrical 

sampling distribution. The results indicate that the gain in precision is highest for sample 

sizes of 3 and 5, and is not augmented by non-consecutive sampling. 

An argument that has been raised in favour of using daytime or 24-hour urine samples 

as opposed to overnight samples has been that these would be more sensitive in detecting 

microalbuminuria. (22-24). It is true that many studies have identified the prognostic 

value of microalbuminuria of diabetic patients based on UAE values within specified 

limits in 24-hour urine samples. However, that does not necessarily mean that it would 

50 



Variability of albuminuria 

not be possible to define above-normal levels of UAE for overnight urine samples without 

loss of predictive power for future complications. Cut-off values for normoalbuminuria 

and microalbuminuria can be redefined on the basis of data on diurnal variation. Our 

data indicate that the overnight ACR is on average 19.8% lower than the 24-hour ACR. 

An ACR of between 3 and 30 mg/mmol defining microalbuminuria in 24-hour urine 

would thus translate into an ACR of 2,4 to 24 indicating microalbuminuria in overnight 

urine. Similarly, B (overnight ACR) relates to A (the amount of albumin excreted per 24 

hours) in the following manner: A = 13.4xB (R2=0.89, no statistically significant intercept 

in the regression model). Overnight ACR values of 2.2 to 22.6 thus predict 24-hour 

UAE values of 30 to 300 mg. Previous estimates of cut-off points for normal values of 

overnight ACR have been fairly consistent with ours, ranging from 2.0 (25) to 2.6 (13,17). 

The only objection that can be raised against calculations of normal overnight UAE 

values from data on diurnal variation is that, in some patients, diurnal variation itself or 

the response of UAE to postural changes or to a certain degree of physical activity 

during the day could possibly have prognostic significance of its own. Simply re-setting 

the criteria for elevated UAE for overnight urine samples would then result in loss of 

predictive power. There is, however, no evidence that this is indeed the case. 

An obvious limitation of this study is the small sample size of the group of subjects 

who collected the 30 samples, which may cast doubt on the representativity of the 

conclusions from this part of the study for the entire population of NIDDM patients. 

However, the main conclusions, specifically those concerning the verification of log-

normality and the effects of multiple sampling as presented in figure 2, were consistent 

for all 4 patients. Furthermore, the effects of multiple sampling in experiment B were 

very similar to those obtained for experiment A. Another limitation is that bedtime hours 

were not precisely timed. Would this have been the case, than UAE in ug/min could 

have been separately assessed for overnight and daytime urine samples. Some suggest 

that the overnight UAE in ^g/min is the most constant parameter of albuminuria. 

However, the few studies study that have actually looked into this could not confirm this 

(12,13). In daily practice, exact timing of multiple urine collections may be difficult. 

We conclude that first morning urine samples are preferable for adequate monitoring of 

albuminuria. Given the variability data and the effects of multiple sampling presented, and 

in view of practical considerations, collecting 3 overnight urine samples and determining 

the median albumin-to-creatinine ratio of these samples is the preferable option. 
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Chapter 3 

ABSTRACT 

Objective: To assess the degree of inter-individual variation in the rate of progression of 

microalbuminuria, and to identify determinants of progression of microalbuminuria 

in patients with NIDDM. 

Methods: In a prospective cohort study, 58 microalbuminuric N I D D M patients were followed 

for a period of at least 24 months. During this period, the level of microalbuminuria in 

these patients was assessed in triplicate 24-hour urine samples on at least 4 separate 

visits. All patients had stable metabolic control and controlled blood pressure during 

follow-up. Microalbuminuria was denned as an albumin to creatinine ratio in 24-hour 

urine of between 3 and 30 mg/mmol . The individual rates of progression of 

microalbuminuria were calculated by linear regression analysis. At baseline, the following 

data were collected for all patients: age, sex, ethnicity, time since diagnosis of NIDDM, 

smoking habits, drug use, blood pressure, body mass index, HbAlc, serum creatinine, 

cholesterol, triglyceride and HDLc concentrations. 

Results: Microalbuminuria was found to progress linearly in time. Considerable differences in 

rates of progression of microalbuminuria were found, the absolute yearly change in 

albumin to creatinine ratio ranging from -5.2 to +12.9 mg/mmol. In bivariate analyses, 

serum triglyceride concentration, use of angiotensin-converting-enzyme (ACE) 

inhibitors, mean arterial blood pressure, HDLc, and time since diagnosis of N I D D M 

correlated with progression of micro-albuminuria (p <0.05). In stepwise multiple 

regression analysis, a high triglyceride to HDLc ratio at baseline (p=0.006), and the use 

of ACE inhibitors (p=0.007) were identified as the only independent predictors of 

progression of microalbuminuria. 

Conclusions: The rate of progression of microalbuminuria in NIDDM differs considerably between 

subjects. Diabetic dyslipidaemia (high serum triglyceride and low HDLc) is a predictor 

of more rapid progression of microalbuminuria in patients with well-controlled blood 

pressure. 
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INTRODUCTION 

In NIDDM, microalbuminuria (MA) has been identified as a predictor of cardiovascular 

disease and mortality in several independent studies (1-5). In addition, although this has 

not been as firmly established as in IDDM, MA may predict the development of clinical 

nephropathy (2,6,7). It is generally acknowledged that MA is not a static condition. It 

develops in patients who at one time must have had normal albumin excretion rates, and 

in a number of patients it progresses further to macroalbuminuria. The natural course 

of MA in NIDDM and the identification of factors possibly influencing this course has 

received little attention in the literature. However, some studies have shown that 

considerable inter-individual variability in the rate of progression of MA exists in NIDDM 

patients (8-10). The cause of this variability is largely unexplained. The present study of 

MA in NIDDM subjects was designed to provide more insight into the characteristics 

and the degree of variability of progression of MA. Furthermore, we examined which 

factors are related to the rate of progression of MA. It is generally accepted that 

uncontrolled hypertension is a risk factor for (accelerated) development and progression 

of MA, both in diabetic and in non-diabetic patients. The acknowledgement of the 

importance of blood pressure control, especially in diabetic patients with MA, has led 

clinicians to a more aggressive treatment of hypertension. This being so, we felt that a 

study population including patients with untreated hypertension would not be 

representative for NIDDM patients receiving up to date treatment. We therefore were 

;pecifically interested in determinants of progression of MA in a population of NIDDM 

patients with well-controlled blood pressure. 

METHODS 

All subjects considered for inclusion in this study were NIDDM patients visiting the 

outpatient clinic of our hospital. Patients were screened for inclusion starting January 

1989. Data collection ended in August 1996. Patients were considered as having NIDDM 

if they had no history of keto-acidosis, were treated by diet alone, or in combination 

with oral hypoglycaemic agents, or if they had an onset of diabetes above the age of 40 

years with a high body mass index. In other cases and in patients beginning insulin 

treatment at the time of diagnosis of diabetes, a glucagon test was performed and NIDDM 
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was diagnosed if stimulated C-peptide was >0.60 pmol/ml. 

NIDDM subjects were requested to adhere to an intensive urine collection schedule 

for the purpose of assessing the presence and the rate of progression of MA. This 

schedule implied that, with an interval of 6-12 months, patients collected 24-hour urine 

samples on 3 consecutive days. MA was diagnosed when an albumin to creatinine ratio 

(ACR) of between 3 and 30 mg/mmol was found in at least 2 out of 3 of these samples 

on two separate visits at least 3 months apart. The ACR was chosen as parameter of 

albuminuria instead of the albumin excretion rate in mg/24-hour to correct for possible 

sampling errors. Both patients known to have MA before this study was started, and 

patients who developed MA during the screening period were considered for inclusion. 

Patients were not included if one of the following conditions was present: hypertension 

(systolic blood pressure >160 mmHg and/or diastolic blood pressure >95 mmHg, with 

or without antihypertensive treatment), evidence of renal insufficiency (serum creatinine 

>130 |0mol/l), clinically apparent congestive heart failure, or other major illness (e.g. 

cancer, severe pulmonary disease). Final inclusion of patients in the study analysis was 

dependent on the duration of follow-up, and on the number of triplicate 24-hour urine 

samples collected during this period. Progression of MA in an individual patient was 

calculated only after a follow-up period of at least 24 months, during which a minimum 

of 4 triplicate 24-hour urine samples was available. As the focus of this study was the 

rate of progression within the MA range, the follow-up period ended when two 

consecutive triplicate urine samples were in the macroalbuminuric range (ACR>30 mg/ 

mmol in >2 of 3 24-hour urine samples). Also, follow-up was terminated if patients 

either started or stopped taking drugs that are known to potentially influence urinary 

albumin excretion. These drugs included all types of ACE inhibitors, other anti

hypertensives, and lipid modifying agents (usually 3-hydroxy-3-methylglutaryl-coenzyme-

A (HMG-CoA) reductase inhibitors or fibrates). Patients who already used these drugs 

prior to the follow-up period for previously diagnosed hypertension or dyslipidaemia 

were not excluded. In our clinic, ACE inhibitors are first choice drugs for hypertension 

in microalbuminuric NIDDM patients. We have not (yet) adopted the policy of starting 

treatment with ACE inhibitors in normotensive patients with MA. For other patients, 

follow-up was terminated at August 1,1996, when data analysis for this study was started. 

This date was chosen after it had been asserted that at least 50 patients had sufficient 

follow-up for inclusion. 

At 3-monthly visits to the clinic, pertinent parts of clinical and laboratory follow-up in 
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all patients consisted of measuring weight (calculating body mass index, BMI, as kg/m2), 

blood pressure in sitting position after 10 minutes of rest with a standard clinical 

sphygmomanometer, serum creatinine, glycated hemoglobin (HbAlc), and serum total 

cholesterol, triglyceride, and HDLc. 

Analytical methods: 

Urinary albumin was measured using an immuno-chemical method on a Behring 

Nephelometer (Behringwerke, Germany, inter-assay coefficient of variation: 6.9% at level 

of 13 mg/1,4.2% at 75 mg/1, and intra-assay-variatdon: <2.5% at all levels). Urinary creatinine 

was measured with a modified Jaffé method. Total cholesterol, triglyceride, and HDLc 

levels were measured using enzymatic methods. HbAlc was measured using an automated 

HPLC analyser (Diamat BioRed Laboratories, NY, USA, normal range 5.2% to 6.7%). 

Statistical methods: 

Progression of MA during follow-up was calculated for each patient by linear regression 

analysis. As both positive and negative outliers of albuminuria were observed in a large 

proportion of all triplicate urine samples studied, linear regression analysis was performed 

using the median ACR value of each triplicate sample. Progression of MA was 

subsequently calculated from the slope of the regression line. In case of a patient 

developing macroalbuminuria (as defined above) during follow-up, the median ACR 

value of the first triplicate urine sample within the macroalbuminuria range was the last 

value used for calculation of progression of MA. The intercept of the regression line 

was taken as the baseline level of MA. To determine whether MA showed a linear or an 

exponential increase in time, two different methods were used. First, we determined 

whether the absolute increase of MA, calculated from the regression analyses, was 

correlated with the individual baseline MA levels. Secondly, all individual regression 

analyses were repeated using log-transformed MA data. If progression of MA would 

generally occur in an exponential fashion, then log-transformation would on average 

result in a better fit of the regression lines. This was assessed by comparing the R2 values 

of the non-transformed data with those of the log-transformed data. 

The following baseline variables were tested for their possible role in predicting 

progression of MA: age, sex, ethnicity (Caucasian vs non-Caucasian), time since diagnosis 

of NIDDM, current smoking habits (smokers vs non- or former smokers), use of insulin, 

use of ACE inhibitors or other antihypertensives, BMI, mean arterial blood pressure 
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(MABP: diastolic pressure + 1/3 of pulse pressure*), HbAlc*, serum creatinine*, total 

cholesterol*, triglyceride*, and HDLc* (*: mean of 2 measurements taken within a period 

of 3 months at the start of the follow-up period). Bivariate correlations of these variables 

with progression of MA were tested by using Kendall's rank correlation for continuous 

variables (with coefficient tau=X) and the Mann-Whitney-U-test for nominal variables (11). 

The independent explanatory value of the above variables was tested in multiple 

regression analysis using the stepwise forward method, with progression of MA as the 

dependent variable (11). Since the number of possible explanatory variables was large 

relative to the number of subjects included in the study, the criterion for entering a 

variable into the multivariate model was set at a p-value for bivariate correlation of 

<0.20. The presence of interaction effects was examined for age and sex, and for the 

parameters of dyslipidaemia: total cholesterol, triglyceride and HDLc. 

Two-sided p-values are reported, with 0.05 taken as the level of statistical significance. 

RESULTS 

A small (<10%) subset of approached patients were unable or unwilling to collect 

triplicate 24-hour urine samples at requested intervals. Sixty-nine patients with MA could 

be followed for a period of at least 24 months. Five patients were started on ACE inhibitors 

and 2 patients started using lipid modifying agents before they could be followed for 24 

months, and 4 patients could not enter the study because of hypertension (>160/95 

mmHg) despite treatment, leaving 58 patients that were included in this study. During 

the screening period, we have seen 3 patients initially meeting other inclusion criteria 

progressing from normoalbuminuria to macroalbuminuria within a period shorter than 

24 months. In accordance with the study protocol, these patients could not be included. 

The characteristics of patients included are outlined in table 1. The relatively large 

proportion of non-Caucasians in the study group reflects the population constitution in 

the area. This group consists predominantly of first and second generation immigrants 

from northern Africa, and Hindustani and Creole people from the former Dutch colony 

of Surinam. Reasons for terminating follow-up were the development of macro

albuminuria in 8 patients, change of medication possibly influencing the natural course 

of MA in 4 patients, and loss to follow-up in 2 patients. The remaining 44 patients were 

still within the MA range when the study was closed. 
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age (years) 
sex (men/women, n) 
ethnicity (Caucasian / non-Caucasian, n) 
time since diagnosis of NIDDM (years) 
BMI (kg/m2) 
MABP (mmHg) 
current smoking (n) 
insulin treatment (n) 
use of ACE inhibitor (n) 
use of other anti-hypertensives (n) 

follow-up period (months) 
number of triplicate samples per patient (n) 
ACR at baseline (mg/mmol) 

HbAlc(%) 
serum creatinine ((imol/l) 
total cholesterol (mmol/l) 
triglyceride (mmol/l) 
HDL cholesterol (mmol/l) 

61.8 
33/25 
23/35 
7.5 
29.0 
99.3 
16 
34 
26 
7 

34.1 
4.0 

8.9 
91.5 
6.3 
2.6 
I.I 

(11.2) 
(57/43%) 
(40/60%) 
(1-28) 
(4.3) 
(8.1) 
(28%) 
(59%) 
(45%) 
(12%) 

(10.2) 
(4-13) 
(3.3-26.6; 

(1.9) 
(20.5) 
( I . I ) 
(0.8- I I.I) 
(0.3) 

Table I : Clinical and baseline laboratory data of 58 study patients. 
Continuous data are indicated as mean (SD) or, in case of data with skewed distributions, as median (range). 
Nominal data are presented as number of patients. BMI = body mass index, MABP= mean arterial blood 
pressure, ACR=Albumin to Creatinine Ratio. 

Figure 1 demonstrates the absence of a correlation between absolute progression 

and baseline values of MA, suggesting that MA increases linearly in time. This is 

confirmed when R-squared values for all 58 regression analyses assessing progression 

progression MA (mg/mmol/year) 
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Figure I : Absolute progression of MA in 58 NIDDM patients, expressed as yearly increase in 
albumin-to-creatinine ratio, versus baseline MA values. 
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Figure 2: Frequency distribution of rates of progression of microalbuminuria, expressed as yearly change in 
albumin to creatinine ratio (AACR), in 58 subjects with NIDDM. 

using log-transformed data are compared to those using non-transformed data: mean 

R2=0.48 (SD 0.33) for non-transformed data, and 0.46 (SD 0.34) for log-transformed 

data (p=0.45 by paired t-test). The linear increase of MA in time implies that it is more 

appropriate to express progression of MA in terms of absolute progression rather than 

as a percentage of the baseline level of MA. 

Figure 2 displays the frequency distribution of absolute progression of MA, expressed 

as yearly change (A) in ACR. Considerable variability in progression rates existed, with 

AACR ranging from -5.2 to +12.9 mg/mmol/year. Thirty-six percent (21/58) showed 

stable MA or regression (AACR <0 mg/mmol/year) during the study period. Thirteen 

of these patients used an ACE inhibitor. Median AACR in the 32 patients not using an 

ACE inhibitor was 2.5 mg/mmol/year, ranging from -1.4 to +12.9. Twenty-eight percent 

(16/58) of patients showed slow to moderate progression (<0 AACR <2 mg/mmol/ 

year), and 36% (21/58) shows more rapid progression (AACR>2 mg/mmol/year). 

Table 2 shows the results of bivariate correlation tests examining possible explanatory 

variables of progression of MA. Serum triglyceride concentration, use of ACE inhibitors, 

MABP, HDLc, time since diagnosis of NIDDM, ethnicity, and sex (in order of decreasing 

statistical significance) showed a p-value for bivariate correlation with AACR of 0.20 or 

less, and were included in the multiple regression model as possible predictors of 

progression of MA. Potential risk factors showing an uneven distribution between the 

group of ACE inhibitor users versus non-ACE inhibitor users were MABP (mean 106 
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Continuous: T P-value 
age -0.09 0.31 
time since diagnosis of NIDDM * -0.20 0.03 
BMI -0.02 0.80 
MABP* -0.29 0.002 
HbAlc 0.01 0.89 
serum creatinine 0.02 0.85 
cholesterol 0.1 1 0.23 
triglyceride * 0.29 0.002 
HDL cholesterol* -0.21 0.02 
baseline ACR -0.12 0.24 

Nominal mean difference in AACR P-value 
sex (male vs female) * 1.77 0.20 
ethnicity (non-Cauc.vs Cauc.) * 1.23 0.09 
smoking (yes vs no) 1.14 0.60 
insulin treatment (yes vs no) -0.16 0.82 
use of ACE inh (yes vs no) * -3.1 1 0.002 
use of other antihypertensives (yes vs no)t -0.50 0.90 

Table 2: Bivariate analyses of possible determinants of progression of MA. 
T = Kendall rank correlation coefficient tau. Variables indicated with * were included in multivariate analysis, 
t patients using ACE inhibitors were excluded from this analysis. 

mmHg in ACE inhibitor users vs 97 mmHg in non-ACE inhibitor users), and serum 

triglycerides (2.8 vs 3.7 mmol/1). All other factors were similar for both groups. 

In multiple regression analysis without consideration of interaction effects, only use 

of an ACE inhibitor (p=0.01) and triglyceride concentration (p=0.02) correlated 

significandy with AACR (data not shown in detail). On examination of possible interaction 

terms, all results were negative, except for a significant interaction effect between 

triglyceride and the inverse of HDLc. The interaction term "triglyceride/HDLc-ratio" 

coefficient 95% CI P-value 

Included: 
triglyceride/HDLc ratio 
use of ACE inhibitor (yes) 

Dropped out: 
sex (male) 
MABP (mmHg) 
ethnicity (non-Caucasian) 
time since diagnosis of NIDDM (years) 

R2 = 0.31 

0.40 0.1 - 0,7 0.006 
-2.35 -1.0 - -3.8 0.007 

0.99 -0.7 - 2.7 0.25 
-0.05 -0.1 - 0.04 0.31 
0.83 -0.8 - 2.5 0.33 

-0,6 -2.1 - 0.9 0.44 

Table 3: Results of stepwise multiple regression analysis: determinants of progression of microalbuminuria. 
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Figure 3: Progression of MA, expressed as yearly change in albumin to creatinine 
ratio (AACR), versus the use of ACE inhibitors in 58 NIDDM patients. 

was identified as a powerful independent predictor of progression of AACR in multiple 

regression analysis. Table 3 shows the results of multivariate analysis with AACR as the 

dependent variable. Use of an ACE inhibitor and the triglyceride/HDLc-ratio were the 

only factors significantly predicting the progression rate of MA. These effects were 

unrelated to individual differences in the duration of follow-up. The bivariate correlation 

between MABP and progression of MA was not observed in the multivariate analysis 

after correction for the use of ACE inhibitors. Figures 3 and 4 show bivariate plots of 

use of an ACE inhibitor and triglyceride/HDLc-ratio versus AACR. The scatter plot in 

figure 4 suggests a curvi-linear correlation between the triglyceride/HDLc-ratio and 

AACR. When various cut-off values of the triglyceride/HDLc-ratio were tested against 

each other in multiple regression models, the value of 3.0 proved to be the most powerful 

(regression coefficient: 2.3, p=0.008, illustrated as vertical line in figure 4). When baseline 

ACR, smoking, total cholesterol, and HbAlc were separately forced into the multivariate 

model, the results of the bivariate correlation tests were confirmed, indicating no predictive 

value of these variables for progression of MA. Replacing baseline values of serum 

triglyceride levels and HDLc levels by mean values of these variables during follow-up 

resulted in weaker correlations with progression of MA. Mean values of systolic blood 

pressure, diastolic blood pressure, MABP, serum creatinine, cholesterol, and HbAlc during 

follow-up showed equally non-significant correlations with progression of MA, similar 
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Figure 4: Progression of MA, expressed as yearly change in albumin to creatinine ratio (MCR), versus the 
triglyceride-HDLc ratio at the start of the follow-up period. 
The cut-off value of 3.0 for the ACR is indicated by vertical line. 

as those seen for baseline values of these variables (data not shown). 

Separate analysis of those patients developing macroalbuminuria versus those who 

remained microalbuminuric showed that these 2 groups were different with respect to 

the triglyceride/HDLc-ratio (mean 6.2 in those developing macroalbuminuria versus 2.9 

in those remaining MA, p=0.01), and with respect to the time since diagnosis of NIDDM 

(9.5 versus 4.6 years, p=0.05). Twenty-five percent (2/8) of patients developing macro

albuminuria were using an ACE inhibitor, versus 48% (24/50) of patients remaining 

within the MA range (p=0.26 by Fischer's Exact test). Other parameters were similar in 

the 2 groups. 

The Albumin Excretion Rate (AER) proved to be a more variable parameter of 

24-hour albuminuria than the ACR. The average coefficient of variation for the triplicate 

samples was 22% for ACR and 28% for AER. When the data are analysed using the 

AER instead of the ACR, essentially the same results are obtained, albeit with a lower 

level of statistical significance (p=0.03 for the triglyceride/HDLc ratio and p=0.01 for 

ACE inhibitors in the final multivariate model) 
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DISCUSSION 

Although MA is a well established risk indicator for complications in IDDM and 

NIDDM, relatively lkde attention has been paid to the progression characteristics of 

MA. Our first observation was that in NIDDM patients who are either normotensive or 

have well-regulated blood pressure, MA progresses linearly in time. The few studies that 

previously addressed the issue of progression all expressed yearly increments of MA as 

a percentage of baseline MA values. By doing so, one assumes that progression usually 

occurs in an exponential fashion. To our knowledge, evidence that this is indeed the case 

is lacking. Our results indicate that it is more appropriate to express yearly progression 

of albuminuria, at least within the MA range, in absolute terms, rather than as a yearly 

percentage. 

The present study identifies two factors predicting the rate of progression of MA in 

NIDDM: dyshpidaemia and the use of ACE inhibitors. Other factors, like smoking, 

glycaemic control, serum creatinine, and cholesterol levels did not predict progression 

of MA. Blood pressure, within the limited range allowed for by the study inclusion 

criteria, was also unrelated to progression after correction for the use of ACE inhibitors. 

As blood pressure was even slighdy higher in the group of ACE inhibitor users, it is 

unlikely that the lower rate of progression of MA in this group is due to a blood pressure 

related effect. 

The stabilising effects of ACE inhibition on MA in NIDDM patients, independent of 

an antihypertensive effect, have been demonstrated before in larger, prospective, studies 

(10,12,13). It must be emphasised, however, that beneficial effects of ACE inhibitors on 

MA-related end-points in NIDDM, like cardiovascular events, mortality, and end-stage 

renal disease, have not been firmly established (14). In IDDM, it is currently becoming 

evident that ACE inhibition in patients with MA can postpone progression to overt 

proteinuria, but evidence of a long term stabilising effect on glomerular filtration rate is 

still not convincing (15,16). Further studies on the long term effects of ACE inhibition 

are needed in both IDDM and NIDDM patients. Meanwhile, however, it seems reasonable 

to assume that the stabilising effects of ACE inhibitors on MA in NIDDM probably 

reflect a favourable pathophysiological response to these drugs. 

Dyslipidaemia has in several cross-sectional studies been shown to correlate with the 

presence of MA in NIDDM (17-20). Only a few studies, however, have addressed the 

temporal relation between the two. Some have suggested that dyslipidaemia precedes 
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the development of MA, whereas others found MA to come first, suggesting that 

albuminuria somehow plays a role in the etiology of dyslipidaemia (21). An alternative to 

singular, unidirectional causality between MA and dyslipidaemia is that both result from 

a common pathophysiological process, like generalised endothelial dysfunction with 

disturbed lipoprotein lipase activity. The occurrence of MA is related to endothelial 

dysfunction in both IDDM and NIDDM (22,23). Recently, it has been proposed to regard 

MA as an independent manifestation of the cardiometabolic Syndrome-X, in which it 

would play a role in the complex of causal relations between insulin resistance (with associated 

hyperinsulinaemia and hyperglycaemia), hypertension, and dyslipidaemia (6,24). 

Although dyslipidaemia is widely accepted to be associated with the occurrence of 

MA, its role in predicting the rate at which MA progresses in NIDDM patients has not 

been appreciated before. We found one study report with data suggesting the existence 

of a correlation between hyperlipidaemia and progression of MA, but the authors did 

not specifically comment on this result (25). High triglyceride levels hâve been shown to 

be a risk factor for more rapid progression of nephropathy in NIDDM patients with 

overt proteinuria (>0.5 gram/24 hour) (26). The present study shows that the correlation 

of MA with dyslipidaemia in NIDDM does not only concern the presence of MA, as 

has been found in cross-sectional studies, but also its rate of progression. It is the 

combination of the two hallmarks of NIDDM associated dyslipidaemia; high triglyceride 

and low HDLc levels, which correlates most strongly with progression of MA. The 

pathophysiological significance of this specific combination is not a novelty; high 

triglycerides and low HDLc together determine the cardiovascular risk profile more 

strongly than either one alone (27). Furthermore, this specific combination correlates 

with the severity of insulin resistance (27,28), which in turn appears to be associated to 

the presence of MA (29). The significance of this 'lipid ratio' in terms of cardiovascular 

risk may lie in the effects of triglycerides on LDL particle size. High triglyceride levels 

result in more atherogenic small-dense LDL particles, requiring more "protective" HDL 

particles (30), which could explain why the ratio between triglyceride and HDLc levels 

has clinical relevance. The predicting role of MA for cardiovascular disease, the increased 

cardiovascular risk associated with high triglycerides-low HDL, and the correlation found 

between this type of dyslipidaemia and progression of MA suggests that our findings 

more strongly reflect cardiovascular disease than renal disease. 

Apart from dyslipidaemia, other factors have previously been reported to correlate 

with the presence of MA in NIDDM including age, sex, duration of disease, obesity, 
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smoking, use of insulin, blood pressure, and metabolic control (6). Only a few studies 

have previously addressed the question of which factors may determine the rate of 

progression of albuminuria in NIDDM. Some of these have identified metabolic control 

(31), and duration of NIDDM (32) as being associated with more rapid rates of 

progression of MA, or with transition from normoalbuminuria to MA, or from MA to 

overt proteinuria. Other studies are more in line with our findings, reporting that 

progression of albuminuria is unrelated to blood pressure, metabolic control, duration 

of NIDDM, kidney function, and BMI (8,20,25,31-33). The multivariate R2 observed 

indicates that 31% of the total variability in progression of MA was explained by the 

model, leaving 69% open for additional factors. It is possible that we have identified only 

the two strongest correlating variables, and that a similar study including a considerably 

larger number of subjects would identify some of the variables found by us not to be 

significant, as explaining some of this 69% residual variability. However, we think it is 

likely that other, unidentified factors, genetic and/or metabolic in nature, are also involved. 

This study has several limitations. Patient selection in the current study design was 

based on referral to an Internal Medicine outpatient clinic, a good record of subsequent 

outpatient attendance, and a sufficiently long follow-up period with albuminuria within 

the MA range. Because of the selection bias that may have been introduced by this, we 

feel that caution is required in extrapolating results regarding the distribution and mean 

value of the rate of progression of MA to NIDDM patients in general. Conclusions 

from our data are valid only insofar as they pertain to the degree of variability in 

progression of MA and to the identification of determinants that explain this variability. 

Also, from a methodological point of view, a study with an inception cohort, starting 

each patient's follow-up while albumin excretion is still within the normoalbuminuria 

range or has just entered the MA range, would be preferable in order to avoid different 

durations of follow-up and the possible confounding effects of differences in baseline 

levels of MA. In this study, correction for these potential confounders did not affect the 

main conclusions. Finally, it is important to stress that the prognostic significance of 

progression of MA in NIDDM is unknown. In IDDM, the rate of progression of MA 

has been identified as a more specific risk indicator than the mere presence of MA (34). 

Although it is conceivable that the same is true for NIDDM, no solid data in support of 

this are available. Nevertheless, it seems likely that, at the least, the rate of progression of 

MA in NIDDM is relevant with respect to the risk of developing clinical nephropathy, if 

not macroangiopathy. Whether progression of MA in NIDDM patients is an independent 
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risk indicator for future macrovascular events cannot be determined on the basis of the 

current study results. Only sporadic cases of cardiovascular events during follow-up 

were seen. Following the subjects for an additional period of 5 to 10 years may provide 

an answer to this question. 

An advantage of this study compared to other studies addressing the subject of 

progression of MA is that we have employed a more intensive method of assessing the 

level of MA at each point in time. This has resulted in a substantial amount of data (at 

least four times three equals twelve 24-hour urine samples) for each patient. Since 

considerable short term variability in the degree of MA exists (35,36), we think that 

studies that determine progression of MA from only 2 or 3, often untimed urine collections 

should be interpreted with caution. To our knowledge, this is the largest, if not the only, 

study addressing the issue of progression of MA using such extensive data. Furthermore, 

we believe it to be an advantage that we studied an NIDDM population with well-

controlled blood pressure, as little useful information would have been gained by 

investigating a group of NIDDM subjects with poorly controlled hypertension. 

In conclusion, this study shows that NIDDM patients with MA and controlled blood 

pressure by no means are a uniform group. Some patients have relatively stable MA, and 

some show rapid progression towards overt proteinuria. Dyslipidaemia and the use of 

ACE inhibitors partly explain these differences. Intervention studies on the effect of 

treatment of dyslipidaemia on progression of MA are needed, as are studies on the 

specific prognostic significance of differences in progression of MA in NIDDM. 
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ABSTRACT 

Objective: The purpose of this study was to investigate whether reduction of hypertriglyceridaemia 

is associated with a slower rate of progression of microalbuminuria in patients with 

NIDDM. 

Methods: Fifteen normotensive NIDDM patients with hypertriglyceridaemia (>2.5 mmol/1) and 

microalbuminuria were randomly selected to receive either placebo (8 patients) or 

gemfibrozil 600 mg b.i.d. (7 patients). Progression of microalbuminuria was assessed 

during a 12-month follow-up period with measurements, consisting of blood tests and 

triplicate 24-hour urine collections, at 1, 3, 6, 9, and 12 months. 

Results: All but one patient in the treatment group showed a favorable response (>20% reduction) 

of hypertriglyceridaemia to gemfibrozil. One patient in the placebo group showed a 

spontaneous reduction in triglyceride levels. Progression of microalbuminuria was lower, 

although not statistically significant, in the treatment group (36%) than in the placebo 

group (65%). In the group with >20% reduction of triglyceride levels, progression of 

microalbuminuria was significantly lower than in the group with stable or increasing 

triglyceride levels (+1%, range -56% to +49% versus +97%, range -35% to +202%, 

respectively) (p=0.03). Continued follow-up data of patients switching from placebo to 

gemfibrozil after the trial further supported the role of serum triglyceride reduction in 

stabilising albumin excretion. 

Conclusion: The results indicate that in microalbuminuric NIDDM patients, effective treatment of 

dyslipidaemia could be associated with stabilisation of urinary albumin excretion. 
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INTRODUCTION 

Microalbuminuria (MA) was originally identified as a risk indicator for the development 

of diabetic nephropathy in insulin dependent diabetes mellitus. In non-insulin-dependent 

diabetes mellitus (NIDDM), MA also predicts nephropathy, but is an even more powerful 

predictor of cardiovascular disease and early mortality (1,2). 

Hypertriglyceridaemia (hyperTG) is a risk factor for vascular complications in patients 

with NIDDM (3). Several studies have suggested a link between dyslipidaemia and the 

presence of diabetic (4-10) and non-diabetic (11) MA. It is, however, unclear whether 

this relation is co-incidental or causative. There is evidence to suggest that two-directional 

causality between MA and dyslipidaemia exists. On the one hand, MA may result in 

hyperlipidaemia by mechanisms similar to those observed in the nephrotic syndrome. 

On the other hand, hyperlipidaemia may cause glomerular damage with concomitant 

MA. Recently, we observed a direct relationship between dyslipidaemia (hyperTG and 

low HDL cholesterol) and the rate of progression of MA in patients with NIDDM (12). 

The potential beneficial effects of correction of lipid abnormalities on kidney function 

in diabetes mellitus has been addressed in only a few studies, the conclusions of which 

have been conflicting (13-15). The present study was designed to evaluate whether 

improvement of dyslipidaemia in NIDDM patients with marked hyperTG is associated 

with a slower rate of progression of MA. 

METHODS 

Fifteen normotensive (< 160/95 mmHg) patients with a >1 year history of NIDDM, 

and with documented MA (albumin to creatinine ratio (ACR) 3-30 mg/mmol in at least 

two out of three 24 hour urine collections), and hyperTG (>2.5 mmol/1), were randomly 

selected to receive either gemfibrozil 600mg b.i.d. (seven patients) or identical placebo 

tablets (eight patients). All patients had a normal serum creatinine level (<110 umol/1) 

and stable metabolic control. At baseline and during a 12-month follow-up period, the 

following parameters were quantified at 1, 3, 6, 9, and 12 months: blood pressure in 

sitting position after 10 minutes of rest with a standard clinical sphygmomanometer, 

blood glucose, HbAlc, serum total cholesterol, HDLc, triglyceride (TG), and MA. All 

blood samples were consistently taken on mornings after a standard light breakfast (one 

sandwich and sugar-free tea or coffee). Patients were on a standard recommended diet 
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for NIDDM patients before and during the study. At each time point, MA was measured 

in triplicate 24-hour urine samples. Urine containers were stored at the patients' home at 

room temperature for a maximum of 3 days. Urinary albumin is stable in fresh urine 

stored under these conditions for at least 7 days (16). Urinary albumin was measured 

using an immuno-chemical method on a Nephelometer (Behringwerke, Germany, inter-

assay coefficient of variation: 6.9% at level of 13 mg/1,4.2% at 75 mg/1, and intra-assay-

variation: <2.5 % at all levels). Urinary creatinine was measured with a modified Jaffé 

method. Total cholesterol was measured using a fully enzymatic (CHOD-PAP) kinetic 

method (17). HDL cholesterol was measured with the same method after precipitation 

of very low density and low density lipoprotein with phosphotungstic acid and magnesium 

ions (18). TG was assayed using an enzymatic method (19). HbAlc was measured using 

an automated HPLC analyser (Diamat BioRed Laboratories, NY, USA). 

Statistical methods: 
Groups were compared using unpaired Student's t-tests, and the Mann-Whitney U-test 

for non-Gaussian distributed variables. Bivariate correlations were assessed by calculating 

Pearson's correlation coefficients. For the assessment of progression of MA, linear regression 

analysis was performed through the median values of the triplicate 24 hour ACR results. 

Multiple linear regression analysis was performed to correct observed group differences 

for potential confounders. The validity of all regression analyses was assessed by constructing 

residual plots. All P-values are two-sided. 

RESULTS 

Clinical and laboratory patient characteristics at baseline and follow-up are listed in 

table 1. At baseline, patients in the placebo group were on average younger, and showed 

a trend towards a higher ACR than the treatment group. Age and baseline ACR are 

therefore regarded as potential confounders in the analyses that follow. 

During follow-up, treatment patients on average showed a significant improvement 

of dyslipidaemia with respect to the TG and HDLc levels compared to placebo patients. 

One patient in the treatment group (pt #14, table 1) had not responded to treatment 

with gemfibrozil with a reduction in TG levels, despite proper compliance to the study 

medication, as assessed by returned tablet counts. In addition, one patient in the placebo 

group (#8) showed a fall of 35% in TG levels during the study period, presumably due 
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to improved dietary compliance. A trend was seen for lower cholesterol and slight 

improvement of glycaemic control in the treatment group. Body mass index was identical 

in both groups at 28.9. None of the patients showed appreciable changes in body weight 

during the study period. Blood pressure and serum creatinine remained stable during 

follow-up in all patients. The rates of progression of MA in the placebo and the treatment 

group are displayed in figure 1. Mean progression of MA in the placebo group was 65% 

AACR(%) 
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Figure I : Individual rates of progression of MA in the treatment group 
versus the placebo group. 
t = non-responder in treatment group (no reduction of serum TG). 
$ = patient in placebo group showing a fall in TG levels during follow-up. 
ACR=albumin/creatinine ratio (mg/mmol) 

versus 36% in the treatment group. This difference in progression of 29% is, however, 

not statistically significant (p>0.1). The rate of progression of MA of the single non-

responder to gemfibrozil was the highest of the treatment group (+196%, see figure 1). 

The lowest rate of progression of MA in the placebo group (-56%) was seen in the 

patient with a "spontaneous" reduction in TG levels (indicated in figure 1). Comparing 

patients showing a >20% fall in TG levels to patients showing stable or progressive 

hyperTG, progression of MA is + 1 % (range -56% to +49%) in the first group versus 

+97% (range -35% to +202%) in the second group (p=0.03 by unpaired t-test). After 

adjustment for age and baseline ACR in multiple regression analysis, statistical significance 

of this finding is maintained (p=0.01). Figure 2 displays the course of microalbuminuria 

in these two groups. 

Changes in serum cholesterol during follow-up paralleled those in serum TG levels in 

10 of 15 patients, but were generally smaller (table 1). Also, glycaemic control tended to 
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Figure 2: Course of microalbuminuria during 
12-month follow-up period in patients with 
(TGred, n=7) and without (TGnon-red, 
n=8) a reduction in serum triglyceride 
levels. 
ACR=albumin/creatinine ratio (mg/mmol) 

improve slightly in the gemfibrozil group. In multiple regression analysis the change in 

cholesterol during follow-up was an only slightly less significant determinant of 

progression of MA than the change in TG levels (p=0.08 and p=0.07, respectively), and 

changes in HbAlc levels during follow-up did not correlate with progression of MA. 

Two patients (#10, #11) in the placebo group and 3 patients (#3, #14, #15) in the 

# M/F age MAP creatinine HbAlc A HbAlc TG ATG Chol. A chol 
(years) (mmHg) (jimol/l) (%) (%) (mmol/1) (%) (mmol/1) (%) 

placebo: 
2 M 41 89 74 8.4 -4% 3.2 + 166% 6.0 + 11% 
5 M 61 85 109 8.5 + 19% 7.9 +53% 5.8 -3% 
6 F 46 101 59 8.5 +33% 13.9 + 0 % 5.3 + 13% 
7 M 49 115 80 8.1 -5% 7.5 + 11% 6.3 -10% 
8 M 50 90 92 8.4 +7% 6.7 -35% 6.3 -14% 
10 F 38 102 69 10.8 -3% 7.5 -3% 6.5 -2% 
II F 65 109 78 9.7 +5% 4.0 -1 1 % 8.3 + 10% 
13 M 45 105 75 7.9 + 24% 6.2 +83% 8.1 + 16% 

mean 49 99 79.5 8.8 + 6 . 1 % * 7.1 + 6%* 6.6 +4% 
(median*) 

treatment 
1 F 61 99 60 8.3 -2% 7.6 -20% 6.9 +4% 
3 F 83 104 100 8.0 - 2 1 % 7.1 -79% 8.1 -17% 
4 M 63 108 88 9.3 -8% 4.0 -23% 7.1 -16% 
9 F 65 100 62 10.3 -8% 2.1 -33% 4.9 -5% 
12 M 69 90 101 6.8 -7% 4.3 -40% 7.5 -22% 
14 M 48 83 97 7.5 +23% 7.2 + 2 % 7.1 + 26% 
15 M 62 1 12 74 8.2 + 1 1% 2.8 -45% 6.6 -16% 

mean 64 99 83.1 8.3 -7.3%* 5.0 -33%* 6.9 -16°/c 
(median*) 
p- value: 0.01 >0.2 >0.2 >0.2 0.1 I f 0.18 0.02t >0.2 0.1 I t 
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treatment group were using an ACE inhibitor (Captopril or enalapril) for blood pressure 

control. The rates of progression of MA were -35%, 188%, and 196% in the 3 patients 

on an ACE inhibitor without TG reduction (placebo users and non-responder, 

respectively). MA rose by 7% and 48% in the 2 patients on ACE inhibition with effective 

reduction of TG levels by gemfibrozil. 

After completion of the trial, 4 patients who turned out to have used placebo tablets 

agreed to both treatment with gemfibrozil 600 mg b.i.d. and continued regular 

measurements of MA. Their MA and TG values in time are displayed in figure 3. In all 

4 subjects, the trend of increasing MA levels was reversed after initiation of treatment 

with gemfibrozil. In addition, one patient from the gemfibrozil group interrupted 

antihyperlipidaemic treatment for almost a year. During this year, albuminuria levels 

increased markedly, before stabilising again after gemfibrozil treatment was resumed. 

This patient's data are also shown in figure 3. Of the remaining 6 patients in the gemfibrozil 

group, 2 were lost to follow up and 4 continued treatment with gemfibrozil, showing 

stable levels of MA on occasional measurements (data not shown). 

HDLc A HDLc MA A ACR 
(mmol/1) (%) (ACR) 

0.8 -30% 20.8 + 24% 
0.6 -4% 12,5 + 29% 
0.8 -45% 5.6 + 202% 
1.0 -24% 20.5 + 6 1 % 
1.0 -7% 16.8 -56% 
0.9 + 1% 17.9 -35% 
1.4 + 3 % 18,5 + 188% 
0.9 -16% 3.0 + 107% 

0.9 -12%* 14.2 +65% 

Table I : clinical and laboratory characteristics of patients at baseline 

and follow-up. Group comparisons by unpaired t-test except t = 
Mann Whitney U-test. # = randomisation number, M/F=male/ 
female, MAP=mean arterial blood pressure, HbAlc= baseline 
glycated hemoglobin, A=change in parameter during 12-month 
follow-up period expressed as % of baseline value, TG=baseline 

0.9 +2.7%* 8.9 +36% serum triglyceride, chol = baseline cholesterol, HDLc=baseline 

High-Density-Lipoprotein cholesterol, MA=microalbuminuria, 
>0.2 0.03t 0.14 ACR=albumin to creatinine ratio in 24h urine. 
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placebo gemfibrozil 
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Figure 3: After-trial follow-up data. 
Top four panels: levels of microalbuminuria (albumin to creatinine 
ratio in mg/mmol, solid lines) and serum triglyceride (mmol/l, dotted 
lines) in four patients who switched from placebo to gemfibrozil 
after the trial period. Bottom panel displays the same levels in a 
patient interrupting treatment with gemfibrozil following the trial 
before resuming treatment later on. # refers to patient number 

DISCUSSION 

In this small, controlled study, we found that effectively lowering high serum TG levels 

in NIDDM patients with MA was accompanied by a slower rate of progression of MA 

during a 12-month follow-up period. Statistical significance of this finding was obtained 

from a comparison of patients with or without reduction in serum TG levels, not from the 

placebo versus gemfibrozil analysis. The cross-over data obtained after completion of the 

original trial as shown in figure 3 further support the role of treating hyperlipidaemia in 

80 



Gemfibrozil and progression of microalbuminuria 

slowing down progression of MA. The frequent occurrence of rapidly progressive MA in 

the total study group (two thirds of patients with annual progression >25%) contrasts with 

the 20% average annual progression of MA found in a large control group of NIDDM 

patients of an enalapril intervention study (20). This suggests that untreated dyslipidaemia 

may be associated with intractable, highly progressive MA in NIDDM patients. The possible 

relation between MA and dyslipidaemia is discussed below. 

Dyslipidaemia is common in NIDDM, occurring often as hyperTG and low HDLc 

levels. HyperTG, a prominent feature of syndrome-X, is believed to be mediated by 

insulin resistance and hyperinsulinaemia, in addition to other, less well identified factors 

(21,22). Another condition potentially contributing to diabetic dyslipidaemia is proteinuria. 

Even mild proteinuria, as occurs in MA, may have a dyslipidaemic effect. Support for 

this hypothesis has come from studies in which MA was shown to predict dyslipidaemia 

in NIDDM (5), and from animal studies showing that loss of oncotic pressure is not the 

only determinant of dyslipidaemia in proteinuria (23). Also, reduction of MA in NIDDM 

by ACE inhibitors partly corrects dyslipidaemia (7), whereas no direct effect of ACE 

inhibition on lipid metabolism has been firmly established. One hypothesis is that, in 

proteinuria, a lipid regulating factor, like lipoprotein lipase (LPL) or a small-sized LPL 

co-factor, like apoprotein-CII or low-molecular weight heparan sulfate is lost in the urine 

(24). This may apply not only to the overt nephrotic syndrome, but also to MA. 

Not only does proteinuria cause dyslipidaemia, there is evidence to suggest that the 

opposite is true as well. Animal studies have shown that hyperlipidaemia may result in 

glomerular damage and proteinuria (25,26). The precise role of dyslipidaemia in human 

renal disease is not clear. Although the majority of patients with primary hyperlipidaemia 

do not develop glomerular disease (27), evidence suggests that dyslipidaemia can aggravate 

pre-existent renal disease (28,29). Clinical studies on the implications of dyslipidaemia 

for diabetic nephropathy in specific are relatively scarce. In independent studies, however, 

hypercholesterolaemia and hyperTG have been identified as factors influencing both the 

occurrence and progression of (incipient) diabetic nephropathy (10,12,30-32). Only a 

few studies have been conducted to assess the effect of correction of lipid disturbances 

on diabetic MA or overt diabetic nephropathy. Recendy, Lam et al. showed that effectively 

lowering serum cholesterol levels by a HMGcoA-reductase inhibitor may retard the decline 

in GFR in diabetic nephropathy of macroalbuminuric NIDDM patients (15), an effect 

that was not found in a previous study in microalbuminuric subjects (13). Another report 

described two NIDDM patients in whom a decrease in cholesterol and TG after dietary 
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restrictions was associated with a significant decrease in proteinuria (4). Finally, Sasaki et 

al. found that reduction of serum total cholesterol with pravastatin in NIDDM patients 

stabilised protein excretion (14). However, this study was uncontrolled and involved 

only nine patients, some of whom were normoalbuminuric, and some already macro-

albuminuric. In the context of this previous work it is interesting to see that, in our study, 

both reduction of hyperTG and of cholesterol levels contributed to the beneficial effects 

of lipid reduction on MA. It may be that both these components of dyslipidaemia need 

treatment in order to effectively reduce lipid toxicity, which could explain the generally 

disappointing results obtained so far with HMGcoA-reductase inhibitors. 

It follows that the association between MA and dyslipidaemia in NIDDM, which has 

been demonstrated repeatedly (6,7,9,12,33) maybe the result of two mutually aggravating 

factors. Attempts to break this cycle may be directed at lowering lipids, as in this study, or 

at reducing MA in a "non-lipid-mediated" way. This includes improvement of metabolic 

control (34,35), treating hypertension (36) and the use of ACE inhibitors, which have 

been shown to stabilise MA, independent of their antihypertensive effect (20). In addition 

to mutual causality, the association between MA and dyslipidaemia may reflect a common 

pathophysiological mechanism, like endothelial dysfunction. Endothelial dysfunction is 

closely correlated to MA in NIDDM (37) and IDDM (38), and may contribute to 

dyslipidaemia, for example by impaired LPL-activity. 

The results of this study should be interpreted with appropriate caution. Because of 

the strict inclusion criteria (albuminuria within the prefixed range of MA, combined 

with markedly elevated TG levels) the number of studied patients is relatively small. It 

appears mandatory to perform a similar study with a larger cohort in order to seek 

confirmation of our results. Furthermore, although it is generally accepted that a fraction 

of hyperlipidaemic NIDDM patients does not respond to fibrate treatment, the 

comparison of patients with effective TG reduction with patients with stable or progressive 

hyperTG is methodologically second best after intention-to-treat analysis. It is, however, 

in keeping with the primary objective of the study, which was to evaluate the effect of 

serum TG reduction on progression of MA. An advantage of this study compared to 

similar ones is that we used triplicate 24-hour urine samples to assess progression of 

MA, which partly compensates for the problem of substantial short term variability of 

MA measurements (39). 

We conclude that this study adds to accumulating evidence that treatment of severe 

dyslipidaemia is an additional option in the early treatment of diabetic nephropathy and 

vascular disease. 
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ABSTRACT 

Objective: The increased cardiovascular risk in subjects with N I D D M is pardy explained by an 

association with established risk factors, like hypertension, dyslipidaemia, and obesity. 

Mild hyperhomocysteinaemia has emerged as a 'new' risk factor for cardiovascular disease. 

The purpose of this study was to assess its role in NIDDM. 

Methods: We studied predictors of homocysteine levels and correlations between homocysteine 

and microalbuminuria, retinopathy, and history of cardiovascular disease in normotensive 

N I D D M subjects under stable metabolic control. This was done in 85 N I D D M subjects 

by measuring fasting and post-methionine-loading homocysteine levels, together with 

blood pressure, body mass index, serum cholesterol, triglyceride, high density lipoprotein 

cholesterol, folate, vitamin-B12, pyridoxal-5-phosphate, HbAlc, and albuminuria and 

creatinine clearance in triplicate 24-hour urine samples. The relation between micro- and 

macrovascular complications and fasting homocysteine only was studied in an additional 

65 subjects, leading to a total of 150 subjects. 

Results: In multiple regression analysis, significant (p<0.05) predictors of fasting homocysteine 

were low-normal values of creatinine clearance (threshold effect at <80 ml/min/1.13m2), 

folate (<20 nmol/1), and vitamin-B12 (<350 pmol/1), and post-menopausal status in 

women. Determinants of post-methionine homocysteine were pyridoxal-5-phosphate 

levels below 80 nmol/1, creatinine clearance and gender (higher levels in females). 

Hyperhomocysteinaemia did not cluster with other cardiovascular risk factors, like 

hypertension, obesity, or dyslipidaemia. Regarding cardiovascular complications, fasting 

homocysteine, but not post-methionine homocysteine, was higher in subjects with a 

history of cardiovascular disease. There was a stepwise increase in the prevalence of 

subjects with cardiovascular disease with increasing fasting homocysteine. The prevalence 

of cardiovascular disease was 19.4% in the bottom quartile of fasting homocysteine, 

versus 55.0% in the top quartile (p for trend <0.01). Neither fasting homocysteine nor 

post-methionine homocysteine correlated with albuminuria or with retinopathy. 

Conclusions: The findings suggest that homocysteine levels in NIDDM rise even with modest deterioration 

of renal function, and when vitamin status is in the low to low-normal ranges. Fasting 

homocysteine correlates with macrovascular disease, but we found no evidence of a 

correlation with retinopathy or microalbuminuria. Post-methionine homocysteine levels 

do not show a correlation with micro- or macro-vascular complications. 
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INTRODUCTION 

Non-insulin-dependent diabetes mellitus (NIDDM) is associated with a sharply increased 

risk of cardiovascular disease and mortality. It is estimated that about 65% of all patients 

die from cardiovascular complications (1,2). Part of this increased risk is explained by 

clustering of NIDDM with established risk factors for atherosclerosis, like hypertension, 

obesity, and dyslipidaemia in the insulin resistance syndrome. It appears, however, that 

these associated risk factors explain only part of the excess cardiovascular disease in NIDDM 

patients (3,4). Whether the diabetic hyperglycaemic state itself completes the risk profile or 

whether other factors are involved is a matter of debate. NIDDM patients with micro

albuminuria are particularly at risk of developing cardiovascular disease (5-8). The undedying 

mechanism of this association is unknown, but it is clear that NIDDM patients with 

microalbuminuria have an even higher incidence of hypertension, dyslipidaemia and 

thrombogenic disorders than do normoalbuminuric NIDDM patients (9-13). 

Classic homocystinuria due to cystathionine ß-synthase deficiency associates with early 

atherosclerosis and cardiovascular mortality. Recently, mild elevations of plasma 

homocysteine (Hey) have been identified as an independent risk factor for early 

atherosclerotic vascular disease (14-19) and thromboembolic disease (20). Mild 

hyperhomocysteinaemia has a complex aetiology, including insufficient intake of vitamin 

B6, B12, and folate (21), and genetic factors, of which a thermolabile form of methylene-

tetrahydrofolate reductase (MTHFR) is probably the most important one. The mechanism 

of premature cardiovascular disease in this context is not precisely known, but may relate 

to increased vulnerability to lipid toxicity, vascular smooth muscle cell growth factor 

properties of Hey, endothelial damage or vasomotor dysfunction, or disorders of platelet 

aggregation and coagulation (22). 

The possible role of mild hyperhomocysteinaemia in NIDDM is unclear. Few studies 

have addressed this issue, with conflicting results (23-27). So far, measurements of post-

methionine-load Hey have been reported in only 18 NIDDM patients (24). 

The determinants of Hey levels in diabetic patients have not been studied in detail. The 

present study was undertaken to address the following questions: Firstly, what are the 

predictors of hyperhomocysteinaemia in NIDDM, and do high Hey levels cluster with 

other cardiovascular risk factors, like hypertension, obesity, and dyslipidaemia? Secondly, 

do Hey levels correlate with microvascular complications, like microalbuminuria and 

retinopathy? Finally, what is the impact of Hey levels on the prevalence of cardiovascular 

complications in NIDDM patients? 
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METHODS 

Consecutive patients with a history of NIDDM for at least 1 year were recruited from 

the diabetes outpatient clinic of our hospital. NIDDM was defined according to World 

Health Organisation criteria (28), and was treated by diet in combination with oral 

medication or insulin. Patients aged 30 to 75 years were considered for inclusion. Metabolic 

control had to be stable for a period of at least one year prior to the study. Patients were 

not included if one of the following conditions was present: serum creatinine above 130 

umol/1, unregulated hypertension, congestive heart failure, major invalidating illness (end-

stage pulmonary disease, cancer, etc.) and pregnancy. 

During the first study phase, subjects came to the clinic after an overnight fast of 12 

hours. The following data were collected for each patient on a single day: height, weight, 

and blood pressure in the sitting position after 10 minutes of rest with a standard clinical 

sphygmomanometer. Blood was drawn and analysed for HbAlc , serum levels of 

creatinine, total cholesterol, triglycerides, HDL-cholesterol, vitamin B12, folate, pyridoxal-

5-phosphate, and total Hey. Next, subjects were given 0.1g/kg L-methionine powder 

dissolved in apple juice. Patients then took their usual dose of oral antidiabetic medication 

or insulin and were given a low protein breakfast with an individualised carbohydrate 

content. Six hours after methionine ingestion, blood was again drawn and analysed for 

serum total Hey. During the three days before the study day, subjects collected triplicate 

timed 24h urine samples, which were analysed for albumin and creatinine excretion. 

Microalbuminuria was diagnosed when the median albumin excretion of these triplicate 

samples was 30-300 mg/24h. Otherwise, subjects were classified as normo- (<30 mg/ 

24h) or macro- (>300 mg/24h) albuminuric. 

In addition, information was collected regarding retinopathy and history of 

cardiovascular disease. Retinopathy was diagnosed or excluded only if subjects had been 

seen by an expert ophthalmologist within one year prior to the study day. Cardiovascular 

disease was defined as documented myocardial infarction, angina pectoris confirmed by 

exercise tests, myocardial perfusion scintigraphy, or a >70% coronary artery stenosis on 

cine-angiography, a history of coronary bypass surgery, and/or identification of ischaemic 

heart disease on the electrocardiogram (Minnesota codes 11-3, IV1-3, Vl-3, VIII) (29). 

All electrocardiograms were seen by the same cardiologist, who was unaware of the 

subjects' history or laboratory results. A positive family history for cardiovascular disease 

was defined as ischaemic heart disease in first degree relatives. 
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After the first study phase was completed in 85 subjects, a less intensive protocol was 

followed with the emphasis on further studying the relations between microvascular and 

cardiovascular disease and fasting Hey only. In this second study phase, subjects (n=65) 

met the same in- and exclusion criteria, and were evaluated according to the same protocol, 

with the exception of the methionine loading test and the measurement of B-vitamins 

and creatinine clearance. Thus, in the analyses and presentation of the results, predictors 

of Hey levels and correlations of post-methionine and 6-Hcy with complications were 

analysed using data from the 85 phase I study. The analyses of complications with fasting 

Hey is based on the combined data from study phases I and II (150 subjects). 

Analytical methods: 

Plasma Hey was measured with high performance liquid chromatography (HPLC), 

using a previously described method (30). For better separation, chromatographic 

conditions were changed into gradient elution from 0% to 20% acetonitril in 0.1 M 

KH2P04 (pH 1.75). Serum and urinary creatinine was assayed with a modified Jaffé 

method. HbAlc was measured using an automated HPLC analyser (Diamat BioRad 

Laboratories, NY, USA, reference range 5.2% to 6.7%). Total cholesterol was measured 

using a fully enzymatic (CHOD-PAP) kinetic method. HDL-cholesterol was measured 

with the same method after precipitation of very low density and low density lipoprotein 

with phosphotungstic acid and magnesium ions. Triglycerides were assayed using an 

enzymatic method. Serum vitamin B12 and folate were measured with a competitive 

protein-binding assay (Dualcount Solid Phase Boil assay, DPC, Los Angeles, CA, USA). 

Reference ranges are 150-665 pmol/1 for vitamin B12 and 6-39 nmol/1 for folate. 

Pyridoxal-5-phosphate was measured with an HPLC method and fiuorimetric detection 

(reference range, 20-100 nmol/1). Urinary albumin was measured using an laser-

nephelometric method on a Behring Nephelometer (Behringwerke, Germany). 

Statistical methods: 

Hey levels were expressed as fasting, post-methionine, and increase after methionine 

(8-Hcy; post-methionine minus fasting level). Creatinine clearance was calculated as the 

mean of three 24-hour creatinine clearances. Possible predictors of Hey levels were first 

tested individually using Spearman rank correlation test for continuous variables and the 

Mann-Whitney U-test for nominal variables. Multiple linear regression analysis was used 

to identify independent predictors of Hey levels. As the number of potential predictors 

of Hey (16 in total) was relatively large compared to the number of subjects in the study, 
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the criterion for entering a variable into the multivariate model was set at a p-value for 

bivariate correlation with Hey levels of < 0.10. To compare Hey levels between subjects 

with normo-, micro- and macro-albuminuria, non-parametric AN OVA (Kruskall-Wallis) 

was used. Trends in the fraction of patients having (micro-)albuminuria, retinopathy, or 

cardiovascular disease amongst several quantiles of Hey levels were tested using the 

Chi-square test for trend. The independent correlation of several risk factors with the 

presence of cardiovascular disease was tested by multiple logistic regression. The p-

value for initial entry in this logistic regression model was set at 0.20. In a second level of 

correction, known determinants of cardiovascular disease with higher p-values in the 

bivariate tests than 0.20 were also included in the model. 

All p-values reported are two-sided. A p-value of <0.05 was considered statistically 

significant. 

study phase 1 II 

number of subjects 85 65 
sex (male/pre-/postmenopausal female, n) 48/15/22 37/10/18 
age (y) 57.2(10.2) 55.8(10.1) 
actual smoking (no/yes, n) 65/20 46/19 
time since diagnosis of NIDDM (y) 10.7(6.6) 10.7(7.5) 
insulin/oral medication (n) 59/26 47/18 
body mass index (kg/m2) 29.1 (4.9) 30.4 (4.2) 
blood pressure systolic (mmHg) 142.1 (16.4) 137.6(20.0) 
blood pressure diastolic (mmHg) 85.3 (6.9) 80.3(10.1) 
HbAlc(%) 9.2(1.8) 8.9(1.6) 
serum creatinine (p.mol/1) 93.4(18.6) 93.8(15.4) 
serum cholesterol (mmol/l) 5.9(1.0) 5.4(1.1) 
serum triglyceride (mmol/l) 1.9(0.6-18.3) 1.8(0.6-10.6) 
serum HDL-cholesterol (mmoW) 1.2 (0.4) 1.2 (0.4) 
vitamin BI2 (pmol/l) 295.8(122.6) NA 
folate (nmol/l) 19.8(9.5) NA 
pyridoxal-5-phosphate (nmol/l) 59.2(28.5) NA 
creatinine clearance (ml/min) 81.4(29.8) NA 
homocysteine ((xmol/1): 
fasting 11.0(4.0-23.0) 10.0(6.0-32.0) 
post-methionine 38.0(17.0-76.0) NA 
increase after methionine 26(1 1.0-66.0) NA 

(micro-)vascular complications: 
normo-/micro-/rnacro-albuminuria(n) 41/33/11 47/14/4 
retinopathy (yes/no, n) 39/37* 29/32* 
history of cardiovascular disease (yes/no, n) 23/62 21/44 

Table I : Demographic and clinical characteristics of study population. 
Data are presented as number of subjects (n), mean (standard deviation) or median (range) 
*adequate retinopathy data (funduscopy <l year prior to study) were not available for 9 subjects in study 
phase I and for 4 subjects in phase II. NA = not available. 
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RESULTS 

Table 1 lists demographic and clinical characteristics of subjects included in both 

study phases. Less than 5% of subjects approached for either the phase I or phase II 

protocol refused to participate. 

Predictors of Hey levels. 

Table 2 displays the bivariate correlations between fasting, post-methionine and ô-Hcy 

and other variables. Hey levels were not different in subjects using insulin versus oral 

antidiabetic medication, nor were there effects of ACE-inhibitor or non-ACE-inhibitor 

antihypertensive agents. Thirty-one subjects were using metformin. Vitamin B12 and 

Hey levels were not different between this group and the group that was not using metformin. 

About half of all subjects included were non-Caucasians (mainly Creole and Hindustani). 

No relation between ethnicity and Hey was observed (data not shown). 

The results of the multivariate analysis are displayed in table 3. Vitamin B12, folate, 

fasting Hey post-meth.Hcy S-Hcy 

Variable r p-value r p-value r p-value 
continuous 
age (y) 0.40 0.003 0.20 0.07 0.08 0.49 
time since diagnosis DM (y) 0.14 0.22 0.02 0.83 0.004 0.97 
body mass index (kg/m2) -0.09 0.41 0.12 0.29 0.17 0.11 
MABP(mmHg) 0.15 0.18 -0.02 0.89 -0.05 0.65 
HbAlc(%) -0.16 0.15 -0.14 0.18 -0.06 0.57 
serum cholesterol (mmol/l) 0.09 0.42 0.05 0.64 0.04 0.73 
serum triglycerides (mmol/l) 0.01 0.92 -0.02 0.86 -0.01 0.91 
serum HDL-c (mmol/l) 0.19 0.09 0.06 0.60 0.02 0.82 
vitamin B12 (pmol/l) -0.40 0.003 -0.20 0.06 -0.09 0.43 
folate (nmol/l) -0.29 0.008 -0.14 0.19 -0.06 0.61 
pyridoxal-5-phosphate (nmol/l) -0.22 0.06 -0.35 0.003 -0.33 0.005 
creat-clear. (ml/min/l .73m2) -0.48 <0.00l -0.38 <0.00l -0.26 0.02 

mean p-value mean p-value mean p-value 
nominal difference difference difference 
sex (male) -0.05 0.93 -7.3 0.03 -7.2 0.004 
postmenopausal status in females +5.1 <0.00l + 9.0 0.06 +3.9 0.27 
current smoking (yes) + 1.6 0.18 +3.7 0.05 +2.1 0.11 

Table 2: Bivariate correlations of fasting, post-methionine, and increase after methionine (5) homocysteine 
levels with clinical and laboratory data in 85 subjects. 

r=Spearman's rho correlation coefficient, p-values for nominal variables calculated with the Mann-Whitney 
U-test. MABP=mean arterial blood pressure, HDL-c=HDL-cholesterol, creat.clear.=creatinine clearance, 
post-meth. = post-methionine-load. 
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fasting Hey post-meth.Hcy 5-Hcy 

Variable 

postmenopausal status in females 
male gender 
vitamin B1 2 (per 10 pmol/l) 
folate (per 1 nmol/l) 
pyridoxal-5-phosphate (per I nmol/l) 
creat.clear, (per 10 ml/min/l 73m2) 

b p-value 

4.45 0.002 

-0.07 0.04 
-0.1 0.01 

-0.8 <0.00l 

b 

-5.4 

-0.1 1 
-0.9 

p-value 

0.02 

<0.00l 
0.04 

b p-value 

-6.2 0.002 

-0.10 <0.00l 

Table 3: Significant predictors of one or more types of Hey levels in multivariate analysis. 
b= multivariate regression coefficient. Post-meth. = post-methionine-load, creat.clear. = creatinine clearance 

creatinine clearance, and menopausal status in females were independent predictors of 

fasting Hey. The effect of age on fasting Hey in the entire group in bivariate analysis was 

fully accounted for by menopausal status in the female subgroup. Post-methionine Hey 

was predicted by pyridoxal-5-phosphate levels and creatinine clearance. Also, men had 

lower post-methionine Hey than women, whereas their fasting Hey was similar. The 

correlation between smoking and post-methionine Hey in table 2 was reduced to a trend 

(b=+4.6, p=0.08) after correction for other factors. Finally, only gender and pyridoxal-

5-phosphate levels were predictors of 8-Hcy . 

Apart from the effect of current smoking on post-methionine Hey, no other regression 

trends (0.05<p<0.10) for any potential determinant of either fasting, post-methionine-

or d-Hcy were found in the multivariate analyses. 

Regression plots of the continuous variables in table 3 are shown in figure 1. As is 

evident from these plots, none of these correlations was linear. Threshold levels based 

on visual assessment are shown as vertical lines. The most powerful threshold levels in 

terms of effect size on Hey levels and in terms of the degree of statistical significance 

were subsequently located in multivariate analyses, and were found to be identical to 

those in figure 1 (data not shown in detail). From figure 1, one can observe that levels of 

vitamin B12 < 350 pmol/l, folate <20 nmol/l, pyridoxal-5-phosphate <80 nmol/l, and 

creatinine clearance <80 ml/min/l.73m2 predispose to sharp increases in Hey levels. 

Correlations with micro- and macrovascular complications. 
In table 4, fasting, post-methionine, and ô-Hcy are compared between subjects with 

various degrees of albuminuria, and between those with and without retinopathy. These 

data provide no evidence of a correlation between Hey levels and albuminuria or 

retinopathy. In successive quartiles of fasting Hey levels, no trend towards an increase in 
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Figure I : Regression plots of continuous variables significantly associated with fasting, post-methionine (post-
meth.), and increase after methionine (delta) homocysteine in multivariate analysis 
Threshold levels are indicated by vertical lines. Homocysteine levels: u.mol/1, vitamin: BI2: pmol/l, folate: 
nmol/l, pyridoxal-5-phosphate: nmol/l, creatinine clearance: ml/min/l 73m2 

the prevalence of either albuminuria (microalbuminuria and proteinuria taken as a group) 

or retinopathy was observed (figure 2A). A similar result was seen for post-methionine 

Hey and 8-Hcy (not graphically displayed). 

As for cardiovascular disease, during the first study phase a higher fasting Hey level 

was observed in subjects with versus without a history of cardiovascular disease (median 

fasting Hey 14.0, range: 7 to 23 versus 11.0,4 to 22, p=0.05.) The same was not true for 

post-methionine Hey (39.0,18 to 69 versus 37.0, 17 to 76, p=0.50) or for 8-Hcy (26.0, 

11 to 46 versus 26.0,13 to 66, p=0.80). In the combined analysis of study phases I and 

II, fasting Hey levels were again significandy higher in subjects with versus without a 

history of cardiovascular disease. Table 5 lists Hey levels and other known risk factors 

for atherosclerotic disease in subjects with and without a history of cardiovascular disease. 

Age and family history of cardiovascular disease appear to be the main potential 

confounders of the relation between fasting Hey and cardiovascular disease in this data 
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fasting Hey post-meth.Hcy 5-Hcy 
(n=l 50) (n=85) (n=85) 
median range (n) median range (n) median range 

Micro-vascular disease: 

albuminuria 
normoalbuminuria 11.0 4 - 32 (89) 37.0 17-76(41) 26.0 13-60 
microalbuminuria 10.0 6 - 23 (49) 38.0 18-76(33) 26.0 1 1 -66 
macroalbuminuria 13.5 9-22(12) 40.0 29 -75 ( ! 1) 28.0 19-54 
p-value 0.65 0.58 0.76 

retinopathy 
no i 1.0 4-32(71) 37.0 17-76(39) 26.0 1 1 -66 
yes 1 1.0 6 - 26 (66) 37.0 26-75(37) 26.0 16-54 
p-value 0.25 0.54 0.50 

Table 4: Homocysteine levels in relation to microvascular complications. 
p-values obtained by Kruskall-Wallis test for albuminuria categories, and by Mann-Whitney-U-test for 
retinopathy. Hey=Homocysteine values in |imol/l. Post-meth. = post-methionine-load. n=number of subjects 
in each group. Results are given for the combined data of the two study phases for fasting Hey. 
n for post-methionine Hey equals n for 6-Hey. 

set. After adjustment for these factors by multiple logistic regression analysis fasting Hey 

remained independendy correlated with cardiovascular disease (p=0.02). Additional 

correction for cholesterol, blood pressure, duration of NIDDM, and smoking resulted 

cardiovascular disease 
absent (n=l06) present (n=44) P 

age (y) 54.8 (10.3) 59.1 (9.2) 0.02 
sex (male/female) 60/46 25/19 0.98 
body mass index (kg/m2) 30.0 (4.9) 28.9 (3.8) 0.94 
systolic blood pressure (mmHg) 140.3 (18.1) 139.8 (18.6) 0.94 
diastolic blood pressure (mmHg) 82.9 (8.9) 80.7 (9.6) 0.23 
time since diagnosis of NIDDM (y) 9.5 (1-31) 8.5 (1-30) 0.60 
HbAlc(%) 8.8 (1.8) 8.9 (1.7) 0.63 
total cholesterol (mmol/l) 5.7 (1.0) 5.7 (1.2) 0.74 
triglyceride (mmol/l) 1.8 (0.8 - 6.9) 2.2 (0.6- 18.4) 0.26 
HDL-cholesterol (mmol/l) 1.3 (1.2) 1.2 (0.4) 0.58 
actual smoking (no/yes) 77/29 35/9 0.33 
family history of cardiovascular disease (yes/no) 3 1/75 

fasting Hey (u.mol/1) 10.0 (4-32) 

21/23 

13.0 (7-26) 

0.02 

0.02 

Table 5: Fasting homocysteine levels and other risk factors in relation to presence of cardiovascular disease in 
150 NIDDM subjects. 
Data are presented as mean (SD), as median (range), or as number of subjects per group, 
p-values are obtained by Mann-Whitney U-test and Chi-square test. 
HDL=high-density lipoprotein, Hey=homocysteine. 
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Figure 2: Percentage of subjects with (micro-)albuminuria or retinopathy (panel A) and with a history of 
cardiovascular disease (panel B) in quartile groups of fasting homocysteine levels. 
P-values by Chi-square test for trend. 

in a p-value for fasting Hey of 0.06 (data not shown in detail). To determine the nature 

of the correlation observed, the prevalence of cardiovascular disease in successive quartiles 

of fasting Hey levels is shown in figure 2B. There was a stepwise increase in the prevalence 

of cardiovascular disease with increasing fasting Hey (trend analysis, p<0.01). 

The diagnosis of cardiovascular disease was based on electrocardiographic abnormalities 

only in 3 subjects. Of the subjects with cardiovascular disease, 6 had an additional history 

of ischaemic stroke, and 5 others had additional peripheral arterial occlusive disease. Of 

the subjects without cardiovascular disease, 3 had a history of ischaemic stroke, and 4 

others had peripheral arterial occlusive disease. Since the number of subjects suffering 

from other than cardiovascular atherosclerotic disease was so small, the analyses were 

restricted to cardiovascular disease only. 

DISCUSSION 

In this cross-sectional study, we systematically studied fasting and post-methionine Hey 

and correlating factors in a defined group of NIDDM subjects. The results indicate that, in 

NIDDM, the patient's vitamin status influences Hey levels. It is important to note that Hey 

levels increase with values of vitamin B12, pyridoxal-5-phosphate, and folate that are 

conventionally regarded to be safely within their normal ranges. A similar conclusion can 

be drawn for creatinine clearance, which is associated with increasing Hey levels as soon as 

it falls below a level of 80 ml/min/1.73m2 . Furthermore, postmenopausal status in 
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women associates with higher fasting Hey, and women show larger increases in serum 

Hey after a methionine load. The data provide no evidence for a tendency of hyper-

homocysteinaemia to cluster with other cardiovascular risk factors, particularly those 

present in the insulin resistance syndrome, including obesity, hypertension, and 

dyslipidaemia. 

Determinants of Hey levels have been the subject of intensive research in non-diabetic 

subjects. Our findings are largely in line with the results of these studies. However, we 

found cut-off values for vitamin levels and creatinine clearance below which Hey rises 

sharply that are higher than those generally reported in the literature (21,31-33). Although 

we did not study a non-diabetic control group, a comparison with data from the literature 

suggests that Hey levels may rise earlier in response to decreasing vitamin levels and 

glomerular filtration in NIDDM patients than in non-diabetic subjects. The observed 

effect of menopausal status on fasting Hey in women is widely recognised. The same 

cannot be said for the sharper rise in post-methionine Hey in women than in men, 

which, to our knowledge, has only been described once (34). 

N o correlation was found between hyperhomocysteinaemia and the degree of 

albuminuria. Although we acknowledge the intrinsic limitations of cross-sectional data 

in terms of testing for causal relations, our data suggest that hyperhomocysteinaemia 

cannot help explain why NIDDM patients with microalbuminuria have such a sharply 

increased risk of dying from cardiovascular complications. As is the case for albuminuria, 

Hey levels did not correlate with the presence of diabetic retinopathy. 

An important finding was the relation between fasting Hey and cardiovascular disease. 

The data show a gradual increase in the fraction of subjects with such a history with 

increasing fasting Hey levels. Why only fasting Hey correlates with cardiovascular disease 

in our study, and post-methionine or 8-Hcy does not, is unclear. It is, however, evident that 

the role of post-methionine Hey and 8-Hcy is less well defined than that of fasting Hey, 

since prospective studies addressing the role of Hey in atherosclerotic disease have not 

used post-methionine levels (14-16,18). Although measuring fasting Hey only may fail to 

identify a fraction of subjects with high post-methionine levels (35,36), the clinical relevance 

of isolated post-methionine hyperhomocysteinaemia is unproven in prospective studies. 

Previous studies of homocysteine levels in IDDM or NIDDM have been relatively 

scarce. In 1991, Hultberg et al. studied Hey in IDDM patients and found a correlation 

with increased serum creatinine and increased albumin excretion rates (37). Another 

study showed lower Hey levels in IDDM patients than in controls, and failed to show a 
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correlation of Hey levels with renal function, albuminuria, or retinopathy (38). Agardh 

et al. studied IDDM patients and found no correlation of Hey with either retinopathy or 

with the presence of microalbuminuria (39). In contrast to these studies, retinopathy was 

recently reported to correlate with mild hyperhomocysteinaemia in a small (n=25) number 

of patients (40). This finding was supported by a larger study, which also showed higher 

Hey levels in IDDM patients versus non-diabetic controls. In addition, hyperhomo

cysteinaemia in this study correlated with neuropathy, macroangiopathy, and albuminuria, 

although the latter correlation was not corrected for creatinine clearance (41). Finally, 

Hey levels were recently reported to correlate with serum creatinine, albuminuria and 

folate, but not with retinopathy, in 50 IDDM patients (42). Unfortunately, the apparent 

correlation between albuminuria and Hey was again not corrected for serum creatinine, 

let alone for creatinine clearance. In conclusion, for IDDM, the literature shows conflicting 

conclusions regarding a possible influence of the diabetic state per se on Hey, and 

regarding correlations of Hey with various manifestations of diabetic organ damage. 

As for studies in NIDDM, one report showed higher fasting Hey levels in patients 

with macroangiopathy, and did not reveal a correlation between Hey and retinopathy or 

nephropathy, defined as proteinuria or increased serum creatinine (23). A recent study in 

28 diabetics, only 18 of whom had NIDDM, suggested that post-methionine, and not 

fasting hyperhomocysteinaemia is correlated to the presence of macrovascular disease 

(24). The small number of included subjects somewhat limits the value of this last study. 

Retinopathy in NIDDM patients was found to correlate with the thermolabile MTHFR 

gene mutation, but the authors failed to report Hey levels (43). Hoogeveen et al. recently 

found an interaction effect of fasting hyperhomocysteinaemia and NIDDM in terms of 

risk of macrovascular disease (25). In the same study population, which included only 

Caucasian subjects, Hey levels appeared to show a correlation with albuminuria (26). 

The discrepancy with the results that we obtained can possibly be explained by a different 

ethnic background of our population, or by the fact that our study may have been 

underpowered to detect a threshold level of Hey above which albuminuria increases. 

Finally, the recent report by Chico et al. in 75 IDDM and 90 NIDDM subjects suggests 

that albuminuria correlates with fasting Hey levels (27). However, in this study the authors 

have chosen the rather questionable approach of analysing albumin excretion rate as a 

co-variate of serum creatinine, considering both as determinants of Hey levels. The 

result was that serum creatinine did not qualify as a significant determinant of Hey 

levels, whereas albumin excretion rate did. We believe that it is more appropriate to 
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consider (micro-)albuminuria as a possible complication of hyperhomocysteinaemia, 

rather than the other way round. 

Our study has several advantages compared to these previous studies. Firstly, no other 

study has systematically measured both fasting and post-methionine Hey in a substantial 

number of NIDDM subjects. Also, the relation of Hey with levels of pyridoxal-5-

phosphate, vitamin B12, folate and creatinine clearance was not previously studied in 

detail in a diabetic population. The sample size of n=150 to study the relation between 

fasting Hey and micro- and macrovascular complications is unmatched by other studies 

in NIDDM. Finally, assessment of the level of albuminuria should preferably be based 

on multiple urine samples because of the high day-to-day variability of urinary albumin 

excretion (44). 

The limitations of our study are largely inherent to the cross-sectional studies in general. 

The causal relation between fasting Hey and the presence of cardiovascular disease cannot 

be proven using cross-sectional data. On the other hand, cross-sectional correlations 

between hyperhomocysteinaemia and cardiovascular disease have usually been confirmed 

by prospective studies. The subjects in our study were recruited from an outpatient clinic 

for diabetes patients, and are consequently not representative for the general population 

of NIDDM patients. The reasons for referral were mostly related to difficulties in 

achieving acceptable metabolic control with oral anti-diabetic agents, with initiation or 

follow-up of insulin treatment, or with co-morbidity in the field of Internal Medicine. 

Consequently, none of our findings should be interpreted as describing the average 

NIDDM patient. Rather, the value of our study is in the exploration of pathophysiological 

mechanisms. Finally, the absence of a non-diabetic control group limits interpretations 

regarding the extent to which determinants of hyperhomocysteinaemia may behave in a 

manner that is typical for NIDDM. 

The practical implications of our conclusions are that practitioners treating NIDDM 

patients should be aware of the risk of hyperhomocysteinaemia, especially in the very 

early stages of nephropathy. Attention should be given to dietary measures ensuring that 

levels of vitamin B12, folate, and pyridoxal-5-phosphate are well within the upper range 

of their respective normal values. Whether or not all NIDDM patients should be screened 

for mild hyperhomocysteinaemia is debatable. It seems justified, however, to measure 

fasting Hey in NIDDM patients with minor reductions in creatinine clearance and in 

those who have already experienced a cardiovascular event. 

Treating hyperhomocysteinaemia is relatively easy with supplementation of folate, 

either alone or in combination with vitamin B12 or pyridoxine (36), and is probably just 
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as feasible in diabetic patients as in non-diabetics. Prospective studies are needed to 

evaluate if therapeutic interventions aimed at lowering Hey levels can reduce cardio

vascular morbidity and mortality. 
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Chapter 6 

ABSTRACT 

Objective: In patients with N I D D M , (microalbuminuria is a risk indicator for cardiovascular 

morbidity and mortality. Studies in IDDM have shown that impaired cardiovascular 

autonomic function is associated with (micro-)albuminuria. Our objective was to determine 

whether the same association is found in an age-, sex-, and glucose-tolerance-stratified 

sample of an elderly (50-75 year old) Caucasian population, and whether this association 

is independent of other determinants of (micro-) albuminuria. 

Methods: We studied 536 subjects: 256 with normal glucose tolerance, 143 with impaired glucose 

tolerance, and 137 with NIDDM. (Micro-)albuminuria was defined as an albumin-to-

creatinine ratio of >3.0 mg/mmol in an early morning spot urine sample. Using the deep 

breathing test and the lying-to-standing test, four measures of cardiovascular autonomic 

function were recorded: 1 - the heart rate variability during deep breathing, 2- the maximum 

heart rate within 15 sec after standing up minus the mean heart rate before standing, 3-

the maximum RR interval between 15 and 30 sec after standing up divided by the minimum 

RR interval within 15 sec after standing up, and 4- the systolic blood pressure response to 

standing up. These 4 measures of autonomic function were summarised in a single 

'cardiovascular autonomic function score' (CAFS, range: 0 to 12, indicating good to poor 

autonomic function). 

Results: Forty-one subjects with (micro-)albuminuria were identified. In bivariate analyses, (micro-) 

albuminuria was associated with age, waist-to-hip ratio, systolic and diastolic blood pressure, 

and glucose tolerance status. The mean CAFS was significantly higher in subjects with 

versus without (microalbuminuria: 7.5 versus 5.9 (p<0.001). Multiple logistic regression 

analyses revealed that the CAFS was independently associated with (micro-)albuminuria 

in subjects with impaired glucose tolerance or NIDDM: multivariate odds ratio (OR, 

95% confidence interval): 1.19 (1.02 - 1.39) per point increase in the CAFS. 

Conclusions: Impaired cardiovascular autonomic function is independently associated with -and thus 

a possible contributor to- the presence of (micro-)albuminuria in subjects with impaired 

glucose tolerance or NIDDM. 
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INTRODUCTION 

Increased urinary albumin excretion is a strong predictor of cardiovascular disease 

and mortality in patients with NIDDM (1,2), as well as in non-diabetic subjects (3,4). 

The pathophysiological mechanism behind this association is not entirely clear, but it has 

been shown that (micro-)albuminuria is associated with the presence of several 

cardiovascular risk factors, including hypertension, dyslipidaemia, poor glycaemic control, 

a pro-thrombotic state, and generalised endothelial dysfunction (5). 

Several studies in IDDM have suggested that impaired cardiovascular autonomic 

function and increased urinary albumin excretion are related (6-10). The commonly 

proposed explanation for this phenomenon is a reduced nightly drop in systemic blood 

pressure, which is a characteristic of autonomic failure (11,12). Higher nocturnal blood 

pressure is believed to result in an increase in albuminuria. In addition, renal autoregulation 

of glomerular arterioles may be disturbed in autonomic neuropathy, causing glomerular 

hypertension resulting in increased urinary albumin excretion. 

The majority of studies addressing the association between cardiovascular autonomic 

function and albuminuria have been done in IDDM subjects. Most of the studies in 

NIDDM subjects were relatively small, and did not include normal-glucose-tolerant and 

impaired-glucose-tolerant subjects for comparison with NIDDM. In the present study, 

we investigated the relation between cardiovascular autonomic function and albuminuria, 

using data from a large population-based study including subjects with normal and 

impaired glucose tolerance and NIDDM subjects. We were specifically interested in 

determining whether autonomic cardiovascular function is related to albuminuria 

independently of other factors that are known to be associated with albuminuria, including 

glucose intolerance and hypertension. 

METHODS 

Subjects: 

The Hoorn Study comprises a cross-sectional investigation of glucose tolerance and 

other cardiovascular risk factors in a Caucasian population, which was conducted from 

1989 to 1992. A random sample of all men and women aged 50-75 years was drawn 

from the municipal population registry of the town of Hoorn, The Netherlands. A total 

of 2484 subjects participated (response rate: 71%). An extensive cardiovascular 
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investigation was performed in an age-, sex-, and glucose-tolerance-stratified random 

subsample (n=631, response rate 89%), as described in detail elsewhere (13). The Hoorn 

Study was approved by the Ethical Review Committee of the University Hospital Vrije 

Universiteit. Informed consent was obtained from all participants. 

Measurements: 
Height and weight were measured barefoot wearing light clothes only. Double readings 

of systolic and diastolic (Korotkoff V) blood pressure were obtained on two separate 

occasions on the right arm with the subject in a sitting position. 'Actual' hypertension 

was defined as a mean systolic blood pressure of >160 mmHg and/or a mean diastolic 

pressure of >95 mmHg, with or without anti-hypertensive medication. Impaired glucose 

tolerance and NIDDM were diagnosed according to the 1985 World Health Organisation 

criteria applied to the mean of two standard oral glucose tolerance tests (14). Fasting and 

2-hour post-load venous plasma glucose levels were determined with a glucose 

dehydrogenase method. Subjects with previously diagnosed NIDDM treated with oral 

blood-glucose-lowering medication or insulin did not undergo a glucose tolerance test. 

In addition, we measured fasting serum levels of total cholesterol, high-density-lipoprotein 

(HDL) cholesterol and triglycerides (enzymatic techniques), creatinine (modified Jaffé 

method), total homocysteine (free plus protein bound; high-performance liquid 

chromatography), and HbAlc (ion exchange high-performance liquid chromatography). 

Urinary albumin excretion was measured in an early morning, first voided urine sample. 

The presence of leukocytes was tested by light microscopy and scored as positive if >5 

leukocytes per high powerfield were found. Urinary albumin concentration was measured 

by rate nephelometry (Array protein system, Beekman, Ireland), with a detection threshold 

of 6.2 mg/1 and intra- and inter-assay coefficients of variation of 5% and 8%, respectively. 

Urinary creatinine was measured with a modified Jaffé method. A urinary albumin-to-

creatinine ratio of >3.0 mg/mmol was considered indicative of (micro-)albuminuria. Urine 

samples were available for a total of 607 subjects. Duplicate measurements were available 

for a representative sample of 176 subjects. The albumin-to-creatinine ratio in these subjects 

was based on the average of these two measurements. Subjects using an angiotensin 

converting enzyme inhibitor (n=32) were excluded from the analyses in order to avoid 

misclassification of the dependent variable, leaving 575 subjects for further analysis. 

A detailed medical history was obtained from all subjects. Cardiovascular disease was 

defined as coronary artery, cerebrovascular or peripheral artery disease. Coronary artery 
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disease was defined as a history of myocardial infarction, angina pectoris, coronary bypass 

surgery and/or Minnesota codes 1-1 or 1-2 on the 12-lead electrocardiogram (available 

in 625 subjects). Cerebrovascular disease was defined as a history of transient ischaemic 

attack or stroke. Peripheral artery disease was defined as a history of intermittent 

claudication, peripheral arterial reconstruction, limb amputation and/or an ankle-brachial 

pressure index of <0.50. The cardiovascular history was obtained by a self-administered 

questionnaire and, if positive, accepted only when confirmed by written information 

from the subject's general practitioner. All subjects fulfilling the above criteria for 

cardiovascular disease, plus the subjects who reported using drugs affecting the 

cardiovascular system (including anti-hypertensive and antd-arrhythmic drugs, ß-blockers, 

diuretics, and vasodilators) were classified as positive for cardiovascular disease and/or 

drugs (CVD&D). Protein intake was calculated using a self-administered validated semi

quantitative food frequency questionnaire (15). 

Cardiovascular autonomic function tests: 
Both the deep breathing test and the lying-to-standing test were performed by the 

same investigator. Subjects refrained from smoking and drinking coffee for at least two 

hours prior to the tests. A light meal >1 hour before the measurements was allowed. The 

tests were done in quiet surroundings, with a room temperature between 19 and 22°C, 

according to a fixed protocol. After 10 minutes of rest in a supine position, the deep-

breathing test was performed by asking the study subjects to breath deeply for 1 minute 

at a frequency of 6 breaths per minute (5 sec in, 5 sec out). After 5 minutes of rest, the 

lying-to-standing test was performed. The subjects stood up as quickly as possible, and 

remained standing for 2 minutes. During both tests, heart rate and blood pressure were 

registered using a computer-based data acquisition system. An electrocardiographic 

registration was obtained from bipolar chest leads. Beat-to-beat systolic and diastolic 

blood pressure were measured non-invasively on the right middle finger with the Finapress 

(Type BP2300, Ohmeda, Englewood, CO, USA). 

The following measures of cardiovascular autonomic function were used for this study: 

1- the EIHR-diff (beats/min): the difference between intra-breath maximum and 

minimum heart rate (HR), averaged over 6 breaths, 

2- the L—»SAHRmax (beats/min): the maximum heart rate within 15 sec after standing 

up minus the mean heart rate during 1 minute before standing, 

3- the L—>Smax/min-ratio (dimensionless): the maximum RR interval between 15 and 
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30 sec after standing up divided by the minimum RR interval within 15 sec after 

standing up, and 

4- the L—>SABPsys (mmHg): the systolic blood pressure after standing up (mean between 

1.5 and 2.0 minutes after standing) minus the supine systolic blood pressure (mean 

of 30 sec). 

The EIHR-diff and the L—>SAHRmax predominantly reflect parasympathetic function, 

the L—>Smax/min-ratio is the result of a vagal reflex to sympathetically mediated 

vasoconstriction, and the L—>SABPsys is thought to reflect mainly peripheral sympathetic 

function (16,17). 

Results were discarded if multiple non-sinus beats occurred during testing, if standing 

up took more than 10 sec, or if the recordings were technically unsuccessful for more 

than one of the four measures (n=30). Subjects with a history of neurological diseases 

or using drugs known to influence autonomic nerve function (anti-Parkinson drugs, 

phenytoin, antihistamines, parasympathicolytic, sympathicomimetic and parasympathi-

comimetic drugs) were also excluded from the analysis (n=9), leaving 536 subjects for 

final inclusion. 

Statistical methods: 
Routine parametric and non-parametric bivariate tests were used, as appropriate, to 

test for group differences between subjects with and without (micro-)albuminuria. 

Correlations between the four autonomic function measures were calculated using 

Pearson's correlation coefficients, if required after logarithmic transformation. Based on 

the four measures of cardiovascular autonomic function, a summary 'cardiovascular 

autonomic function score' (CAFS) was constructed as follows: the results of each 

measurement were divided into quartiles. A subject was assigned 0 points if the result 

was in the most normal quartile (lowest values for the L—->SABPsys test, highest values 

for the other 3 measures), 1 point if in the second quartile, 2 points if in the third 

quartile, and 3 points if the test outcome was in the most abnormal quartile (highest 

values for the L—»SABPsys, lowest values for the other measures). If all 4 measures were 

completed successfully, the scores of each were added together. If one result was missing 

(44 of 536 subjects), it was replaced by the median score for this measurement (1.5 

points). The result is an CAFS ranging from 0 (good) to 12 (poor). Multiple logistic 

regression analysis was used to identify independent determinants of (micro-)albuminuria. 

The presence of interaction effects was studied by entering product terms into the model. 

A two-sided p-value of <0.05 was considered statistically significant. 
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RESULTS 

Of the 536 subjects included in the analyses, 256 had normal glucose tolerance, 143 

impaired glucose tolerance, and 137 NIDDM. Demographic and clinical data are given 

separately for those with and without (micro-)albuminuria in Table 1. Age, waist-to-hip 

normoalbuminuria (micro-)albuminuria p-value 
(n=495) (n=4l) 

age (y) 63.7(7.1) 66.7(6.0) 0.009 
sex (% males) 47 54 0.40 
waist-to-hip ratio 0.91 (0.09) 0.95 (0.06) 0.002 
systolic blood pressure (mmHg) 136.7(18.2)) 152.4(20.2) <0.00l 
diastolic blood pressure (mmHg) 81.9(9.5) 87.4(12.0) 0.001 
mean arterial blood pressure (mmHg) 100.2(1 1.3) 109.0(13.1) <0.00l 
'actual' hypertension (%) 14 44 <0.00l 
NGT/IGT/NIDDM (%) 50/27/23 24/24/52 <0.00l 
HbAlc(%) 5.5(2.7- 15.2) 6.0(4.5- 12.1) 0.002 
total cholesterol (mmol/l) 6.7(1.2) 6.6(1.2) 0.68 
HDL cholesterol (mmol/l) 1.25(0.56-3.43) 1.10(0.57-2.29) 0.08 
triglycerides (mmol/l) 1.5(0.4- 14.0) 1.8(0.7- 13.9) 0.12 
current smoking (% yes) 28 27 0.84 
protein intake (g/kg/day) 0.95 (0.29 - 2.38) 0.90 (0.3 1 - 1.80) 0.56 
homocysteine (nmol/l) 1 1.3 (4.9 - 49.6) 12.4(6.1 -77.5) 0.20 
autonomic function measures: 

EIHR-diff(beats/min) 10.7(1.9-42.7) 8.7(2.5-29.4) 0.27 
L->SAHRmax(bpm) 20.6(6.5-46.4) 17.3(6.3-34.3) 0.001 
L—>Smax/min-ratio 1.22(1.0-2.1) 1.18(1.0- 1.6) 0.02 
L->SABPsys (mmHg) -5.8(15.5) -9.4(13.5) 0.12 

Table I : Demographic and clinical data of subjects without and with (micro-)albuminuria. 
Data are presented as mean (SD), with p-value calculated by unpaired t-test, or by median (range), with 
p-value calculated by Mann-Whitney U-test, or by % of subjects. P-values for nominal variables are calculated 
with the Chi-square test (for glucose tolerance categories: Chi-square test for trend). 
(micro-)albuminuria = albumin-to-creatinine ratio >3.0 mg/mmol in early morning spot urine sample, 
mean arterial blood pressure = diastolic blood pressure + (0.33xpulse pressure), 'actual' hypertension = 
systolic blood pressure > 160mmHg and/or diastolic blood pressure >95mmHg, NGT = normal glucose 
tolerance, IGT = impaired glucose tolerance, NIDDM = non-insulin-dependent diabetes mellitus, 
HDL = high-density-lipoprotein. For explanation of autonomic function tests: see methods section. 

ratio, blood pressure, and glucose tolerance were significantly related to the presence of 

(micro-)albuminuria in bivariate tests. All four measures of cardiovascular autonomic 

function showed less favourable results in subjects with (micro-)albuminuria. 

Table 2 displays the difference in CAFS between subjects with and without (micro-) 

albuminuria, with separate results given for substrata of glucose tolerance and 'actual' 

hypertension. In the whole group, the CAFS was significantly related to the presence of 
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normoalbuminuria (n) (micro-)albuminuria (n) p-value 

all 5.9 (495) 7.5(41) <0.00l 

NGT 
IGT 
NIDDM 

5.4(246) 
6.0(133) 
6.9(116) 

6.4(10) 
7.5(10) 
8.0(21) 

0.15 
0.10 
0.08 

no 'actual' hypertension 
'actual' hypertension 

5.8 (428) 
6.4 (67) 

7.4(23) 
7.6(18) 

0.006 
0.10 

Table 2: Mean cardiovascular autonomic function score (CAFS) in subjects without and with (micro-)albuminuria 

NGT = normal glucose tolerance, IGT = impaired glucose tolerance, NIDDM = diabetes mellitus. Actual' 
hypertension was defined as systolic blood pressure > 160 mmHg and/or diastolic blood pressure >95 mmHg, 
with or without use of antihypertensive medication. All p-values by unpaired t-test. 

(micro-)albuminuria. This relation did not vary greatly with glucose tolerance status or 

the presence of hypertension. Interestingly, (micro-)albuminuria was not seen in the 

group of subjects in the lowest quartile of the CAFS, even though patients with impaired 

glucose tolerance (n=29), diabetes (n=12) and hypertension (n=8) were present in this 

group. There was no evidence of a threshold effect in the relation between the CAFS 

and (micro-)albuminuria (data not shown). 

None of the individual associations between the four separate measures of cardio

vascular autonomic function and (micro-)albuminuria retained statistical significance 

after adjustment for potential confounders (data not shown). The CAFS, however, 

was significantly related to the presence of (micro-)albuminuria in the complete study 

group after adjustment for confounders (Table 3). Multiple logistic regression analysis 

was also performed in strata of glucose tolerance. In these multivariate analyses, the 

IGT and the NIDDM subjects behaved similarly with respect to the association between 

the CAFS and (micro-)albuminuria; the odds ratio (95% CI) (calculated as in model 2 

of Table 3) for having (micro-)albuminuria was 1.26 (0.97 - 1.64) for IGT subjects, 

and 1.22 (0.98 -1.52) for NIDDM subjects. Because of this similarity, and because of its 

contrast with the results obtained for NGT subjects, IGT and NIDDM subjects were 

analysed as a single group. The analyses indicated that the association between CAFS 

and (micro-) albuminuria was stronger in subjects with impaired glucose tolerance or 

NIDDM than in normal-glucose-tolerant subjects (Table 3). Additional adjustment for 

HbAlc or fasting glucose levels in the impaired glucose tolerance plus NIDDM group 

did not materially affect these results (data not shown). 
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All subjects: 
crude model model 2 

Odds ratio 
95% CI 

1.22 
1.08- 1.37 

1.15 
1.01 - 1.30 

1.14 
1.00 - 1.3 I 

NGT: 
crude model I model 2 

Odds ratio 
95% CI 

1.14 
0.91 - .44 

1.03 
0.81 - 1.32 

1.05 
0.81 - 1.38 

IGT and NIDDM: 
crude model model 2 

Odds ratio 
95% CI 

1.20 
1.04- 1.39 

1.20 
1.04- .39 

1.19 
1.02- 1.39 

Table 3: Multiple logistic regression analyses with (micro-)albuminuria as the dependent variable and the 
autonomic function score (CAFS) as the independent variable 
The odds ratio is expressed for each point increase in the autonomic cardiovascular function score. Separate 
results are given for the complete study group and for the substrata of normal glucose tolerance, and impaired 
glucose tolerance plus NIDDM. 

All subjects: model I : adjustment for age, sex, and glucose-tolerance-category; model 2: as model I, plus 
adjustment for 'adual' hypertension, waist-to-hip-ratio, triglycerides, and high-density-lipoprotein cholesterol. 
In substrata of glucose tolerance: identical models I and 2, but without glucose tolerance as a covariate. 
Additional correction for total protein intake, homocysteine, and current or ever smoking provided results 
virtually identical to model 2 in both the whole group and each of the substratum analyses (data not shown). 

Note that we performed two measurements reflecting mainly parasympathetic function, 

one that measures mainly sympathetic function, and one that combines parasympathetic 

and sympathetic function. Combining the four autonomic function measures in one 

score carries the risk of unbalanced weighting of parasympathetic and sympathetic 

autonomic (dys)function. In order to address this, we constructed an alternative autonomic 

function score by combining the EIHR-diff (mainly parasympathetic) and the 

L^SABPsys (mainly sympathetic) in a similar way as was done for the CAFS. The EIHR-

diff was chosen as parasympathetic test because it showed an even lower correlation 

with the L—>SABPsys than did the L—»SAHRmax (Pearsons correlation coefficients: 

0.07 versus 0.13, respectively), indicating minimal co-linearity. This alternative autonomic 

function score resulted in odds ratios that were virtually identical to those reported for 

the CAFS in Table 3 (data not shown). 
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No evidence of an interactive effect between any measure of blood pressure and the 

CAFS with regard to the occurrence of (micro-)albuminuria was found (p>0.34 for each 

product term). Likewise, we found no evidence of interaction between CAFS and age 

(p=0.39), waist-to-hip ratio (p=0.42), or protein intake (p=0.50). Re-analysis of the data 

with an albumin-to-creatinine ratio of 2.0 and 2.5 as a cut-off level for (micro-)albuminuria 

had trivial effects on the outcomes, as did exclusion of subjects with leukocyturia (n=121), 

exclusion of the duplicate urine samples in 176 subjects, or exclusion of subjects with 

macro-albuminuria (ratio >30 mg/mmol, n=3) (data not shown). If hypertension defined 

as 'blood pressure >160 and/or >95 mmHg and/or use of antihypertensive medication' 

was entered instead of 'actual' hypertension, the multivariate test results as presented in 

Table 3 were essentially identical (data not shown). A total of 192 subjects met the 

criteria for 'cardiovascular disease and/or drugs' (CVD&D). After additional adjustment 

for CVD&D in the IGT plus NIDDM subgroup, the odds ratio (95% CI) for the CAFS 

decreased slightly, to 1.16 (1.00 -1.34) and 1.14 (0.98 -1.34) in models 1 and 2, respectively 

(from 1.20 and 1.19, cf Table 3). 

DISCUSSION 

This study demonstrates that cardiovascular autonomic function is related to the 

presence of (micro-)albuminuria in an age-, sex-, and glucose-tolerance-stratified random 

sample of an elderly Caucasian population. This association was independent of other 

determinants of (micro-)albuminuria in the Hoorn study population (glucose tolerance, 

blood pressure, waist-hip ratio, protein intake and homocysteine) (18,19), except for the 

fact that it was observed more clearly in subjects with impaired glucose tolerance or 

diabetes than in normal-glucose-tolerant subjects. 

The prevalence of autonomic dysfunction is about 7% in newly diagnosed NIDDM 

(20). There have been reports indicating that autonomic dysfunction in NIDDM is 

associated with age (21,22), sex (23), weight (24,25), blood pressure (22,24), fasting insulin 

level (23,24), level of glycaemic control (25), and duration of NIDDM (23,25). As for 

NIDDM-related microvascular complications, several reports have suggested that a 

relation between autonomic dysfunction and retinopathy exists (22,25,26). 

Some studies have looked in detail at autonomic cardiovascular function in relation to 

albuminuria in NIDDM. An early study found higher urinary albumin excretion rates in 

patients with impaired heart rate variability, which is a feature of cardiovascular autonomic 
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failure (24). Another report also indicated that autonomic cardiovascular dysfunction, 

measured with only a single test (deep breathing), was related to albuminuria in a large 

(n=949) number of relatively young, strictly hypertensive patients (25). In this study, 

only an association with overt proteinuria was reported, with normo- and micro-

albuminuric subjects taken as a single control group. An abnormal day-night blood pressure 

pattern was related to abnormal autonomic function measures and proteinuria in a study 

involving 76 subjects (27). Two small studies showed conflicting results (22,28). Finally, 

a recent study by Wirta et al. found that albuminuria was related to Valsalva and breathing 

ratios only in patients with a duration of NIDDM of >1 year (29). Taken together, the 

majority of studies performed so far in NIDDM support the concept of a relation 

between autonomic cardiovascular function and (micro-)albuminuria. 

Compared to these previous studies, our study has the advantage of being large, truly 

population based, and including patients with normal and impaired glucose tolerance, 

and with normal and increased blood pressure. The relatively large study group allowed 

for the use of substratum analyses and multivariate testing. Although interaction effects 

were not found, our study may have lacked sufficient power to exclude such effects. An 

final advantage was that we were able to evaluate four different measures of autonomic 

function. Previous studies employed less extensive autonomic function tests, except for 

one (22), which unfortunately included only 9 NIDDM patients with (microalbuminuria. 

There are two plausible explanations for a causal relation between cardiovascular 

autonomic function and urinary albumin excretion. Firstly, a reduced nightly drop in 

blood pressure, which is a feature of autonomic dysfunction not only in IDDM (11,12) 

but also in NIDDM (30), may result in (micro-)albuminuria. Secondly, a disturbance in 

glomerular arteriolar autoregulation may result in an inability of the glomerular apparatus 

to counteract hyperglycaemia-associated glomerular hypertension and glomerular 

hyperfiltration (31). Glomerular hyperfiltration has been reported to occur in both IDDM 

and NIDDM, but has also been found in subjects with IGT (32). Our findings may 

indicate that IGT- and NIDDM-associated effects on glomerular haemodynamics may 

be required for autonomic cardiovascular dysfunction to reveal its effect on urinary 

albumin excretion. 

We cannot fully exclude the possibility that we have merely studied an association 

between two diabetic complications, caused by largely the same set of risk factors. 

However, if this would have been the case, then introduction of these risk factors as 

additional independent variables on top of the crude model with only the CAFS would 
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have introduced significant co-linearity among the independents. This would normally 

be reflected by a marked decrease in the odds ratio and/or in the partial R2 for the CAFS, 

which was not seen (see table 3, the partial R2 for the CAFS in the 'IGT and NIDDM' 

stratum was 0.15 in the crude model, 0.14 in model 1, and 0.12 in model 2). 

Another issue that needs to be addressed is the way in which we analysed the results 

of the autonomic function tests. We did not regard the results as dichotomous variables 

for 'normal' and 'abnormal' results, as has been done in many previous studies. We chose 

this approach because abnormal values for autonomic function tests have been defined 

on the basis of statistical abnormality in a healthy control population, rather than on the 

basis of pathophysiological alterations. There is no evidence whatsoever to indicate that 

these statistically abnormal results have a pathophysiological meaning in the context of 

a possible association with (micro-)albuminuria. Also, we avoided the use of age-corrected 

autonomic function measures. Albumin excretion rises with increasing age. It is unknown 

whether this effect is (partly) mediated by deterioration in autonomic function. However, 

if this would be the case, then 'taking the age effect out' of the autonomic function 

variable by using age-corrected values would inadvertently exclude autonomic function 

as a determinant of (micro-)albuminuria. Correction for age in the multivariate model by 

including it as a separate independent variable, as was done in our analyses, is in our view 

the best option. 

A final possible concern is whether it is legitimate to combine several autonomic 

function measures in a single score. We constructed the CAFS with the purpose of 

enhancing power, since a battery of autonomic function measures will by definition 

show a higher reproducibility than any single measurement. Also, the four measures are 

thought to convey distinct information about cardiovascular autonomic function (16,17). 

This is supported by generally poor correlations we found between the four measures. 

Except for a correlation of 0.60 between the L—»SAHRmax and the L—»Smax/min-

ratio, all correlations were below 0.40. Even the EIHR-diff and the L—>SAHRmax, which 

are both considered to reflect mainly parasympathetic function, correlated poorly 

(correlation coefficient 0.37), and were quite differently associated with (micro-) 

albuminuria in the bivariate tests (Table 1), suggesting that these measures of cardio

vascular autonomic function do not convey identical information. Even so, giving equal 

weights to measures that overlap even partly could possibly result in an CAFS that does 

not give a balanced impression of overall autonomic function. In our view, the virtually 

identical results that were obtained using an alternative score that combined a 
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parasympathetic with an uncorrelated sympathetic measurement make it unlikely that 
the CAFS was heavily unbalanced. 

In conclusion, our study shows that autonomic cardiovascular function is associated 

with the occurrence of (micro-)albuminuria in subjects with impaired glucose tolerance 

or NIDDM, and that this association is independent of age, blood pressure, and other 

previously identified determinants of (micro-)albuminuria in the same study population. 
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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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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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Samenvatting 

Type-2-diabetes mellitus (DM) ('ouderdomssuikerziekte') is een complexe aandoening. 

Naast een gestoorde regulatie van de bloedsuikerspiegel is er vaak tevens sprake van een 

verstoring van de vetstofwisseling en van de bloeddrukregulatie. De ziekte heeft enkele 

veelvoorkomende complicaties gemeen met type-1-DM ('jeugdsuikerziekte'), waaronder 

schade aan het netvlies van de ogen, nierfunctiestoornissen en een gestoorde zenuwfunctie. 

De meest opmerkelijke complicatie bij patiënten met type-2-DM betreft echter het 

frequente voorkomen van cardiovasculaire aandoeningen ('hart- en vaatziekten'), vooral 

op relatief jonge leeftijd. Ongeveer tweederde van alle patiënten met type-2-DM overlijdt 

aan een hart- en vaatziekte. Vooral het risico op een hartinfarct is sterk verhoogd. Ter 

vergelijking: ruim éénderde van niet-diabeten of patiënten met type-1-DM sterft aan 

een cardiovasculaire aandoening. 

Albumine is een klein eiwit dat in relatief hoge concentratie in het bloed voorkomt, 

maar normaliter nauwelijks in de urine verschijnt. De uitscheiding van kleine hoeveelheden 

albumine met de urine wordt 'microalbuminurie' (MA) genoemd. MA voorspelt het 

optreden van nierschade bij zowel type-1 als type-2-DM. Sinds begin jaren tachtig is 

evenwel duidelijk dat MA tevens een voorspeller is van cardiovasculaire complicaties, 

vooral bij patiënten met type 2 DM. De verklaring voor dit opmerkelijke fenomeen is 

niet precies bekend. Enerzijds kan het zo zijn dat MA een uiting is van het voorkomen 

van diverse risicofactoren voor cardiovasculaire aandoeningen. Zo zijn hoge leeftijd, 

roken, hoge bloedsuikerconcentraties, hoge bloeddruk en een gestoorde vethuishouding 

niet alleen risicofactoren voor hart- en vaatziekten, maar eveneens voorspellers voor het 

optreden van MA. Anderzijds kan de associatie tussen MA en cardiovasculaire ziekte 

mogelijk worden verklaard doordat MA een uiting is van een vroeg stadium van 

gegeneraliseerde vaatschade. Er is met name een verband aangetoond tussen MA en 

beschadiging van het endotheel. Het endotheel vormt de binnenbekleding van onze 

bloedvaten en heeft vele belangrijke functies. Beschadiging van het endotheel kan een 

eerste stap zijn op weg naar klinisch manifest vaatlijden. 

In hoofdstuk 1 wordt een overzicht gegeven over wat er in de literatuur tot op heden 

bekend is over MA bij type-2-DM. De volgende onderwerpen komen met name aan 

bod: het mechanisme van albumineverlies in de nier, voorspellende factoren voor het 

optreden van MA, het verband tussen MA en cardiovasculaire complicaties en 

behandelingen die MA kunnen doen afnemen. 

Een van de problemen bij het meten van MA is dat de albumine-uitscheiding via de 

urine ('albuminurie') per dag sterk kan variëren. Er zijn verschillende manieren waarop 
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albuminurie kan worden gemeten. In hoofdstuk 2 wordt de dag-tot-dag-variabiliteit van 

de meest gebruikte methodes met elkaar vergeleken. In de eerste plaats bleek uit de 

resultaten dat er bij patiënten met type-2-DM forse positieve uitschieters in de 

albuminuriewaarden kunnen voorkomen. Tevens bleek dat de albumine-creatinine-ratio 

(ACR; de concentratie albumine in de urine gedeeld door de creatinineconcentratie) in 

de eerste ochtendurine de meest constante maat voor albuminurie is. Echter, de 

gemiddelde afwijking van de werkelijke MA-waarde bedraagt voor een enkelvoudige 

ochtend-ACR-bepaling nog altijd meer dan 30%. Door de middelste waarde van een 

drievoudige meting te nemen kan men deze afwijking reduceren tot ongeveer 18%. 

Wij concludeerden dat een drievoudige meting van de ACR in de eerste-ochtendurine 

de voorkeur verdient boven andere meetmethoden. Men neme de middelste waarde van 

deze drievoudige bepaling als optimale schatting van de werkelijke albuminuriewaarde. 

Over de aanwezigheid van MA zijn reeds vele studies gepubliceerd. De progressie van 

MA daarentegen heeft in de literatuur weinig aandacht gekregen. Wij bepaalden de 

verschillen in de snelheid van progressie van MA bij 58 patiënten met type-2-DM en een 

goed gereguleerde bloeddruk (hoofdstuk 3). Hiertoe werden deze patiënten gedurende 

2 jaar intensief gevolgd. Er bleek sprake te zijn van een lineaire toename van MA in de 

tijd, welke van patiënt tot patiënt sterk verschilde. De jaarlijkse verandering van de ACR 

in 24-uurs-urine varieerde van -5.9 tot +12.9 mg/mmol. Er werden twee onafhankelijke 

voorspellers voor de snelheid van progressie van MA geïdentificeerd: het gebruik van 

ACE-remmers (een veel gebruikt bloeddrukverlagend middel) beschermde tegen snelle 

progressie en een hoge triglyceride-HDLcholesterol-ratio bleek gecorreleerd met relatief 

snelle progressie van MA. Het gevonden effect van ACE-remmers was reeds bekend uit 

de literatuur, wat niet gold voor het verband tussen progressie van MA en een afwijkend 

vetspectrum. 

Wij concludeerden dan ook dat de ernst van de voor type-2-DM typische verstoring 

van het vetspectrum (hoge triglyceriden en een laag HDLcholesterol) een nieuw 

geïdentificeerde voorspeller is van de snelheid van progressie van MA bij patiënten met 

een goed gereguleerde bloeddruk. 

Omdat een gestoord vetspectrum een voorspeller is van progressie van MA, ligt het 

voor de hand te onderzoeken of behandeling van deze afwijking leidt tot stabilisatie of 

zelfs tot een afname van MA. Hoofdstuk 4 beschrijft een studie naar de effecten van 
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behandeling van hypertriglyceridemie bij patiënten met type-2-DM en MA. Vijftien 

patiënten werden gerandomiseerd voor behandeling met gemfibrozil, een geneesmiddel 

dat vooral het triglyceridengehalte van het bloed verlaagt, of toediening van placebo

tabletten. De albuminuriewaarde werd gedurende een periode van één jaar gevolgd. Uit 

de resultaten bleek dat de progressiesnelheid van MA bij patiënten in de behandelingsgroep 

lager was dan bij patiënten in de placebogroep (35% versus 65%), maar dit verschil was 

niet statistisch significant. Werden echter patiënten met een duidelijke afname (>20%) 

van het triglyceridengehalte vergeleken met patiënten zónder zo'n afname, dan werd het 

verschil in progressie van MA duidelijker (+1% versus +97%, p-waarde=0.03). Een 

aantal patiënten uit de placebogroep ging aan het einde van de studieperiode over op 

behandeling met gemfibrozil. De MA-waarden die hierop bij deze patiënten werden 

gemeten gaven verdere ondersteuning aan de hypothese dat triglyceridenreductie een 

gunstig effect op MA heeft. 

Wij concludeerden dat effectieve behandeling van hypertriglyceridemie mogelijk kan 

leiden tot stabilisatie of reductie van MA. 

Homocysteine is een zwavelhoudend aminozuur dat bij iedereen in het bloed aanwezig 

is. Uit recent onderzoek is gebleken dat een relatief milde verhoging van de homocysteïne-

concentratie waarschijnlijk een risicofactor is voor cardiovasculaire aandoeningen. Wij 

bestudeerden de determinanten van homocysteïneconcentraties bij patiënten met type-

2-DM in hoofdstuk 5. Bij 150 patiënten werd het nuchtere plasmahomocysteïne gemeten 

en bij 85 van deze patiënten werd tevens een zogenaamde methioninebelastingtest 

uitgevoerd. Deze test kan een verborgen stoornis in de homocysteïnestofwisseling aan 

het licht brengen. Uit de resultaten bleek dat hogere homocysteïneconcentraties bij deze 

groep patiënten gecorreleerd waren met milde stoornissen van de nierfunctie en met 

licht verlaagde, of zelfs laag-normale gehaltes van folaat (vitamine-Bil), vitamine-B12 

en vitamine-B6. De nuchtere homocysteïne-concentratie, en niet de homocysteïne-

concentratie na een methioninetest, bleek sterk samen te hangen met het hebben van 

een voorgeschiedenis van cardiovasculaire ziekte. Er werd geen enkele aanwijzing 

gevonden voor een verband tussen homocysteïneconcentraties en het voorkomen van 

netvliesbeschadiging of MA. 

Wij concludeerden dat een slechts gering nierfunctieverlies en laag-normale 

concentraties van folaat, vitamine-B12 en -B6 reeds een stijging van de homocysteïne-

concentratie kunnen veroorzaken. Aangezien MA niet gepaard gaat met hogere 
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homocysteïneconcentraties, is het op basis van onze studieresultaten onwaarschijnlijk 

dat hyperhomocysteïnemie het verband tussen MA en cardiovasculaire aandoeningen 

mede zou kunnen verklaren. 

Autonome neuropathie (stoornis in de functie van het autonome, oftewel 'onwillekeurige' 

zenuwstelsel) wordt in de dagelijkse praktijk niet vaak gediagnosticeerd, maar is zeker niet 

zeldzaam bij patiënten met type-2-DM. Discrete stoornissen zijn al aanwezig vóórdat aan 

de klinische criteria voor de diagnose autonome neuropathie wordt voldaan. Een belangrijk 

subtype betreft de autonome neuropathie van het hart- en vaatstelsel. Deze stoornis is 

namelijk een belangrijke voorspeller voor cardiovasculaire sterfte bij type-2-DM. De 

mogelijkheid van een verband tussen dysfunctie van het cardiovasculaire autonome 

zenuwstesel en de aanwezigheid van MA werd onderzocht in een populatie van oudere 

Caucasische mensen zonder en met type-2-DM (hoofdstuk 6). Een gecombineerde 

'cardiovasculaire autonome functiescore' (CAFS) werd verkregen door samenvoeging van 

de resultaten van een tweetal tests. Uit de resultaten bleek dat de mate van cardiovasculaire 

autonome dysfunctie, weergegeven door de CAFS, gecorreleerd was met de aanwezigheid 

van MA. Deze correlatie werd vooral zichtbaar bij mensen met een gestoorde glucose-

tolerantie (een voorstadium van type-2-DM) en bij patiënten met type-2-DM, en in mindere 

mate bij gezonden. 

Wij concludeerden dat MA gecorreleerd is met een belangrijke risicofactor voor hart- en 

vaatziekten in de vorm van cardiovasculaire autonome dysfunctie. Deze correlatie zou een 

bijdrage kunnen leveren aan een beter begrip van het verband tussen MA en cardiovasculaire 

sterfte. 

Hoofdstuk 7 bevat een kritische beschouwing van de waarde van het definiëren en 

diagnosticeren van MA in de dagelijkse poliklinische zorg voor patiënten met type 2 

DM. De bevindingen van de in het proefschrift opgenomen studies worden besproken 

en er worden suggesties gedaan voor verder onderzoek op dit gebied. 

142 







Dankwoord 

Dankwoord 

Velen hebben direct of indirect een bijdrage geleverd aan de totstandkoming van dit 

proefschrift. Een aantal van hen wil ik in het bijzonder noemen. 

Dr. J. Silberbusch. Bob, wat morrend ging ik, nadat je me voor de derde keer in korte 

tijd benaderd had, akkoord met het verrichten van een klein onderzoek naar de 

progressiekarakteristieken van microalbuminurie bij type-2-DM. Ik kan me niet voorstellen 

dat je toen al voorzag dat dit onderzoek zó uit de hand zou lopen. Je bent in meerdere 

opzichten een bewonderenswaardig leermeester en ik dank je voor het vertrouwen dat je 

in mij bleef houden. 

Dr. C.D.A. Stehouwer. Coen, mijn wetenschappelijke geweten. Jouw kennis en 

scherpzinnigheid worden slechts overtroffen door de snelheid waarmee je concept

manuscripten terugstuurde. Dank voor al je bijdragen. We houden contact. 

Prof. Dr. L. Arisz. Dank voor de bereidwilligheid om u in mijn werk te verdiepen en om 

als promotor op te treden. 

Melina Rakic. Jouw logistieke en persoonlijke ondersteuning zijn van onmisbare waarde 

geweest. 

Ed Slaats en Rob Weijers van het Klinisch Chemisch laboratorium van het OLVG. 

Dank voor het bereidwillig en soms kosteloos verrichten van vele bepalingen. 

De arts-assistenten Interne van het OLVG zagen nogal wat roostervrije weken naar 

één en dezelfde persoon afvloeien. Excuses en bedankt. 

Anneloes, Rachel en Lucie. Sorry voor al die avonden dat ik er niet of nauwelijks was. 

Het boekje is nu af. Van nu af aan wordt het allemaal nog veel en veel erger. 

145 





Curriculum Vitae 

Curriculum Vitae 

The Author was born on April 6,1967, in Vlissingen, The Netherlands. After finishing 

secondary school, he started his medical study at the University of Amsterdam in 1985. 

In 1988 and 1989, he was a research student at the department of Cardiopulmonary 

Surgery of the Academic Medical Center, Amsterdam. In 1990, he obtained his medical 

degree. Prior to his clinical rotations, he spent one year as a research fellow at the Artificial 

Heart Laboratory, headed by Prof. Willem J. Kolff, at the University of Utah, Salt Lake 

City, USA. After obtaining his medical qualification exam in 1993, he became a resident 

in Internal Medicine at the Onze Lieve Vrouwe Gasthuis, Amsterdam. In 1995, he started 

his training in Internal Medicine in this hospital, under the supervision of Dr. J. Silberbusch. 

During this period, the studies described in this thesis were performed. Since 1999, he is 

a senior resident in Internal Medicine and Nephrology at the Academic Medical Center 

(Prof. E. Briët and Prof. R.T. Krediet). 

Schrijver dezes werd geboren op 6 april 1967 te Vlissingen. Nadat het eindexamen 

VWO was afgelegd werd in 1985 aangevangen met de studie Geneeskunde aan de 

Universiteit van Amsterdam. In 1988 en 1989 werkte hij als student-onderzoeker bij de 

afdeling Cardiopulmonale Chirurgie van het Academisch Medisch Centrum te 

Amsterdam. In 1990 werd het doctoraalexamen behaald. Hierna was hij gedurende een 

jaar als onderzoeker werkzaam in het Artificial Heart Laboratory van Prof. Willem J. 

Kolff, verbonden aan de University of Utah, Salt Lake City, Verenigde Staten. In 1993 

werd het artsexamen behaald. Hierna werkte hij als arts-assistent Inwendige Geneeskunde 

in het Onze Lieve Vrouwe Gasthuis te Amsterdam, waar in 1995 met de opleiding tot 

Internist werd begonnen (opleider: Dr. J. Silberbusch). Gedurende deze periode werd 

het in dit proefschrift beschreven onderzoek verricht. Sinds 1999 wordt de opleiding 

voortgezet in het Academisch Medisch Centrum, met als aandachtsgebied de Nefrologie 

(opleiders: Prof. E. Briët en Prof. R.T. Krediet). 

Yvo woont samen met Anneloes Smits en heeft twee dochters: Rachel (1996) en Lucie 

(1998). 

Correspondentieadres: Academisch Medisch Centrum, Afdeling Inwendige Geneeskunde, 

F4-222, Meibergdreef 9, 1105 AZ Amsterdam. E-mail: y.m.smulders@amc.uva.nl 

147 

mailto:y.m.smulders@amc.uva.nl


» 

• t . - -

V ' 
Microalbuminuria i | defined ai excretion 
of small amounts of albumin i'n urine. 
In patierts with typ? 2 diabetes mellitus, 
microalbuminuria if a strong fek markerj 
for cardiovascular disease and mortality. 
The explanation for] this somewhat 
remarkable association is not precisely 
known. . J j g _„._ ^ 

In this tr esis, severjal aspects pf micro-
albumin jria in type! 2 diabetes mellitus 
are discussed, with'particular reference 
to urine Campling methods, rate of 
progression of microalbuminuria, and 
possiblejcorrelatioris between 
albumjmiria and sojne of the newer' 
cardiovascular riskjfactors, including 
hyperhomocysteinaiemia and cysfunction 
of the c^irdiovascu ar autonomic 
nervous] system. 


