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COURSE AND CONSEQUENCES
OF HIGH URINARY
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STELLINGEN BEHORENDE BIJ HET PROEFSCHRIFT:
'COURSE AND CONSEQUENCES OF HIGH URINARY ALBUMIN EXCRETION'
AUKE HEDMAN BRANTSMA
GRONINGEN, 1 OKTOBER 2008

Het meten van de albuminurie hoort een vast onderdeel te zijn bij het opstellen van een
cardiovasculair risicoprofiel.
2

lndien besloten wordt tot screening van de algemene bevolking op albuminurie dan dient
deze plaats te vinden middels het meten van de albumine-creatinine ratio in een portie
ochtendurine (dit proefschrift).

3

lndien besloten wordt tot screening van de algemene bevolking op albuminurie hoeft
deze meting niet jaarlijks herhaald te worden, dit in tegenstelling tot de situatie bij
patienten met diabetes mellitus (dit proefschrift).

4

Een daling van de albuminurie in de algemene bevolking leidt mogelijk tot een
vermindering van de incidentie van diabetes, hypertensie en cardiovasculaire- en renale
ziekte (dit proefschrift}.

5

Een matig gestoorde eGFR zonder verhoogde albuminurie kan een indicatie zijn van
kleine nieren, groter dan normale spiermassa of een hoge leeftijd, maar is over het
algemeen geen uiting van een chronische nierziekte (dit proefschrift}.

6

De huidige classificatie van chronisch nierfalen, zoals gedefinieerd door de K/DOQI
richtlijnen, moet worden aangepast. Hierbij moeten personen met een geschatte
glomerulaire filtratiesnelheid tussen de 45 en 60 ml/min/1.73m2 alleen nog maar
geclassificeerd worden als hebbende chronisch nierfalen als zij ook een albuminurie van
meer dan 30 mg/24hr hebben (dit proefschrift).

7

De toenemende trend in wetenschappelijke tijdschriften om de gebruikte materialen en
methoden in kleine letters dan wel aan het einde van het artikel at te drukken, suggereert
onterecht dat het belangrijker is dat je resultaten kunt tonen, dan hoe die resultaten
verkregen zijn.

8

Het review proces van wetenschappelijke tijdschriften zou niet anoniem moeten
plaatsvinden.

9

Statistics are like bikinis. What they reveal is suggestive, but what they conceal is vital (A.

10

The mechanisms behind increased cardiovascular mortality in connection with
albuminuria have remained enigmatic: is it a partner in crime or just an innocent
bystander in close proximity to a vascular catastrophe. (Niskanen et al. Diabetes Care,

Levenstein).
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Introduction

INTRODUCTION

During the last 25 years urinary albumin excretion has increasingly been
acknowledged as a powerful predictor of cardiovascular and renal disease. This
development started with the research by Viberti and Mogensen in the early 1980s
2
in type 1 and type 2 diabetes, respectively 1 ; . Although it was already known that
urinary excretion of albumin of more than 300mg/24-hr, currently defined as
macroalbuminuria, is associated with an increased cardiovascular and renal risk,
the work of Viberti and Mogensen showed that this association already starts at
levels of urinary albumin excretion well below this range. Later it was shown that
the relation between lower levels of urinary albumin excretion and cardiovascular
34
and renal disease is also present in subjects with hypertension ; • Since then many
studies have corroborated these findings which led international guidelines on
diabetes and hypertension to accept increased urinary albumin excretion as a
cardiovascular and renal riskmarker and to advocate screening for urinary albumin
57
excretion - .
Traditionally, diabetes and hypertension are considered the most important risk
factors for the development of a high urinary albumin excretion. This has led to the
traditional view on the sequence of events that puts the development of diabetes or
hypertension before the development of high urinary albumin excretion (see figure
1 ). The development of high urinary albumin excretion in this view is an event that
takes place somewhere during the chain of pathophysiological events that goes
from the development of diabetes or hypertension to the occurrence of
cardiovascular disease or accelerated renal function loss. There are however
several observations that question this traditional view.
First, studies performed in the general population have shown that high urinary
albumin excretion not only occurs in subjects with diabetes or hypertension, but is
also frequently found in subjects without these cardiovascular risk factors. In the
PREVEND Study, which included more than 40.000 subjects of the general
population, the prevalence of microalbuminuria, defined as a urinary albumin
concentration in a first morning void urine sample of 20-200 mg/L, was 7.2%. Of
these subjects 74.9% reported not to have diabetes or hypertension. Furthermore,
approximately 16.6% of the subjects had a high-normal urinary albumin excretion,
defined as a urinary albumin concentration of 10-20 mg/L. Of the subjects with
high-normal urinary albumin excretion, 84.2% reported not to have diabetes or
8
hypertension • Although some of these subjects were found to have previously
undetected hypertension (32.5% and 22.4% for subjects with urinary albumin
concentration 20-200 mg/L and 10-20 mg/L, respectively) or diabetes (4.5% and
1.7% for subjects with urinary albumin concentration 20-200 mg/L and 10-20 mg/L,
9
respectively) on subsequent clinical examination , this still leaves a significant

10
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Figure 1 Traditional view on the development of high urinary albumin excretion.

�
Diabetes
Hypertension

�

Cardiovascular
disease
Renal disease

Abbreviations are: UAE, urinary albumin excretion.

proportion of subjects with high urinary albumin excretion without having diabetes
or hypertension. Thus, a high urinary albumin excretion is frequently present
independently of the presence of diabetes or hypertension.
Second, several studies have shown that also in the general population a high
urinary albumin excretion is associated with an increased cardiovascular and renal
risk. This assocation is independent of serum glucose concentration, blood
pressure, as well as other well-known cardiovascular risk factors10-13•
Finally, there is increasing evidence in support of the idea that a high urinary
albumin excretion is not a direct consequence of diabetes or hypertension, but is a
reflection of underlying systemic endothelial dysfunction1 4-1 8. This idea was
proposed by Deckert et al in their Steno hypothesis1 9• Initially, an increase in
urinary albumin excretion was seen as a purely renal disorder. Based on the
finding that high urinary albumin excretion is also associated with the development
of cardiovascular disease, Deckert et al introduced the idea that an increased
urinary albumin excretion reflects a generalized vascular disorder that does not
only affect the glomeruli, but also other blood vessels in the body. At present most
researchers believe that this vascular disorder is what we now call endothelial
dysfunction.
The endothelium is the single-cell lining that covers the internal surface of
blood vessels and cardiac valves. The normal, healthy endothelium regulates the
vascular tone and structure of the blood vessel and is responsible for the regulation
of numerous metabolic, synthetic, anti-inflammatory and anti-thrombotic
processes20 . There is endothelial dysfunction when one or more of these functions
are disturbed, e.g. increased endothelial permeability, impaired antithrombogenesis
or inappropriate regulation of vascular smooth muscle21;22•
It is thought that when endothelial dysfunction occurs at the glomerular level it
can disturb either the autoregulatory mechanisms of intraglomerular pressure
leading to an increase in glomerular hydrostatic pressure, or it can disturb the
structure of the glomerular capillary wall leading to an increase in glomerular
11
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permeability. Both these changes can lead to in increase in albumin filtered by the
glomerulus into Bowman's space23. Most of the filtered albumin will be reabsorbed
by the tubulus through endocytosis. The tubulus has a high absorptive capacity for
albumin. However, as the albumin-receptors used to concentrate the urinary
albumin on the luminal cell membrane before absorption have a low-affinity for
albumin, there is always urinary spillage of albumin. When the amount of filtered
albumin increases due to endothelial dysfunction this will consequently lead to an
2
increase in urinary albumin excretion24 ; 5.
Support on the role of endothelial dysfunction as cause of high urinary albumin
excretion comes from both animal and epidemiological studies. Using rats it was
shown that interindividual differences in renal endothelial function predict the
increase in proteinuria (of which albumin is the most important protein) in response
to a severe reduction in renal mass (5/6 nephrectomy) in healthy rats or after a
myocardial infarction in a model of mild renal damage26;27. Additionally,
epidemiological studies have shown that in humans high urinary albumin excretion
is preceded by the development of endothelial dysfunction 1 4-1 8 .
As glomerular endothelial dysfunction is thought to be responsible for the
development of high urinary albumin excretion, there is substantial evidence that
systemic endothelial dysfunction promotes the development of atherosclerosis and
is associated with the development of cardiovascular disease28-30• Hence, going
back to the Steno hypothesis and considering the strong association between
urinary albumin excretion and cardiovascular disease, it is likely that urinary
albumin excretion not only reflects glomerular endothelial dysfunction, but is closely
associated with the development of systemic endothelial dysfunction. With the
increasing evidence that systemic endothelial dysfunction may actually be
implicated as a cause in the development of hypertension and perhaps also of
diabetes31 -36, this is an additional argument that the traditional view on the
development on urinary albumin excretion needs to be revised.
Due to the observations described above, urinary albumin excretion is at
present also increasingly recognized as a powerful predictor of cardiovascular and
renal disease in the general population. This has led to the suggestion that, in line
with guidelines for subjects with diabetes or hypertension, subjects of the general
population should also be regularly screened on urinary albumin excretion in order
to prevent cardiovascular and renal disease37• In line with this thought, urinary
albumin excretion is now included in nephrological guidelines to facilitate early
detection and treatment of chronic kidney disease and the associated
cardiovascular risk38. For the implementation of urinary albumin excretion based
screening-programs it is important to have a good understanding of the
12
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development of high urinary albumin excretion and its consequences. This will
enable optimization of the effects of the screening-program and enable an estimate
of its possible effects, both in terms of health-benefits and cost-effectiveness.
Although it is suggested that the traditional view of urinary albumin excretion, being
an intermediate step in the series of events that start with the development of
hypertension or diabetes and lead to cardiovascular or renal disease, needs to be
revised, little is still known on the relation between the development of high urinary
albumin excretion, other cardiovascular risk factors and cardiovascular and renal
disease in the general population. Furthermore, it is unknown which factors cause
the high urinary albumin excretion in non-diabetic, non-hypertensive subjects. The
aim of this thesis is therefore to study the development of urinary albumin
excretion, its causes, and its consequences in the general population using a
prospective cohort-study.
Outline of this thesis

In this thesis different aspects of the course and consequences of high urinary
albumin excretion are described. The first chapters focus on the sequence of
events by which high urinary albumin excretion and associated cardiovascular risk
factors develop. Chapter 1 and 2 describe the relation between urinary albumin
excretion and diabetes and hypertension and study whether the development of a
high urinary albumin excretion may also precede and predict the development of
these cardiovascular risk factors. Subsequently chapter 3 investigates the most
important factors that may cause the development of a high urinary albumin
excretion in the general population. Chapter 4 focuses on the change of the
prognostic value of urinary albumin excretion for cardiovascular risk with increasing
follow-up. Furthermore in this chapter the association between changes in urinary
albumin excretion and cardiovascular risk are studied. This issue is important as it
may determine the frequency at which the urinary albumin excretion measurement
needs to be repeated in the urinary albumin excretion-based screening programs
mentioned earlier. Furthermore, as there are several different methods available to
measure the urinary albumin excretion in such a screening program, chapter 5
focuses on the question which method of measuring urinary albumin excretion
should be used in general population screening. This is done by investigating
which of the available urinary albumin excretion measures predicts cardiovascular
disease best. The measurement of a 24-hr urinary albumin excretion is compared
with measuring albumin concentration or albumin creatinine ratio in a random urine
void or a spot morning urine sample. Next, chapter 6 describes the effect of the
implementation of urinary albumin excretion in the K/DOQI guidelines on chronic
kidney disease. These guidelines are written with the aim to facilitate early
detection and risk stratification for cardiovascular disease and accelerated renal
13
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function loss of subjects with chronic kidney disease. Thus this chapter gives
information on the value of screening for high urinary albumin excretion to detect
subjects with high cardiovascular and renal risk outside the limited setting of the
diabetic or hypertensive populations. Finally, in the last section of this thesis the
results described in chapters 1 -6 are summarized and discussed.

14
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CHAPTER 1

Urinary Albumin Excretion and Its
Relation With C-Reactive Protein
and the Metabolic Syndrome in the
Prediction of Type 2 Diabetes

Auke H. Brantsma
Stephan J. L. Bakker
Hans L. Hillege
Dick de Zeeuw
Paul E. de Jong
Ronald T. Gansevoort
Diabetes Care 28:2525-2530, 2005

CHAPTER 1

ABSTRACT

Objective: To investigate urinary albumin excretion (UAE) and its relation with C
reactive protein (CAP) and the metabolic syndrome in the prediction of the
development of type 2 diabetes.
Research design and methods: We used data from the Prevention of Renal and
Vascular End Stage Disease ( PREVEND) study, an ongoing, community-based,
prospective cohort study initiated in 1 997 in the Netherlands. The initial cohort
consisted of 8,592 subjects. After 4 years, 6,894 subjects participated in a follow
up survey. Subjects with diabetes at baseline or missing data on fasting glucose
were excluded, leaving 5,654 subjects for analysis. The development of type 2
diabetes, defined as a fasting glucose �7.0 mmol/L and/or the use of antidiabetic
medication, was used as the outcome measure. UAE was calculated as the mean
UAE from two consecutive 24-hr urine collections. Logistic regression models were
used, with the development of type 2 diabetes as the dependent variable.
Results: Of the 5,654 subjects for whom data were analyzed, 1 85 (3.3%)
developed type 2 diabetes during a mean follow-up period of 4.2 years. UAE, CAP,
and the presence of the metabolic syndrome at baseline were significantly
associated with the incidence of type 2 diabetes (P < 0.001 for all variables). In a
univariate model, the odds ratio (OR) for UAE was 1 . 59 (95% Cl 1 .42-1 .79). In our
full model, adjusted for age, sex, number of criteria of metabolic syndrome, and
other known risk factors for the development of type 2 diabetes (including fasting
insulin), the association between UAE and type 2 diabetes remained significant
(OR 1 .53, 95% Cl 1 .25-1 .88, P < 0.001 ) . There was a significant interaction
between UAE and CAP ( P = 0.002). After CAP was stratified into tertiles, the ORs
for the association between baseline UAE and the development of type 2 diabetes
were 2.2 (1 .47-3.3), 1 .33 (0.96 -1 .84), and 1 .04 (0.83-1 .31 ) for the lowest to
highest tertiles, respectively.
Conclusions: UAE predicts type 2 diabetes independent of the metabolic
syndrome and other known risk markers of development of type 2 diabetes. The
predictive value of UAE was modified by the level of CAP.

20

ALBUMINURIA PREDICTING TYPE 2 DIABETES

INTRODUCTION

Although increased urinary albumin excretion (UAE) often occurs after type 2
diabetes is established, it can already be present at the time of diagnosis of type 2
diabetes. This might be due to the fact that type 2 diabetes can be present many
years before the formal, clinical diagnosis1 • Indeed, Damsgaard and Mogensen2
showed that the prevalence of microalbuminuria is already increased before fasting
hyperglycemia becomes clinically evident as diabetes. However, it could also imply
that elevations in UAE precede the development of type 2 diabetes. Two lines of
evidence support this latter possibility. First, UAE is associated with the presence
of the metabolic syndrome in the non-diabetic population3 • The metabolic
syndrome, a clustering of several cardiovascular risk factors, is known to increase
the risk for the development of type 2 diabetes4• Second, UAE is thought to reflect
generalized vascular endothelial dysfunction5• 6 . Recently, high-sensitivity C
reactive protein (CRP), which reflects a low-grade chronic inflammatory state that
9
is closely linked to generalized vascular endothelial dysfunction7- , has been
shown to predict the development of type 2 diabetes1 0 -1 2.
Based on these previous findings, we hypothesized that the presence of
increased UAE in the non-diabetic population is associated with an increased risk
of development of type 2 diabetes. The aim of the present study was to test this
hypothesis. We also compared the predictive value of UAE, CRP, and the
metabolic syndrome for the development of type 2 diabetes.
RESEARCH DESIGN AND METHODS

This study was part of the Prevention of Renal and Vascular End Stage Disease
( PREVEN D) study, an ongoing, prospective cohort study designed to investigate
the predictive value of UAE for renal and cardiovascular disease progression. The
8,592 subjects of the PREVEN D cohort were selected in 1 997 from 40,856
subjects from the general population based on their albumin concentration in a
morning urine sample 1 3• These subjects completed the first survey in 1 997-1 998.
After ~4 years (2001 -2003), these subjects were invited for a second survey. By
then, 240 subjects had died and 1 ,458 subjects declined participation; thus 6,894
subjects completed the second screening.
Our study used data from the first and second screening. Subjects with
diabetes at baseline (n = 31 8) or missing data on fasting plasma glucose at the first
or second screening (n = 922) were excluded, leaving 5,654 subjects for analysis.
The PREVEN D study was approved by the medical ethics committee of our
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Table 1 . Characteristics of study subjects with and without newly diagnosed type 2 diabetes.
Newly diagnosed type 2 diabetes mellitus
Yes
Age (years)

No

(n = 185)

(n = 5469)

p

56.5 ± 1 0.5

48.6 (1 2.0)

<.001

4.2 ± 0.4

4.2 (0.4)

.72

Caucasian, No. (%)

5259 (96.2)

1 78 (96.2)

.56

Male, No. (%)

1 00 (54.1 )

2659 (48.6)

.15

Family history o f diabetes, N o . (%)

58 (31.4)

948 (17.3)

<.001

Famil y history of cardiovascular disease, No. (%)

81 (43 .8)

2151 (39.3)

0.22

Follow up (years)

99 ± 12

88 (12)

<.001

29.6 ± 4.7

25.8 (4.0)

<.001

Systolic blood pressure (mm Hg)

139 ± 21

127 (19)

<.001

Diastolic blood pressure (mm Hg)

78 ± 1 0

73 (10)

<.001

Waist (cm)

2
BMI (kg/m )

Use of antihypertensive drugs, No. (%)

47 (25.4)

560 (1 0.2)

<.001

Cholesterol (mmol/L)

6.0 ± 1 . 1

5.6 (1 , 1 )

<.001

1 . 1 ± 0.3

1.3 (0.4)

<.001

Triglycerides (mmol/L)

1 .6 (1.2 to 2.5)

1 .1 (0.8 to 1 .6)

<.001

Use of lipid lowering drugs, No. (%)

23 (12.4)

294(5.4)

<.001

Fasting glucose (mmol/L)

5.7 ± 0.7

4.7 (0.6)

<.001

HDL cholesterol (mmol/L)

Impaired fasting glucose, No. (%)
Fasting insulin (m U/L)
Metabolic syndrome, No. (%)
C-reactive protein (mg/L)
Urinary albumin excretion (mg/24-hr)

65 (35. 1 )

1 1 8(2.2)

<.001

1 2.5 (9.1 to 1 9.0)

7.6 (5.4 to 1 0.9)

<.001

97 (52.4)

825 (1 5. 1 )

<.001

2.3 (1 .3 to 4.7)

1 .2 (0.5 to 2.7)

<.001

14.6 (8.7 to 36.0)

8.9 (6.2 to 1 5.2)

<.001

Data are presented as number (%), mean (standard deviation), or median (interquartile range) in the
case of skewed data distribution. Statistical analyses were performed with Student's t test, the Mann
Whitney test in the case of a skewed distribution, or the chi-square test in the case of a categorical
variable.

institution and conducted in accordance with the guidelines of the Declaration of
Helsinki. All participants gave written informed consent.
The study protocol has been described in detail elsewhere 13 ; 14• All participants
completed a questionnaire on demographics, cardiovascular and renal history, and
the use of medication for diabetes, hypertension, and hyperlipidemia. For each
screening subjects were seen twice at an outpatient unit. During the first visit,
anthropometric measurements (height, weight, and waist circumference) were
taken. Before the second visit, subjects collected two consecutive 24-hr urine
samples over a 48-hr period after receiving oral and written instructions on the
urine collection procedure. At the second visit, a fasting blood sample was drawn.
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During the first and second visits, blood pressure was measured in the supine
position every minute for 1 0 and 8 min, respectively, with an automatic device
( Dinamap XL Model 9300; Johnson & Johnson Medical, Tampa, FL).
The urinary albumin concentration was determined by nephelometry, with a
threshold of 2.3 mg/L and intra- and interassay coefficients of variation (CVs) of 2.2
and 2.6%, respectively (BNI I ; Dade Behring Diagnostic, Marburg, Germany). UAE
is given as the mean of the two 24-hr urine excretions. High-sensitivity CRP was
also determined by nephelometry, with a threshold of 0.1 75 mg/L and intra and
interassay CVs of 4.4 and 5.7%, respectively (BNI I ; Dade Behring Diagnostics).
UAE and CRP levels below the detection level were scored as 2.3 and 0.1 8 mg/L,
respectively. Serum concentrations of total cholesterol, HDL cholesterol, and
triglycerides were measured by standard methods. Insulin was determined on an
AxSym (Abbott, Amstelveen, the Netherlands), with a threshold of 1 .0 µU/ml and
intra- and interassay CVs of 2.6 and 4.3%, respectively. Glucose was determined
in plasma and whole blood at the first and second screening, respectively, using
standard methods. Glucose values in whole blood were transformed to plasma
values using an internally validated correction factor 15 .
Blood pressure values are given as the mean of the last two recordings of both
visits. BMI was calculated as weight (in kilograms) divided by the square of height
(in meters). Diabetes was defined on a single fasting plasma glucose level of �7.0
mmol/L, according to 1 997 American Diabetes Association criteria1 6, or the use of
oral antidiabetic drugs, as reported by the participants. An impaired fasting glucose
was defined on a single fasting plasma glucose level �6.1 mmol/L. The metabolic
syndrome was defined according to the National Cholesterol Education Program
Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in
Adults 2001 criteria 1 7 . At least three of the following five criteria were needed for
the syndrome to be present: waist circumference >1 02 cm in men and >88 cm in
women, serum triglycerides �1 .7 mmol/L, HDL cholesterol <1 .0 mmol/L in men and
<1 .3 mmol/L in women, hypertension (�1 30/85 mmHg), and impaired fasting
glucose (�6.1 mmol/L).
Analyses were performed using the statistical package SPSS 1 2.0 (S PSS,
Chicago, I L). The significance level was determined as P < 0.05. Continuous data
are reported as mean with standard deviation. In the case of a skewed distribution,
the median and interquartile range are presented. Prevalences and incidences are
presented as percentages. Differences between groups were tested for continuous
data by Student's t test or a Mann-Whitney rank test in the case of skewed
distribution. Differences in prevalence or incidence were tested with a chi-square
test.
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Figure 1 . Incidence of type 2 diabetes after 4.2 years of follow-up by UAE and CRP concentrations and
the number of positive criteria of the metabolic syndrome.
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the category.

Logistic regression analyses were performed, with the development of type 2
diabetes as the dependent variable. Because of a skewed distribution, logarithmic
transformation (In) of UAE, CRP, insulin, and triglycerides was applied in logistic
regression analysis to fulfill the necessity of linearity in the logit. Subjects with
missing data were excluded from multivariate analysis (n = 408). In secondary
analyses, multivariate logistic regression analyses were repeated after imputing
missing values using expectation maximization as estimation method. Models were
tested for the interaction of independent variable terms. Interactions were
considered significant at P < 0.1. Models were tested for tolerance to collinearity
with the methods described by Hosmer and Lemeshow1 8 . Data of logistic
regression analysis are given as ORs with a 95% Cl. STATA/SE 8.0 for Windows
(Stata, College Station, TX) was used to compare the area under the curve (AUC)
of receiver operator curves.
RESUL TS

We observed 24,009 person-years during a 4.2-year follow-up period. Of the 5,654
subjects analyzed, 185 (3.3%) developed type 2 diabetes, giving an incidence rate
of 7.7 per 1,000 person-years. In subjects age 50-75 years at the time of the first
screening, the incidence of type 2 diabetes was 5.2%. Table 1 compares the
baseline characteristics of the subjects who did and did not develop type 2
diabetes. Subjects who did develop diabetes were older, more frequently had a
positive family history of diabetes, and more often used antihypertensive and lipid
lowering drugs. All variables that are components of the metabolic syndrome were
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elevated in this group, except HDL cholesterol, which was lower; this finding was
reflected in a higher proportion of these individuals fulfilling the criteria for the
metabolic syndrome than those who did not develop type 2 diabetes. Furthermore,
subjects who progressed to type 2 diabetes had a significantly higher baseline
UAE and CRP concentration than those who did not. There was no difference in
the length of follow-up, sex distribution, or the use of lipid-lowering drugs between
the two groups.
We compared baseline characteristics of subjects included in this study (n =
5,654) with baseline characteristics of subjects not included in this study (n =
2,938), with the exception of subjects with diabetes at baseline (n = 318).
Numerical differences in baseline characteristics of subjects included in the study
were <3% compared with those not included in the study, with the exception of
UAE (median 9.1 vs. 9. 7), CRP (median 1.2 vs. 1.4), and insulin (median 7. 7 vs.
8.5) and triglyceride (median 1.1 vs. 1.2) concentrations. With the exception of
cholesterol, family history of diabetes or hypertension, and use of antihypertensive
or lipid-lowering drugs, all these numerically small differences reached statistical
significance due to the large number of subjects under investigation.
Figure 1 shows the incidence of type 2 diabetes in various subgroups of the
total population, subdivided according to clinical categories of UAE, CRP, and the
number of positive criteria for the metabolic syndrome at baseline. Higher baseline
levels of UAE and CRP and an increase in the number of components of the
metabolic syndrome were associated with a significant increase in the incidence of
type 2 diabetes. The increase associated with baseline UAE started at an UAE <30
mg/24-hr, the level currently defining microalbuminuria. When the population was
subdivided according to tertiles of UAE at baseline (<6.9, 6.9-12.4, and >12.4
mg/24-hr), the incidence of type 2 diabetes was 1.8, 2.3, and 5.7%, respectively ( P
< 0.001).
When logarithmic-transformed UAE [ln(UAE)] was entered into a logistic
regression model with type 2 diabetes as the dependent variable, the ln(UAE) was
a significant predictor of the development of type 2 diabetes (OR 1.59 per each
logarithmic-transformed unit increase, 95% Cl 1.42-1.79, P<0.001) (Table 2,
model 1). Adjustment for age and sex only slightly attenuated the effect (Table 2,
model 2) . When we subsequently adjusted the model for baseline levels of the
components of the metabolic syndrome and CRP, we found that UAE was still
significantly associated with the development of type 2 diabetes (OR 1.47, 95% Cl
1.20 -1.80, P < 0.001). Furthermore, a significant interaction was found between
UAE and CRP (0.81, 0.70 - 0.94, P = 0.006) (Table 2, model 3). The addition of
baseline insulin levels, the presence of a family history of diabetes and/or
25
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Table 2. Logistic regression models with development of type 2 diabetes as dependent variable.
OR (95% CI)
Model 1

ln(UAE)

p

1 .59 (1.42-1.79)

< .001

Model 2

ln(UAE)

1 .45 (1 .28-1.64)

< .001

Model 3

ln(UAE)

1 .47 (1 .20-1.80)

< .001

ln(UAE) x ln(CRP)

0.81 (0.70-0.94)

.006

ln(UAE)

1 .53 (1 .25-1 .88)

< .001

ln(UAE) x ln(CRP)

0.79 {0.68-0.92)

.002

Model 4

Model 1 : crude OR. Model 2: crude OR adjusted for age and sex. Model 3: model 2 adjusted for
diastolic and systolic blood pressure, waist circumference, HDL cholesterol, triglycerides, glucose and
CRP. The Interaction term between UAE and CRP is also given. Model 4: model 3 adjusted for insulin,
family history of diabetes and/or cardiovascular disease, and use of antihypertensive and/or l ipid
lowering medication. Abbreviations are: UAE, urinary albumin excretion; CRP, C-reactive protein.

cardiovascular disease, and the use of antihypertensive or lipid-lowering drugs to
the model did not influence the results obtained (Table 2, model 4). Other variables
in this model that were significantly associated with the development of type 2
diabetes were sex (P < 0.001 ), age (P = 0.010), waist circumference (P = 0.014),
HDL- cholesterol (P = 0.005), glucose (P < 0.001 ), and the presence of a family
history of diabetes (P = 0.048).
To test the robustness of our model, we repeated our analyses after excluding
subjects with an impaired fasting glucose or the metabolic syndrome at baseline
and after replacing the covariate waist circumference with BMI . Furthermore, we
repeated multivariate logistic regression analyses after imputing missing data.
None of these sensitivity analyses essentially changed the results.
Next, we repeated our model 4 in strata according to tertiles of CRP. Results
for ln(UAE) in the three strata of CRP were OR 2.2 (95% Cl 1.47-3.3), 1.33 (0.96 1.84), and 1.04 (0.83-1.31) from the lowest to the highest tertile, respectively. We
visualized the interaction between UAE and CRP in figure 2 using clinical
categories. This graph shows that UAE predicts the development of type 2
diabetes most strongly when the level of CRP is low and vice versa. As the
concentration of CRP or the level of UAE increases, the risk added by a high UAE
or CAP, respectively, diminishes.
Finally, we compared the predictive value of baseline UAE, CRP, and the
number of positive criteria of the metabolic syndrome for the development of type 2
diabetes using receiver operator curves. AUC for UAE, CRP, and the metabolic
syndrome criteria was 0.66, 0.68, and 0.77, respectively. The sensitivity and
specificity were 30 and 88%, respectively, for UAE �30 mg/24-hr; 40 and 80%,
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Figure 2. Incidence of type 2 diabetes after 4.2 years of follow-up by categories of UAE and CRP at
baseline.
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Abbreviations are: UAE, urinary albumin excretion; CRP, C-reactive protein.

respectively, for a CAP �3 mg/L; and 52 and 85%, respectively, for the presence of
three or more components of the metabolic syndrome. There was no significant
difference in the AUG between UAE and CAP (P = 0.44), whereas the AUG for the
metabolic syndrome was significantly greater than the AUG of UAE and CA P ( P <
0.001).
CONCLUSIONS

This study showed that UAE is associated with the development of type 2 diabetes
independent of other predisposing factors. This association is modified by the level
of CAP and starts with UAE in the range of 15-30 mg/24-hr, which has been
considered to reflect borderline albuminuria or a premicroalbuminuria stage1 9• Our
study confirmed that CAP and the metabolic syndrome were associated with an
4 10 12
increased risk of development of type 2 diabetes • - .
Elevated UAE has always been considered a consequence of diabetes 1 ; here
we found that UAE may also predict the development of type 2 diabetes. Although
all subjects with diabetes at baseline were excluded in our study, one might argue
that our results were caused by misclassification. Some of the subjects with a high
UAE may have had an undetected presence of type 2 diabetes at baseline.
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Baseline glucose may have been measured erroneously below the cut-off value
due to intra-individual variations in glucose levels and variations in the glucose
measurement itself. To deal with this possible source of bias, we adjusted for
baseline values of glucose and insulin, as a high insulin level may indicate the
undetected presence of type 2 diabetes at baseline. Furthermore, we repeated our
models after excluding all subjects with impaired fasting glucose or the metabolic
syndrome at baseline. None of these sensitivity analyses affected our results. We
are therefore convinced that our conclusion that UAE can predict the development
of type 2 diabetes is valid.
2

A previous study by Mykkanen et al. 0 also found an association between UAE
and the development of type 2 diabetes. The population in this study was older and
had a higher baseline prevalence of hypertension and a higher incidence rate of
diabetes than the population in our study. The association found by Mykkanen et
al. was no longer significant after they adjusted for baseline values of glucose and
insulin. It could be that in this older population, pancreatic J3-cell failure may have
been a more important factor than insulin resistance. Indeed, the assay used by
Mykkanen et al. had a 41% cross-reactivity for proinsulin versus the 0.01 6% for our
assay2 1 • Because levels of proinsulin are associated with J3-cell function22 ,
Mykkanen et al.20 may have adjusted for both J3-cell insufficiency and insulin
resistance. Furthermore, their study was performed in a substantially smaller
cohort, with substantially fewer new cases of type 2 diabetes. It may therefore have
been underpowered to detect an association between UAE and new-onset type 2
diabetes independent of glucose and insulin.
How can we explain these results? First, elevated UAE is associated with the
presence of the metabolic syndrome3 . In this and other studies, the presence of the
metabolic syndrome increased the risk of type 2 diabetes4 • However the
association we found between baseline levels of UAE and CAP and the
development of type 2 diabetes was independent of the presence of the
components of the metabolic syndrome at baseline. Also, excluding subjects with
metabolic syndrome at baseline did not change our results. Thus it is unlikely that
our results can be explained through the association of UAE with the metabolic
syndrome. Second, elevated UAE is associated with insulin resistance 3 • 4 • Insulin
resistance has a primary role in the etiology of type 2 diabetes25 and is
accompanied by hyperinsulinemia in subjects without impaired insulin secretion26 •
Insulin can cause renal vasodilatation, resulting in an increased glomerular filtration
rate and glomerular hydrostatic pressure gradient 7 ' , which may cause an
increased UAE. However, when we added insulin to our logistic regression model,
the results were not essentially changed, rendering this explanation less likely. A
third possibility is the association of increased UAE with the presence of systemic
2

2

28

28

2

ALBUMINURIA PREDICTING TYPE 2 DIABETES

vascular endothelial dysfunction. Endothelial dysfunction has been shown to
precede the development of type 2 diabetes29 and is hypothesized to be the cause
of insulin resistance30. However, type 2 diabetes not only is a consequence of
endothelial dysfunction, but also is thought to contribute to the development and
progression of endothelial dysfunction31 • Thus, the association between UAE and
endothelial dysfunction may not explain only why UAE is associated with an
increased risk of type 2 diabetes, but also why UAE may develop and progress
after the onset of diabetes. This explanation is even more likely as we and others
have found an association between CRP and the risk of type 2 diabetes 1 0-1 2. As
mentioned above, the CRP concentration is a marker of low-grade inflammation
and is closely linked with the presence of endothelial dysfunction. Because both
UAE and CRP are considered to reflect endothelial dysfunction, this would also
explain why in our study, when UAE or CRP was elevated, there was only a small
gain in knowing the value of the other parameter in assessing the risk of type 2
diabetes. Finally, other possibilities should be kept in mind. In particular, shared
underlying predisposing factors such as genetic or congenital factors may explain
the association between UAE, CRP, and the development of type 2 diabetes32•
The second aim of our study was to compare the predictive power of baseline
UAE and CRP levels and the number of positive criteria of the metabolic syndrome
with the development of type 2 diabetes. The metabolic syndrome is considered to
be a good candidate for detecting subjects at a high risk of developing type 2
diabetes33 . The performance of UAE and CRP was similar, but both were slightly
inferior to that of the metabolic syndrome.
Our study had several limitations. First, the PREVEND study is not primarily
designed to investigate the relation between UAE and type 2 diabetes. Also, the
cohort was selected from a mainly Caucasian population. Our findings therefore
need to be confirmed in other studies and populations. Second, we used two
different methods to determine values of fasting glucose at the first and second
screenings. According to international guidelines, we used an internally validated
correction factor to convert the values for fasting glucose in whole blood to the
equivalent values in plasma 1 5. Still, a systematic error may have occurred, leading
to an over- or underestimation of the incidence of type 2 diabetes. However, the
incidence of type 2 diabetes in subjects age 50-75 years in our study was
comparable with the incidence in this age group in the Dutch population34•
Furthermore, to control for a possible systematic error, we repeated our analyses
by changing the cut-off values of fasting glucose for the diagnosis of type 2
diabetes at follow up to 6.5 and 7.5 mmol/L, respectively. Although the results
were slightly attenuated, this did not change our results. It is therefore unlikely that
the different laboratory methods affected our results. Third, ~30% of the
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participants of our baseline cohort were excluded from analyses due to loss at
follow-up or missing fasting glucose values. However, only numerically small
differences in baseline characteristics were found between those included in the
study and those who were excluded. It is therefore unlikely that this may have
introduced bias. Fourth, fasting glucose was measured only once at each
screening and no oral glucose tolerance test was performed. However, in large
epidemiological studies, it is not feasible to perform oral glucose tolerance tests
and/or repeated glucose measurements. Guidelines for epidemiological studies in
diabetes acknowledge this and agree with defining diabetes on a single fasting
glucose35 .
We conclude from this prospective cohort study that increased UAE not merely
follows after the diagnosis of type 2 diabetes but also is a predictor of the
development of type 2 diabetes. The predictive power is independent of other well
known risk factors for the development of type 2 diabetes, such as the metabolic
syndrome. The effect of UAE was modified by the level of CRP, suggesting that
these variables are associated with a similar underlying pathophysiological
mechanism, such as endothelial dysfunction.
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ABSTRACT

Introduction: The hypothesis that high urinary albumin excretion (UAE; indicating
mild renal damage) may precede development of hypertension was tested, and the
relation among UAE, glomerular filtration rate (GFR), and development of
hypertension was investigated.
Methods: Data of 4635 patients of a prospective cohort study who participated in
an extensive screening in 1997 to 1 998 and 2001 to 2003 at our outpatient unit and
were normotensive at baseline were used. Hypertension was defined according to
the Seventh Report of the Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure criteria, UAE was measured in
two consecutive 24-hr urine samples, and GFR was calculated with the modified
Modification of Diet in Renal Disease formula.
Results: Mean follow-up was 4.2 yr. Baseline UAE was significantly associated
with the risk for developing hypertension (odds ratio 2.29; 95% confidence interval
1 .77 to 2.95 per 10-fold increase of UAE) . This association was independent of
potential confounders. An interaction between UAE and GFR was found (P =
0.030), indicating that with elevated UAE and lowered GFR, but still within the
normal range, the risk for developing hypertension was highest.
Conclusion: These findings support the hypothesis that mild renal damage may
precede the development of hypertension.
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INTRODUCTION
Blood pressure (BP) is thought to be an important determinant of development of
high urinary albumin excretion (UAE), an early marker of renal damage1 -3•
However, experimental data showed that subtle renal damage in normotensive rats
leads to the development of salt-sensitive hypertension4-6. This suggests that
instead of being a consequence of high BP, mild renal damage and, consequently,
high UAE also may precede development of hypertension. This is in line with the
hypothesis proposed by Goldblatt7 more than 50 yr ago. On the basis of the
observation that in hypertensive individuals arteriolosclerosis of the kidneys is
nearly universal but in other organs occurs only in a minority of these patients, he
suggested that renal damage precedes the development of hypertension. Indeed,
this is seen clearly in patients with severe renal impairment, in whom disturbances
in volume homeostasis may cause hypertension1 • However, the relation between
mild renal damage and development of hypertension in humans is still unknown.
We therefore investigated whether an increase in UAE may precede development
of hypertension and whether this is due to the association of UAE with renal
damage, using a large, community-based, prospective cohort study.

MATERIALS AND METHODS
Study Design and Population
This study is part of the ongoing PREVEND study (Prevention of REnal and
Vascular ENd stage Disease), a large prospective cohort study that is investigating
the predictive value of UAE for renal and cardiovascular disease progression. The
patients of the PREVEND cohort were selected in 1 997 from 40,856 individuals
from the general population. Selection was based on their albumin concentration in
a spot morning urine sample to enrich the cohort for the presence of albuminuria.
In total, 8592 individuals completed the first survey (1 997 to 1 998) 8 '9 . During follow
up, 240 individuals died and 1 458 individuals declined participation. Thus, 6894
individuals completed the second survey (2001 to 2003). We used data of the 4635
individuals who did not have hypertension (n = 2247) or self-reported renal disease
(n = 1 2) at baseline and participated in the first and second surveys. The
PREVEND study is approved by the medical ethics committee of our institution and
conducted in accordance with the guidelines of the Declaration of Helsinki. All
participants gave written informed consent.
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Table 1 . Population characteristics.

Newly diagnosed hypertension
No

Yes

(n = 4222)

(n = 4 1 3)

Age (years)

44.5 ± 1 0.4

52.0 ± 1 0.6

<.001

Male, No. (%)

1 921 (45.5)

194 (47.0)

.566

4008 (95.5)

401 (97.3)

.31 9

24.9 ± 3.6

27.1 ± 4.3

<.001

Caucasian, No (%)
Body mass index (kg/m )
2

Alcohol �3 u nits/day, No. (%)

p

1 71 (4.1 )

2 8 (6.8)

.01 0

1 670 (39.7)

1 52 (36.9)

.271

Systolic blood pressure (mmHg)

118 ± 11

1 30 ± 8

<.001

Diastolic blood pressure (mmHg)

69 ± 7

76 ± 7

<.001

Smoking, No. (%)

Cholesterol (mmol/L)

5.5 ± 1 . 1

5.8 ± 1 . 1

<.001

Triglycerides (mmol/L)

1 .0 (0.8 to 1 .4)

1 .3 (0.9 to 1 .8)

<.001

4.6 ± 0.8

4.9 ± 0.9

<.001

7.0 (5. 1 to 1 0.0)

8.7 (5.9 to 1 2.8)

<.001

Fasting glucose (mmol/L)
Fasting insulin (m U/L)
Serum creatinine (µmol/L)

82 ± 12

83 ± 1 5

.064

Glomerular filtration rate (ml/min/1.73m 2)

83 ± 13

80 ± 1 4

<.001

0.9 (0.4 to 2.3)

1 .5 (0.6 to 3.4)

<.001

132 (3. 1 )

1 7 (4.2)

C-reactive protein (mg/L)
Left ventricular hypertrophy, No.(%)
Urinary sodium excretion (mmol/24-hr)
Urinary albumin excretion (mg/24-hr)

.271

141 ± 49

1 39 ± 51

.371

7.9 (5.8 to 1 2. 1 )

9.5 (6.5 t o 1 6.4)

<.001

Values are given as mean (standard deviation) or median (interquartile range) in case of skewed data
distribution. Statistical analyses were performed with Student's t test, Mann-Whitney test in case of
skewed distribution, or the chi-square test in case of a categorical variable.

Measurements and Definitions
For each screening, participants completed two visits at our outpatient unit. Height,
weight, and waist circumference were measured. Participants completed a
questionnaire on demographics, cardiovascular and renal disease history, and use
of medication for hypertension. Information on drug use was complemented with
data from community pharmacies. During the first and second visits, BP was
measured at the right arm, in supine position, every minute for 10 and 8 min,
respectively, with an automatic device (Dinamap XL Model 9300; Johnson-Johnson
Medical, Tampa, FL) . Two 24-hr urine samples were collected after thorough oral
and written instructions on how to perform a urine collection, and a fasting blood
sample was drawn. Standard 12-lead electrocardiograms were recorded with
Cardio Perfect equipment (Cardio Control, Rijswijk, The Netherlands) and stored
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digitally using the computer program MEANS (Modular Electrocardiogram ANalysis
System).
Urinary albumin concentration was determined by nephelometry (BNII; Dade
Behring Diagnostic, Marburg, Germany). UAE is given as the mean of the two 24hr urine excretions. Concentrations of sodium, high-sensitivity C-reactive protein
(hs-CRP), creatinine, total cholesterol, triglycerides, insulin, and glucose were
measured in serum or urine using standard methods.
BP values are given as the mean of the last two recordings of both visits.
Hypertension was defined as a systolic BP (SBP) of �140 mmHg and/or a diastolic
BP (DBP) of �90 mmHg and/or the use of antihypertensive medication according to
the Seventh Report of the Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure guidelines1 0• GFR was
estimated with the modified Modification of Diet in Renal Disease formula, taking
into account gender, age, race, and serum creatinine concentration1. Sodium
intake was estimated with 24-hr urinary sodium excretion. Participants were
defined as smoking when they had smoked regularly in the previous year.
Increased alcohol use was defined as drinking �3 glasses/day. Left ventricular
hypertrophy (L VH) was identified using the Cornell voltage-duration product,
calculated as R wave from aVL lead (RaVL) + S wave from V3 lead (SV3) (with 6
mm added in women) times QRS duration. A threshold of 2440 mm/ms was used
to identify L VH 11.
Statistical Analyses
Analyses were performed using the statistical package SPSS 12.0 (SPSS,
Chicago, I L). The level of significance was determined as P < 0.05. Continuous
data are reported as mean with standard deviation or as median and interquartile
range in case of a skewed distribution. Prevalence and incidence are presented as
percentages. Differences between groups were tested by a t test or a Mann
Whitney rank test for continuous data with a normal or skewed distribution,
respectively. Differences in prevalence or incidence were tested with a chi-square
test. To test for trends in ordinal data, we used the Mantel-Haenszel chi-square test
for trend.
The predictive value of UAE was tested in logistic regression models with
development of hypertension as dependent variable. Logarithmic transformation
(Ln) of UAE, hs-CRP, insulin, and triglycerides was applied in logistic regression
analysis to fulfill the requirement of linearity in the legit. The final multivariate model
was tested for interactions. Interactions were considered significant at P < 0.1.
Models were tested for tolerance to collinearity with methods described by Hosmer
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Figure 1 . Baseline urinary albumin excretion and incidence of hypertension after 4.2 yr of
follow-up.
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I ncidence is given according to clinical categories of UAE at baseline (P < 0.001 for trend). Numbers in
the bars indicate the number of individuals within the category. When we subdivided the population
according to tertiles of urinary albumin excretion at baseline (<6.5, 6.5 to 1 0.5, and >1 0.5, respectively),
a similar trend was seen, with an incidence of hypertension of 6.5, 8.3, and 1 1 .9% from the lowest to the
highest tertiles, respectively (P < 0.001 for trend).

et al. 1 2 . Data of logistic regression analysis are given as odds ratio (OR) and 95%
confidence interval (Cl).

RESULTS AND DISCUSSION
We observed 19592 person-years during a mean follow-up of 4.2 yr. In this time,
413 (8.9%) participants of our population developed hypertension, giving an
incidence rate of 21/1000 person-years. Compared with participants who remained
normotensive during follow-up, participants who developed hypertension were
generally older, with an unfavorable cardiovascular risk profile, including higher
SBP and DBP and decreased GFR (Table 1) . UAE was increased in participants
who developed hypertension. Accordingly, the incidence of hypertension was
higher with higher baseline levels of UAE (Figure 1).
When baseline UAE was entered in a logistic regression model with
hypertension as dependent variable, UAE significantly predicted development of
hypertension with an OR of 1.43 (95% Cl 1.28 to 1.60) per 1 Ln(UAE) unit of
change. This equals an OR of 2.29 (95% Cl 1.77 to 2.95) for each 10-fold increase
of UAE. After adjustment for age and gender; baseline values of SBP, DBP, and
GFR; and other possible confounders, the association between UAE and the
development of hypertension remained significant (Table 2).
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Table 2. Logistic regression models with development of hypertension after 4.2 yr of follow-up as
dependent variable.
p

OR (95% CI)
Model 1

Ln(UAE)

1 .43 ( 1 .28-1 .60)

<.001

Model 2

Ln(UAE)

1 .36 (1 .22-1 .53)

<.001

Model 3

Ln(UAE)

1 .1 7 (1 .03-1 .33)

.003

Model 4

Ln(UAE)

1 . 1 8 (1 .03-1 .36)

.01 6

Model 5

Ln(UAE)

2.69 (1 .27-5.72)

.01 0

eGFR

1 .30 (0.99-1 .70)

.055

Ln(UAE) x eGFR

0.90 (0.81 -0.99)

.030
2

OR for ln(UAE) is per 1 -unit change; OR for eGFR is per 1 0 ml/min per 1 . 73 m change; model 1 , crude
model; model 2, adjusted for age and gender; model 3, model 2 + adjusted for baseline diastolic and
systolic blood pressure; model 4, model 3 + adjusted for baseline body mass index, smoking, alcohol
use, sodium intake, levels of glucose, insulin, cholesterol, triglycerides, and high-sensitivity C-reactive
protein; model 5, model 4 + inclusion of interaction term ln(UAE) x eGFR. Abbreviations are: OR, odds
ratio; Cl, confidence interval; ln(UAE), logarithmic transformed value of UAE; eGFR, estimated
glomerular filtration rate.

In the final model, a significant interaction was found between UAE and GFR
(Table 2, model 5). To explore this interaction, we repeated our final model in strata
according to tertiles of GFR. Results for UAE in the three strata of GFR were OR
1 .93 (95% Cl 1 .26 to 2.97), OR 0.84 (95% Cl 0.41 to 1 .71 ), and OR 1 .1 6 (95% Cl
0.54 to 2.49) per 1 0-fold increase of UAE in the lowest to highest tertiles,
respectively. The interaction between UAE and GFR is illustrated in Figure 2. This
graph shows that UAE predicts the development of hypertension most strongly
when renal function is low, indicating synergism. When renal function is higher, the
risk that is added by an increased UAE diminishes.
These findings are in contrast with current thinking that elevated UAE is
secondary to development of high BP2 ' 1 0 . One could argue that our observation is
erroneous and caused by the presence of prehypertension in individuals with high
UAE at baseline or by misclassification of individuals as normotensive at baseline
as a result of variation in the BP measurement, whereas in fact they were
hypertensive. Therefore, we first adjusted our models for baseline SBP and DBP.
After these adjustments, the association between UAE and development of
hypertension remained significant. Second, we repeated our analyses after
adjustment for the presence of LVH at baseline. LVH is considered a marker of
target organ damage in hypertensive individuals2• and might indicate the
presence of prehypertension or undiagnosed hypertension in individuals who are
classified as normotensive. However, adjustment for the presence of LVH did not
10
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Figure 2. I ncidence of hypertension after 4.2 yr of follow-up by categories of albuminuria and tertiles of
GFR at baseline.
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influence our finding that baseline UAE predicts the development of hypertension.
Third, we excluded participants who had an SBP �1 35 and/or DBP �85 (n = 505) at
baseline. This cut-off point was chosen to exclude individual who had the highest
risk for being prehypertensive or misclassified as normotensive while maintaining
an adequate number of cases. Again, this correction did not affect our results.
Thus, our study shows that UAE predicts future development of hypertension,
independent of other predisposing factors. The increased risk for hypertension
associated with elevated UAE is higher when the GFR is lower.
Our results confirm the finding in the Framingham Offspring Study that urinary
albumin concentration in a single morning void urine sample is associated with the
risk for developing hypertension 1 3 • However, in contrast to our study, the
Framingham Offspring Study did not explicitly investigate the relation among UAE,
renal function, and development of hypertension. Although the authors added to
their statistical model baseline serum creatinine as a renal parameter to adjust for
possible confounding by the presence of renal dysfunction, the use of serum
creatinine as an estimate of renal function is not recommended1 ' • It is generally
accepted that the inverse relation between serum creatinine and GFR is influenced
by muscle mass and consequently by factors such as age, gender, and race.
These factors should be taken into account using a validated formula.
14
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The finding that baseline UAE predicts BP progression has been debated by
the investigators of the HARVEST Study, who were not able to demonstrate such a
relation 5' . This conflicting data may be explained by the lower age of the
population in the HARVEST Study (mean age 33 yr), compared with the age of our
population (mean age 45 yr) or the population of the Framingham Offspring Study
(mean age approximately 55 yr). A different mechanism may underlie the
development of UAE in this young age group with low cardiovascular risk, with
UAE for instance being more hemodynamically related, whereas UAE may be
more associated with renal microvascular damage in the older age groups with
higher cardiovascular risk.
1

16

We explain our findings as follows. Both lower GFR and higher UAE can have
1
renal damage as the underlying cause • Thus, the presence of an interaction
between these two variables in our model suggests that UAE predicts the
development of hypertension as a result of the underlying presence of mild renal
damage. It has been well established that the kidney plays a central role in the
pathogenesis of hypertension in case of severe renal function impairment 1 • 7• 8 , but
even in individuals with mild renal damage, this may be the case. Recent
experimental studies in rats have shown that minor changes in the renal
microvasculature and tubulointerstitium may lead to salt-sensitive hypertension4-6 ,
providing a possible pathway whereby mild renal damage can lead to the
development of hypertension 1 9 . Furthermore, as hypothesized by Brenner et al. 2 0 ,
a reduction in glomerular filtration surface area, which may be reflected by a mildly
reduced GFR, may lead to hypertension as a result of a limited ability to excrete
sodium. Indeed, a recent autopsy study suggested that young hypertensive
individuals may have a lower number of nephrons than age matched normotensive
control subjects21 , supporting Brenner's hypothesis.
1

1

Although the studies mentioned above underscore the importance of the
kidney in the pathogenesis of hypertension, the cause of hypertension is
heterogeneous. UAE is suggested to be the result of damage to the renal
microvasculature 1 • 22 , but these local changes in turn may be part of generalized
endothelial dysfunction23• Indeed, generalized endothelial dysfunction has been
suggested to play a role in the cause of hypertension24'25 . Thus, alternatively, the
association between UAE and generalized endothelial dysfunction could explain
our findings. To test for this possibility, we looked at the effect of hs-CRP on the
association among UAE, renal function, and the development of hypertension in
our logistic regression models, because hs-CRP has also been found to be
associated with generalized endothelial dysfunction2s-28• Although baseline hs-CRP
was univariately significantly associated with development of hypertension during
follow-up (OR 1.24; 95% Cl 1.17 to 1.32 per two-fold change of hs-CRP; P <
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0.001 ), in the multivariate models, after adjustment for possible confounders, this
association was no longer significant (final model P = 0.3). Furthermore, the
presence of hs-CRP in the model did not influence the association among UAE,
renal function, and the development of hypertension. Thus, in our opinion, it is less
likely that the association of UAE with generalized endothelial dysfunction explains
our findings.
Strengths of our study are the use of a large community based cohort, use of
24-hr urine samples to estimate UAE, use of data of community pharmacies to
complement self-reported data on use of antihypertensive drugs, extensive
adjustment for covariates that are associated with development of hypertension,
and the possibility to explore different possible pathways to explain the association
between UAE and the development of hypertension. Two limitations should be
mentioned. First, the PREVEND cohort is selected from a mainly white population.
Our findings therefore cannot simply be generalized to other populations. Second,
almost 20% of the participants of our baseline cohort died or were not willing to
participate during follow-up. Although the differences between baseline
characteristics of individuals with follow-up and individuals who were lost to follow
up were numerically small (data not shown), we cannot exclude that survival bias
was introduced. However, because individuals with high UAE, lower GFR, or
hypertension are more likely to be lost during follow-up as a result of the
associated increased morbidity and mortality, it is likely that such a bias has led to
an underestimation of the true association among UAE, G FR, and development of
hypertension.
CONCLUSION

We conclude from this prospective, community-based cohort study that UAE
predicts the development of hypertension, independent of BP and other widely
known risk factors for development of hypertension. Our study suggests that this is
explained by the association of UAE with mild renal dysfunction. This study
therefore gives epidemiologic evidence in support of the hypothesis that mild renal
dysfunction may precede the onset of systemic hypertension.

44

URINARY ALBUMIN EXCRETION AND RISK FOR HYPERTENSION

REFERENCES

K/DOQI clinical practice guidelines for chronic kidney disease: Evaluation, classification, and
stratification. Am J Kidney Dis 39: S1 -S266, 2002
2

2003 European Society of Hypertension-European Society of Cardiology guidelines for the
management of arterial hypertension. J Hypertens 21 : 1 01 1 -1 053, 2003

3

Bianchi S, Bigazzi R, Campese VM: Microalbuminuria in essential hypertension : Significance,
pathophysiology, and therapeutic implications. Am J Kidney Dis 34: 973-995, 1 999

4

Andoh TF, Johnson RJ, Lam T, Bennett WM: Subclinical renal injury induced by transient
cyclosporine exposure is associated with salt-sensitive hypertension. Am J Transplant 1 : 222-227,
2001

5

Mai M, Geiger H, Hilgers KF, Veelken R, Mann JF, Dammrich J, Luft FC: Early i nterstitial changes
in hypertension induced renal injury. Hypertension 22: 754-765, 1 993

6

Franco M, Tapia E, Santamaria J, Zafra I, Garcia-Torres R, Gordon KL, Pons H, Rodriguez-Iturbe
B, Johnson RJ, Herrera-Acosta J: Renal cortical vasoconstriction contributes to development of
salt-sensitive hypertension after angiotensin II exposure. J Am Soc Nephrol 1 2: 2263-2271 , 2001

7

Goldblatt H : The renal origin of hypertension. Physiol Rev 27: 1 20-1 65, 1 947

8

Pinto-Sietsma SJ, Janssen WM, Hillege HL, Navis G, de Zeeuw D, de Jong PE: Urinary albumin
excretion is associated with renal functional abnormalities in a nondiabetic population. J Am Soc
Nephrol 1 1 : 1 882-1 888, 2000

9

Pinto-Sietsma SJ , Mulder J, Janssen WM, Hillege HL, de Zeeuw D, de Jong PE: Smoking is
related to albuminuria and abnormal renal function in nondiabetic persons. Ann I ntern Med 1 33:
585-591 , 2000

10

Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, Izzo J L Jr, Jones OW, Materson
BJ, Oparil S, Wright JT Jr, Roccella EJ : The Seventh Report of the Joint National Committee on
Prevention, Detection, Evaluation, and Treatment of High Blood Pressure: The JNC 7 report.
JAMA 289: 2560-2572, 2003

11

Dahlof B, Devereux R, de Faire U, Fyhrquist F, Hedner T, Ibsen H, Julius S, Kjeldsen S,
Kristianson K, Lederballe-Pedersen 0, Lindholm LH, Nieminen MS, Omvik P, Oparil S, Wedel H:
The Losartan Intervention For Endpoint reduction (LI FE) in Hypertension study: Rationale, design,
and methods. The LIFE Study Group. Am J Hypertens 1 0:705-7 1 3, 1 997

12

Hosmer OW, Lemeshow S: Applied Logistic Regression, 2nd Ed. , New York, John Wiley & Sons,
2000, pp 1 40-1 41

13

Wang TJ , Evans JC, Meigs JB, Rifai N , Fox CS, D'Agostino RB, Levy D , Vasan RS: Low-grade
albuminuria and the risks of hypertension and blood pressure progression. Circulation 1 1 1 : 1 3701 376, 2005

14

Hsu CY, Chertow GM, Curhan GC: Methodological issues i n studying the epidemiology o f m ild to
moderate chronic renal insufficiency. Kidney I nt 61 : 1 567-1 576, 2002

15

Palatini P : Letter regarding article by Wang et al, "Lowgrade albuminuria and the risks of
hypertension and blood pressure progression." Circulation 1 1 2: e 1 2 1 , 2005

45

CHAPTER

2

16

Palatini P, Mormino P, Mos L, Mazzer A, Dorigatti F, Zanata G, Longo D, Garbelotto R, De Toni R,
Graniero G, Pessina AC: Microalbuminuria, renal function and development of sustained
hypertension: A longitudinal study in the early stage of hypertension. J Hypertens 23: 1 75-1 82,
2005

17

Cowley AW Jr, Roman RJ : The role of the kidney in hypertension . JAMA 275: 1 581-1 589, 1 996

18

Rettig R, Grisk 0: The kidney as a determinant of genetic hypertension: Evidence from renal
transplantation studies. Hypertension 46: 463-468, 2005

19

Johnson RJ, Herrera-Acosta J , Schreiner G F, Rodriguez-Iturbe B : Subtle acquired renal injury as a
mechanism of salt-sensitive hypertension. N Engl J Med 346: 91 3-923, 2002

20

Brenner BM, Garcia DL, Anderson S: Glomeruli and blood pressure. Less of one, more the other?
Am J Hypertens 1 :335-347, 1 988

21

Keller G, Zimmer G, Mall G, Ritz E, Amann K: Nephron number in patients with primary
hypertension. N Engl J Med 348: 1 01 -1 08, 2003

22

Keane WF, Eknoyan G: Proteinuria, albuminuria, risk, assessment, detection, elimination
(PARADE) : A position paper of the National Kidney Foundation. Am J Kidney Dis 33:1 004-1 01 0,
1 999

23

Deckert T, Feldt-Rasmussen B, Barch-Johnsen K, Jensen T, Kofoed-Enevoldsen A: Albuminuria
reflects widespread vascular damage. The Steno hypothesis. Diabetologia 32:21 9-226, 1 989

24

Rossi R, Chiurlia E, Nuzzo A, Cioni E, Origliani G, Modena MG: Flow-mediated vasodilation and
the risk of developing hypertension in healthy postmenopausal women. J Am Coll Cardiel 44:
1 636-1640, 2004

25

Wong TY, Shankar A, Klein R, Klein BE, Hubbard LD : Prospective cohort study of retinal vessel
diameters and risk of hypertension. BMJ 329: 79, 2004

26

Cleland SJ , Sattar N, Petrie JR, Forouhi NG, Elliott H L, Connell JM: Endothelial dysfunction as a
possible link between C-reactive protein levels and cardiovascular disease. Clin Sci (Land) 98:
531 -535, 2000

27

Bassuk SS, Rifai N, Ridker PM: High-sensitivity C-reactive protein. Curr Probl Cardiel 29: 439-493,
2004

28

Teragawa H, Fukuda Y, Matsuda K, Ueda K, Higashi Y, Oshima T, Yoshizumi M, Chayama K:
Relation between C reactive protein concentrations and coronary microvascular endothelial
function. Heart 90: 750-754, 2004

46

CHAPTER 3

What Predicts Progression and
Regression of Urinary Albumin
Excretion in the Non-diabetic
Population?

Auke H. Brantsma
Jarir Atthobari
Stephan J.L. Bakker
Dick de Zeeuw
Paul E. de Jong
Ronald T. Gansevoort
J Am Soc Nephrol 1 8:637-45, 2007

CHAPTER 3

ABSTRACT

Introduction: An increase or decrease in urinary albumin excretion (UAE) is
associated with, respectively, a higher or lower risk for renal and cardiovascular
disease, independent of widely known cardiovascular risk factors. This study aimed
to identify factors that are associated with changes in UAE in the non-diabetic
population.
Methods: We used data of the Prevention of Renal and Vascular End stage
Disease (PREVEND) Study, a community-based prospective cohort study. Data of
the 6647 non-diabetic participants who completed the first (1 997 through 2001 )
and second (2001 through 2003) screening were used. Change in UAE was
categorized as regression (n = 650), stable (n = 5240), or progression (n = 757) on
the basis of change in class during follow-up, with classes being a UAE <1 5, 1 5 to
30, 30 to 300, and >300 mg/24-hr.
Results: Using stepwise forward multinomial regression analysis changes in blood
pressure (BP), fasting glucose concentration, and start of antihypertensive drugs
were found to be the most important modifiable variables associated with the risk
for progression and regression ( P < 0.01 for likelihood ratio test). The odds ratios to
develop regression or progression of UAE during follow-up were 0.64 (95%
confidence interval [Cl] 0. 57 to 0.73) and 1 .91 (95% Cl 1 .72 to 2.1 2), respectively,
per 1 0-mmHg increase in BP during follow-up, 0.89 (95% Cl 0.80 to 0.98) and 1 .09
(95% Cl 1 .01 to 1 .1 7), respectively, per 1 mmol/L increase of fasting glucose levels
during follow-up, and 1 .57 (95% Cl 1 .21 to 2.06) and 0.70 (95% Cl 0.51 to 0.95),
respectively, for start of antihypertensive drugs during follow-up. These
associations were independent of baseline BP, glucose, body mass index,
estimated glomerular filtration rate, and UAE and changes in high-sensitivity C
reactive protein during follow-up.
Conclusion: Changes in glucose concentration and BP and start of
antihypertensive drugs (angiotensin-converting enzyme inhibitors/angiotensin
receptor blockers in >50% of cases) are associated with progression and
regression of UAE in the non-diabetic population. Although associations do not
necessarily suggest causality, it is hypothesized that in the general population, the
most important ways to reduce UAE are by lowering glucose concentration and BP
(including start of antihypertensive medication), even in normotensive, non-diabetic
individuals.

48

PROGRESSION AND REGRESSION OF ALBUMINURIA

INTRODUCTION

Urinary albumin excretion (UAE) is a renal marker of generalized endothelial
dysfunction 1 • UAE has been identified as a powerful predictor of renal and
cardiovascular disease progression in the diabetic and non-diabetic populations2-5 .
It is interesting that in type 2 diabetes, a spontaneous increase in UAE is
associated with increased mortality and a more rapid decline of renal function6 •
This association is independent of the widely known cardiovascular risk factors,
such as cholesterol and blood pressure (BP). Conversely, in the diabetic and non
diabetic populations, a decrease in UAE, either drug induced or spontaneous, is
associated with a lowered risk for cardiovascular disease7-9. Again, this association
between the change in albuminuria and cardiovascular risk is independent of
widely known cardiovascular risk factors. Furthermore, short-term drug-induced
changes in UAE predict long-term renal function outcome in diabetic and non
diabetic renal disease1o-13 . Therefore, changes in UAE predict the risk for
cardiovascular or renal d isease. This suggests that to reduce the risk for renal and
cardiovascular disease, progression of UAE should be prevented and regression of
UAE should be a primary treatment goal.
The incidence of progression and regression of UAE and the factors that are
associated with progression and regression have been studied in patients with
diabetes 1 4 -20. In these patients, glucose concentration and BP have been found to
be important determinants of UAE and subsequently have become important
treatment targets21 . In the non-diabetic population, factors that are associated with
progression or regression of UAE have not been studied yet. The aim of our study
therefore was to determine the incidence of progression and regression of UAE
and to identify factors that are associated with progression and regression of UAE
in the non-diabetic population.
MA TERIALS AND METHODS

Study Design and Population
This study is part of the Prevention of Renal and Vascular End stage Disease
(PREVEND) Study, a prospective cohort study in The Netherlands that investigated
the predictive value of UAE for renal and cardiovascular disease progression.
Details of this study have been published elsewhere 2 ' • Figure 1 shows the
flowchart of the PREVEND Study. The participants of the PREVEND cohort were
selected in 1 997 from 40,856 individuals from the general population and whom
2
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Figure 1 . Flowchart of the Prevention of Renal and Vascular End stage Disease (PREVEND) Study.
85,421

All inhabitants of the city of Groningen aged
28-75 yrs invited for spot urine test

40,856

Responders

30,890

9,966

UAC < 10 mg/L

UAC 2! 1 0 mg/L

2,592

6,000

Random sample

All invited

Eligible and consent

Eligible and consent

8,592

Baseline screening '97-'98

240 (217 non-diabetic)
Died

1 458

Withdrawals

6,894

Follow-up screening '01 -'03

247

Diabetes Mellitus at baseline

6,647

Available for current study

were aged between 28 and 75 yr. Selection was based on the basis of their
albumin concentration (UAC) in a morning urine sample. In total 8592 individuals
participated in the first screening (1997 through 1998) of the PREVEND study:
6000 individuals with a UAC �10 mg/L and 2592 individuals with a UAC <10 mg/L.
After a median follow-up of 4.2 yr (interquartile range 4.0 to 4.5), these individuals
were invited for a follow-up survey (2001 through 2003). By then, 240 (217 of
whom did not have diabetes) individuals had died and 1458 declined participation.
For our study, participants with diabetes (defined according to the criteria of the
24
American Diabetes Association } at baseline were excluded (n = 247) , leaving
6647 participants for our study. The PREVEND study was approved by the medical
ethics committee of our institution and conducted in accordance with the guidelines
of the Declaration of Helsinki. All participants gave written i nformed consent.
Measurements and Definitions
At baseline and follow-up screening, all participants completed a questionnaire on
demographics; renal and cardiovascular disease history; smoking habits; and use
of medication for hypertension, hyperlipidemia, or diabetes. For each screening,
50

PROGRESSION AND REGRESSION OF ALBUMINURIA

participants completed two visits at an outpatient unit. During the first visit, height
and weight were measured. Before the second visit, two 24-hr urine samples were
collected after thorough oral and written instructions on the urine collection, and at
this visit, a fasting blood sample was drawn. During the first and second visits, BP
was measured, in supine position, every minute for 1O and 8 min, respectively, with
an automatic device (Dinamap XL Model 9300; Johnson-Johnson Medical, Tampa,
FL). Furthermore, information on drug use was collected from community
pharmacies.
UAC was determined by nephelometry with a threshold of 2.3 mg/L and intra
and interassay coefficients of variation (CV) of 2.2 and 2.6%, respectively (BNI I ;
Dade Behring Diagnostic, Marburg, Germany). UAE is given as the mean of the
two 24-hr UAE. High-sensitivity C-reactive protein (hs-CRP) also was determined
by nephelometry, with a threshold of 0.175 mg/L and intra- and interassay CV of
4.4 and 5.7%, respectively. Concentrations of cholesterol, glucose, and creatinine
were measured in serum using standard methods. Insulin was determined on an
AxSym (Abbott, Amstelveen, The Netherlands), with a threshold of 1.0 µU/ml and
intra- and interassay CV of 2.6 and 4.3%, respectively. Insulin resistance was
estimated using the homeostasis model of assessment of insulin resistance as
(fasting insulin [µU/ml] x fasting glucose [mmol/L])/22.525• GFR was estimated
(eGFR) with the modified Modification of Diet in Renal Disease (MORD) formula,
taking into account gender, age, race, and serum creatinine concentration. BP
values are given as the mean of the last two recordings of both visits. Mean arterial
pressure was calculated as [(2 x diastolic BP) + systolic BP]/3. Participants were
considered to use antihypertensive, lipid-lowering, or antidiabetic medication when
according to the questionnaire or community pharmacist they took such drugs.
Furthermore, we defined use of angiotensin-converting enzyme inhibitors (ACEi) or
angiotensin receptor blockers (ARB) separately from other antihypertensive
medication using data from the community pharmacies. Participants were
considered to smoke when they had smoked in the previous year according to the
questionnaire. According to literature, changes in UAE were categorized as
progression or regression on the basis of changes in class of UAE during follow
up 0 · 8• · . Although classes of UAE in these studies were defined as UAE <30
mg/24-hr (normal), 30 to 300 mg/24-hr (microalbuminuria), or >300 mg/24-hr
(macroalbuminuria), there is increasing evidence that levels of UAE <30 mg/24-hr
already are associated with an increased cardiovascular risk2• 5•27• Therefore, we
further subdivided the group with a UAE <30 mg/24-hr. Therefore, for our study, we
defined classes of UAE as <15 mg/24-hr (low normal), 15 to 30 mg/24-hr (high
normal), 30 to 300 mg/24-hr (microalbuminuria), and >300 mg/24-hr
(macroalbuminuria) . As alternative outcome for sensitivity analyses, progression
1

1

1 9 26
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and regression were defined, respectively, as at least doubling (> 100%) or halving
(<50%) of baseline UAE during follow-up. These cut-off points were calculated on
the basis of the 95% confidence interval (Cl) of the short-term variation in the UAE
measurement (-50%, + 100%) in 215 participants of our own population who
collected two consecutive 24-hr urine samples at baseline and after 3-mo of follow
up. We calculated the ratio of the UAE measured at baseline and 3-mo follow-up.
Because ratios have a skewed distribution, we obtained the 95% Cl by computing
the 95% Cl for the log of the mean ratio, after which these values were back
transformed. The cut-off points obtained are similar to values reported in
14
literature .

Statistical Analyses
Analyses were performed using the statistical package SPSS 12.0 (SPSS,
Chicago, I L). The level of significance was determined as P < 0.05. For
participants with missing data for one or more variables (n = 580, no variable with
>5% missing values), data were imputed using expectation maximization as
estimation method. Continuous data are reported as mean with standard deviation.
In case of a skewed distribution, the median and interquartile range are presented.
Prevalences and incidences are presented as percentages. Differences between
groups were tested by one-way ANOVA or Kruskal-Wallis test in case of a skewed
distribution of a variable. Differences in prevalence or incidence were tested with a
chi-square test. To estimate the incidence of change of UAE class or death during
follow-up in the general population, we calculated these percentages using a
weight factor that adjusted for the enrichment for high UAC at the creation of the
PREVEND cohort. These percentages therefore can be extrapolated to the general
population.
Variables that were associated with progression or regression of UAE were
selected by stepwise forward multinomial regression analysis with change of UAE
as outcome variable. Multinomial regression analysis is comparable to logistic
regression analysis but allows the outcome variable to have more than two levels,
in contrast to the logistic regression analysis that requires the outcome variable to
28
be dichotomous • Selection into the model was based on the likelihood ratio test
using P < 0.05 as entry criterion and a P > 0. 1 as exit criterion. Variables that were
entered into the stepwise forward selection procedure were selected from literature
and are given in Table 1 and 2. However, to prevent problems as a result of
possible collinearity between systolic and diastolic BP, we entered only baseline
values and follow-up changes of mean arterial pressure as measure of BP into the
stepwise forward selection procedure. To adjust for our prescreening selection
criterion, being a UAC >10 mg/L (yes/no), we forced this variable into the model
52
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Table 1 . Baseline characteristics of the population under study subdivided according to baseline
classes of urinary albumin excretion.
Level of urinary albumin excretion In mg/24-hr
<1 5

1 5-30

30-300

>300

(n = 49 1 7)

(922)

(n = 738)

(n = 70)

Age (years)

47.3 ± 1 1.6

51.0 ± 12. 1

54.5 ± 1 1 .9

56. 1 ± 12.6

Caucasian, No. (%)

4722 (96.0)

884 (95.9)

71 4 (96.7)

65 (92.9)

Male, No. (%)

2260 (46.0)

516 (56.0)

475 (64.4)

50 (71 .4)

<.001

197 (4.0)

58 (6.3)

77 (1 0.4)

11 (1 5.7)

<.001

Smoking, No. (%)

1 741 (35.4)

346 (37.5)

305 (41.3)

22 (31.4)

.01

Body-mass index (kg/m2)

25.5 ± 3.9

26.6 ± 4.2

27.5 ± 4.6

28.4 ± 3.9

<.001

Systolic blood pressure (mm Hg)

124 ± 16

1 34 ± 20

1 40 ± 23

149 ± 23

<.001

Diastolic blood pressure (mm Hg)

72 ± 9

77 ± 10

79 ± 11

82 ± 10

<.001

History of Ml, No. (%)

Mean arterial pressure (mmHg)

p
<.001
. 76

89 ± 11

96 ± 13

100 ± 14

104 ± 13

<.001

Use of antihypertensive drugs, No. (%)

545 (1 1 . 1)

1 80 (19.5)

206 (27.9)

22 (31.4)

<.00 1

Including use of ACEi/ARB, No. (%)

150 (3. 1)

53 (5.7)

52 (7.0)

6 (8.6)

<.001

Cholesterol (mmol/L)

5.6 ± 1. 1

5.7 ± 1 . 1

5.9 ± 1. 1

6.1 ± 1.4

<.001

Use of lipid lowering drugs, No. (%)

242 (4.9)

57 (6.2)

86 (11.7)

10 (14.3)

<.001

Fasting glucose (mmol/L)

4.7 ± 0.6

4.9 ± 0.7

4.9 ± 0.7

4.8 ± 0. 7

<.001

HOMA-IR (µU/ml per mmol/L)

1.5 (1.1 to 2.3)

1 .8 (1 .2 to 2.9)

2.1 (1.3 to 3.3)

2.1 (1.3 to 3.6)

<.001

C-Reactive protein (mg/L)

1.1 (0.5 to 2.4)

1.4 (0.6 to 2.9)

2.0 (1.0 to 4.2)

2.5 (1.2 to 4.8)

<.00 1

81 ± 13

81 ± 14

78 ± 15

67 ± 19

<.00 1

eGFR (ml/min/1 .73m )
2

Data are means (standard deviation) or medians (interquartile range) in case of skewed data
distribution. Statistical analyses were performed with one-way ANOVA or a Kruskal-Wallis test in case
of skewed distribution. The chi-square test was used in case of categorical variable. Abbreviations are:
Ml, myocardial infarction; ACEi, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor
blocker; HOMA-IR, homeostasis model of assessment of insulin resistance; eGFR, estimated
glomerular filtration rate.

selected by the stepwise selection procedure. Furthermore, to adjust for regression
to the mean, we forced UAE at baseline into this model. Values for UAE were
logarithmically transformed to fulfill the requirement of linearity of the logit. Data of
the variables in the final model are presented using the group with stable UAE as
the reference group. Odds ratios (OR) and 95% Cl are given.
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Figure 2. Mortality and changes in urinary albumin excretion during follow-up according to baseline
urinary albumin excretion in the non-diabetic population.
2. 5%
0.03%

--r-:��--..,.,.=..,..,....,

B

- 9.3% +

- 6. 8% +

- 9.3% +

- 6. 8% +

0. 5%
7. 5%
I

UAE 1 5-30
n = 965

- 3. 1 % +

1 .3%
I

UAE < 1 5
n = 5007

UAE < 1 5
n = 5007

• 1 .4% +

• 1 .4% +

The numbers in the rectangles indicate the total number of non-diabetic individuals at baseline in that
specific class who participated in the second screening (n = 6647) or died during follow-up (n = 21 7) .
Black arrows i ndicate progression ; gray arrows indicate regression. The percentages shown were
calculated using a weight factor that adjusts for the enrichment for high albuminuria at the creation of
the PREVEND cohort. The percentages therefore can be extrapolated to the general population. (A) All
changes in classes of UAE during follow-up as percentage of the originating category. (B) Net
percentage of changes in classes of UAE during follow-up as percentage of the originating category.
Unit for UAE is mg/24-hr. Abbreviations are: UAE, urinary albumin excretion.

RESUL TS

Table 1 shows the baseline characteristics of the 6647 participants of this study
according to levels of UAE at baseline. Participants with a higher UAE at baseline
were older; more frequently were male; and had increased cardiovascular risk
factors such as high body mass index (BMI), BP, and cholesterol, which was
associated with more frequent use of antihypertensive and lipid-lowering drugs.
Furthermore, a higher UAE was associated with higher levels of insulin resistance,
but in this non-diabetic population, this was associated with only small differences
in fasting glucose. Finally, a higher UAE was associated with higher levels of hs
CRP, a marker of low-grade inflammation.
During a median follow-up of 4.2 yr (interquartile range 4.0 to 4. 5), we
identified 760 (1 1 .4%) participants as progressors, 652 participants (9.8%) as
regressors, and 5235 (78.8%) participants as stable in our cohort. The estimated
incidence of progression and regression of UAE and mortality rate according to
baseline classes of UAE in the general population are shown in Figure 2. Note that
to allow for this generalization to the general population, the percentages given in
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Table 2. Baseline characteristics of the population under study subdivided according to changes in UAE
during follow-up.
Progr�ssion

Stable

Regression

(n = 760)

(n = 5235)

(n = 652)

p

52.7 ± 1 2.2*

47.9 ± 1 1 .8

50.5 ± 1 2.2*

Caucasian, No. (%)

725 (95.4)

5032 (96 . 1 )

628 (96.3)

.84

Male, No. (%)

433 (57.0)*

2542 (48.6)

326 (50.0)

<.001
<.001

Age (years)

History of Ml, No. (%)
Smoking, No. (%)
Body-mass index (kg/m )
2

Systolic blood pressure (mmHg)

<.001

65 (8.6)*

232 (4.4)

46 (7. 1 )*

281 (37.0)

1 902 (36.3)

231 (35.4)

.83

26.9 ± 4. 1 *

25.7 ± 3.9

26.5 ± 4.5*

<.001

1 33 ± 1 9*

1 26 ± 1 8

1 37 ± 24*

<.001

Diastolic blood pressure (mmHg)

76 ± 9*

73 ± 9

78 ± 1 2*

<.001

Mean arterial pressure (mmHg)

95 ± 1 2*

90 ± 1 1

98 ± 1 5*

<.001

1 76 (23.3)*

652 (1 2.5)

1 26 (1 9.3)*

<.001

58 (7.6)*

1 70 (3.2)

33 (5. 1 )*

<.001

Use of antihypertensive drugs, No. (%)
Including use of ACEi/ARB, No. (%)
Cholesterol (mmol/L)

5.7 ± 1 .1 t

5.6 ± 1 .1

5.7 ± 1 .1 t

Use of lipid lowering drugs, No. (%)

77 (1 0 . 1 )*

274 (5.2)

43 (6.6)

<.001

Fasting glucose (mmol/L)

.002

4.9 ± 0.7*

4.7 ± 0.6

4.8 ± 0.7*

<.001

HOMA-IR (µU/ml per mmol/L)

1 .8 (1 . 1 to 2.7)*

1 .6 (1 . 1 to 2.4)

1 .9 (1 .3 to 2.9)*

<.001

C-reactive protein (mg/L)

1 .5 (0.8 to 3.2)*

1 . 1 (0.5 to 2.6)

1 .6 (0.7 to 3.7)*

<.001

80 ± 1 5*

81 ± 1 4

80 ± 15

1 2.7 (9.8-1 8.1 )*

7.7 (5.8-1 1 .5)

23.4 (1 7.7-37.8)*

eGFR (ml/min/1.73m 2)
Urinary albumin excretion (mg/24-hr)

.007
<.001

Data are means (standard deviation) or medians (interquartile range) in case of skewed data
distribution. Statistical analyses were performed with one-way ANOVA or a Kruskal-Wallis test in case
of skewed distribution. The chi-square test was used in case of categorical variable. Abbreviations are:
Ml, myocardial infarction; ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor
blocker; eGFR, estimated GFR; HOMA-I R, homeostasis model of assessment of insulin resistance. *P <
0.01 versus stable (post hoc test) . tP < 0.05 versus stable (post hoc test).

this figure are adjusted for the enrichment for high UAE in the PREVEND Study.
Irrespective of the initial level of UAE, both progression and regression of UAE
occur frequently in the non-diabetic population, but in all classes of baseline UAE,
there is net progression of UAE. As can be seen, a higher baseline UAE is
associated with higher mortality rates, with participants with a baseline UAE
between 30 and 300 mg/24-hr having a more than four-fold higher mortality during
follow-up as participants with a UAE <15 mg/24-hr (6.8 versus 1.4%, respectively).
Table 2 shows the baseline characteristics of the total PREVEND population
when subdivided according to changes in UAE during follow-up. It is intriguing that
compared with the stable group, regressors and progressors had comparable
baseline characteristics. Both groups were older when compared with the stable
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Table 3. Changes in population characteristics according to changes in urinary albumin concentriation
during follow-up.
Progression

Stable

Regression

(n = 760)

(n = 5235)

(n = 652)

p

0.8 ± 1 .7

0.8 ± 1 .7

0.5 ± 1 .9*

<.001

� Systolic blood pressure (mmHg)

4 ± 1 4*

-2 ± 1 1

- 9 ± 1 7*

<.001

� Diastolic blood pressure (mm Hg)

2 ± 7*

0±6

- 4 ± 9•

<.001

� Mean arterial pressure (mm Hg)

2 ± 9*

-1 ± 7

- 5 ± 11*

<.00 1

� Cholesterol (mmol/L)

- 0.2 ± 1 .0

-0.2 ± 0.9

- 0.3 ± 0.8*

.002

� Fasting glucose (mmol/L)

0.4 ± 1 .2*

0.2 ± 0.9

0.2 ± 0.8

.02

� C-reactive protein (mg/L)

0.7 ± 6.2

0.2 ± 4.9

-0.9 ± 6.9*

<.00 1

Start of antihypertensive drugs, No. (%)

59 (7.8)

430 (8.2)

1 48 (22.7)*

<.001

� Body-mass index (kg/m )
2

Start of ACEi/ARB, No. {%)

34 (4.5)

221 (4.2)

93 (1 4.3)*

<.001

Start of lipid lowering drugs, No. (%)

54 (7. 1 )*

247 (4.7)

57 (8.7)*

<.001

Start of antidiabetic drugs, No. (%)

20 (2.6)*

68 (1 .3)

18 (2.8)*

<.001

Stop smoking, No. (%)

52 (6.8)

376 (7.2)

59 (9.0)

.20

Data are means (standard deviation) or medians (interquartile range). Statistical analyses were
performed with one-way ANOVA or chi-square test in case of categorical variables. *P < 0.01 versus
stable (post hoc test).

group and had an unfavorable cardiovascular risk pattern, including increased
levels of hs-CRP. Compared with the regressor group, progressors more frequently
were male and used more antihypertensive and lipid-lowering medication at
baseline. Although statistically significant, there were only small differences in
baseline eGFR among regressors, progressors, and stable participants.
In Table 3, changes in patient characteristics from baseline to follow-up in the
progressor, regressor, and stable group are shown. In contrast to the baseline
characteristics, there were important differences between progressors and
regressors. In the progressor group, cardiovascular risk factors, including hs-CRP,
showed generally a more unfavorable change during follow-up compared with the
regressor group, with changes in risk factors in the stable group generally
somewhere in between the changes that were seen in the progressor and
regressor groups.
Factors that were associated with progression or regression of UAE, as
selected by the stepwise forward multinomial regression analysis from the
variables given in Tables 1 and 2, are shown in Table 4, including the associated
OR. Variables that are not shown in Table 4 were not selected by the stepwise
forward selection procedure. The P-value of the likelihood ratio test was s 0.01 for
all variables selected, except for eGFR (P = 0.024). Both nonmodifiable
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Table 4. Multinomial regression model with change in urinary albumin excretion, defined as stable,
progression, or regression, as dependent variable.
Progression

Stable

Regression
OR (95% CJ)

OR (95% Cl)
t::.. Mean arterial pressure ( 1 0 mmHg)*

1 .91 ( 1 .72-2. 1 2)'

1 .00

0.64 (0.57-0.73)'

Mean arterial pressure at baseline ( 1 0 mm Hg)*

1 .35 ( 1 .24-1 .47)'

1 .00

1 .07 (0.96- 1 . 1 8)

/1 hs-CRP (mg/L)

1 .01 (0.99-1 .03)

1 .00

0.97 (0.95-0.98)1

Age at baseline (1 0 yr)*

1 . 1 9 (1 . 1 0-1 .29)

1 .00

0.95 (0.86-1 .04)

Male vs. female sex*

1 .00 (0.84-1 . 1 9)

1 .00

0.63 (0.52-0.77)'

1

Start of anti hypertensive drug during follow-up*
0.70 (0.51 -0.95)'

1 .00

1 .57 (1 .21 -2.06)'

Body-mass index at baseline (5 kg/m )*

1 . 1 7 ( 1 .05-1 .29)'

1 .00

0.90 (0.80-1 .01 )

t::.. Glucose (mmol/L)*

1 .09 (1 .01-1 . 1 7)'

1 .00

0.89 (0.80-0.98)'

Use vs. no use
2

Lipid lowering drugs at baseline t
Use vs. no use
eGFR at baseline (1 0 ml/min/1 . 73m

2

)

t

1 .52 ( 1 . 1 4-2.02)'

1 .00

0.89 (0.60- 1 .31 )

1 .03 (0.97-1 .01 )

1 .00

1 . 1 0 (1 .03-1 . 1 8)'

Data are shown in order of strength of their association with change in UAE, as defined by the chi
square of the likelihood ratio tests. Results are adjusted for the prescreening selection criterion, being a
urinary albumin concentration >1 0 mg/L {yes/no) and the UAE at baseline. The group with stable UAE is
used as reference group. Abbreviations are: UAE, urinary albumin excretion; Cl, confidence interval;
OR, odds ratio. *P < 0.001 likelihood ratio test. tP < 0.05 likelihood ratio test. #The 95% Cl does not
include 1 .

demographic factors age and gender were selected into the model. Of the
modifiable risk factors at baseline, BP, BMI, and use of lipid-lowering drugs were
selected as predictors of changes in UAE. However, all of these variables were
significantly associated only with progression of UAE, whereas the 95% Cl for the
variables indicated a nonsignificant association with regression of UAE (see Table
4). For baseline eGFR and changes in hs-CRP during follow-up that also were
selected into the model, the 95% Cl indicated a significant association with
regression but not with progression of UAE. It should be noted that although the
likelihood ratio for the association between changes in hs-CRP and changes in
UAE indicated a highly statistically significant relation (P < 0.001 ) , the OR to get
progression or regression of UAE for a 1 mg/L change in hs- CRP were low (1 .01
and 0.97 for progression and regression, respectively).
In contrast to the other variables, changes in BP and glucose were associated
significantly with both incidence of progression and regression of UAE. An increase
of these variables during follow-up was associated with a higher incidence of
progression and a lower incidence of regression, whereas a decrease in BP or
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glucose was associated with a lower incidence of progression and a higher
incidence of regression of UAE.
Furthermore, independent of baseline B P and changes in BP during follow-up,
the start of antihypertensive medication during follow-up was associated with a
lower risk for progression of UAE and increased chance of regression of UAE.
Notably, start of ACEi/ARB during follow-up was not selected by the model. When
start of ACEi/ ARB was added manually to the selected model, the P-value of the
likelihood ratio test was 0.07, with the OR for developing progression and
regression, being 0.74 (95% Cl 0.49 to 1. 11) and 1.30 (95% Cl 0.92 to 1.84),
respectively. Finally, although use of lipid-lowering drugs at baseline was selected
into the model, start of lipid-lowering drugs during follow-up was not.
Because our primary definitions of progression and regression are based on
changes in class, which may be considered arbitrary, we repeated our analyses
using an alternative outcome based on the variation of UAE to define progression
(more than doubling in UAE; n = 625 [9.4%]) and regression (more than halving in
UAE; n = 541 [8. 1%]). With the use of this alternative outcome, the stepwise
forward multinomial regression procedure selected the same variables as with the
primary definition of progression and regression (P < 0.01 likelihood ratio test,
except for eG FR for which P = 0.04), except for the use of lipid-lowering drugs at
baseline. In addition, baseline levels of glucose, history of myocardial infarction,
smoking, and use of antihypertensive medication at baseline were selected into the
model.
Next, as errors in the collection of the 24-hr urine samples may have
influenced our estimates of 24-hr UAE, we repeated our analyses excluding
participants with a >20% difference in 24-hr creatinine excretion between the first
2
and the second days of urine collection at first and/or second screening 9• This was
done on the basis of the assumption that the day-to-day 24-hr creatinine excretion
is constant. With the use of this exclusion criterion, our model selected the same
variables as when the total study population was used, except for baseline eG FR,
use of lipid-lowering drugs at baseline, and changes of hs-CRP during follow-up.
Furthermore, history of myocardial infarction and start of ACEi/ARB were selected.
Finally, we repeated our analyses using backward elimination in our stepwise
multinomial analysis. This procedure selected the same model as the stepwise
forward procedure. In addition, however, start of ACEi/ARB remained in the
selected model as a result of the P value of the likelihood ratio test of 0.07, which is
below the applied exit criterion of 0.10. Also, we repeated our analyses after
excluding participants with leukocyturia or erythrocyturia at baseline or follow-up,
which may indicate a urinary tract infection, rendering the measurement of UAE
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unreliable. Furthermore, we repeated our analyses excluding participants with
missing values instead of using imputed data, excluding participants with
hypertension at baseline, or excluding participants with impaired fasting glucose at
baseline. None of these sensitivity analyses changed the essence of our results.
Last, repeating analyses after excluding participants who were using
antihypertensive, lipid-lowering, or antidiabetic drugs at baseline and/or follow-up
did not essentially change the estimated effects of the other variables in the model.

DISCUSSION
We prospectively investigated progression and regression of UAE in the non
diabetic population. The development of UAE was found to be a dynamic process,
with participants frequently showing progression or regression of UAE. This is in
line with findings in diabetic populations 0• • 0 • • Factors that were associated with
regression or progression of UAE were age, gender, (change in) BP, change in
fasting glucose, BMI, eGFR, change in hs-CRP, use of lipid-lowering drugs at
baseline, and start of antihypertensive drugs during follow-up. The effects of all
factors in the model were independent of the baseline level of UAE. Of the selected
variables, only changes in fasting glucose and BP and start of antihypertensive
drugs during follow-up significantly affected both progression and regression,
indicating that these variables are the most important variables that are associated
with changes in UAE.
1

14 3

31

4 15

2
BP is a widely recognized determinant of UAE in diabetic populations • • •
Our study shows that also in the non-diabetic population, BP is an important factor
that is associated with changes in UAE. This furthermore is in line with the finding
that hypertensive individuals are at increased risk for development of an increased
UAE • • Both a high BP at baseline and a rise in BP during follow-up are
associated with an increase for the risk of progression of UAE. Conversely, a
decrease of BP during follow-up is associated with more frequent regression of
UAE. It is interesting that changes in BP were associated with changes in UAE
even with baseline BP added in the same model and after exclusion of participants
with hypertension at baseline, indicating that this association was independent of
the BP at baseline. Therefore, within ranges of BP that currently are considered
(high) normal, increases in BP already are associated with an increase of UAE.
This suggests that a decrease in BP levels, even in the normal range, reduces
UAE.
1

3

33 34

Closely related to BP, start of antihypertensive medication was associated with
changes in UAE. It is interesting that start of antihypertensive medication was
selected even though the model was adjusted for change in BP. This suggests that
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start of antihypertensive drugs may have a UAE-lowering effect that is unrelated to
the simultaneous lowering of BP, as has been suggested of ACEi and ARB35-37 •
Notably, >50% of start of antihypertensive drugs was due to start of an ACEi or
ARB. Accordingly, there was a strong tendency of ACEi/ARB to be selected into
the model. However, a second explanation also is possible. There can be
differences between office BP and 24-hr BP recordings, with the latter being a
better reflection of true BP. Therefore, alternatively, lack of information on 24-hr BP
levels may explain why start of antihypertensive medication was entered into the
model in addition to information on changes of BP.
Similar to BP, glucose concentration is a widely known risk factor for increases
in UAE in individuals with diabetes1 6 • • '38• In our study, participants with diabetes
were excluded at baseline. It is interesting that we found that in our non-diabetic
population, change in fasting glucose concentration was an important factor
associated with changes in UAE. This association remained even after exclusion of
participants with impaired fasting glucose at baseline. Therefore, as with BP,
changes in fasting glucose within ranges of fasting glucose concentration that
currently are considered normal are already associated with changes in UAE. This
suggests that in individuals with a normal fasting glucose but high UAE, lowering
glucose concentrations may reduce UAE.
20 24

We also found that use of lipid-lowering drugs was associated with an
increased risk for progression of UAE. Because in our study >95% of participants
who were on lipid-lowering drugs used a statin, this seems contradictory because
use of these drugs reduces the risk for cardiovascular morbidity and mortality 39 • •
However, lipid-lowering drugs frequently are prescribed for secondary prevention
after myocardial infarction39 and, thus, to individuals with a high risk for
cardiovascular disease progression. Indeed, in our population, 25. 1 % of users of
lipid-lowering drugs had experienced a myocardial infarction versus 3.1 % of
nonusers of lipid-lowering drugs. Another possible explanation is diminished
tubular uptake of albumin as a result of inhibition of hepatic hydroxymethyl glutaryl
CoA in the proximal tubule by statins, leading to an increased UAE41 • Future
research needs to be done to study this effect in more detail.
40

Finally, our results do not allow one to distinguish whether the changes in UAE
were associated with intentional or spontaneous changes of the BP and fasting
glucose levels during follow-up. Although our findings did not change after
exclusion of participants with antihypertensive or antidiabetic drugs at baseline
and/or follow-up, nonpharmacologic interventions may have been used to influence
these variables. One possible nonpharmacologic intervention may have been
weight loss, because changes in weight may induce changes in both BP and
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fasting glucose levels42• This would explain why a change in BMI during follow-up
was associated univariately with a change in UAE (Table 3) but was not selected
into the multinomial regression model. In line with this possibility is the finding that
change during follow-up in hs-CRP, which is a marker of subclinical chronic
inflammation that is closely associated with generalized vascular endothelial
dysfunction and that also can be induced by changes in weight43 , also was
selected into the multinomial regression model. Further research is needed to
explore the association between changes in UAE and changes in weight.
Strengths of this study are the use of a large, community-based cohort; the use
of different definitions of progression and regression of UAE; the use of 24-hr urine
samples to determine UAE; and the availability of information on time-dependent
covariates. Our study has several limitations that need to be mentioned. First, the
PREVEND cohort is selected from a mainly white population. Therefore, our results
cannot be generalized simply to other populations. Second, the PREVEND cohort
is enriched for individuals with increased UAE, which may have influenced our
analyses. To adjust for this, we calculated the incidence of progression and
regression using a weight factor that corrected for this oversampling. In our
multinomial regression models, we adjusted for both baseline UAE and the criterion
that was used to select participants into the PREVEND cohort, making it unlikely
that the oversampling has influenced our findings substantially. Third, because the
UAE is known to show short-term fluctuations that are not due to real progression
or regression of UAE, this may have introduced some bias as a result of
misclassification in our results. However, such bias will have led to an
underestimation of the true association between UAE and associated variables.
Therefore, although our study is likely to have identified the most important factors
that are associated with changes in UAE, other factors also may be involved in the
processes that lead to changes in UAE. Finally, 1 698 participants were lost during
follow-up, 240 of whom were due to death. The characteristics of participants who
were lost to follow-up were comparable with the characteristics of participants who
remained in the study, with numerical differences being <3%. However, the
difference for UAE was slightly larger, with participants who were lost to follow-up
having a higher UAE than participants who remained in the study (median 1 0. 1
versus 9.2 mg/24-hr, respectively). Although small, it cannot be excluded that this
difference has influenced our results.

CONCLUSION
Both progression and regression of UAE occur frequently in the non-diabetic
population at all levels of UAE. Baseline age, gender, obesity, BP, eGFR, use of
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lipid-lowering drugs, and changes in hs-CRP were identified as factors that are
associated with changes in UAE. Furthermore, changes in BP, start of
antihypertensive medication, and changes in fasting glucose concentration were
found to be associated with changes in UAE. Although these associations do not
need to suggest causality, it is tempting to hypothesize that for the general non
diabetic population, once UAE has increased, the most important ways to reduce
UAE are by lowering glucose concentrations and BP (including by start of
antihypertensive medication), even in normotensive, non-diabetic individuals.
However, future prospective research needs to investigate this issue and assess
the effects of lowering UAE in normotensive, non-diabetic individuals on renal and
cardiovascular morbidity and mortality.
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ABSTRACT

Introduction: It has been proposed to implement screening programs for urinary
albumin excretion (UAE) in the general population to allow early detection and
treatment of subjects with high risk of cardiovascular (CV) disease. It is unknown at
which interval screening for UAE should be repeated in these programs.
Methods: We used data of 8496 subjects from a community-based prospective
cohort study to evaluate how the predictive value of a UAE measurement for CV
morbidity and mortality changes over time.
Results: The hazard ratio (H R) for a CV event per two-fold higher baseline UAE
was 1 .36 (95%CI 1 .31 -1 .42). When baseline UAE was used to predict events
occuring more than 5 years after baseline UAE measurement this HR had
decreased to 1 .30 (1 .21 -1 .40). After approximately 4 years UAE measurement was
repeated in 6800 subjects participating in follow-up screening. A high UAE (UAE
> 1 6.2mg/24-hr) at repeat measurement was associated with a H R of 3.39 (2.584.45) for CV events occuring after follow-up screening. When instead high UAE
was defined using the baseline UAE measured 4 years earlier the H R was lower,
being 2.50 (1 .90-3.29) (p for difference 0.3). Finally, we used the baseline and
follow-up UAE measurement to identify subjects who changed from low to high
UAE (progressors) during follow-up. Compared to subjects whose UAE remained
low, the CV risk in progressors was higher (H R 3.68 (2.45-5.53)).
Conclusion: Although the predictive value for CV events of UAE decreases
slightly during follow-up, UAE remains a good predictor of CV disease during the
first 5 years after measurement. However, repeating UAE measurement has added
value as it detects progression of UAE, which is associated with an increased CV
risk. Future studies will have to determine at what time-interval the benefit of
detecting and treating subjects with a newly elevated UAE is sufficient to allow for
the extra costs involved in repeat population screening for UAE.

68

TIME COURSE OF THE PROGNOSTIC VALUE OF ALBUMINURIA

INTRODUCTION

Elevated urinary albumin excretion (UAE) is a powerful predictor of cardiovascular
(CV) morbidity and mortality in the general population1-3 • Treatment that is
associated with a decrease in UAE results in a reduction of the associated
cardiovascular risk 4' • Based on these observations it has been proposed to
implement screening programs for UAE in the general population6 • Decisions on
the implementation of such programs will be influenced by the cost-effectiveness of
screening and subsequent treatment. An important factor influencing cost
effectiveness is the required interval between screening rounds; the lower the
required frequency, the lower the screening-related costs and thus the more
favourable the costs-effectiveness of a screening-program will be7' 8•
5

To our knowledge only two studies have been published that investigated the
predictive value of a single UAE measurement over time9 • . In the first study,
Damsgaard et al. found that in 21 1 diabetic and 21 6 non-diabetic subjects
surviving the first 5 years after the UAE measurement, the initially measured UAE
was no longer predictive for all-cause mortality. This study thus suggests that
screening should be repeated at relatively short intervals, e.g. after 1 or 2 years. In
contrast, results of the second study of Neil et al, using data of 236 diabetic
subjects, showed that the predictive value of UAE for all-cause mortality remains
present even 5 years after measurement. The conflicting findings of these studies
may be due to the small number of subjects in both studies. Interpretation of these
studies is furthermore hampered by the fact that both studies use all-cause
mortality as end-point, while UAE is mainly used to predict CV morbidity and
mortality. Finally, as mainly diabetic subjects have been studied it remains difficult
to extrapolate these findings to the general population.
10

In this study we therefore investigated the course of the predictive value of a
UAE measurement for CV morbidity and mortality over time using data from a large
community-based cohort study. We investigated furthermore the effect of repeating
the UAE measurement after approximately 4 years after the baseline screening for
CV risk stratification.
MATERIALS AND METHODS

Study Design and Population
This study is part of the ongoing PREVEND Study ( Prevention of Renal and
Vascular End stage Disease) , a large prospective cohort study that is investigating
the predictive value of UAE for CV and renal disease progression. Details of this
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Figure 1 . Flowchart of the PREVEND Study.
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study have been published elsewhere 11 • • The subjects of the PREVEND cohort
were selected in 1 997 from 40,856 individuals from the general population who
sent a vial containing a portion of a first morning void urine sample to a central
laboratory. Selection was based on their albumin concentration in this urine sample
to enrich the cohort for the presence of elevated UAE. In total, 8,592 individuals
completed the baseline survey (1 997 to 1 998) . After excluding subjects with
missing data on baseline UAE (n = 18) or known renal disease (n = 78), 8,496
subjects were available for the current analyses (figure 1 ).
12
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To study the effect of repeating the UAE measurement after several years of
follow-up we used data of our baseline survey and of the first follow-up screening
(2001 -2003). For this follow-up screening subjects participating in the baseline
survey were invited after a median follow-up of 4.2 years (interquartile range 4.0 4.5). By then 234 subjects had died and 1 .431 declined participation. After
excluding subjects with missing data on UAE at follow-up (n = 31 ), 6800 subjects
were available for analyses with follow-up data (figure 1 ).
The PREVEN D Study is approved by the medical ethics committee of our
institution and conducted in accordance with the guidelines of the Declaration of
Helsinki. All participants gave written informed consent.
Measurements and Definitions
At baseline as well as at follow-up screening participants completed two visits at
our outpatient unit. Before the first visit all participants filled out a questionnaire on
demographics, CV and renal disease history, smoking habits and use of
medication for hypertension, hyperlipidemia, or diabetes. During the first visit height
and weight were measured. Before the second visit two 24-hr urine samples were
collected after thorough oral and written instructions on urine collection, and at this
visit a fasting blood sample was drawn. During the first and second visit blood
pressure was measured, in supine position, every minute for 1 0 and 8 minutes,
respectively, with an automatic device (Dinamap XL Model 9300, Johnson-Johnson
Medical, Tampa, FL). Blood pressure values are given as the mean of the last two
recordings of both visits. Furthermore, information on drug use was collected from
community pharmacies. Subjects were considered to use antihypertensive, lipid
lowering, or antidiabetic medication when according to the questionnaire or
community pharmacist they took such drugs. Urinary albumin concentration was
determined by nephelometry with a threshold of 2.3 mg/L and intra assay and inter
assay coefficients of variation of 2.2% and 2.6%, respectively (BN™ II Dade
Behring Diagnostic, Marburg, Germany). The UAE is given as the mean of the two
24-hr urinary albumin excretions. Plasma creatinine, plasma cholesterol and
plasma glucose were determined by Kodak Ektachem dry chemistry ( Eastman
Kodak, Rochester, NY), an automated enzymatic method. Diabetes was defined
according to the guidelines of the American Diabetes Association1 3 • The glomerular
filtration rate was estimated with the simplified Modification of Diet in Renal
Disease formula, taking into account gender, age, race, and serum creatinine
concentration 14.
To define subjects as having a high UAE at baseline or at follow-up, we used
as cut-off value the 75th percentile (UAE = 1 6.2 mg/24-hr) of the baseline UAE
measurement. This cut-off point was chosen to ensure the presence of sufficient
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numbers of subjects and CV events in the group with a high UAE. Of note, this cut
off point was calculated using the baseline data of the 6800 subjects participating
at both the baseline as well as the follow-up screening. A change in UAE was
defined as going from a high to a low UAE (regression), or vice versa
(progression). For sensitivity analyses we defined high UAE as the median (UAE =
9. 1 mg/24-hr) of the baseline UAE measurement.

Follow-up and Outcome
As CV outcome we used the combi�ed incidence of CV mortality and
hospitalisation for CV morbidity. Data on mortality were received through the
municipal register. Cause of death was obtained by linking the number of the death
certificate to the primary cause of death as coded by the Dutch Central Bureau of
Statistics. Information on hospitalisation for CV morbidity was obtained from
PRISMANT, the Dutch national registry of hospital discharge diagnoses. All data
th
were coded according to the ' International classification of diseases', 9 revision
and the classification of interventions. For this study CV events were defined as;
acute myocardial infarction (ICD-code 410), acute and subacute ischemic heart
disease (411 ), coronary artery bypass grafting or percutaneous transluminal
coronary angioplasty, subarachnoid hemorrhage (430), intracerebral hemorrhage
(431 ), other intracranial hemorrhage (432), occlusion or stenosis of the precerebral
(433) or cerebral arteries (434) and other vascular interventions as percutaneous
transluminal angioplasty or bypass grafting of aorta and peripheral vessels.
Survival time for the participants was defined as the period from the date of urine
collection of the participant to the date of CV event or 31 December 2005, until
which date information about CV morbidity and mortality was available. If a person
had moved to an unknown destination (n=396), the date on which the person was
dropped from the municipal registry was used as census date.

Statistical Analyses
Analyses were performed using the statistical package SPSS 14.0 (SPSS,
Chicago, IL). The level of significance was determined as P < 0.05. Continuous
data are reported as mean with SD or as median and interquartile range in case of
skewed distribution. Prevalence and incidence are presented as percentages.
Incidence rates are given as number of events per 1000 person-years.
Differences in survival-rate for different outcome categories were compared
using the log-rank test. Survival-curves were plotted using the Kaplan-Meier
technique. Hazard ratios for CV outcome were calculated using Cox proportional
hazards analyses. In order to fulfil the assumptions of the Cox regression model
UAE was log-transformed before entering the model. Hazard ratio and 95%
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Table 1 . Characteristics of the 8,496 subjects at baseline.
Age (yr)

49.2 (1 2.7)

Male (n [%])

4247 (50.0)

White (n [%])

8333 (98. 1 )

Body mass index (kg/m )

26. 1 (4.2)

2

Smoking (n [%])

321 5 (37.8)

Systolic blood pressure (mmHg)

1 29 (20)

Diastolic blood pressure (mmHg)

74 (1 0)

Use of antihypertensive medication (n [%])

1 3 1 5 (1 5.5)

Cholesterol (mmol/L)

5.6 (1 . 1 )

Use of lipid lowering medication (n [%])

533 (6.3)

Diabetes (n (%])

31 8 (3.7)

Use of antidiabetic medication (n (%])

1 52 (1 .8)

History of myocardial infarction (n (%])

5 1 3 (6.0%)

Estimated glomerular filtration rate (ml/min/1.73m 2)

81 (1 5)

Urinary albumin excretion (mg/24-hr)

9.4 (6.3 to 1 7.6)

Urinary albumin excretion categories (n (%])
0-1 5 mg/24-hr

5983 (70.4)

1 5-30 mg/24-hr

1 270 ( 1 4.9)

30-300 mg/24-hr

1 1 23 (1 3.2)

>300 mg/24-hr

1 20 (1 .4)

Continuous data are presented as mean (standard deviation) or as median (interquartile range) in case
of skewed distribution. Categorical data are presented as number (percentage).

confidence interval (95%CI) are given. Receiver-operating-characteristic (ROC)
curves were calculated to compare the discriminative power of UAE at different
years of follow-up. The area-under-the-curve and 95%CI are given.
To study the predictive value of baseline UAE with increasing follow-up time,
the hazard ratio and ROC curves for baseline UAE in the prediction of CV outcome
were calculated repeatedly after stepwise removal of subjects who were censored
after increasing follow-up using 1 year intervals, until a maximum of 5 years. To
study the effect of repeating the measurement of UAE for CV risk stratification of
the subjects in our study, we compared the survival curves for CV events occurring
after follow-up screening using the baseline measurement of UAE (1 997-1 998) or
the repeated measurement of UAE from the follow-up screening (2001 -2003) to
stratify subjects.
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Table 2. Change of cardiovascular risk associated with baseline urinary albumin excretion during followup.
Total population
Year
0
2
3
4
5

Non-diabetic subjects

n

Observed
person-years

HR

95% C I

n

Observed
person-years

HR

95% CI

8496

581 76

1.36

1.31-1.42

81 78

57500

1.37

1.31-1.43

8388

51 1 1 1

1.37

1.31-1.43

8258

42789

1.36

1.29-1.43

1.35

1.28-1.43

1.36

1.28-1.45

1.31

1.22-1.42

8060

34628

7850

26589

7609

18928

1.35

1.29-1.41

1.34

1.28-1.41

1.33

1.26-1.41

1.35

1.27-1.43

1.30

1.21-1.40

8085

49367

7962

41344

7781

33472

7582

25786

7357

18309

Risk is presented as the hazard ratio for a cardiovascular event for each two-fold higher urinary albumin
excretion. Subjects with an event or who were lost to follow-up during the first, second year, etc. were
successively removed from analyses. Abbreviations are: HR; hazard ratio, Cl ; confidence interval.

RESUL TS

The baseline characteristics of the 8,496 subjects are shown in table 1. Starting at
baseline screening we observed 58,176 person-years during a median follow-up of
7.5 years (interquartile range 6.9 to 7.8). In total 558 CV events occurred in this
period, g iving a cumulative incidence of 6.6% and an incidence rate of 9.4 per
1000 person-years. The CV event rate increased with increasing UAE, being 5.8,
14.5, 23.0 and 31.6 per 1000 person-years, for a UAE <15, 15-30, 30-300 and
>300 mg/24-hr, respectively (p for trend <0.001 ).
In table 2 the hazard ratio for a CV event associated with baseline UAE is
given after increasing follow-up. Subjects censored due to an event or loss to
follow-up were removed stepwise from analyses using 1 year intervals. Thus the
hazard ratio is given for subjects still under observation after 1 year, 2 year, etc. of
follow-up. Consequently, the number of subjects under observation decreased from
8,496 at baseline to 7,609 after 5 years of follow-up. The number of observed
person-years after excluding the first 5 years of follow-up decreased to 18.928 and
the number of events to 194. It can be seen in table 2 that with increasing follow-up
there was a slight decrease in CV risk predicted by the baseline UAE, with the
hazard ratio going from 1.36 to 1.30 for each two fold higher UAE. Also the 95%CI
widened slightly with increasing follow-up.
Accordingly, when ROC curves were computed using baseline UAE as
predictor of CV events there was a minimal decrease in the area-under-the-curve
when using only subjects still under observation after 5 years of follow-up (0.65
[0.61-0.69]) compared to the area-under-the-curve using follow-up starting at
74

TIME COURSE OF THE PROGNOSTIC VALUE OF ALBUMINURIA

Figure 2. Event-free survival for cardiovascular morbidity and mortality after follow-up screening.
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Follow-up is given in days. Subjects are stratified according to the presence of a high or low urinary
albumin excretion (UAE). High and low UAE are defined either using the UAE measurement from the
baseline screening (grey lines) of approximately 4.2 years before follow-up screening or the repeated
UAE measurement at time of the follow-up screening (black lines). To allow comparison, the survival
curves using the baseline or follow-up measurement of UAE are plotted in the same graph. In the left
graph ( A) a high UAE (dashed lines) is defined as a UAE � 1 6.2 mg/24-hr, being the 75th percentile of
UAE using the UAE measurement of the baseline screening. In the right graph (B) a high UAE (dashed
lines) is defined as a UAE � 9.1 mg/24-hr, being the median UAE using the UAE measurement of the
baseline screening. These cut-off points were defined using the 6800 subjects participating at both
baseline and follow-up screening.

baseline (0.67 [0.65-0. 701). This difference was however not statistically significant
(p = 0.1 8).
When we performed sensitivity analyses by repeating the analyses after
excluding subjects with diabetes, the results were similar (table 2). Furthermore, to
detect a possible effect of collection errors of the 24-hr urine samples on our
results we repeated our measurements after excluding subjects with a >20%
difference in 24-hr creatinine excretion between the first and second day of urine
collection or, alternatively, as a > 1 0% difference. This was done based on the
assumption that the day-to-day 24-hr creatinine excretion in an individual reflects
his/her muscle mass and is expected to be near constant. Also analyses were
repeated after excluding subjects with a history of myocardial infarction at baseline
and after adjusting for start of antihypertensive, lipid-lowering or antidiabetic
medication after the baseline screening. These sensitivity analyses did not
essentially change our findings.
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In 6,800 subjects of our cohort the UAE measurement was repeated after
approximately 4 years of follow-up. After this follow-up screening we observed
22,059 person-years during a median follow-up of 3.3 years (interquartile range 2.8
to 3.8). In total 208 events occurred in this period, giving a cumulative incidence of
3. 1 % and an incidence rate of 9.4 per 1 000 person-years. In figure 2A the
cardiovascular event free survival curves after follow-up screening are shown
according to the presence or absence of a high UAE (being a UAE above or under
the 75th percentile respectively, see methods section). The survival curves were
drawn using either the baseline or the follow-up UAE measurement to define high
and low UAE. The curves in figure 2A suggest that use of the repeated UAE
measurement at follow-up results in a better stratification for CV risk than use of
the baseline UAE measured 4 years before. However, the differences between the
curves of the two measurements in figure 2A were not statistically significant (p for
difference between curves for high UAE = 0.3).
The hazard ratio to get a CV event after follow-up screening for subjects with a
high UAE was 2.50 (95%CI 1 .90 to 3.29) using the UAE measurement from
baseline screening and 3.39 (95% Cl 2.58 to 4.45) using the UAE measurement
from follow-up screening.
When analyses were repeated after defining high UAE as a UAE above the
median baseline value the results were comparable (figure 28) (p for difference
between curves for high UAE = 0.4) , with the hazard ratios being 2.1 0 (95%CI 1 .57
to 2.80) using the UAE measurement from baseline screening and 2.71 (95% Cl
2.0 1 to 3.65) using the UAE measurement from the follow-up screening. Also when
we repeated the analyses after excluding diabetic subjects results were essentially
similar.
Finally we looked at the effect of change in UAE during follow-up for
assessment of CV risk. In table 3 the risk of a CV event after follow-up screening is
shown according to change in UAE from baseline to follow-up screening. Subjects
who had an increase in UAE (n = 494) had a significantly higher CV risk compared
to subjects whose UAE remained low during follow-up. On the other hand the
hazard ratio for subjects who showed a decrease in UAE during follow-up (n = 480)
was significantly lower than the hazard ratio for subjects whose UAE remained
high. This effect was independent from additional adjustment for age, sex and start
of new medication after screening.
When we repeated these analyses after excluding diabetic subjects results did
not change. Also after repeating these analyses defining a high UAE alternatively
as a UAE above the median baseline value the results were essentially similar.
Furthermore, repeating the analyses after excluding subjects with a >20% or,
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Table 3. Relative risk for a cardiovascular event according to urinary albumin excretion at baseline and
follow-up.
Follow-up screening

Low UAE
Baseline screening
High UAE

Low UAE

High UAE

1 .00

3.68 (2.45-5.53)*

(n = 4606)

(n = 494)

1 .84 (1 .06-3.1 8)**t

3.62 (2.65-4.94)*

(n = 480)

(n = 1220)

A high UAE was defined as a UAE > 16.2 mg/24-hr as described in the methods section (statistical
analyses) . Subjects with low UAE at both baseline and follow-up are used as reference group. The
number in each group is given in the table. Unit for UAE is mg/24-hr. Abbreviations are: UAE, urinary
albumin excretion. *p<0.001 vs subjects with low UAE at baseline and follow-up. **p=0.030 vs subjects
with low UAE at baseline and follow-up. tp=0.017 vs subjects with high UAE at baseline and at follow
up.

alternatively, a > 10% difference in 24-hr creatinine excretion between the first and
second day of urine collection at baseline and/or follow-up screening, or after
excluding subjects with a history of myocardial infarction, this did not change our
findings.
DISCUSSION
In this study we investigated the time-course of the predictive value of a UAE
measurement for CV morbidity and mortality. By stepwise removing censored
subjects using one-year intervals, there appeared to be a small decrease in the CV
risk associated with UAE during follow-up. Furthermore, our results indicate that
repeating the UAE measurement after approximately 4 years may help to improve
risk-stratification for CV events, especially in subjects who, at repeat measurement,
are found to have an increase in UAE during follow-up. Such increase in UAE is
associated with an increased risk for CV events.
UAE is a dynamic process with subjects relatively frequent showing regression
or progression of UAE over time1 5 . It has been shown in diabetic and hypertensive
populations that these changes, whether they are spontaneous or drug-induced,
are associated with a change in risk of CV disease4 •5 • 1 6 - 1 8• In analogy, when we
looked at our community-based study population, changes in UAE were associated
with parallel changes in CV risk. With these parallel changes in UAE and CV risk it
is expected that the predictive value of UAE diminishes over time. It is therefore
surprising to notice that, in contrast to the findings of Damsgaard et al, there is only
a small decrease in the predictive value of the UAE with increasing follow-up time.
Similarly, although the survival curves in figure 2A and 28 suggest that repeating
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the UAE measurement improves CV risk stratification, the differences between
these lines did not reach statistical significance. This difference with the study of
Damsgaard et al may be explained by the relatively small sample size of that latter
study (n=451), which may have resulted in a type I error (false rejection of the null
hypothesis). Another explanation may be differences between study populations,
with the subjects in the study of Damsgaard et al being older (all >60 years) and
more frequently diabetic (approximately 50%) in comparison to our study.
Furthermore, in that study all-cause mortality was used as end-point instead of CV
morbidity and mortality. Thus, although our findings indicate that with increasing
follow-up there is a decrease in the predictive value of UAE for the development of
a CV event, in our community-based sample this effect is limited.
Despite the fact that the predictive value of UAE remains relatively stable over
time our results indicate that a repeat measurement may have added value, as
combining the results from the baseline and follow-up measurement allows one to
identify subjects with changes in UAE. In line with studies in diabetic and
hypertensive populations these changes were found to be associated with a
change in CV risk in our study. It is estimated that in the general population after
approximately 4 years of follow-up, the incidence of progression is around 10% 1 5 •
Thus our findings suggest that by repeating the UAE measurement a substantial
number of subjects with an increased CV risk can be detected.
To our knowledge this is the first study to investigate the time-course of the
predictive value of UAE for CV events during follow-up in large community-based
study population. This issue is important for the design of screening programs
based on measurement of UAE to detect subjects with elevated CV risk, as cost
effectiviness is an important requirement for implementation according to the
1
Wilson-Jungner criteria 9 . As the costs involved with screening form a factor that
influences the cost-effectiveness of such program, it is important to keep the
frequency of screening as low as possible. As it is already recommended in
international guidelines to annually screen for UAE in diabetic subjects, we
1
repeated our analyses after exclusion of subjects with diabetes 3 • This did not
change the essence of our results. Furthermore, as for a screening program aimed
to detect CV disease risk it is most important to detect subjects with an unknown
increased CV risk we also repeated our analyses after subjects with a history of
myocardial infarction were excluded. This again did not change our findings. Thus,
based on our observation that the predictive value of UAE for CV events shows
only limited decrease during the first 5 years after measurement, we feel that for
population screening an interval of several years between screening rounds for
UAE can be applied. This is in contrast to present guidelines for diabetic subjects
where a yearly interval is recommended 1 3 • The exact interval with which the
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measurement of UAE has to be repeated in the non-diabetic population should be
based on the time point where the benefits of detecting and treating subjects with a
newly elevated UAE is sufficient to allow for the extra costs involved in repeat
screening.
Strengths of our study are the use of a large community-based cohort, the use
of a CV end-point to estimate the time-course of the predictive value of UAE, and
the availability of a repeat measurement of UAE during follow-up. Two limitations
should be mentioned. As the PREVEND cohort is selected from a predominantly
Caucasian population our findings cannot be simply generalized to other
populations and will need to be confirmed in other studies using non-Caucasian
subjects. Second, it cannot be excluded that the change in UAE in our population
is partly due to misclassification at baseline or follow-up. It should be noted
however that we tried to minimalize the effect of misclassification by asking
participants to collect two consecutive 24-hr urine samples. Also repeating our
analyses after excluding subjects with a possible collection error at baseline and/or
follow-up (as assessed by a >20% or >1 0% difference in creatinine excretion in the
two consecutive 24-hr urine collections) did not change the results. Therefore it is
unlikely that misclassification can explain the association between changes in UAE
and the parallel changes in CV risk.
We conclude from this prospective, community-based cohort study that UAE
remains a good predictor of CV morbidity and mortality during at least the first 5
years of follow-up. Although this may suggest that repeating the UAE within the
first 5 years of follow-up does not have added value for CV risk stratification,
repeating the UAE measurement within this follow-up period does have added
value, as it detects subjects who show an increase in UAE during follow-up. Such
an increase in UAE is associated with an increased CV risk. Future studies will
have to determine at what time interval the benefit of detecting and treating
subjects with an increase in UAE is sufficient to allow for the extra costs involved in
repeat population screening for UAE.
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CHAPTER S

ABSTRACT
Background: Screening for albuminuria has been advocated as it is associated
with cardiovascular morbidity and all-cause mortality. The gold standard to assess
albuminuria is 24-hr urinary albumin excretion (UAE). Because 24-hr urine
collection is cumbersome, guidelines suggest measuring albuminuria in a first
morning void, either as urinary albumin concentration (UAC) itself or adjusted for
creatinine concentration, the albumin:creatinine ratio (ACR). To decide which
albuminuria measure to use in clinical practice, it is essential to know which of
them predicts clinical outcome best.
Method and Results: We compared in a random sample of the general population
(n=341 4) UAC, ACR and UAE as predictors of cardiovascular events and all-cause
mortality. During a median follow-up of 7.5 years we observed 278 events (major
adverse cardiovascular event or mortality). The area-under-the- ROG-curve
predicting events was 0.65 for UAE, 0.62 for UAC (p=0.061 vs. UAE), and 0.66 for
ACR (p=0.797 vs. UAE and p=0.0 1 1 vs. UAC). Looking at gender-specific
subgroups, UAE was superior to UAC in predicting outcome (p=0.041 ) in females,
whereas in males as well as females no difference was found between ACR and
UAE.
Conclusion : For predicting cardiovascular morbidity and all-cause mortality
measuring ACR in a first morning void urine sample is a good alternative to
measuring 24-hr UAE.
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INTRODUCTION
Various large cohort studies have shown that microalbuminuria is a strong risk
predictor for cardiovascular morbidity and all-cause mortality. This holds true in
patients with diabetes and hypertension, and even in the general population 1 -4 _
Screening for high urinary albumin levels has therefore been advocated.
Because urinary albumin excretion follows a circadian rhythm, the preferred
method to collect urine for albumin assessment is a 24-hr collection. However, 24hr urine collection is an inconvenient procedure for patients. Easier and more
practical alternatives have been proposed5 • These alternatives include the
measurement of urinary albumin concentration or albumin:creatinine ratio in a first
morning void (table 1 ). Guidelines for estimating urinary albumin levels indeed
propose to use albumin:creatinine ratio6 •
The rationale to use these alternative albuminuria measures is based on cross
sectional comparison studies showing good correlations of urinary albumin
concentration and albumin:creatinine ratio in urine portions and urinary albumin
excretion in 24-hr urine collection5• . However, it is unknown which one of these
three albuminuria measures is the best to identify subjects at increased risk for
cardiovascular morbidity or mortality8. Therefore, we investigated prospectively
which albuminuria measure serves best to predicts cardiovascular morbidity and
all-cause mortality. An important issue to consider is that creatinine is a waste
product of muscle catabolism. Since the albumin:creatinine ratio depends not only
on urinary albumin, but also on urinary creatinine excretion, it will be affected by
gender and age, as muscle mass is lower in women versus men and decreases
with age. We therefore also studied in a secondary analysis the impact of gender
and age on the performance of urinary albumin excretion, urinary albumin
concentration and albumin:creatinine ratio in predicting outcome, as well as the
relation between gender and age and the three albuminuria measures.
7

MA TERIAL AND METHODS
Population
This study was conducted in subjects that participate in the Prevention of Renal
and Vascular End-stage disease ( PREVEN D) study. This study is a prospective
cohort study in the city of Groningen (The Netherlands) that investigates the natural
course of urinary albumin excretion and its relation to renal and cardiovascular
disease. Details of the study protocol have been published elsewhere9 • • In
summary, all inhabitants of the city of Groningen aged between 28 and 75 years
10
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Table 1 . Definition and classification of albuminuria.
First morning void

24-hour urine
Urinary albumin excretion

Urinary albumin concentration

(mg/24-hr)

(mg/L)

< 30

< 20

Microalbuminuria

30 - 300

20 - 200

Macroalbuminuria

> 300

> 200

Normal

Albumin:Creatinine ratio
(mg/mmol)

(mglg)

M

< 2.5

<20

F

< 3.5

<30

M

2.5 - 25

20 - 200

3.5 - 35

30 - 300

M

> 25

> 200

F

> 35

> 300

Abbreviations are M, male; F, female

were sent a questionnaire and a vial to collect a first morning void urine sample
(pre-screening). Of these subjects 40.856 responded (47.8%) and sent a vial to a
central laboratory for urinary albumin and urinary creatinine assessment. After
exclusion of patients with type 1 diabetes mellitus and pregnant women, all
subjects with urinary albumin concentration �1 0 mg/L and a randomly selected
control group with urinary albumin concentration <1 0 mg/L were invited for further
investigations and were asked to collect two consecutive 24-hr urine collections
(baseline screening). The enrichment for subjects with higher albuminuria values in
the PREVEND cohort may bias the comparison of the diagnostic performance of
the albuminuria measures for this study. We therefore generated a cohort that is
representative for the general population by re-weighting the oversampled part of
the PREVEND participants (urinary albumin concentration � 1 0 mg/L) by
proportionally taking a computer generated random subset11 • After exclusion of 1 8
participants with known renal disease, a cohort of 341 4 participants was created.
Measurements
For the baseline survey participants filled out an extended questionnaire regarding
demographics, race, cardiovascular and renal history, and smoking status.
Furthermore, anthropomorphic measurements (body weight and height) were
performed, blood pressure was recorded, and blood samples were taken. After
thorough written and oral instruction how to perform a 24-hr urine collection,
participants collected urine during 24-hr. Participants were instructed to postpone
urine collection in case of urinary tract infection or menstruation, and to refrain from
heavy exercise during the collection period. Participants were instructed to store
urine in plastic containers at 4 Q C with a maximum of 4 days prior to the visit. For
this study the urinary albumin concentration and albumin:creatinine ratio in a first
morning void were used that were obtained during pre-screening, as well as the
24-hr urinary albumin excretion obtained at the baseline screening. The PREVEND
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study has been approved by the local ethics committee and is performed in
accordance with the guidelines of the Declaration of Helsinki.
Analytical methods
Urinary albumin and creatinine concentrations were determined in fresh urine
samples within 24-hrs after delivery. Urinary albumin concentration was measured
with the Behring BN™11 analyzer ( Dade Behring, Marburg, Germany) in a central
laboratory with standard laboratory methods. The intra-assay and inter-assay
coefficient of variation for urinary albumin measured by BNII analyzer were 2.2 and
2.6%, respectively, with a threshold of 2.3 mg/L. Urinary creatinine was determined
by Kodak Ektachem dry chemistry (Eastman Kodak, Rochester, New York, United
States) with intra-assay and inter-assay coefficient of variation 0.9% and 2.9%,
respectively.
Outcome
We determined the combined incidence of cardiovascular morbidity and all-cause
mortality during follow-up after the baseline screening. Data on mortality are from
the Dutch Central Bureau of Statistics. Information on hospitalization for
cardiovascular morbidity was obtained from PRISMANT, the Dutch national registry
of hospital discharge diagnoses. All data were coded according to the International
classification of diseases, 9th revision and the classification of interventions. For
this study cardiovascular outcomes were defined as the combined incidence of
acute myocardial infarction (!CD-code 410) , acute and subacute ischemic heart
disease (411) , coronary artery bypass grafting or percutaneous transluminal
coronary angioplasty, subarachnoid hemorrhage (430) , intracerebral hemorrhage
(431) , other intracranial hemorrhage (432) , occlusion or stenosis of the precerebral
(433) or cerebral arteries (434) and other vascular interventions as percutaneous
transluminal angioplasty or bypass grafting of aorta and peripheral vessels, and
mortality. Survival time for the participants was defined as the period from the date
of urine collection of the participant to the date of first event or 31 December 2005,
(end of follow-up) . Subjects were censored in case they moved to an unknown
destination.
Statistical analyses
Receiver Operator Characteristics (ROC) curves were used to compare the
discriminative power of the three different albuminuria measures as predictors for
cardiovascular morbidity and mortality. The albumin:creatinine ratio depends on
urinary creatinine excretion and thus on muscle mass. Since muscle mass differs
between sexes and declines with age, not only gender-specific, but also age87
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specific cut-off values for the albumin:creatinine ratio indicating abnormal values
(e.g. microalbuminuria) have been proposed 12· 1 4 _ To investigate the effect of
gender and age on the predictive performance of the different albuminuria
measures, we analyzed males and females separately, as well as subjects above
and below the median value of age. In addition, we repeated the ROG analysis
with addition of age into the model. Subsequently, sensitivity and specificity at the
clinically used cut-off values indicating microalbuminuria were calculated for the
three different albuminuria measures. Of note, sensitivity and specificity of the
albumin:creatinine ratio was calculated at the guideline recommended sex
independent cut-off value indicating microalbuminuria (30 mg/g), and at the sex
specific cut-off values for microalbuminuria (17 mg/g for male and 25 mg/g for
female) that have been proposed 15• Sensitivity was defined as the proportion of
subjects experiencing an event during follow-up that had urinary albumin levels
indicating microalbuminuria at pre-screening or baseline survey. Specificity was
defined as the proportion of subjects not experiencing an event during follow-up
that had urinary albumin levels below the cut-off value for microalbuminuria at pre
screening or baseline survey. A McNemar test was used to test statistical
differences between sensitivity and specificity among the three different
albuminuria measures. To examine the relationship between the three different
albuminuria measures and age, the study population was divided into sex-specific
quintiles of age. A percentage difference at each quintile of age, with the lowest
quintile as reference, was determined for each albuminuria measure, urinary
creatinine concentration, as well as for 24-hr urinary creatinine excretion. Areas
under the ROG-curves are presented as means ± 95% confidence interval (95%
Cl). For other variables means ± standard deviation are given, or in case of non
normal distribution medians with interquartile range. A p-value � 0.05 (two-sided)
was considered to indicate a statistically significant difference. Analyses were
performed using SPSS version 1 4 and Stata version 10.0.

RESULTS
Baseline characteristics
The baseline characteristics of the 341 4 subjects are shown in table 2. Median 24hr urinary albumin excretion was 7.0 [interquartile range: 5.3-1 0.9] mg/24-hr.
Median urinary albumin concentration and albumin:creatinine ratio in a first
morning void were 5.7 [3.4-9.8] mg/L and 4.9 [3.6-7.7] mg/g, respectively. The
prevalence of microalbuminuria, defined as 24-hr urinary albumin excretion � 30
mg/24-hr, was 6.1 %.
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Table 2. Baseline characteristics of the study population.
N

341 4

Age (yr)

48.7 (1 2.4)

Male (%)

45.1

Caucasian (%)

95.3

Smoking (%)

35.0

History of cardiovascular disease (%)

1 0.5
5.3

Chronic kidney disease stage 3 at baseline (%)

25.9 (4.1 )

Body mass index (kg/m2)
Diastolic blood pressure (mmHg)

72.8 {9.1 )

Systolic blood pressure (mmHg)

1 26.2 (1 8.5)
1 2.9

Blood pressure lowering drugs (%)

5.62 (1 . 1 2)

Cholesterol (mmol/L)

6.2

Cholesterol lowering drugs (%)

4.7 ( 1 .0)

Glucose (mmol/L)

1 .2

Glucose lowering drugs (%)
Creatinine (µmol/L)

82.9 ( 1 3.8)

Estimated glomerular filtration rate (ml/min/1 .73m 2)

80.4 (1 3.9)

24-hr urine:
1 61 7 (603)

- Volume (mU24-hr)
- Albumin concentration (mg/L)

4.8 [3. 1 -8.2]

- Albumin excretion (mg/24-hr)

7.0 [5.3-1 0.9]

- Creatinine concentration (g/L)

0.94 (0.43)

- Creatinine excretion (g/24-hr)

1 .34 (0.43)

- Albumin:creatinine ratio (mg/g)

5.5 [4.1 -8.4]

First morning void:
- Albumin concentration (mg/L)

5.7 [3.4-9.8]

- Creatinine concentration (g/L)

1 .25 (0.60)

- Albumin:creatinine ratio (mg/g)

4.9 [3.6-7.7]

Data are given as mean (standard deviation) or median (interquartile ranges) in case of skewed data
distribution.

Discriminative power of the three albuminuria measures
A total of 278 events were observed during a median follow-up of 7.5 years,
equivalent to an event rate of 10.9 per 1000 person-years. The area-under-the
ROC-curve of the three different albuminuria measures to predict cardiovascular
morbidity and mortality in the overall population was 0.65 (95% confidence interval:
0.62-0.69) for 24-hr urinary albumin excretion, 0.62 (0.59-0.66) for first morning
void urinary albumin concentration (p = 0.061 versus urinary albumin excretion),
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and 0.66 (0.62-0.70) for first morning void albumin:creatinine ratio (p = 0.797
versus urinary albumin excretion; p = 0.011 versus urinary albumin concentration,
table 3) .
In a secondary analysis, the possible influence of muscle mass on the
predictive performance of especially the albumin:creatinine ratio was investigated.
To this end, gender and age specific subgroup analyses were performed. In
gender specific subgroups the area-under-the-ROG-curve of urinary albumin
excretion was higher compared to urinary albumin concentration in males (0.64
versus 0.62, respectively, p = 0.294) and females (0.66 versus 0.59, respectively, p
= 0.041 ). The area-under-the-ROG-curves for urinary albumin excretion versus
albumin:creatinine ratio were not statistically different for males (0.64 versus 0.68,
respectively, p = 0.1 21 ) nor females (0.66 versus 0.66 respectively, p = 0. 737). The
area-under-the-ROG-curve of the albumin:creatinine ratio compared to urinary
albumin concentration was statistically significantly higher, both in males (0.68
versus 0.62, respectively p<0.001) and in females (0.66 versus 0.59, respectively,
p = 0.002).
With respect to age-specific subgroups, in subjects aged below 47.0 years
(median) the area-under-the-ROG-curve of urinary albumin excretion (0. 58)
appeared to be numerically higher compared to urinary albumin concentration
(0.52) and albumin:creatinine ratio (0.52), although differences did not reach
statistical significance (p = 0.292 and 0. 744, respectively). This may be due to a
lack of power, given the low event rate at younger age. In subjects aged over 47.0
years, differences in area-under-the-ROG-curves of urinary albumin excretion,
urinary albumin concentration, and albumin:creatinine ratio were minimal (0.65,
0.64, 0.64, respectively). With age included in the ROG analyses, the area-under
the ROG-curves for the three expressions of albuminuria were similar (area-under
the-ROG-curve 0.80 for the three albuminuria measures, table 3). Of note, when
cardiovascular outcomes were analyzed separately, essentially similar results were
obtained.
Sensitivity and specificity of the three albuminuria measures at clinically used cut
off values.
The sensitivity of urinary albumin excretion did not differ significantly from that of
urinary albumin concentration and albumin:creatinine ratio when sex-specific cut
off values were taken into account (This held true in the overall population and in
gender and age specific subgroups (table 4). However, the sensitivity of the
albumin:creatinine ratio, calculated at the sex-independent cut-off value of 30

90

WHICH ALBUMINURIA PREDICTS OUTCOME BEST?

Table 3. Predictive performance of various albuminuria measures.
Subjects

Events

24 Hour urine

n

n

UAE (mg/24-hr)

UAC (mg/L)

ACR (mg/g)

341 4

278

0.65 (0.62, 0.69]

0.62 (0.59, 0.66]

0.66 (0.62, 0.70]*

Male

1 540

1 85

0.64 (0.59, 0.69]

0.62 (0.57, 0.67]

0.68 [0.63, 0.73]*

Female

1 874

93

0.66 (0.60, 0.71 ]

0.59 [0.52, 0.65]'

0.66 (0.60, 0.73]*

� 47.0 yr

1 71 0

39

0.58 (0.48, 0.67]

0.52 (0.43, 0.61 ]

0.52 (0.41 , 0.62]

> 47.0 yr

1 704

239

0.65 [0.61 , 0.69]

0.64 (0.60, 0.68]

0.64 [0.60, 0.69]

341 4

278

0.80 (0.77 - 0.82]

0.80 [ 0.78 - 0.83]

0.80 (0.77 - 0.83]

Overall

First morning void

Subgroups

Overall
age adjusted R0C curve

Predictive performance of albuminuria measures is given as area under the receiver operating
characteristics curves (95% confidence intervals between brackets). # p<0.05 vs UAE, *p<0.05 vs UAC.
Abbreviations are: UAE, 24-hr urinary albumin excretion; UAC, first moning void urinary albumin
concentration; ACR, first morning void albumin :creatinine ratio.

mg/g, was significantly lower compared to urinary albumin excretion, as well as
urinary albumin concentration. Again, this was true in the overall population, and in
gender and age specific subgroups.
The specificity of the urinary albumin excretion was significantly higher when
compared to urinary albumin concentration in the overall population, as well as in
gender and age specific subgroups. In contrast, specificity of the urinary albumin
excretion was similar to that of the albumin:creatinine ratio, when sex-specific cut
off values were taken into account, but lower when adopting the sex-independent
cut-off value for the albumin:creatinine ratio.
Association between age and albuminuria measures
The association between age and the three albuminuria measures, urinary
creatinine concentration, as well as 24-hr urinary creatinine excretion are
presented in figure 1 . This figure shows that both in males and females 24-hr
urinary creatinine excretion decreases slightly with age. Urinary creatinine
concentration in a 24-hr collection follows a similar pattern as 24-hr urinary
creatinine excretion (data not shown). In contrast, urinary creatinine concentration
in a first morning void decreases more steeply. Urinary albumin concentration in a
first morning void tends to decrease with ageing, only to show a relative increase at
the highest age quintiles. A different pattern was observed for 24-hr urinary
albumin excretion, as well as for the albumin:creatinine ratio derived from a first
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morning void. Both albuminuria measures increase steadily with ageing, with a
more pronounced increase for the albumin:creatinine ratio.

DISCUSSION
Albuminuria has been established as a valuable risk marker for cardiovascular
morbidity as well as all-cause mortality. Measurement of 24-hr albumin excretion is
considered the gold standard to assess albuminuria. For practical reasons
albumin:creatinine ratio in first morning void has been advocated as the standard
method to estimate albuminuria. The present study demonstrates for the first time
that the performance of the albumin:creatinine ratio in a first morning void to predict
outcome is similar to that of the 24-hr urinary albumin excretion. In contrast, the
predictive performance of 24-hr urinary albumin excretion is superior to that of
urinary albumin concentration in a first morning void, with borderline statistical
significance. Furthermore, it was found that the predictive performance of the
albumin:creatinine ratio was statistically significantly better than urinary albumin
concentration. In comparison to the overall population, essentially similar results
were obtained in sex-specific subgroups. The differences in area under the ROC
curves were annihilated when age adjusted ROC curves were taken into account.
Finally, we showed that at the clinically used cut-off value indicating
microalbuminuria, the sensitivity and specificity of 24-hr urinary albumin excretion
did not differ significantly from the albumin:creatinine ratio in a first morning void
when gender specific cut-off values for the albumin:creatinine ratio are applied.
Urinary albumin concentration in urine samples is not only dependent on the
amount of albumin that is lost, but is also affected by variations in hydration status.
If a subject is well hydrated and consequently urine volume is high, urinary albumin
concentration will be low, and vice versa. These hydration status dependent
variations in urinary albumin concentration are likely to influence the predictive
performance. Of note, creatinine excretion per unit of time is assumed to be fairly
stable over 24-hours 1 6 . If urinary albumin concentration is divided by urinary
creatinine concentration, it will mathematically result in a "correction" for intra
individual variations in hydration status. Thus, the obtained albumin:creatinine ratio
is expected to be "better" in predicting cardiovascular morbidity and mortality.
Indeed, we found that the predictive performance of the albumin:creatinine ratio is
significantly better than that of albumin concentration.
In addition, our data show that the albumin:creatinine ratio predicted outcome
even slightly better than 24-hr urinary albumin excretion, although not statistically
significant. This is unexpected. Because of the circadian rhythm of
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Table 4. Sensitivity and specificity of various albuminuria measures for cardiovascular morbidity and allcause mortality.
First morning void

24-hr urine

UAE
>30mg/24-hr
Overall

N

Event rate (1 000 person-yrs-1 )

UAC >20mg/L

268

207

38. 1

30.3

ACR >30mg/g

128

39.4

ACR >Sex

specific cut-off

187

42.6

Sensitivity (%)

1 8.9

1 9.8

1 4.4*#

22.7

Specificity (%)

95.0

93.2*

96.3*#

94.8#

124

145

72

1 12

Subgroups
Male

Female

s 47.0 yr

> 47.0 yr

N

1

Event rate (1 000 person-yrs- )

51 . 1

42.7

54.3

58.1

Sensitivity (%)

21 .7

21 .6

1 5.6*#

26.0

Specificity

93.8

92.3*

95.7*#

93.6#

N

1
Event rate (1 000 person-yrs- )

123

83

1 7. 1

20.6

56

22.8

75

22.5

Sensitivity (%)

1 3.2

1 6. 1

1 2.0

1 6.0

Specificity (%)

96.0

93.9*

96.8#

95.7#

59

89

28

42

N

1

Event rate (1 000 person-yrs· )

9.5

7.7

1 0. 1

9.9

Sensitivity (%)

1 0.3

1 2.8

6.3*#

9.4

Specificity (%)

96.7

95.0*

98. 1 *#

97. 1 #

148

1 79

100

145

N

1

Event rate ( 1 000 person-yrs- )

50.8

43.0

48.5

53.4

Sensitivity (%)

20.3

20.9

1 5.7*#

24_9

Specificity (%)

93. 1

91 .2*

94.5*

92.3#

Sensitivity and specificity of various albuminuria measures is given at clinically used cut-off values.
Sensitivity and specificity for the ACR are given at the sex-independent cut-off value of 30 mg/g (as
advocated by guidelines), and at recently advocated sex-specific cut-off values ( 1 7 mg/g for men and 25
mg/g for women). *p<0.05 vs UAE>30 mg/24-hr, #p<0.05 vs UAC>20 mg/L. Abbreviations are: UAE,
urinary albumin excretion; UAC, urinary albumin concentration; ACR, albumin :creatinine ratio.

albuminuria, which furthermore differs between subjects, we anticipated that
albuminuria measures in first morning void urine samples would predict outcome
less good than 24-hr urinary albumin excretion. At least two factors may explain
why the albumin:creatinine ratio predicted outcome even better than 24-hr urinary
albumin excretion. First, we can not exclude that subjects made collection
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Figure 1 .
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errors during the 24-hr urine collection, which will affect the predictive performance
of the 24-hr urinary albumin excretion in a negative fashion. In line, the predictive
performance of the albumin:creatinine ratio in the 24-hr u rine samples was found to
be exactly similar to that of the albumin:creatinine ratio in the first morning void.
Second, the albumin creatinine ratio depends not only on urinary albumin
concentration, but also on urinary creatinine concentration. We demonstrated in a
secondary analysis that both in males and females urinary creatinine concentration
in a first morning void decreases at higher age. This is not only explained by a
decrease in muscle mass with ageing, since 24-hr urinary creatinine excretion,
which is a surrogate for total muscle mass, decreases less with ageing than urinary
creatinine concentration in a first morning void. These data indicate that at higher
age, nighttime urinary albumin concentration decreases due to dilution . Several
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factors have been described in literature that explain the nighttime dilution that
occurs with ageing. These factors include a change in diurnal rhythm of
vasopressin and atrial natriuretic peptide, and an inability of the kidney to retain
sodium at higher age 1 7-23 . As mentioned above, it has been advocated to use the
albumin:creatinine ratio to correct for intra-individual variations in urine volume.
However, our data show that, due to the loss of muscle mass, the
albumin:creatinine ratio in first morning void urine samples increases with ageing
more steeply than 24-hr urinary albumin excretion. These considerations may
seem theoretical, but are of clinical importance, since they may explain that the
albumin:creatinine ratio displays the best performance in predicting cardiovascular
events and mortality. Since the albumin:creatinine ratio in a first morning void
increases more steeply than 24-hr urinary albumin excretion with ageing, it
incorporates to a certain extent the predictive value of higher age for
cardiovascular morbidity and mortality. The opposite will be true for albumin
concentration in a first morning void, since due to dilution it increases less with
ageing, when compared to 24-hr urinary albumin excretion. These hypotheses are
corroborated by our observation that after adding age into the predictive model,
area-under-the-ROG-curves were exactly similar for all albuminuria measures.
Since the predictive performance of the albumin:creatinine ratio in a first
morning void is at least similar to that of 24-hr urinary albumin excretion, it provides
a feasible alternative to the more cumbersome collection of a 24-hr urine. The next
question to be addressed is what cut-off values for the albumin:creatinine ratio
indicating microalbuminuria should be used. According to treatment guidelines from
diabetic and nephrology associations, the cut-off value for albumin:creatinine ratio
indicating microalbuminuria is 30 mg/g2 4• 25• However, due to differences between
sexes in muscle mass and hence in urinary creatinine excretion, some authors
advocate the use of gender specific cut-off values: 1 7 mg/g for men and 25 mg/g
for women 1 5 • In our study, application of the guideline recommended
albumin:creatinine cut-off value of 30 mg/g resulted in a low sensitivity to identify
subjects at risk for cardiovascular morbidity and all-cause mortality compared to
the sensitivity at gender specific cut-off value. As a consequence, the number of
false negative test results is high which indicates that a considerable proportion of
subjects at risk for adverse outcomes will not be identified if a cut-off value of 30
mg/g is used. Therefore we advocate to apply gender specific cut-off values for the
albumin:creatinine ratio indicating microalbuminuria: 17 mg/g for men and 25 mg/g
for women.
A few issues need to be considered when interpreting our findings. The
absolute values of the AOC-curves may seem low in this study. However, when we
performed AOC-curve analyses for systolic blood pressure and cholesterol as
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predictor of cardiovascular outcomes and all-cause mortality, the area under the
ROG-curves were 0.69 and 0.64, respectively. These examples illustrate that
accepted cardiovascular risk factors, as systolic blood pressure and cholesterol, by
itself have modest impact on the area-under-the-ROC-curve26 • Second, one might
argue that random spot urine collections would have been more appropriate, since
these can be collected during consultation and are more practical than first morning
void collections. The rationale to use first morning voids in this study is based on
the K/DOQI guidelines, advocating the use of first morning void collections over
24
spot urine collections for testing of microalbuminuria . Finally, one should keep in
mind that these results are obtained in a predominantly non-diabetic Caucasian
cohort. Further research in other populations, including diabetic and hypertensive
populations, should corroborate our findings.
In conclusion, measuring the albumin:creatinine ratio in a first morning void is
at least as reliable as measuring the gold standard, 24-hr urinary albumin
excretion, for prediction of cardiovascular morbidity and mortality. These results
are clinically important, since they imply that albuminuria measured in first morning
void collection, which is clinically more feasible than collecting a 24-hr urine, is a
valid measure for estimating the patients' risk.
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CHAPTER 6

ABSTRACT

Background: The Kidney Disease Outcomes Quality Initiative guidelines aim to
define chronic kidney disease (CKD) and classify its stages. Stage 3 CKD
generally receives more attention than stage 1 or 2, because the more impaired
glomerular filtration rate (GFR) in stage 3 suggests a higher cardiovascular and
renal risk. In this study we evaluated cardiovascular and renal outcome in subjects
with stage 1-3 CKD.
Methods: We used data of 8495 subjects of the PREVEN D study, a prospective
community-based cohort study, with data on urinary albumin excretion (UAE) and
serum creatinine available. As cardiovascular outcome combined cardiovascular
morbidity and mortality was used. As renal outcome mean annual change of eGFR
was used.
Results: Incidence rates of cardiovascular events were higher (p<0.001 for all
groups) in subjects with stage 1-3 CKD (17.2, 22.2 and 20.9 events/1000 person
years, respectively) than in subjects without CKD (7.0 events/1000 person-years) .
Using subjects without CKD as reference, age- and sex- adjusted hazard ratios
(HR(95%CI)) were 2.2(1.5-3.3) , 1.6(1.3-2.0) and 1.3(1. 0-1.7) , respectively.
Compared to subjects without CKD but similar baseline eGFR, subjects with stage
1 or 2 CKD showed a larger decline in eGFR (-1.1 vs. -1. 5 and -0.2 vs. -0.6
ml/min/1.73m2/year, respectively, both p<0.01). When subjects with stage 3 CKD
were stratified according to absence or presence of UAE>30mg/24-hr, age- and
sex-adjusted HRs for CVD were 1.0(0.7-1.4) and 1.6(1.1-2.3) and change in eGFR
2
was 0.2 vs. -0.3 ml/min/1. 73m /year, respectively.
Conclusion: Subjects with stage 1 or 2 CKD have an increased risk for adverse
cardiovascular and renal outcome and should receive equal attention as subjects
with stage 3 CKD. Subdividing stage 3 CKD according to presence or absence of
UAE>30mg/24-hr improves risk stratification within this stage.
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INTRODUCTION

Chronic kidney disease (CKD) is associated with adverse outcomes, mainly being
end stage renal failure and cardiovascular disease (CVD). Both outcomes have
important clinical implications and are associated with high costs. Detection and
treatment of patients in an early phase of CKD may improve outcome and quality of
life 1 -4. In 2002 the Kidney Disease Outcomes Quality Initiative (K/DOQI) launched a
series of clinical practice guidelines on CKD. The aim of these guidelines is to
define CKD and classify its stages of severity, irrespective of the underlying cause
of the kidney disease, in an attempt to stratify subjects according to their risk of
development of CVD and future loss of renal function. The K/DOQI guidelines
define CKD as either kidney damage (i.e. micro- or macroalbuminuria) or
decreased kidney function (table 1) 1 :2.
Since the introduction of the K/DOQI guidelines, studies on the consequences
of CKD focused more on stages 3 and 4 CKD than on stages 1 and 2. This is likely
to be due to the perception that stages 1 and 2 consist of relatively mild CKD
compared to the more impaired renal function in stages 3 and 4, suggesting that
stages 1 and 2 are associated with less risk for unfavorable cardiovascular and
renal outcome when compared to stage 3 CKD. However, an increased urinary
albumin excretion (UAE), which is an important component of stages 1 and 2 CKD,
has consistently been found to be a powerful predictor of both the development of
CVD and loss of renal function in the diabetic, hypertensive and general
population5-1 1 . This indicates that stage 1 and 2 CKD may deserve more attention
then they currently receive. Additionally, considering the consistency of the
relationship between an increased UAE and the risk of developing CVD and loss of
renal function it can be expected that UAE can also be used to improve risk
stratification for these outcomes in subjects with stage 3 CKD.
In this study we therefore evaluated cardiovascular and renal outcome in
subjects with stage 1 to 3 CKD using data from a community-based cohort study.
Second, we investigated the value of measuring UAE in subjects with stage 3 CKD
to improve risk stratification for development of CVD or loss of renal function.
SUBJECTS AND METHODS

Study Design and Population
This study is part of the ongoing PREVEN D Study ( Prevention of Renal and
Vascular End stage Disease), a large ongoing prospective cohort study
investigating the predictive value of UAE for renal and CVD progression. Details of
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Table 1 . K/DOQI classification of stages of chronic kidney disease.
Stage
2

Presence of Kidney Damage Required*

eGFR (ml/min/1.73m2)

+

2!: 90
60-89

+

3

30-59

4

1 5-29

5

<15

*According to the K/DOQI guidelines, urinary albumin exction �30 mg/24-hr is the prinicipal marker of
kidney damage. Abbreviations are: eGFR, estimated glomerular filtration rate.

this study have been published elsewhere 12; 1 3 • The subjects of the PREVEND
cohort were selected in 1 997 from 40,856 individuals from the general population
from Groningen , a city in the Netherlands. Selection was based on their albumin
concentration in a spot morning urine sample to enrich the cohort for the presence
of high albuminuria. In total, 8,592 individuals completed the baseline survey
(1 997-1 998) . For this study we excluded subjects with missing data on UAE or
serum creatinine at baseline (n=86) . Furthermore, subjects with K/DOQI stage 4
(n=8) or stage 5 (n=3) CKD were excluded. Thus, for this study we used data of
8,495 subjects. The PREVEND Study is approved by the medical ethics committee
of our institution and conducted i n accordance with the guidelines of the
Declaration of Helsinki. All participants gave written informed consent.
Measurements and Definitions

For the baseline survey participants completed two visits at our outpatient unit.
Before the first visit all participants completed a questionnaire on demographics,
cardiovascular and renal disease history, smoking habits and use of medication for
hypertension, hyperlipidemia, or diabetes. During the first visit height and weight
were measured. Before the second visit two 24-hr urine samples were collected
after thorough oral and written instructions on the urine collection, and at this visit a
fasting blood sample was drawn. During the first and second visit blood pressure
was measured, in supine position, every m inute for 1 0 and 8 minutes, respectively,
with an automatic device (Dinamap XL Model 9300, Johnson-Johnson Medical,
Tampa, FL) . Furthermore, information on drug use was collected from the
lnterAction Database of the Division of Pharmaco-epidemiology of our institution.
This database contains pharmacy-dispensing data from all community pharmacies
in the city of Groningen 14 and has information on the drug-use of approximately
80% of the subjects in the PREVEND Study.
Urinary albumin concentration was determined by nephelometry (BN ™ 1 1 Dade
Behring Diagnostic, Marburg, Germany) . UAE is given as the mean of the two
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Table 2. Characteristics of the 8495 subjects at baseline.
Age (years)

49.2 (1 2.7)

Male, No. (%)

4245 (50.0)

Caucasian, No. (%)

841 2 (99.0)

Body mass index (kg/m )

26. 1 (4.2)

2

Smoking, No. (%)

3209 (37.8)

Systolic blood pressure (mmHg)

1 29 (20)

Diastolic blood pressure (mmHg)

74 (1 0)

Use of antihypertensive medication, No. (%)

1327 ( 1 5.6)

Cholesterol (mmol/L)

5.6 (1 . 1 )

Use of lipid lowering medication, No. (%)

546 (6.4)

Estimated glomerular filtration rate (ml/min/1 .73m 2)

81 ( 1 4)

Diabetes, No. (%)

322 (3.8)

Use of antidiabetic medication, No. (%)

1 53 (1 .8)

Chronic Kidney Disease, No. (%)
No

6905 (81 .3)

Stage 1

243 (2.9)

Stage 2

856 ( 1 0. 1 )

Stage 3

491 (5.8)

Urinary albumin excretion (mg/24-hr)

9.4 (6.3 to 1 7.8)

24-hr urinary albumin excretions. Plasma creatinine, plasma cholesterol and
plasma glucose were determined by Kodak Ektachem dry chemistry ( Eastman
Kodak, Rochester, NY), an automated enzymatic method. Blood pressure values
are given as the mean of the last two recordings of both visits.
Hypertension was defined according to the J NC7 guidelines as a systolic blood
pressure �140 mmHg, a diastolic blood pressure �90 mmHg, or the use of
antihypertensive medication 1 5. Diabetes was defined according to the guidelines of
the American Diabetes Association as a fasting plasma glucose �7.0 mmol/L, a
16
non-fasting plasma glucose �11 .1 mmol/L, or the use of antidiabetic medication •
Renal function was estimated with the modified Modification of Diet in Renal
Disease formula (eGFR), taking into account gender, age, race, and serum
creatinine concentration. CKD was defined according to the K/DOQI classification
(table 1) 2.
Follow-up and Outcomes
For cardiovascular outcome we used the combined incidence of cardiovascular
mortality and hospitalisation for cardiovascular morbidity after the baseline
screening. Data on mortality was received through the municipal register. Cause of
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death was obtained by linking the number of the death certificate to the primary
cause of death as coded by the Dutch Central Bureau of Statistics. Information on
hospitalisation for cardiovascular morbidity was obtained from PRISMANT, the
Dutch national registry of hospital discharge diagnoses. All data were coded
according to the International classification of diseases, 9th revision and the
classification of interventions. For this study cardiovascular events were defined as
the following; acute myocardial infarction (ICD-code 41 0), acute and subacute
ischemic heart disease (41 1 ), coronary artery bypass grafting or percutaneous
transluminal coronary angioplasty, subarachnoid hemorrhage (430), intracerebral
hemorrhage (431 ), other intracranial hemorrhage (432), occlusion or stenosis of
the precerebral (433) or cerebral arteries (434) and other vascular interventions as
percutaneous transluminal angioplasty or bypass grafting of aorta and peripheral
vessels. Survival time for the participants was defined as the period from the date
of urine collection of the participant to the date of first cardiovascular event or 31
december 2005, until which date information about cardiovascular morbidity and
mortality was available. If a person moved to an unknown destination (n=396), the
date on which the person was removed from the municipal registry was used as
census date.
To study renal outcome we evaluated the mean annual change of eGFR during
follow-up, as calculated by change in the eGFR divided by follow-up time in years.
Follow-up data on renal function was collected during the second (200 1 -2003) and
third (2003-2006) screening of the PREVEND participants 1 7. The last available
renal function measurement was used to calculate the mean annual change of
eGFR. Of 5,552 participants renal function was measured at the third screening.
Additionally, renal function data measured at the second screening was available
in 1 ,281 participants.
Statistical Analyses

Analyses were performed using the statistical package SPSS 1 2.0 (SPSS,
Chicago, I L). The level of significance was determined as P < 0.05. Continuous
data are reported as mean with standard deviation, or as median and interquartile
range in case of skewed distribution. Prevalence and incidence are presented as
percentages. Differences between groups were tested by Student's t-test or a
Mann-Whitney rank test for continuous data with a normal or skewed distribution,
respectively. In case of three or more groups one way analysis of variance or the
Kruskal-Wallis test were used. Differences in prevalence or incidence were tested
with a chi-square test.
Incidence rates of cardiovascular events for different exposure groups were
calculated. Kaplan-Meier and log-rank test methods were used to estimate and
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compare survival curves. Age- and sex-adjusted survival estimates for
cardiovascular outcomes were determined using Cox proportional hazards
analyses. The hazard ratio (HR) and 95% confidence interval (95%CI) are given.
Linear regression was used for the unadjusted and the age- and sex-adjusted
comparison of annual change of renal function between groups.

RESULTS
The baseline characteristics of the 8,495 subjects are shown in table 2. Mean
eGFR in our study population was 81 ml/min/1 .73m2 • Of the 6,905 subjects without
CKD 26.4% had an eGFR > 90 ml/min/1 .73m2 and 73.6% had an eGFR between
60 and 90 ml/min/1 .73m2 • In total 1 8.7% of our population (n=1 , 590) was defined
as having CKD, with the majority of subjects having stage 1 or stage 2 CKD (69%)
and the remaining (31 %) having stage 3 CKD. Of the 491 subjects with stage 3
CKD, 1 64 (33%) had a UAE >30mg/24-hr.
Cardiovascular outcome
We observed 59,508 person-years for cardiovascular events during a median
follow-up of 7.5 years (interquartile range 6.9 to 7.8). In total 565 cardiovascular
events occurred, giving a cumulative incidence of 6.7%. Figure 1 shows the
Kaplan-Meier survival curves by CKD stage. Subjects without CKD had the highest
event-free survival rate. The incidence rate of cardiovascular events in this group
was 7.0 events/1 000 person-years. The event-free survival rates of subjects with
stage 1 , 2 or 3 CKD were significantly lower (all p<0.001 vs. no CKD). The
incidence rates of cardiovascular events in these subjects were 1 7.2, 22.2 and
20.9 events/1 000 person-years, respectively. The differences in cardiovascular
event-rate between the different stages of CKD were not significant (p-values for
difference >0.2).
There were substantial differences in age and sex distribution between the
groups defined by the K/DOQI classification (table 3). Therefore analyses were
repeated for cardiovascular outcome while correcting for these demographic
differences. Figure 2A shows the age- and sex-adjusted survival curves for the
different stages of CKD based on a Cox-regression model using the development
of cardiovascular morbidity and mortality as outcome. Using no CKD as reference
group the HRs in this model were 2.2 ([95%CI] 1 . 5-3.3, p<0.001 ), 1 .6 (1 .3-2.0,
p<0.001 ) and 1 .3 (1 .0-1 .7, p=0.1 05) for stage 1 , 2 and 3 CKD, respectively. The
differences between age- and sex-adjusted survival curves for stages 1 to 3 CKD
did not reach statistical significance (p-values >0.09).
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Figure 1 . Kaplan-Meier survival curves for survival of cardiovascular disease according to stages of
chronic kidney disease.
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We further explored the relation between UAE, eGFR and cardiovascular risk
in figure 3. In the upper panel (A) it can be seen that in the whole range of eGFR in
our study an increase in UAE was associated with an increase in cardiovascular
risk. This relationship remained after adjusting for age and sex (lower panel) . On
the other hand, while there was an inverse association between eGFR and
cardiovascular risk (upper panel), this association disappeared after adjusting for
age and sex. Accordingly, when subjects with stage 3 CKD were stratified
according to absence or presence of UAE >30mg/24-hr the crude incidence-rate of
cardiovascular events was significantly higher for subjects with stage 3 CKD and
UAE >30mg/24-hr (36.3 events/1 000 person-years), than for subjects with stage 3
CKD and UAE <30mg/24-hr (1 4.0 events/1 000 person-years) (p<0.001 ) . Figure 2B
shows the age- and sex adjusted survival curves for stage 3 CKD with and without
a UAE >30mg/24-hr. Adjusted for differences in age and sex the cardiovascular
risk of subjects with stage 3 CKD with UAE <30mg/24-hr was comparable to that of
subjects without CKD (HR 1 .0 (0.7-1 .4), p=1 .0), whereas the risk for subjects with
stage 3 CKD and UAE > 30mg/24-hr was significantly elevated (HR 1 .6 (1 .1 -2.3),
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Tabel 3. Demographic and renal parameters are given by CKD stages of the K/DOQI classification.
No CKD

Age (years)
Male {%)
eGFR {ml/min/1 .73m2)
UAE (mg/24-hr)

Stage I CKD

Stage II CKD

Stage Ill CKD

(n = 6905)

(n = 243)

(n = 856)

(n = 491)

47.4 (12.1)

48.2 ( 1 1 .6)t

56.5 ( 1 1 .9)*t

63.2(9.1 )*

48.5

66.3*t

64.1 *t

37.9*

82.9 ( 1 2.9)

1 00.1 (10.1 )*t

75.4 (8.0}*t

53.5 (5.9)*

8.2 (6.0-12.5)

56.0 (38.6 to
1 01 .S)*t

59.0 (39.2 to
1 07.6)*t

13.7 (7.0-48.3)*

Continuous data are given as mean (standard deviation) or as median (interquartile range) in case of
skewed distribution. *p value <0.001 vs No CKD. t p value <0.001 vs stage 3 CKD. Abbreviations are:
eGFR,glomerular filtration rate; UAE, urinary albumin excretion; CKD, chronic kidney disease.

p=0.007) and comparable with the cardiovascular risk of subjects with stage 1 or 2
CKD (p values for difference >0.4).
It is possible that in some participants the results of the tests performed during
screening may have led to start of antihypertensive, lipid-lowering or anti-diabetic
medication. This screening-related start of medication may have influenced the
development of cardiovascular disease and the course of renal function decline in
our cohort when compared to an unscreened population. We therefore repeated
our analyses after adjustment for new use of antihypertensive, lipid-lowering or
anti-diabetic medication started within 1 80 days after visiting our outpatient unit.
This adjustment did not essentially change our results.
Renal outcome
We assessed the annual change in renal function during a median follow-up of
6.3 years (interquartile range 5.7 to 6.6). The mean annual change in eGFR for the
total population was -0.5 ml/min/1 .73m2 (SD 1 .7). Table 4A and 48 show the
annual change of eGFR in subjects with stage 1 or 2 CKD compared to subjects
without CKD, but similar eGFR (>90 and 60-90 ml/min/1 .73m2 ·, respectively).
Subjects with stage 1 or 2 CKD showed a significantly larger an nual decline in
eGFR than subjects without CKD but comparable renal function. Adjusting for age
and sex did not essentially change this finding. As can be seen in table 4C,
subjects with stage 3 CKD and UAE >30mg/24-hr showed an unfavourable change
in renal function, compared to subjects with stage 3 CKD and UAE <30mg/24-hr.
This difference also remained significant after adjusting for age and sex. After
adjusting for possible screening related start of antihypertensive, lipid-lowering or
anti-diabetic medication subjects with UAE >30mg/24-hr still showed a larger
annual decline in eGFR than subjects with comparable eGFR, although in subjects
with an eGFR >90 ml/min/1 . 73m2 this difference was no longer statistically
significant (p=0.2).
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DISCUSSION

This study shows that subjects with stage 1 or 2 CKD have a substantially
increased risk for development of CVD and have accelerated renal function loss
when compared to subjects without CKD as defined according to the K/DOQI
guidelines 1 ;2 . Furthermore, our findings show that using the additional criterion of
presence or absence of UAE >30mg/24-hr it is possible to stratify subjects with
stage 3 CKD in groups with respectively a high or low risk for development of CVD
and accelerated loss of renal function.
In our cohort there were large differences in age and sex distribution between
the different stages of CKD. These differences are most likely due to loss of GFR
with increasing age and the fact that women, compared to men, tend to have a
relatively low GFR and less UAE 2;1 8 ·20• Both age and sex are important potential
confounders when studying risk factors for CVD . When we adjusted for these
demographic differences the association between stage 3 CKD and the risk of
developing a cardiovascular event was strongly attenuated. Furthermore, the
survival curves after adjustment for age and sex (figure 2A) suggest that subjects
with stage 1 CKD have a higher cardiovascular risk than subjects with stage 3 CKD
with similar age and sex, although this difference did not reach statistical
significance. Thus, contrary to the goals of the K/DOQI guidelines, in our study
population the present definition of stages of CKD did not stratify subjects with
stage 1 to 3 CKD succesfully for the risk of CVD.
This failure to stratify succesfully for cardiovascular risk may be due to the use
of eGFR as the most important parameter for stratification of subjects with CKD.
Whereas the presence of a UAE >30mg/24-hr is required only to define stages 1
and 2 CKD, specific eGFR values are required for the classification of all stages of
CKD and are the only criterion used to define stage 3 to 5 CKD. Although kidney
function, as indicated by the eGFR, is a marker of cardiovascular risk in high-risk
populations or in subjects with a severly impaired GFR3, the relation between
kidney function and risk of CVD in low-risk populations seems modest, with most
studies showing no or only a weak relation 3 :21 •24 • Also in our low-risk population the
CV risk associated with eGFR is weak as illustrated by the age and sex adjusted
graph in figure 3. In contrast UAE has consistently been found to be a strong and
independent predictor of development of CVD, also in low-risk or community-based
populations9 : 1 1 :25 _ Thus at least in the general low-risk population the additional
criterion used to define stages 1 and 2 CKD, being a UAE >30mg/24-hr,
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Figure 2. Age and sex adjusted survival of cardiovascular disease.

A

1 ,00

"E
� 0, 98

cu

"S
CJ
1/)

� 0, 9 6

No CKD

ct!
CJ

Stage 3

0

'E

i

0

0, 94

Stage 2

C:
0

t

e
0

a..

o , 92

Stage 1

0, 90
0

B

2

4

6

8

1 ,00

"E
� 0, 98

cu
No CKD
Stage 3 CKD and UAE<30

� 0, 9 6

'E

i
CJ

0

0, 94

Stage 2
Stage 3 CKD and UAE>30

C:
0

e
0

a..

o , 92

Stage 1
0, 90
0

2

4

6

8

Follow-up in vears
Survival is given according to the stages of chronic kidney disease (upper panel). In the lower panel age
and sex adjusted survival of cardiovascular disease is shown with subjects with stage 3 chronic kidney
disease subdivided according to presence or absence of urinary albumin excretion >30 mg/24-h r.
Graphs are based on cox proportional hazard analyses models.

109

CHAPTER 6

Table 4. Annual change in eGFR according to the presence or absence of a UAE >30 mg/24-hr and
different levels of renal function.
Table 4A.
eGFR > 90 ml/min/1.73m2
UAE <30 mg/24-hr

UAE >30 mg/24-hr

(no CKD)

(stage 1 CKD)

Crude

-1.1 (-1 .2 to -1 .0)

-1.5 (-1 .8 to -1 .3)

0.005

Age and sex adjusted

-1 .2 (-1 .4 to -1 .0)

-1 .6 (-1 .8 to -1 .3)

0.019

p

Table 48.
eGFR 60-90 ml/min/1 .73m2
UAE <30 mg/24-hr

UAE >30 mg/24-hr

(no CKD)

(stage 2 CKD)

Crude

-0.2 (-0.3 to -0. 1 )

-0.6 (-0.7 t o -0.4)

<0.001

Age and sex adjusted

-0.2 (-0.3 to -0. 1 )

-0.5 (-0.7 t o -0.4)

<0.001

p

Table 4C.
eGFR 30-60 ml/min/1 .73m2
(stage 3 CKD)
UAE <30 mg/24-hr

UAE >30 mg/24-hr

Crude

0.1 (-0.1 to 0.3)

-0.5 (-0.8 to -0.2)

<0.001

Age and sex adjusted

0.2 (0.0 to 0.5)

-0.3 (-0.7 to 0.0)

0.038

p

Unadjusted as well as age and sex adjusted data are given (mean with 95% confidence interval). Unit of
annual change in eGFR is ml/min/1.73m2 • Age and sex adjusted data represent mean annual change in
eGFR for a male of 49.2 years (population mean). Due to the regression-to-the-mean principle annual
changes in eGFR are compared only in groups with comparable renal function at baseline; Table 4A
shows data for subjects with baseline eGFR > 90 ml/min/1.73m2 ; Table 48 shows data for subjects with
baseline eGFR of 60 to 90 ml/min/1.73m2 ; Table 4C shows data for subjects with baseline eGFR of 30
to 60 ml/min/1.73m2. Abbreviations are: UAE, urinary albumin excretion; GFR, glomerular filtration rate;
CKD, chronic kidney disease.

is stronger associated with cardiovascular risk than the single renal function
parameter used to define stage 3 CKD. In line with these observations we found
that subjects with stage 3 CKD and UAE <30mg/24-hr did not have an increased
risk of CVD after adjustment for age and sex, whereas subjects with stage 3 and
UAE >30mg/24-hr did have an increased risk of CVD comparable to the
cardiovascular risk seen in subjects with stage 1 or 2 CKD.
Whether the K/DOQI classification of CKD succesfully stratifies subjects with
stage 1 to 3 CKD for risk of renal function loss cannot be answered with our data,
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as the renal function decline in different stages of CKD cannot be compared due to
regression-to-the-mean principle26 . This is the principle that with repeated
measurements, when subjects are selected at the first measurement for having a
high value for eGFR, these subjects tend to have at a repeated measurement a
lower value that lies closer to the population mean than their measured value at the
first measurement and vice versa. Indeed due to this principle subjects initially
selected for a high eGFR (>90 ml/min/1.73m2) showed the largest decrease in
eGFR during follow-up, whereas subjects selected for a low eGFR (30 to 60
ml/min/1.73m2) showed only a small decrease or even an increase in eGFR (table
4). We therefore only compared the annual change in renal function of subjects
with stage 1 or 2 CKD with subjects without CKD, but comparable renal function.
Our findings suggest that subjects with stage 1 or 2 CKD are at increased risk of
accelerated renal function loss compared to subjects with comparable eGFR but
with UAE <30mg/24-hr.
Some limitations of our study need to be mentioned. First, the K/DOQI
guidelines on CKD require increased UAE or decreased eGFR to be present for
more than 3 months1 ;2. However, a repeated measurement of UAE or eGFR is not
available in the PREVEND Study and therefore some subjects may have been
falsely classified as having CKD. It cannot be excluded that this misclassification
has led to an underestimation of the risk for development of CVD and renal
function loss in subjects with CKD. Second, there is data suggesting that risk of
adverse events increases when eGFR drops below 45 ml/min/173m2• 18:23 In our
study there were not enough subjects with an eGFR <45 ml/min/173m2 (n=52) to
investigate this. Thus we cannot exclude that our study underestimated the
cardiovascular and renal risk in this subgroup. Third, due to mortality or decline of
participation, we do not have data available on change in renal function in 1,662
subjects. Compared to subjects with similar CKD stage but follow-up data
available, these subjects were more frequently male, older and had higher UAE at
baseline, although the differences were small. As these parameters are associated
with worse renal outcome, it seems likely that loss to follow-up may have led to
underestimation of renal function loss in the different stages of CKD7;27 • Finally, we
did not calibrate our method for measuring serum creatinine to an international
standard. Failure to calibrate may influence the estimated prevalence of the
different stages of CKD 1 . However, such a calibration will not influence the
association between eGFR and risk of development of CVD or loss of renal
function. Furthermore, as the risk entailed by UAE >30 mg/24-hr is comparable
over the whole range of eGFR (figure 3 and table 4) it is unlikely that calibration of
our assay for measuring serum creatinine would change the essence of our
findings.
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Figure 3. Relation between urinary albumin excretion, glomerular filtration rate and risk of
cardiovascular disease.
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Strenghts of this study are the use of a large community-based cohort, the use
of two 24-hr urine samples to estimate UAE and the availability of longitudinal data
on eGFR. Furthermore the availability of pharmacy-dispensing data allowed us to
adjust for possible screening-related start of medication, improving the
generalizibility of our findings to subjects outside the setting of a prospective
cohort-study. Finally, as the first study to investigate the longitudinal cardiovascular
and renal outcomes in stages 1 to 3 CKD using a community-based cohort this
study is in our opinion an important contribution to our knowledge on the use of the
K/DOQI classification of CKD in practice.
In summary, our data show subjects with stage 1 or 2 CKD to be at increased
risk for CVD and accelerated renal function loss. With the aim of early detection
and treatment of CKD in mind we hope that this finding will increase the interest for
screening for stages 1 and 2 CKD. Furthermore, subjects with stage 3 CKD, but
UAE <30mg/24-hr were found not to be at increased cardiovascular risk, whereas
subjects with stage 3 CKD and UAE >30mg/24-hr had a cardiovascular risk
comparable to stage 1 and 2 CKD and had more renal function loss compared to
subjects with stage 3 CKD but UAE <30mg/24-hr. These findings suggest that with
the goal of risk stratification in mind, an evaluation of the current K/DOQI
classification of CKD may be mandatory. This evaluation should consider to split
stage 3 CKD in two groups according the presence or absence of UAE >30mg/24hr.
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There is increasing recognition that high urinary albumin excretion is a powerful
predictor of cardiovascular and renal disease in the general population1 -3 • This
recognition has led to the suggestion that subjects of the general population should
be screened for a high urinary albumin excretion to facilitate identification of
subjects at risk, enabling early intervention aimed at prevention of cardiovascular
and renal disease4 . To optimize the efficacy of such a screening-program and to
estimate its possible effects, both in terms of health benefits and cost
effectiveness, our knowledge on the development and consequences of high
urinary albumin excretion in the general population needs to be improved. The aim
of this thesis was therefore to study the development of high urinary albumin
excretion and its consequences in the general population, using data of the
PREVEN D study, a prospective cohort-study in the city of Groningen, the
Netherlands. Here we summarize and discuss the findings described in the
previous chapters.
Can an increase in urinary albumin excretion precede and predict the future
development of type 2 diabetes or hypertension ?
The traditional view on the development of high urinary albumin excretion states
that the disease (such as type 2 diabetes or hypertension) precedes the increase
in urinary albumin excretion. In contrast with this view a high urinary albumin
excretion frequently occurs in non-diabetic, normotensive subjects5 . Furthermore,
as described in the introduction there is increasing evidence that high urinary
albumin excretion is caused by endothelial dysfunction, and several
epidemiological studies have shown that the presence of endothelial dysfunction
predicts the future development of diabetes and hypertension6- 1 1 • Thus it can be
hypothesised that an increase in urinary albumin excretion may precede and even
predict the development of type 2 diabetes and hypertension. We tested this
hypothesis in chapters 1 and 2. Indeed our analyses showed that the incidence of
the new development of type 2 diabetes and hypertension was almost 4 and 2
times higher, respectively, when subjects with a urinary albumin excretion >30
mg/24-hr were compared to subjects with a urinary albumin excretion <1 5 mg/24hr. These associations were independent of well-known risk factors for type 2
diabetes or hypertension, respectively. Theoretically, one could argue that these
findings are based on misclassification being caused by subjects with undetected
diabetes or hypertension at baseline. However, rigorous sensitivity analyses to
correct for this possibility did not affect the results obtained. Thus an increase in
urinary albumin excretion is not merely the consequence of type 2 diabetes or
hypertension, but may also precede and predict the development of type 2
diabetes and hypertension.
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Several other groups have recently confirmed these findings. In a
prospective matched nested case-control study, using an aboriginal Australian
population, Wang Z et al. found a 2.22 times higher incidence of type 2 diabetes in
subjects with microalbuminuria compared to normoalbuminuric subjects1 2. This risk
was only slightly attenuated after adjusting for possible confounders. In the Strong
Heart Study, consisting of an indigenous population of American Indians, it was
shown that compared to subjects with normoalbuminuria, microalbuminuria was
associated with a 1 . 72 times higher risk to develop hypertension de novo. This
association was again independent of possible confounders 13 • Additionally, the
Framingham Offspring Study found a similar risk for developing hypertension for
subjects with high urinary albumin excretion using a predominantly Caucasian
population 14.
As mentioned above, these findings may be explained by endothelial
dysfunction causing both high urinary albumin excretion as well as hypertension
and diabetes. In support of this explanation was our observation of an interaction
between urinary albumin excretion and C-reactive protein, a marker of low-grade
inflammation, in the prediction of type 2 diabetes. An elevated C-reactive protein,
similar to high urinary albumin excretion, is closely linked to the presence of
systemic endothelial dysfunction1 5- 1 7. As urinary albumin excretion, C-reactive
protein in our study was independently associated with the future development of
type 2 diabetes. However, when urinary albumin excretion was high there was little
additional increase in risk of type 2 diabetes with increased levels of C-reactive
protein and vice versa. This indicates that these variables may predict type 2
diabetes due to an association with a similar underlying pathophysiological
process. Systemic endothelial dysfunction is the most likely candidate for this
underlying process.
In the prediction of hypertension no interaction between urinary albumin
excretion and C-reactive protein was found. Also, C-reactive protein itself was not
independently associated with the incidence of hypertension. However, in these
analyses an interaction between urinary albumin excretion and glomerular filtration
rate in the prediction of hypertension was observed. When glomerular filtration rate
was low the risk of developing hypertension associated with high urinary albumin
excretion was exponentially increased. These observations suggest that in the
case of developing hypertension specific dysfunction of the glomerular endothelium
is more important than systemic endothelial dysfunction. This is in line with recent
experimental data that showed that minor changes specifically located in the renal
microvasculature may lead to hypertension1 8-20 . Additionally, these findings confirm
the central role of the kidney in the development of hypertension.
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What causes progression or regression of urinary albumin excretion
Changes in urinary albumin excretion occur frequently in the general non-diabetic
population, with the frequency of progression and regression during a 4 year
follow-up period being approximately 1 1% and 1 0%, respectively as we showed in
chapter 3. In this chapter we investigated which factors are associated with these
changes in urinary albumin excretion . Using a stepwise forward selection
procedure we identified changes in blood pressure, fasting glucose levels and start
of antihypertensive medication as the most important factors associated with
changes in urinary albumin excretion. An increase in blood pressure or fasting
glucose levels during follow-up increased the risk of progression of urinary albumin
excretion, while lowering the chance of regression of urinary albumin excretion and
vice versa. Start of antihypertensive medication lowered the risk of progression,
while improving the chance of regression of urinary albumin excretion. These data
are comparable with findings of previous studies in diabetic or hypertensive
populations that also identified these parameters as the most important factors
associated with changes in urinary albumin excretion 21 -24 • It is important to note
however, that our study showed these associations are present even in
normotensive, non-diabetic subjects. These findings therefore suggest that the
most important way to reduce urinary albumin excretion in normotensive, non
diabetic subjects is by lowering glucose concentrations and blood pressure.
The findings described in chapter 3 left open the possibility that also
changes in weight may be associated with changes in urinary albumin excretion.
Although change in body mass index was not selected in the multinomial
regression model, univariately there was an association between change in body
mass index and change in urinary albumin excretion. Therefore it could be
suggested that weight changes induce changes in urinary albumin excretion
indirectly by influencing one or more of the variables selected by the stepwise
selection procedure, e.g. blood pressure and glucose levels. To study this
possibility further we performed new analyses to specifically address this issue25•
These analyses showed that changes in weight are indeed associated with parallel
changes in urinary albumin excretion, but the association was ultimately for a large
part dependent on parallel changes in C-reactive protein. Considering the close
association between elevated C-reactive protein and endothelial dysfunction, this
finding supports the idea that weight changes may induce progression or
regression of urinary albumin excretion through changes in endothelial function .
Finally, our analyses presented in chapter 3 suggested that use of statins
is associated with an increase in urinary albumin excretion. At first sight this is
surprising as stati ns are known to reduce cardiovascular risk and are thus
expected to lower urinary albumin excretion. It has been suggested that the urinary
1 20
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albumin excretion increasing effect could be due to diminished tubular uptake of
albumin by inhibition of HMG-CoA in the proximal tubule by statins. To further
investigate the effect of statins on urinary albumin excretion we analysed data from
a randomized clinical trial consisting of 388 subjects using placebo and 400
subjects using pravastatin. These analyses could not confirm the increasing effect
of statins on urinary albumin excretion, but use of statins was also not associated
with a decrease in urinary albumin excretion26 • The difference between the
observational data and the data from the randomized clinical trial may be explained
by the different populations that were studied. The randomized clinical trial
consisted of relatively healthy subjects. Outside the setting of an randomized
clinical trial however, statins are frequently prescribed as secondary prevention
after myocardial infarction. Indeed in the PREVEND cohort 25% of statin users had
a history of myocardial infarction vs. 3% of non-users. As subjects with proven
myocardial infarction are likely to show progression of cardiovascular disease, the
increase in urinary albumin excretion associated with statin use may be due to
residual confounding not explained by the variables used in the different models. In
conclusion, the additional analyses make it less likely that use of statins causes an
increase urinary albumin excretion. However, they confirm that use of statins does
not lower urinary albumin excretion.
A model for the relationship between urinary albumin excretion, cardiovascular risk
factors and cardiovascular and renal disease.
At first sight the observations from chapter 3 may seem contradictory to the
observations described in chapters 1 and 2, as the consequences of high urinary
albumin excretion, being type 2 diabetes and hypertension, are also associated
with the development of high urinary albumin excretion. How can we explain these
findings? As described above, endothelial dysfunction can cause the development
of type 2 diabetes and hypertension, both well known cardiovascular risk factors6•
11
• However, once these cardiovascular risk factors have developed they will also
contribute to further development of endothelial dysfunction27;28 . Thus, a vicious
circle develops in which cardiovascular risk factors and endothelial dysfunction will
aggravate each other, as is depicted in figure 1 . It should be noted that other
cardiovascular risk factors than hypertension and type 2 diabetes may also be
involved in these processes, e.g. hyperlipidemia29-31 • As a reflection of endothelial
dysfunction an increase in urinary albumin excretion will occur sooner or later in
this process, whether before or after measurable changes in cardiovascular risk
factors have occurred. As further shown in the model in figure 1, endothelial
dysfunction does not only contribute to the worsening of cardiovascular risk factors,
but simultaneously contributes to the pathophysiological processes that lead to
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Figure 1 . A pathophysiological model to explain the development of high u rinary albumin excretion and
its association with cardiovascular risk factors and cardiovascular and renal disease.
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progressive cardiovascular and/or renal disease32-37• High urinary albumin
excretion generally develops before the onset of these outcomes, which enables
the use of high urinary albumin excretion to predict cardiovascular and renal
disease1 •3;3a_ Whether high urinary albumin excretion is also causally involved in
the pathological processes leading to these outcomes is currently unknown. This is
indicated by the dashed arrow.
It is unknown which factors initiate the pathological process in figure 1, but it is
most likely a combination of genetic, life-style, and possibly environmental factors.
These factors are also likely to determine the rate at which the development of the
cardiovascular risk factors, endothelial dysfunction, high urinary albumin excretion
and the cardiovascular and renal disease occur. They probably include well-known
cardiovascular risk factors as smoking, lack of exercise and dietary pattern29•31 ;33 ;39 _
Although the exact genes that determine urinary albumin excretion have not been
identified, it has been shown that urinary albumin excretion is partly a heritable
trade. Current studies suggest that the genes determining urinary albumin
excretion are located on chromosomes 22q, 5q, 7q40 ;41 •
As the process shown in figure 1 is continuous, it will also partly depend on
the cut-off values used to define high urinary albumin excretion, hypertension, type
2 diabetes and other cardiovascular risk factors in which sequence we measure the
occurrence of the different cardiovascular risk factors. The use of cut-off values
may also obscure the fact that the pathophysiological process shown in the model
already occurs in subjects currently considered healthy. This is indicated by the
finding that blood pressure and glucose levels already affect the level of urinary
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albumin excretion in normotensive and non-diabetic subjects. Furthermore, as
described in chapters 1 and 2, the association between urinary albumin excretion
and the future development of hypertension and type 2 diabetes starts already at
levels of urinary albumin excretion far below the currently used cut-off values of 30
mg/24-hr for an abnormal urinary albumin excretion (i.e. microalbuminuria). These
observations are also in line with findings from literature that already very low
levels of urinary albumin excretion are associated with the development of
cardiovascular disease14 ;42 ; 43 • The greatest benefit of measuring urinary albumin
excretion may thus be that it enables in an easy way early identification of subjects
in whom this pathophysiological process takes place while it would otherwise still
be unrecognized. Thereby measuring urinary albumin excretion will enable early
treatment and prevention of the final consequences of this process, being
cardiovascular disease or accelerated renal function loss. For this it has been
suggested to change the current definition of microalbuminuria to a lower cut-off
value42 • However, to change the definition of abnormal urinary albumin excretion
one should also take into account at what level of urinary albumin excretion
screening and subsequent intervention b�comes effective. Additionally issues of
cost-effectiveness of intervention at different levels of urinary albumin excretion
should be taken into account44 • More research needs to be done to resolve these
issues.
How frequently should urinary albumin excretion be measured if we decide to
screen.
Urinary albumin excretion is a dynamic process with subjects relatively frequent
showing regression or progression of urinary albumin excretion over time as
described in chapter 4. It has been shown in diabetic and hypertensive populations
that changes in urinary albumin excretion are independently associated with a
parallel change in cardiovascular and renal risk45-48 • With these parallel changes in
urinary albumin excretion and cardiovascular and renal risk, it is expected that the
predictive value of urinary albumin excretion diminishes over time and that the
urinary albumin excretion measurement should be repeated at regular intervals.
The frequency at which urinary albumin excretion should be measured is important
as screening is associated with substantial costs; thus the lower the frequency of
screening, the more favourable the cost-effectiveness of a screening program for
urinary albumin excretion will be49 ;50 • Current guidelines for diabetic subjects
recommend that urinary albumin excretion is measured at yearly intervals51 . In
chapter 4 we showed that in the general population urinary albumin excretion
remained a powerful predictor of cardiovascular morbidity and mortality during at
least the first 5 years after measurement. Thus contrary to the current
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recommended practice in diabetes, it does not seem necessary to repeat urinary
albumin excretion measurement at yearly intervals in a urinary albumin excretion
based screening program of the general population .
Repeating the urinary albumin excretion measurement within a period of 5
years may however have added value, as it can detect subjects with initially low
urinary albumin excretion in whom there is progression of urinary albumin
excretion . In the PREVEND study the urinary albumin excretion measurement was
repeated after approximately 4 years. Indeed, a substantial group of subjects
(approximately 11 %) with initially low urinary albumin excretion (defined as urinary
th
albumin excretion <16. 12 mg/24-hr, being the 75 percentile) was detected in
whom urinary albumin excretion had progressed to high values during follow-up.
Importantly, this increase in urinary albumin excretion was associated with a
substantial parallel increase in cardiovascular risk when compared to the subjects
in whom urinary albumin excretion remained low during follow-up (OR 3.68, 95%CI
2.45-5.53). Thus, despite the relatively stable predictive power of urinary albumin
excretion during the first 5 years of follow-up, repeating the urinary albumin
excretion measurement within this time frame has added value as it detects new
subjects at increased cardiovascular risk. Future studies will have to determine at
what time point the benefit of detecting and treating these subjects with a newly
elevated urinary albumin excretion becomes higher than the extra costs involved in
the repeated population screening for urinary albumin excretion.
How should urinary albumin excretion be measured?
Measuring urinary albumin excretion in a 24-hr urine collection is considered the
gold standard for estimating urinary albumin excretion as this method is not
influenced by changes in urinary albumin excretion due to the circadian rhythm.
Unfortunately, this measurement is cumbersome and difficult to implement in
population screening due to the requirement of the 24-hr urine collection . Therefore
it is important to consider alternatives that do not require a 24-hr urine collection . A
frequently used alternative is measuring the albumin concentration or the
albumin/creatinine ratio in a first morning urine sample. Several studies compared
52 53
these alternatives with the gold-standard ; . These studies showed that both
albumin concentration and albumin/creatinine ratio can satisfactory predict
microalbuminuria in subsequent 24-hr urine samples and may thus be used for
initial screening in population screening. When on screening a subject is positive
than it is required to perform confirmatory testing. Again the question is whether
this is going to be done using a 24-hr or a spot morning urine sample. In order to
choose the best urinary albumin measure in a screening program it is also
important to compare the performance of the different methods in the prediction of
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adverse cardiovascular and renal outcomes, as it is the ultimate goal of the
proposed urinary albumin excretion-based screening programs to predict these
specific outcomes. In chapter 5 we showed that the performance of the albumin
creatinine ratio measured in a first morning urine sample is comparable to the
performance of the gold standard, i.e. the urinary albumin excretion measured in
24-hr urine collection. The performance of the albumin concentration appeared
however to be worse when compared to the other 2 methods. This suggests that
for a urinary albumin excretion-based screening-program measuring the albumin
creatinine concentration in a first morning urine sample is a feasible and good
alternative for measuring urinary albumin excretion in a 24-hr urine sample,
whereas the albumin concentration should not be used in such a screening
program.
Implementation of measuring urinary albumin excretion in guidelines on chronic
kidney disease: Added value for early detection of subjects at increased cardio
vascular and renal risk?
The Kidney Disease Outcomes Quality Initiative (K/DOQI) guidelines on chronic
kidney disease are the first guidelines that extend to the general population and
implement the measurement of urinary albumin excretion as a screening parameter
to detect subjects with chronic kidney disease54 . These guidelines aim to facilitate
early detection and treatment of subjects with chronic kidney disease. Although
urinary albumin excretion in these guidelines is primarily considered as a renal
damage marker instead of also being a reflection of systemic pathological
processes, subjects with chronic kidney disease are recognized to be at increased
renal and cardiovascular risk.
The definition of chronic kidney disease used by the K/DOQI guidelines is a
urinary albumin excretion >30 mg/24-hr or an estimated glomerular filtration rate
<60 ml/min/1 .73m2• Subjects with chronic kidney disease are classified into one of
five stages of severity with the aim to stratify these subjects according to
cardiovascular and renal risk. Subjects with an estimated glomerular filtration rate
of 30-60, 1 5-30, or <1 5 ml/min/1 . 73m2 are defined as stage 3, 4, or 5 chronic
kidney disease, respectively. Subjects with a high urinary albumin excretion
(urinary albumin excretion >30 mg/24-hr) and an estimated glomerular filtration rate
>90 or 60-90 ml/min/1 . 73m2 are defined as stage 1 or 2 chronic kidney disease,
respectively. Thus the use of urinary albumin excretion in these guidelines is
limited to subjects with relatively well preserved glomerular filtration rate (>60
ml/min/1 .73m2) , whereas glomerular filtration rate is considered the most important
variable to detect and classify subjects with chronic kidney disease54 .
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That the use of urinary albumin excretion as a defining parameter is limited to
subjects with relatively well preserved renal function is surprising considering the
strong and consistent predictive value of urinary albumin excretion for both
cardiovascular and renal outcome in a wide range of populations, including
47 55
populations with renal disease ; . Furthermore, it is unfortunate that the two
stages that define chronic kidney disease by using urinary albumin excretion
receive little attention in the literature. This is likely due to the perception that
stages 1 and 2 consist of relatively mild chronic kidney disease compared to the
more impaired renal function in stages 3 and 4, suggesting that stages 1 and 2 are
associated with less risk for unfavourable cardiovascular and renal outcome when
compared to stage 3 chronic kidney disease. However, it is unknown whether this
assumption is justified. In chapter 6 we studied the cardiovascular and renal
outcomes of subjects with stage 1-3 chronic kidney disease, focussing especially
on the effect of the implementation of urinary albumin excretion in the K/DOQI
guidelines.
We found that urinary albumin excretion can be successfully used in the
general population to screen for increased risk for future cardiovascular disease
and accelerated renal function loss. This is not limited to subjects with an estimated
2
glomerular filtration rate >60 ml/min/1.73m , but urinary albumin excretion can also
be used successfully in subjects with stage 3 chronic kidney disease, thus having
2
an estimated glomerular filtration rate <60 ml/min/1. 73m • Importantly, estimated
glomerular filtration rate was not independently associated with cardiovascular risk,
as the association between estimated glomerular filtration rate and cardiovascular
risk could be explained by underlying differences in age and sex. This finding is in
line with the observations of most other general population based studies that in
low-risk populations with relatively well preserved renal function the association
between estimated glomerular filtration rate and cardiovascular risk is at best
56 59
modest - . Although it was not possible to study the association between
estimated glomerular filtration rate and rate of renal function loss, it was shown that
over the whole studied range of estimated glomerular filtration rate there was a
significant increase in renal function loss when urinary albumin excretion was high.
Based on our analyses we conclude that in the general population moderately
impaired renal function only indicates cardiovascular and renal risk when there is
high urinary albumin excretion. This implies that subjects with stage 1 or 2 chronic
kidney disease should receive at least similar attention as subjects with stage 3
chronic kidney disease. Furthermore, with the goal of risk stratification in mind it
should be considered to add urinary albumin excretion >30 mg/24-hr as criterion to
the definition of stage 3 chronic kidney disease.
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CONCLUSIONS
High urinary albumin excretion is an early marker of the pathophysiological process
that lead to the development of cardiovascular risk factors, such as type 2 diabetes
and hypertension, and ultimately to cardiovascular disease and accelerated renal
function loss. As this process works in a vicious circle, type 2 diabetes and
hypertension not only predict an increase urinary albumin excretion, but a high
urinary albumin excretion also predicts the development of these cardiovascular
riskfactors in non-diabetic and/or normotensive subjects. Although the
measurement of urinary albumin excretion in a 24-hr urine sample is the gold
standard for detecting an increased urinary albumin excretion, for efficiency urinary
albumin excretion can also be determined by measuring albumin-creatinine ratio in
a first morning urine sample. The frequency at which the measurement of urinary
albumin excretion for screening purposes in the general population has to be
repeated remains to be determined, but due to the persistence in predictive power
of urinary albumin excretion, the measurement of urinary albumin excretion does
not need to be repeated at yearly intervals. The advantage of repeat measurement
is the detection of subjects with newly elevated urinary albumin excretion, as this is
associated with an increased cardiovascular risk. Thus the time point of the repeat
measurement should depend on the interval at which the benefit of detecting and
treating subjects with an increase in urinary albumin excretion is sufficient fo allow
for the extra costs involved in repeat screening. Finally, we confirm that in the
general population urinary albumin excretion is a better predictor of cardiovascular
and renal risk than estimated glomerular filtration rate. Considering the weak
relation between estimated glomerular filtration rate and adverse outcomes in the
general population, we propose that the use of urinary albumin excretion to define
chronic kidney disease should be extended to estimated glomerular filtration rate
levels <60 ml/min/1 .73m2 •
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SAMENVATTING EN DISCUSSIE

INTRODUCT/E

In de afgelopen 25 jaar is de hoeveelheid albumine die via de urine wordt
uitgescheiden ofwel albuminurie geleidelijk aan herkend als een krachtige
voorspeller voor het ontstaan van cardiovasculaire en renale ziekte. Deze
herkenning begon in de jaren '80 met het werk van Viberti en Mogensen bij
respectievelijk type 1 en type 2 diabetes mellitus. Hoewel reeds bekend was dat
macroalbuminurie, e.g. albuminurie van meer dan 300mg/24-hr, geassocieerd is
met een verhoogd risico op cardiovasculaire en renale ziekte, toonde het werk van
Viberti en Mogensen aan dat deze associatie er al is bij veel lagere hoeveelheden
van albuminurie. Later werd duidelijk dat deze relatie ook aanwezig is bij mensen
met hypertensie. Sindsdien hebben ook andere studies deze resultaten bevestigd.
Dit heeft ervoor gezorgd dat albuminurie als zelfstandige marker van verhoogd
risico op cardiovasculaire en renale ziekte werd erkend in de internationale
richtlijnen voor diabetes en hypertensie. In deze richtlijnen wordt nu gepleit voor
het screenen van mensen met diabetes en hypertensie op de aanwezigheid van
een verhoogde albuminurie.
Oorspronkelijk werden diabetes en hypertensie beschouwd als de belangrijkste
risicofactoren voor het ontstaan van een verhoogde albuminurie. Dit leidde tot het
klassieke model over het ontstaan van een verhoogde albuminurie. Hierbij werd
gedacht dat de toename van uitscheiding van albumine via de urine pas
plaatsvond na het ontstaan van diabetes en hypertensie (zie figuur 1 ) . De
verhoogde albuminurie ontstaat in dit model tijdens de pathofysiologische
processen die beginnen vanaf het ontstaan van diabetes of hypertensie en leidden
tot de manifestatie van cardiovasculaire en/of renale ziekte. Er zijn echter
verschillende observaties die dit klassieke model in twijfel trekken.
Ten eerste heeft onderzoek in de algemene bevolking aangetoond dat een
verhoogde albuminurie niet alleen voorkomt bij mensen met diabetes of
hypertensie, maar ook vaak wordt gezien bij mensen zonder deze aandoeningen.
In de PREVEND studie, waaraan meer dan 40.000 mensen uit de algemene
bevolking deelnamen, was de prevalentie van microalbuminurie (gedefinieerd als
een albumine concentratie van 20 tot 200mg/L in een eerste ochtendurine) 7,2%.
Daarnaast had 1 6,6% van de deelnemers een hoog-normale albuminurie
(gedefinieerd als een albumine concentratie van 1 O tot 20mg/L in een eerste
ochtend urine). Van de deelnemers met microalbuminurie rapporteerde 74,9% dat
zij geen diabetes of hypertensie hadden. Van de deelnemers met een hoog
normale albuminurie rapporteerde 84,2% dat zij geen diabetes of hypertensie
hadden. Hoewel een deel van deze deelnemers bij nader onderzoek alsnog
hypertensie (32,5% en 22,4% van de deelnemers met microalbuminurie en een
1 34
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Figuur 1 . Klassiek model voor het ontstaan van een verhoogde albuminurie.

►:

Diabetes
Hypertensie

Cardiovasculaire
ziekte
Renale ziekte

hoog-normale albuminurie, respectievelijk) dan wel diabetes (4,5% en 1,7% van de
deelnemers met microalbuminurie en een hoog-normale albuminurie,
respectievelijk) bleek te hebben, bleef er nog steeds een aanzienlijk deel van de
deelnemers over met een verhoogde albuminurie zonder diabetes of hypertensie.
Hieruit blijkt dat een hoge albuminurie vaak aanwezig is onafhankelijk van diabetes
of hypertensie.
Ten tweede hebben verschillende studies laten zien dat ook in de algemene
bevolking een verhoogde albuminurie geassocieerd is met een verhoogd risico op
cardiovasculaire en renale ziekte. Deze associatie is onafhankelijk van andere
bekende cardiovasculaire risicofactoren, zoals o.a. de nuchtere glucosespiegel en
bloeddruk.
Tot slot is er toenemend bewijs dat een verhoogde albuminurie niet het directe
gevolg is van diabetes of hypertensie, maar een uiting van onderliggend
systemische endotheeldysfunctie. Deze hypothese werd oorspronkelijk
opgeworpen door Deckert et al in hun Stenohypothese. Oorspronkelijk werd een
verhoogde albuminurie gezien als enkel een uiting van een glomerulaire stoornis.
Door de ontdekking dat een verhoogde albuminurie ook geassocieerd is met het
ontstaan van cardiovasculaire ziekte, kwamen Deckert et al op het idee dat een
verhoogde albuminurie de weerspiegeling is van een gegeneraliseerde vasculaire
stoornis, die naast de glomeruli ook de andere bloedvaten in het lichaam aantast.
Tegenwoordig denken de meeste wetenschappers dat deze vasculaire stoornis is
wat men nu endotheeldysfunctie noemt.
Het endotheel is een cellaag dik en bedekt aan de luminale zijde de
bloedvaten en hartkleppen. Het endotheel reguleert de vaatspanning en de
structuur van het bloedvat en is verantwoordelijk voor de regulatie van een grate
verscheidenheid aan metabole, anti-inflammatoire en anti-thrombotische
processen. Er is sprake van endotheeldysfunctie indien een of meer van deze
functies verstoord is, bijvoorbeeld bij een verhoogde doorlaatbaarheid van het
endotheel, een verstoorde antithrombogenese of een gestoorde regulatie van de
vasculaire gladde spiercellen.
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Er wordt aangenomen dat wanneer endotheeldysfunctie plaatsvindt op het
glomerulaire niveau dit leidt tot een verhoogde albuminurie. Dit kan via twee
mogelijke mechanismen gebeuren. Ten eerste kan endotheeldysfunctie in de
glomerulus de autoregulatoire mechanismen van de intraglomerulaire druk
verstoren. Dit kan leiden tot een toename van de hydrostatische druk in de
glomerulus. Ten tweede kan de opbouw van de componenten van de glomerulaire
capillaire wand verstoord raken door endotheeldysfunctie, waardoor de
glomerulaire permeabiliteit kan toenemen. Beide veranderingen leiden tot een
verhoogde glomerulaire filtratie van albumine naar de ruimte van Bowman. Het
meeste van deze albumine zal warden teruggeresorbeerd door de tubulus middels
endocytose. De tubulus heeft een hoge adsorptiecapaciteit voor albumine. Echter,
aangezien de albuminereceptoren die voor de adsorptie van albumine gebruikt
warden een lage affiniteit hebben voor albumine, is er altijd enig verlies van
albumine via de urine. Wanneer de hoeveelheid gefiltreerd albumine toeneemt,
leidt dit dus automatisch tot een toename van de uitscheiding van albumine via de
urine.
Het bewijs voor de rol van endotheeldysfunctie als oorzaak van een verhoogde
albuminurie komt zowel van dierstudies als epidemiologisch onderzoek. Bij ratten
is aangetoond dat, als reactie op een forse reductie in nefronmassa (5/6
nefrectomie) in gezonde dieren 6f een myocard infarct in een model van milde
nierschade, inter-individuele verschillen in renale endotheelfunctie de toename
voorspellen van prote'inurie (waarvan albumine het meest voorkomende eiwit is).
Epidemiologisch onderzoek heeft laten zien dat bij mensen het ontstaan van
endotheeldysfunctie voorafgaat aan een toename van albuminurie.
Waar glomerulaire endotheeldysfunctie wordt gezien als de oorzaak van een
verhoogde albuminurie, is er een aanzienlijke hoeveelheid bewijs dat systemische
endotheeldysfunctie het ontstaan en de verergering van atherosclerose en
cardiovasculaire ziekte veroorzaakt. Gezien de sterke associatie tussen
albuminurie en cardiovasculaire ziekte, is het waarschijnlijk dat een verhoogde
albuminurie niet alleen een weerspiegeling is van dysfunctie van het glomerulaire
endotheel, maar dat een verhoogde albuminurie tevens sterk geassocieerd is met
het ontstaan van systemische endotheeldysfunctie. Met het toenemende bewijs dat
systemische endotheeldysfunctie mogelijk een rol speelt bij het ontstaan van
hypertensie en mogelijk ook diabetes mellitus type 2, is dit een extra argument dat
het klassieke model over de relatie tussen diabetes en hypertensie en het ontstaan
van een verhoogde albuminurie meet warden aangepast.
Vanwege de hierboven beschreven observaties, wordt een verhoogde
albuminurie tegenwoordig ook beschouwd als een krachtige voorspeller van
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cardiovasculaire en renale ziekte in de algemene bevolking. Dit heeft geleid tot het
idee dat, in overeenkomst met de richtlijnen voor diabetes en hypertensie, er ook in
de algemene bevolking regelmatig gescreend meet worden op de aanwezigheid
van een verhoogde albuminurie om zo cardiovasculaire en renale ziekte te kunnen
voorkomen. In overeenstemming met deze gedachte is het meten van de
albuminurie recent geTncludeerd in nefrologische richtlijnen voor vroege opsporing
en behandeling van chronische nierziekte en het geassocieerde cardiovasculaire
risico.
Voor de implementatie van screening-programma's gebaseerd op het meten
van albuminurie is het belangrijk om een goed begrip te hebben van het ontstaan
van een verhoogde albuminurie en de gevolgen hiervan. Dit maakt het mogelijk om
een optimaal effect te verkrijgen van zulke screening-programma's en om de
effecten van een dergelijk programma betrouwbaar te kunnen schatten, zowel wat
betreft de gezondheidseffecten als de kosteneffectiviteit.
Hoewel reeds is genoemd dat het klassieke model over het ontstaan van
albuminurie moet warden aangepast, is er nog maar weinig bekend over de relatie
tussen het ontstaan van een verhoogde albuminurie, andere cardiovasculaire
risicofactoren en het ontstaan van cardiovasculaire en renale ziekte in de
algemene bevolking. Bovendien is het onbekend welke factoren leiden tot het
ontstaan van een verhoogde albuminurie in personen zonder diabetes en
hypertensie. Het doel van dit proefschrift is daarom om het ontstaan van een
verhoogde albuminurie en de gevolgen daarvan te bestuderen in de algemene
bevolking. Voor dit proefschrift is gebruik gemaakt van de gegevens van de
PREVEND studie, een prospectief cohort onderzoek in de stad Groningen. Hier
warden de gegevens zoals gepresenteerd in de verschillende hoofdstukken van dit
proefschrift samengevat en besproken.
SAMENVA TTING EN BESPREKING

Kan een toename in albuminurie het ontstaan van diabetes mellitus type 2 of
hypertensie voorspellen?
Zoals hiervoor beschreven komt een verhoogde albuminurie vaak voor bij
personen zonder diabetes en hypertensie. Er is bovendien toenemend bewijs dat
een verhoogde albuminurie veroorzaakt wordt door endotheeldysfunctie.
Verschillende epidemiologische studies hebben laten zien dat de aanwezigheid
van endotheeldysfunctie geassocieerd is met het ontstaan van type 2 diabetes
mellitus en hypertensie. Op basis van deze gegevens kan warden vermoed dat
een verhoogde albuminurie het latere ontstaan van diabetes mellitus type 2 of
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hypertensie voorspelt. We hebben deze hypothese onderzocht in hoofdstuk 1 en 2
van dit proefschrift. Deze analyses laten zien dat de incidentie van het ontstaan
van diabetes mellitus type 2 en hypertensie respectievelijk 2 en 4 keer hoger is bij
personen met een albuminurie van >30mg/24-hr in vergelijking met de incidentie bij
personen met een albuminurie van <1 5mg24-hr. Deze associatie was
onafhankelijk van bekende risicofactoren voor het ontstaan van diabetes mellitus
type 2 en hypertensie. Theoretisch zou nog gesteld kunnen worden dat deze
bevindingen verklaard kunnen worden door misclassificatie, waarbij personen met
respectievelijk diabetes mellitus type 2 of hypertensie op het beginpunt van de
studie foutief als non-diabeet dan wel normotensief geclassificeerd zijn. Echter,
rigoureuze sensitiviteitsanalyses die corrigeerden voor deze mogelijkheid hadden
geen noemenswaardige invloed op de verkregen resultaten. Dus een toename van
albuminurie is niet slechts het gevolg van diabetes mellitus type 2 of hypertensie,
maar kan het ontstaan van deze aandoeningen zelfs voorspellen.
Verschillende andere onderzoeksgroepen hebben deze bevindingen recent
bevestigd. In een prospectieve gematchde case-control studie in een Australische
Aboriginal populatie toonde Wang et al een 2,22 maal verhoogde incidentie aan
van diabetes mellitus type 2 bij personen met microalbuminurie in vergelijking met
personen met een normale albuminurie. Dit risico werd slechts in geringe mate
beTnvloed door toevoeging van mogelijke andere verklarende variabelen in het
model. In de 'Strong Heart Study,' een cohort studie bestaande uit Amerikaanse
lndianen, werd gezien dat in vergelijking met personen met normoalbuminurie,
mensen met microalbuminurie een 1 .72 maal hoger risico hadden om hypertensie
te ontwikkelen. Opnieuw was deze associatie onafhankelijk van andere mogelijke
verklarende factoren. Ook in de "Framingham Offspring Study" werd een
vergelijkbaar risico voor het ontwikkelen van hypertensie voor mensen met een
verhoogde albuminurie aangetoond, ditmaal in een Kaukasische populatie.
Zoals hierboven vermeld, kunnen deze bevindingen mogelijk verklaard worden
door endotheeldysfunctie als onderliggende oorzaak van zowel een verhoogde
albuminurie als van het ontstaan van diabetes mellitus type 2 en hypertensie.
Ondersteunend voor deze verklaring was onze observatie van een interactie
tussen albuminurie en C-reactief proteTne, een marker van lichte ontsteking, in het
voorspellen van het ontstaan van diabetes mellitus type 2. Een verhoogd C-reactief
proteTne is, vergelijkbaar met verhoogde albuminurie, nauw geassocieerd met de
aanwezigheid van systemische endotheeldysfunctie. Net als albuminurie was C
reactief proteTne in onze studie onafhankelijk van andere mogelijke verklarende
variabelen geassocieerd met het ontstaan van diabetes mellitus type 2.
Echter,indien de albuminurie verhoogd was, was er maar een beperkt additioneel
effect op het risico op het ontstaan van diabetes mellitus type 2 indien ook de C1 38
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reactief prote"ine verhoogd was. Dit wijst erop dat deze twee variabelen middels
eenzelfde onderliggend pathofysiologisch proces geassocieerd zijn met het
ontstaan van diabetes mellitus type 2. Systemische endotheeldysfunctie is de
meest waarschijnlijke verklaring voor dit onderliggende proces.
Bij de analyses naar het ontstaan van hypertensie werd geen interactie
aangetroffen tussen albuminurie en C-reactief prote"ine. Ook was C-reactief
prote"ine op zichzelf niet onafhankelijk geassocieerd met het ontstaan van
hypertensie. Echter, in deze analyses werd een interactie gevonden tussen
albuminurie en de glomerulaire filtratie snelheid in het voorspellen van hypertensie.
Wanneer de glomerulaire filtratie snelheid verlaagd was en de albuminurie
verhoogd, was het risico op het ontwikkelen van hypertensie exponentieel
verhoogd. Deze observatie suggereert dat in het geval van het ontwikkelen van
hypertensie specifiek de dysfunctie van het glomerulaire endotheel een
belangrijkere rol speelt dan de eventueel bestaande systemische
endotheeldysfunctie. Dit is in overeenstemming met recente experimentele data
die laat zien dat kleine veranderingen in de renale microvasculatuur kunnen leiden
tot hypertensie. Tevens bevestigt deze observatie de centrale rol van de nier in het
ontstaan van hypertensie.
Wat veroorzaakt progressie of regressie van albuminurie
Veranderingen in de albuminurie komen frequent voor in de algemene niet
diabetische bevolking. De incidentie van progressie en regressie over een periode
van 4 jaar is respectievelijk ongeveer 1 1 % en 1 0%, zoals beschreven in hoofdstuk
3. In dit hoofdstuk werd onderzocht welke factoren geassocieerd zijn met deze
veranderingen in albuminurie. Middels een stapsgewijze selectie procedure werden
veranderingen in bloeddruk, de nuchtere glucose spiegel en het starten met het
gebruik van antihypertensiva ge"identificeerd als de meest belangrijke factoren
geassocieerd met veranderingen in albuminurie. Een toename van de bloeddruk of
de nuchtere glucose spiegel tijdens follow-up verhoogde het risico op progressie
van de albuminurie, terwijl het de kans op regressie van de albuminurie verkleinde,
en vice versa. Het starten met antihypertensiva verlaagde het risico op progressie,
terwijl het de kansen op regressie van de albuminurie verhoogde. Hoewel deze
data vergelijkbaar zijn met de bevindingen van eerdere studies in populaties met
diabetes mellitus type 2 of hypertensie, is het belangrijk om op te merken dat deze
associaties dus al te zien zijn in personen zonder diabetes mellitus type 2 en
hypertensie. Deze bevindingen suggereren daarmee dat het verlagen van de
glucose concentratie en bloeddruk de belangrijkste methode is om een verhoogde
albuminurie te reduceren, ook in personen zonder diabetes mellitus type 2 of
hypertensie.
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De resultaten in hoofdstuk 3 houden de mogelijkheid open dat ook
veranderingen in gewicht geassocieerd zijn met veranderingen in albuminurie.
Hoewel veranderingen in de BMI (body mass index) niet geselecteerd werden in
het multinomiale regressie model, was er in de univariate analyse wel een
associatie tussen veranderingen in BMI en veranderingen in albuminurie. Het is
dus mogelijk dat veranderingen in gewicht indirect veranderingen in albuminurie
induceren middels het be"invloeden van een of meer variabelen die wel in het
multinomiale regressie model werden geselecteerd, zoals bloeddruk en de
nuchtere glucose spiegel. Om deze mogelijkheid verder te onderzoeken hebben
we analyses uitgevoerd specifiek gericht op deze vraag. Deze toonden aan dat
veranderingen in gewicht inderdaad geassocieerd zijn met parallelle veranderingen
in albuminurie, maar dat deze associatie voor een groot deel afhankelijk is van
onderliggende parallelle veranderingen in C-reactief prote"ine. Gezien de nauwe
relatie tussen C-reactief proteTne en endotheeldysfunctie ondersteund deze
bevinding het idee dat veranderingen in gewicht progressie dan wel regressie van
albuminurie kunnen induceren middels veranderingen in endotheelfunctie.
Tot slot suggereren de bevindingen in hoofdstuk 3 dat het gebruik van statines
geassocieerd is met een toename van albuminurie. Op het eerste gezicht is dit
verrassend, aangezien het bekend is dat statines het risico op cardiovasculaire
ziekte verminderen en het daarom verwacht zou warden dat het gebruik hiervan
geassocieerd is met een vermindering van de albuminurie. Echter, een mogelijk
albuminurie-verhogend effect zou veroorzaakt kunnen warden door een
verminderde tubulaire opname van albumine door remming van het H MG-CoA in
de proximale tubulus door de statine. Om het effect van statines op albuminurie
nader te onderzoeken analyseerden wij de data van een gerandomiseerde
klinische trial met 388 personen die placebo gebruikten en 400 personen die
pravastatine gebruikten. Deze analyses konden het albuminurie-verhogende effect
van statines niet bevestigen, maar het gebruik van statines was in deze trial ook
niet geassocieerd met een vermindering van albuminurie.
Het verschil in bevindingen tussen de observationele studie en de
gerandomiseerde klinische trial kan mogelijk verklaard warden door het feit dat
beide studies een verschillende populatie bestudeerden. De gerandomiseerde
klinische trial bestudeerde relatief gezonde personen. Buiten de setting van een
klinische trial warden statines echter vaak voorgeschreven in het kader van
secundaire preventie na het hebben doorgemaakt van een myocardinfarct.
lnderdaad had 25% van de statinegebruikers in het PREVEND-cohort een
myocardinfarct in de voorgeschiedenis versus slechts 3% van de niet-gebruikers.
Aangezien personen met een myocardinfarct in de voorgeschiedenis een grotere
kans hebben op progressie van cardiovasculaire ziekte, kan de toename
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Figuur 2. Een pathofysiologisch model om het ontstaan van verhoogde albuminurie en de associatie
tussen albuminurie, cardiovasculaire en renale ziekte te verklaren.
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in albuminurie geassocieerd met het gebruik van statines mogelijk warden
verklaard door residual confounding, dat wil zeggen een soort van verborgen
associaties die niet verklaard warden door de variabelen die gebruikt werden in de
verschillende statistische modellen. Concluderend maken deze additionele
analyses het minder waarschijnlijk dat statines een toename in albuminurie
veroorzaken. Echter, de additionele analyses bevestigen dat het gebruik van
statines de albuminurie niet verlaagd.
Een model voor de relatie tussen albuminurie, cardiovasculaire risicofactoren en
cardiovasculaire en renale ziekte.
Op het eerste gezicht lijken de observaties in hoofdstuk 3 in tegenspraak met de
bevindingen beschreven in hoofdstuk 1 en 2, aangezien de gevolgen van een
verhoogde albuminurie, namelijk diabetes mellitus type 2 en hypertensie, tevens
geassocieerd zijn met het ontstaan van een verhoogde albuminurie. Hoe kunnen
deze bevindingen verklaard warden?
Zoals hierboven reeds beschreven, kan endotheeldysfunctie het ontstaan van
diabetes mellitus type 2 en hypertensie, beide bekende cardiovasculaire
risicofactoren, veroorzaken. Echter, nadat deze cardiovasculaire risicofactoren zich
hebben ontwikkeld, dragen zij oak bij aan de verdere verergering van de
endotheeldysfunctie. Zoals weergegeven in figuur 2 ontstaat zo een vicieuze cirkel
waarin de verschillende cardiovasculaire risicofactoren en de endotheeldysfunctie
elkaar versterken. Het is belangrijk om op te merken dat oak andere
cardiovasculaire risicofactoren naast diabetes mellitus type 2 en hypertensie
betrokken kunnen zijn bij dit proces, bijvoorbeeld dislipidemie. Vroeger of later in
dit proces zal er tevens een verhoging van de albuminurie plaatsvinden als uiting
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van de endotheeldysfunctie. Dit kan zijn v66r of nadat meetbare veranderingen in
de cardiovasculaire risicofactoren hebben plaatsgevonden.
Zeals verder weergegeven in figuur 2 draagt de endotheeldysfunctie niet alleen
bij aan het verergeren van de cardiovasculaire risicofactoren, maar draagt het
gelijktijdig ook bij aan de pathofysiologische processen die leiden tot het ontstaan
van cardiovasculaire of renale ziekte. Doordat een verhoogde albuminurie meestal
ontstaat voordat deze ziekten manifest warden, kan het meten van albuminurie
helpen in het voorspellen van cardiovasculaire en renale ziekte. Of een verhoogde
albuminurie ook een oorzakelijke rol speelt in de pathofysiologische processen die
leiden tot het ontstaan van cardiovasculaire en renale ziekte is nog onbekend. Dit
wordt aangegeven door de stippellijn van de pijl.
Het is onbekend welke factoren het begin van het pathofysiologische proces
weergegeven in figuur 2 initieren, maar het meest waarschijnlijk gaat het om een
combinatie van genetische en leefstijl factoren en mogelijk ook omgevingsfactoren.
Deze factoren bepalen mogelijk ook de snelheid waarmee de cardiovasculaire
risicofactoren, de endotheeldysfunctie, de verhoogde albuminurie en de
cardiovasculaire en renale ziekte ontstaan. Ze omvatten vermoedelijk ender
andere bekende cardiovasculaire risicofactoren zeals roken, te weinig
lichaamsbeweging en het eetpatroon. De exacte genen die de mate van
albuminurie bepalen zijn niet bekend, maar het is wel aangetoond dat de mate van
albuminurie een deels erfelijke eigenschap is. Onderzoek suggereert dat de genen
die de mate van albuminurie bepalen zijn gelokaliseerd op de chromosomen 22q,
5q en 7q.
Aangezien het proces zeals weergeven in figuur 2 een continu proces is, zal
de volgorde waarin het ontstaan van de verschillende cardiovasculaire
risicofactoren en markers wordt gemeten ook deels afhangen van welke
afkappunten gebruikt warden om een verhoogde albuminurie, diabetes mellitus
type 2 en hypertensie te definieren. Het gebruik van afkappunten kan ook aan het
zicht onttrekken dat het pathofysiologische proces zeals weergeven in het model
zich reeds afspeelt in personen die tot op heden als gezond beschouwd warden.
Dit komt ender andere tot uiting in de observatie dat bloeddruk en de glucose
concentratie reeds in personen zonder diabetes mellitus type 2 en hypertensie van
invloed zijn op de mate van albuminurie. Bovendien begint, zeals beschreven in
hoofdstuk 1 en 2, de associatie tussen albuminurie en het ontstaan van diabetes
mellitus type 2 en hypertensie reeds ver beneden de op dit moment gebruikte
afkapwaarde van 30mg/24-hr voor microalbuminurie.
Deze observaties sluiten aan bij de bevindingen reeds beschreven in de
literatuur, dat al bij zeer milde verhogingen van albuminurie er een associatie is
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met het risico op het ontstaan van cardiovasculaire ziekte. Het grootste voordeel
van het meten van albuminurie is dus mogelijk dat het ons in staat stelt om op een
relatief eenvoudige manier personen te identificeren in wie dit pathofysiologische
proces plaatsvindt en bij wie dit anders niet herkend zou worden. Op deze manier
stelt het meten van de albuminurie ons in staat om vroegtijdig behandeling te
starten en daarmee de uiteindelijke consequentie van dit pathofysiologische proces
te voorkomen, namelijk het ontstaan van cardiovasculaire of renale ziekte. Om
deze reden is het reeds gesuggereerd dat het huidige afkappunt om
microalbuminurie te definieren moet worden verlaagd. Echter, voordat dit
afkappunt wordt aangepast moet ook in ogenschouw worden genomen bij welk
niveau van albuminurie het screenen op een verhoogde albuminurie en de
daaropvolgende behandeling effectief is. Tevens moet er worden gekeken naar de
kosteneffectiviteit van interventie bij verschillende niveaus van albuminurie. Meer
onderzoek is nodig om deze vraagstukken op te lossen.
Met we/ke frequentie moet de albuminurie gemeten warden, als we besluiten om te
gaan screenen.
Zoals beschreven in hoofdstuk 3 is albuminurie een dynamisch proces waarbij
personen relatief vaak regressie dan wel progressie van de albuminurie laten zien.
Het is reeds aangetoond in populaties met diabetes mellitus type 2 of hypertensie
dat veranderingen in albuminurie onafhankelijk van andere variabelen
geassocieerd zijn met parallelle veranderingen in het risico op cardiovasculaire en
renale ziekte. Met deze parallelle veranderingen in cardiovasculair en renaal risico
kan het verwacht worden dat de voorspellende waarde van albuminurie met de tijd
afneemt en dat de meting van de albuminurie met enige regelmaat moet warden
herhaald. Het interval waarmee de meting van de albuminurie moet worden
herhaald is van belang aangezien het herhaald screenen op albuminurie gepaard
gaat met aanzienlijke kosten. Dus hoe lager de frequentie van screening, hoe beter
de kosteneffectiviteit van een screenings-programma voor albuminurie zal zijn.
De huidige richtlijnen voor diabetes adviseren om de albuminurie een keer per
jaar te meten. In hoofdstuk 4 wordt aangetoond dat in de algemene bevolking de
mate van albuminurie gedurende minstens de eerste 5 jaar na meting nog steeds
een goede maat is van het risico op cardiovasculaire ziekte. Dus in tegenstelling tot
de huidige praktijk bij diabetes, lijkt het voor een op albuminurie gebaseerd
screenings-programma van de algemene bevolking niet noodzakelijk om de meting
van albuminurie met een jaarlijks interval te herhalen.
Het herhalen van de albuminurie-meting binnen een periode van 5 jaar kan
echter toegevoegde waarde hebben, aangezien hiermee personen kunnen warden
opgespoord met een initieel lage albuminurie waarbij er sprake is van progressie
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van de albuminurie. In de PREVEND studie werd de albuminurie-meting na
ongeveer 4 jaar herhaald. lnderdaad bleek er bij een substantieel deel (ongeveer
1 1 %) van de personen met een initieel lage albuminurie (gedefinieerd als een
albuminurie van <1 6.2mg/24-hr zijnde de 75 9 percentiel) sprake te zijn van
progressie van de albuminurie. Belangrijk was de observatie dat deze toename in
albuminurie geassocieerd was met een substantiele toename van het risico op het
ontstaan
van
cardiovasculaire
ziekte
(odds
ratio
3.68,
95%
betrouwbaarheidsinterval 2.45-5.53) wanneer vergeleken werd met personen bij
wie de albuminurie laag bleef gedurende deze 4 jaar. Dus ondanks de relatief
stabiele voorspellende waarde gedurende de eerste 5 jaar van de initieel gemeten
albuminurie, heeft het herhalen van de albuminurie meting binnen dit tijdsbestek
van 5 jaar toegevoegde waarde doordat nieuwe personen met een verhoogd risico
op cardiovasculair ziekte kunnen warden opgespoord. Toekomstig onderzoek zal
moeten aantonen bij welk tijdsinterval het voordeel van het tijdig opsporen en
behandelen van deze individuen opweegt tegen de extra kosten die geassocieerd
zijn met de herhaalde populatiescreening op een verhoogde albuminurie.
Hoe moet albuminurie warden gemeten?
Het meten van de albuminurie in een 24-uurs urineverzameling wordt beschouwd
als de gouden standaard voor het bepalen van de urine albumine excretie,
aangezien deze meting niet wordt beTnvloed door veranderingen in albuminurie
veroorzaakt door het circadiane ritme van de urine albumine excretie. Helaas kost
deze manier van meten juist door de vereiste 24-uurs verzameling van de urine
veel moeite en daardoor is deze methode moeilijk te implementeren in
populatiescreening. Het is daarom belangrijk om alternatieven te overwegen
waarvoor geen 24-uurs urine verzameling benodigd is.
Een veel gebruikt alternatief is het meten van de albumine concentratie of de
albumine-creatinine ratio in een eerste ochtend urine. Verschillende onderzoeken
hebben deze alternatieven vergeleken met de gouden standaard. Deze
onderzoeken hebben laten zien dat zowel de meting van een albumine
concentratie als wel de meting van een albumine-creatinine ratio op betrouwbare
wijze voorspellen of iemand microalbuminurie heeft zeals gemeten middels de
gouden standaard. Deze beide methoden kunnen dus mogelijk gebruikt warden
voor initiele screening van de bevolking op het hebben van een verhoogde
albuminurie.
Wanneer bij deze initiele screening iemand positief bevonden wordt kan er
vervolgens een tweede meting plaatsvinden om de bevindingen van de eerste
meting te bevestigen. Echter om de beste methode te kiezen om de albuminurie te
meten in een screenings-programma is het ook belangrijk om te vergelijken welke
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van de verschillende methoden het beste het risico op cardiovasculaire en renale
ziekte voorspelt, aangezien dit het uiteindelijke doel is.
Hoofdstuk 5 laat zien dat de prestatie van de albumine-creatinine ratio in een
eerste ochtend urine vergelijkbaar is met de prestatie van de gouden standaard in
het voorspellen van het risico op het krijgen van cardiovasculaire of renale ziekte.
De prestatie van de albumine-concentratie gemeten in een eerste ochtend urine
lijkt echter slechter te zijn wanneer deze wordt vergeleken met de 2 andere
methoden. Dit suggereert dat voor een screenings-programma dat mensen met
een verhoogde albuminurie wil opsporen, het meten van de albumine-creatinine
concentratie in een eerste ochtend urine een goed en werkbaar alternatief is voor
het meten van de urine albumine excretie in een 24-uurs urine verzameling. De
meting van de albumine concentratie in een eerste ochtend urine lijkt echter geen
goed alternatief en moet niet gebruikt moet warden in een dergelijk screenings
programma.
lmplementatie van de meting van albuminurie in richtlijnen voor chronische
nierziekten: toegevoegde waarde voor de vroegtijdige opsporing van personen met
een verhoogd risico op cardiovasculaire en renale ziekte ?
De richtlijnen van het "Kidney Disease Outcomes Quality Initiative" (K/DOQI
richtlijnen) ten aanzien van chronische nierziekten zijn de eerste richtlijnen die zich
(ook) richten op de algemene bevolking en die tevens het meten van albuminurie
implementeren om personen met chronische nierziekte op te sporen. Deze
richtlijnen hebben als doel om de vroegtijdige opsporing en behandeling van
personen met een chronische nierziekte te verbeteren.
Hoewel een verhoogde albuminurie in deze richtlijnen vooral beschouwd wordt
als een marker van nierschade en niet zozeer als een marker van systemische
endotheeldysfunctie, wordt wel erkend dat personen met een chronische nierziekte
een verhoogd risico hebben op renale en cardiovasculaire ziekte. De definitie van
chronische nierziekte die wordt gebruikt in de K/DOQI richtlijnen is een albuminurie
van >30mg/24-hr of een geschatte glomerulaire filtratie snelheid van
<60ml/min/1.73m2 • Personen met een chronische nierziekte warden ingedeeld in
een van vijf stadia die de ernst van de chronische nierziekte aangeven, dit met als
doel om deze personen te kunnen stratificeren naar het cardiovasculair en renaal
risico. Personen met een geschatte nierfunctie van 30-60, 1 5-30 of <15
ml/min/1.73m2 warden respectievelijk gedefinieerd als hebbende stadium 3, 4 of 5
chronische nierziekte. Personen met een albuminurie van >30mg/24-hr en een
geschatte glomerulaire filtratie snelheid van >90 of 60-90 ml/min/1.73m2 warden
respectievelijk gedefinieerd als stadium 1 of 2 chronische nierziekte. Het gebruik
van albuminurie beperkt zich in deze richtlijnen dus tot personen met een relatief
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goede nierfunctie (glomerulaire filtratie snelheid >60 ml/min/1.73m ), terwijl de
glomerulaire filtratie snelheid beschouwd wordt als de belangrijkste variabele om
personen met chronische nierziekte op te sporen en te classificeren.
Het feit dat het gebruik van albuminurie in deze richtlijnen zich beperkt tot
mensen met een relatief goede nierfunctie is verrassend gezien de sterke en
consistente associatie van albuminurie met zowel cardiovasculaire als renale
uitkomsten in een grote verscheidenheid aan populaties, inclusief populaties met
bekende nierziekte. Bovendien is het onfortuinlijk dat de twee stadia die wel
gebruik maken van albuminurie om de aanwezigheid van chronische nierziekte te
definieren weinig aandacht krijgen in de literatuur. Dit komt waarschijnlijk doordat
wordt aangenomen dat stadium 1 en 2 bestaan uit een relatieve milde vorm van
chronische nierziekte, in vergelijking met de meer gestoorde nierfunctie in stadium
3 en 4 chronische nierziekte. Dit suggereert dat personen met stadium 1 en 2
chronische nierziekte een minder verhoogd cardiovasculair en renaal risico hebben
in vergelijking met bijvoorbeeld stadium 3 chronische nierziekte. Het is echter
onbekend of deze aanname gerechtvaardigd is. In hoofdstuk 6 werden de
cardiovasculaire en renale uitkomsten in personen met stadium 1 t/m 3 chronische
nierziekte bestudeerd, waarbij in het bijzonder werd gekeken naar het effect van de
implementatie van albuminurie in de K/DOQI richtlijnen.
De analyses in hoofdstuk 6 laten zien dat het goed mogelijk is om door middel
van meting van de albuminurie personen in de algemene bevolking op te sporen
met een verhoogd risico op cardiovasculaire en renale ziekte. Deze bevinding
beperkt zich alleen niet tot personen met een geschatte glomerulaire filtratie
2
snelheid van >60 ml/min/1.73m , maar strekt zich ook uit tot personen met een
2
geschatte glomerulaire filtratie snelheid van < 60ml/min/1.73m . Een belangrijke
observatie was tevens de bevinding dat de geschatte glomerulaire filtratie snelheid
niet onafhankelijk geassocieerd was met het risico op cardiovasculaire ziekte, maar
dat deze associatie afhankelijk was van onderliggende verschillen in leeftijd en
geslacht. Deze bevinding komt overeen met de observaties van de meeste andere
studies van de algemene bevolking; namelijk dat in laagrisico populaties met een
relatief gespaarde nierfunctie de associatie tussen de geschatte glomerulaire
filtratie snelheid en het risico op cardiovasculaire ziekte op zijn best zwak is.
Hoewel het niet mogelijk was om de associatie tussen de nierfunctie en de
snelheid van nierfunctieachteruitgang te bestuderen, kon wel worden aangetoond
dat in het gehele gebied van bestudeerde glomerulaire filtratie snelheid er een
significante toename van de nierfunctieachteruitgang was indien er sprake was van
een verhoogde albuminurie.
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Gebaseerd op de analyses in hoofdstuk 6 kan geconcludeerd worden dat in de
algemene bevolking een matig gestoorde nierfunctie alleen geassocieerd is met
een verhoogd risico op cardiovasculaire ziekte dan wel versnelde
nierfunctieachteruitgang als er tevens sprake is van een verhoogde albuminurie.
Dit betekend dat personen met stadium 1 of 2 chronische nierziekte minstens
evenveel aandacht verdienen in de opsporing en preventie van chronische
nierziekte als personen met stadium 3 chronische nierziekte. Gezien het doel van
de K/DOQI richtlijnen om personen met chronische nierziekte te kunnen
stratificeren naar cardiovasculair en renaal risico, moet bovendien warden
overwogen om verhoogde albuminurie (>30mg/24-hr) toe te voegen als criterium
voor het definieren van stadium 3 chronische nierziekte.
CONCLUSIES

Een verhoogde albuminurie is een vroege marker van het pathofysiologische
proces dat leidt tot het ontstaan van cardiovasculaire risicofactoren, zoals diabetes
mellitus type 2 en hypertensie en uiteindelijk tot het ontstaan van cardiovasculaire
en renale ziekte. Omdat dit proces zich voltrekt als een vicieuze cirkel, voorspellen
diabetes mellitus type 2 en hypertensie niet alleen een toename in albuminurie,
maar kan een verhoogde albuminurie ook het ontstaan van deze cardiovasculaire
risicofactoren in personen zonder diabetes mellitus type 2 en/of hypertensie
voorspellen. Hoewel het meten van de albuminurie in een 24-uurs
urineverzameling de gouden standaard is voor het meten van de albuminurie, kan
vanwege de efficientie de albuminurie ook bepaald worden middels het meten van
de albumine-creatinine ratio in een eerste ochtend urine. Het interval waarmee de
meting van de albuminurie herhaald moet warden in het kader van screening van
de algemene bevolking moet nog warden vastgesteld, maar gezien de consistentie
van de associatie met het cardiovasculaire risico gedurende de eerste 5 jaar na
meting, zal de albuminurie in ieder geval niet jaarlijks gemeten hoeven te worden.
Het voordeel van de herhaalde meting van albuminurie is voornamelijk dat dit het
mogelijk maakt om personen met een initieel normale albuminurie op te sporen bij
wie de albuminurie is toegenomen tijdens de follow-up. Deze toename in
albuminurie is geassocieerd met een toename in het cardiovasculaire risico. De
bepaling van het exacte interval waarmee de meting van de albuminurie herhaald
moet warden dient te warden bepaald door het tijdstip waarop de kosten van
herhaalde meting opwegen tegen de voordelen van het opsporen en behandelen
van deze personen met een toename van albuminurie. Tot slot bevestigen wij dat
in de algemene bevolking de albuminurie een betere voorspeller is van het risico
op cardiovasculaire en renale ziekte dan de geschatte glomerulaire filtratie
snelheid. Gezien de zwakke associatie tussen de geschatte glomerulaire filtratie
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snelheid en negatieve cardiovasculaire en renale uitkomsten in de algemene
bevolking stellen wij voor dat het gebruik van albuminurie voor het definieren van
chronische nierziekte wordt uitgebreid naar het gebied van een geschatte
glomerulaire filtratiesnelheid van <60 ml/min/1.73m2 •
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GEACHTE LEZER,

Promoveren doe je niet alleen. Het is een activiteit waaraan vele mensen op hun
eigen wijze een grate dan wel kleinere bijdrage leveren. Met een aantal van deze
mensen werk je veel samen en die zie je bijna elke dag. Anderen spreek je wel,
maar ontmoet je zelden 6f zelfs nooit. Desondanks hebben alien het mij mogelijk
gemaakt om dit proefschrift te schrijven en het is ook dankzij hen dat ik een drietal
prachtige jaren heb gehad. Jaren waarin ik mijn kennis in alle vrijheid heb kunnen
verdiepen en verbreden, en jaren waarin ik veel heb geleerd en vele interessante,
leuke en bijzondere mensen heb leren kennen. lk zal in de toekomst dan ook nog
regelmatig met plezier terugdenken aan mijn tijd op de PREVEND-poli. Graag wil ik
van de ruimte die mij hier ter beschikking staat gebruik maken om allen die mij de
afgelopen jaren geholpen dan wel gesteund hebben te bedanken. Zij warden
hieronder in bijna geheel willekeurige volgorde genoemd.
De deelnemers van de PREVEND studie, bewust op de eerste plaats gezet.
lmmers zonder deze vrijwilligers was mijn onderzoek nooit mogelijk geweest. Hun
jarenlange trouwe deelname aan PREVEND zorgde en zorgt nog steeds voor een
stroom van waardevolle informatie voor de promovendi.
De begeleiders van mijn promotie-onderzoek. Prof. dr. P.E. de Jong, eerste
promoter; beste Paul, mijn tijd bij PREVEND began toen jij me vroeg of ik interesse
had in een promotieonderzoek binnen de PREVEND studie. Zeals je hierboven
kunt lezen heb ik door op dit aanbod in te gaan drie mooie jaren gehad op de
PREVEND-poli. Hoewel je wetenschappelijke input tijdens deze jaren van groat
belang is geweest, wil ik vooral de steer noemen die je als wetenschappelijk hoofd
binnen de nefrologie weet te creeren. Een open en vrije steer, waarin uitgebreide
discussie plaats kan vinden over alle vragen die je tegenkomt en waarin het belang
van de promovendus om zich te ontwikkelen en te verdiepen een belangrijke
plaats heeft.
Dr. R.T. Gansevoort, eerste begeleider en co-promoter; beste Ron, ook jij hebt
bijgedragen aan de bijzonder plezierige tijd die ik heb gehad binnen de afdeling
nefrologie. Het contact was gedurende alle jaren goed, hetgeen misschien wel te
danken is aan een aantal van onze tegenstellingen en onze gedeelde koppigheid.
lk heb veel plezier gehad van je originele manier van denken en jouw soms
verrassende kijk op de dingen en niet te vergeten je gevoel voor gezelligheid.
Prof. dr. D. de Zeeuw, tweede promoter; beste Dick, als je net denkt alles in
kannen en kruiken te hebben, dan weet jij wel weer een andere invalshoek te
vinden zodat er weer een nieuwe discussie ontstaat. Zo wordt je altijd gedwongen
kritisch naar je eigen werk te blijven kijken. Met dit talent heb je een belangrijke
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bijdrage geleverd aan de analyses en discussies, 2oals beschreven in dit
proefschrift.
Dr. S.J. L. Bakker, tweede co-promoter; beste Stephan, ik heb tijdens mijn
promotie mogen profiteren van jouw kennis op het gebied van diabetes en het
metabool syndroom. Je weet bovendien op jouw eigen manier een tekst altijd
nauwkeurig te analyseren en er 20 de problemen uit te vissen, die je vervolgens op
goedlachse wij2e naar voren brengt. Op de2e manier heb je telkens weer het
niveau van de stukken weten te verbeteren.
Verschillende mensen hebben ge2orgd voor de prettige sfeer op de PREVEND
poli; hier wil ik hen, doktersassistentes en AIOs, graag noemen. Jacoline
Brinkman; beste Jacoline, we 2ijn vrijwel tegelijk begonnen aan ons onder2oek
binnen de PREVEND en ik heb met veel ple2ier de afgelopen jaren met jou
samengewerkt. Veel heb ik mogen genieten van jouw nuchterheid en al jouw
familieverhalen en ik ben blij dat je nu eindelijk de opleidingsplek hebt waar je al
die jaren 20 hard voor hebt gewerkt. Nynke Halbesma; beste Nynke met jou heb ik
tot mijn genoegen het grootste deel van mijn tijd bij PREVEND de kamer gedeeld,
hetgeen ge2orgd heeft voor vele ge2ellige uurtjes. Hoewel we geregeld over ons
werk hebben gesproken, 2ullen het vooral de verhalen over jouw vrienden en
familie en andere belevenissen 2ijn die me bij 2ullen blijven. lk ben blij dat je tijdens
mijn promotie mijn paranimf 2al 2ijn en ik wens je veel succes met het laatste
staartje op de PREVEND poli. Akin O2yilmas en Rico Nap, jullie gaan beiden terug
tot mijn tijd als 'co' in Deventer. Het was leuk jullie als NIO en AIO meegemaakt te
hebben in het UMCG. lk hoop ook in de toekomst nog van jullie ervaring gebruik te
kunnen maken. Christiane Geluk, als ,overbuurvrouw' was jij ook een deeI van de
PREVEND poli. We 2ullen elkaar de komende jaren tijdens on2e opleiding wel
blijven tegenkomen en ik wens je veel geluk als toekomstig cardioloog. En dan
natuurlijk Martha van Zanten, Annie Bos, Annet Klijn, Anna Hooghiemster en
Roelie Dijkstra voor al die momenten bij de koffie en natuurlijk het vaste 'tot 2iens'
als jullie ons kwamen uit2waaien aan het einde van de dag. Dank2ij jullie weet ik
nu alles over tupperware, boer-2oekt-vrouw en 2wangerschapsleed. lk wens jullie
de komende jaren veel succes bij PREVEND of pensioen en natuurlijk met jullie
kinderen en relaties. Tot slot wil ik van de PREVEND-poli nog 'mijn voorgangers'
noemen van wiens ervaring ik weer kon leren: Jacobian Verhave, Erik Stuveling en
Folkert Asselbergs. Zij die net begonnen 2ijn met hun onder2oek bij PREVEND,
Marije van der Velde, Esther Meijer, Ferdau Nauta, wens ik veel succes en ik hoop
dat 2ij er net als ik een goede tijd 2ullen hebben en dat 2ij een waardevolle bijdrage
kunnen leveren aan het onder2oek binnen de afdeling nefrologie.
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Niet op de PREVEND poli, maar wel betrokken bij PREVEND waren ender
andere Jarir Atthobari, Cornelis Boersma, en Hidde Lambers Heerspink; Ook met
jullie heb ik de afgelopen jaren geregeld samengewerkt, hetgeen ook nog heeft
geresulteerd in een aantal publicaties. Het was goed om met jullie over het
onderzoek te spreken en ik denk dat we veel van elkaars verschillende
achtergronden en benaderingen hebben kunnen leren.
Ook betrokken bij PREVEND zijn de mensen van het TCC en de afdeling
klinische epidemiologie die een belangrijke rol spelen bij het onderhouden van de
database en die, waar nodig, ondersteuning bieden bij problemen op het gebied
van de statistiek. Van hen wil ik hier graag Hans Hillege, Onno van der Velde,
Desire Janssen, Rob Bieringa en Marco Assman noemen. Jacko Duker moet hier
uiteraard ook vermeld warden, omdat hij in het laboratorium vele van de variabelen
meet die uiteindelijk in de database verdwijnen. Prof. dr. de Jong-van den Berg;
Lolkje, jou wil ik graag bedanken voor de mogelijkheid om binnen jouw vakgroep
mee te draaien in de journalclub en het statistiek-onderwijs. Het hielp mij om in het
begin van mijn promotie snel meer inzicht in de statistiek en de epidemiologie te
krijgen. Tot slot wil ik hier noemen Winie de Jonge van het secretariaat van de
afdeling nefrologie voor haar ondersteuning bij al het 'geregel' dat bij een
onderzoek komt kijken.
Een van de jaarlijkse hoogtepunten tijdens mijn tijd als promovendus was het
congres van de ASN in de Verenigde Staten. Hier werd uiteraard veel kennis
opgedaan, maar er was ook altijd plaats voor de nodige gezelligheid met de
collega-onderzoekers van het Kidney Center, zoals Titia Lely, Jan Krikken,
Leendert Ooterdoom, Folkert Visser, Inge Hamming, Andrea Kramer, Femke
Waanders, Jelena Kamilic, Judith Dasselaar, Martin de Borst, Mieneke Rook,
Liffert Vogt, Maria Sandovici, Aminu Bello en Rutger van Ree. Velen van jullie zijn
ondertussen al gepromoveerd of het proefschrift aan het afronden. lk wens jullie
allen veel succes bij de volgende stap in jullie loopbaan.
Prof. dr. R.O. B Gans, prof. dr. K.U. Eckardt en prof. dr. C. D.A Stehouwer, de
leden van de leescommissie, wil ik graag bedanken voor de tijd en energie die zij
hebben willen steken in het beoordelen van mijn proefschrift.
In het bijzonder wil ik hier noemen prof. dr. C.H. Gips bij wie mijn loopbaan als
onderzoeker werkelijk is begonnen. Hij bood mij namelijk een interessante
onderzoeksplek aan in de Mayo Clinic, USA en wakkerde daarmee mijn interesse
voor de nefrologie en het onderzoek verder aan. De ervaringen tijdens deze
onderzoeksstage hebben een belangrijke rol gespeeld bij mijn latere keuze voor
het verdere onderzoek binnen de nefrologie.
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Allard Wiersma, op deze plaats wil ik je graag bedanken voor je ontwerp van
de voorkant van dit boekje. Nota bene de enige bladzijde die door iedereen
gelezen wordt!
Tot slot wil ik hier mijn vrienden en familie bedanken voor eigenlijk alles wat je
in een promotietraject niet vind. Uiteindelijk maakten jullie de jaren als
promovendus het meest de moeite waard. In het bijzonder wil ik mijn ouders
noemen. Papa en mama, bedankt voor alle steun en interesse in de afgelopen
jaren. Het geeft me een goed gevoel te weten altijd op jullie te kunnen rekenen.
We hebben een bijzondere band als gezin en ik hoop dat we de komende jaren
nog veel plezier samen zullen hebben. Mijn broer, Jelle Brantsma. Als broers zijn
wij beste vrienden geworden. We hebben veel leuke dingen samen gedaan, zoals
de tocht naar de Noordkaap of samen naar Parijs. lk ben dan ook blij en trots dat jij
naast me zult staan als paranimf tijdens de promotie. lk ga er van uit dat we in de
toekomst nog het nodige samen zullen ondernemen, met zijn tweeen en natuurlijk
met je aanstaande vrouw, Anneke Exel. Mis suegros Juan y Sonia, y cunados
Juancho, Lina y Jaime. Ustedes se encuentran muy lejos pero a pesar de la gran
distancia siempre han estado presentes en esta etapa y han estado involucrados
en todo lo que sucede aquf en Groningen. Durante estos tres anos de trabajo en
investigaci6n, siempre intente explicarles mi trabajo con mi poco espanol. Espero
que con esta tesis puedan tener finalmente una idea mas clara. Familia, gracias
por su interes y apoyo incondicional durante todo este tiempo.
Mi esposa, Isabel. Tu eres junto con nuestra hija Elise Marie el punto medio de
mi vida. Finalmente eres la que mas le ha dado color a estos anos como
"promovendus". De ti he aprendido cosas que no se pueden explicar
cientfficamente. Gracias a ti disfruto mas de las cosas que hoy hago. Espero
seguir junto a ti "hasta el infinito y mas alla".
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