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Introduction
The last years the awareness of the high prevalence of chronic kidney disease (CKD) is 
increased. This is at least partly due to the definition and treatment guidelines published 
by the Kidney Disease Outcomes Quality Initiative (KDOQI) in 2002. In this guideline CKD is 
divided in 5 stages. In table 1 these 5 stages are listed, stage 5 is mostly called End-stage 
Renal Disease (ESRD) [1].
The prevalence of the different stages of CKD between 1999 and 2004 based on data from 
the National Health and Nutrition Examination Survey (NHANES) is also shown in table 1 [2]. 
Other data from the United States showed that in the year 2000 approximately 300.000 
inhabitants of the United States had ESRD (stage 5) and the earlier stages of CKD are expected 
to be about 80 times more prevalent [3,4]. Also in Europe, Japan, China and Thailand these 
figures are high and increasing [5-9]. This development shows the need for preventive 
strategies.
During the past two decades, several therapeutic options have been developed and 
proven efficacious in slowing the rate of renal function decline. Among these therapeutic 
treatments are low-protein diets, blood pressure  reduction, especially with angiotensin-
converting enzyme inhibitors and angiotensin II antagonists [10-12]. Most of this research 
has been performed in patients with known renal diseases and already impaired renal 
function. However, for such treatments to be most efficacious, and perhaps also to be most 
cost-effective, it is necessary to identify patients in an early stage of their disease, before 
significant loss of renal function has occurred.
Unfortunately, such identification is difficult because many renal diseases for which preventive 
strategies can be started do not cause early symptoms and therefore often are diagnosed 
late, when there is already advanced renal failure. The low awareness of CKD has clearly 
been shown by the NHANES among patients with KDOQI stages 1 through 4 for CKD. Only in 
the last stage of CKD, which is characterized by a GFR < 15 ml/min, were most patients aware 
of their illness [13]. Also a study performed recently in Thailand showed that of the 17.5% 
subjects with CKD only 1.9% were aware that they had CKD [8]. Furthermore, some studies 
showed that CKD is also often underdiagnosed by physicians [1,14-16]. A study performed in 
databases of GP’s in Italy showed that only 4.9% of patients with an eGFR between 59 and 30 
ml/min/1.73m2 and 55% of patients with an eGFR less than 30ml/min/1.73m2 were referred 
to a nephrologists [17].
Considering these facts it is necessary to develop screening strategies for the early 
identification of people who are at risk for accelerated renal function loss and may benefit 
from preventive treatment strategies. For effective screening programs we first need to 
identify risk factors for accelerated renal function decline in the general population. In these 
studies the focus should be especially on modifiable risk factors, such as life style factors 

Table 1: stages of CKD

Stage Description GFR (ml/min/1.73 m2) Prevalence in the US

1 Kidney damage with normal or increased GFR ≥90 1.78

2 Kidney damage with mild decreased GFR 60-89 3.24

3 Moderate decreased GFR 30-59 7.69

4 Severe decreased GFR 15-29 0.35

5 Kidney failure <15 or dialysis NA
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(e.g. diet, smoking habits, overweight) and factors that can be medically treated (e.g. blood 
pressure, cholesterol). The studies described in this thesis are carried out in the PREVEND 
cohort. 

Overall aim
The overall aim of this thesis is to identity modifiable risk factors for accelerated renal 
function decline in the general population. 

The prevend cohort
All analyses described in this thesis are performed with data of the Prevention of Renal and 
Vascular End-Stage Disease (PREVEND) study in Groningen, The Netherlands [18,19]. The 
PREVEND study is a prospective cohort study with sequential follow-up to investigate the 
natural course of albuminuria and its relation to renal and cardiovascular outcome. In 1997-
1998 all inhabitants of the city of Groningen were invited to collect in a plastic vial a sample 
of a first morning void urine and to fill out a short questionnaire. These were sent by mail to a 
central laboratory for assessment. From the 40.856 subjects who responded all subjects with 
an increased urinary albumin concentration (UAC>10 mg/L) were selected, together with a 
random sample of the population with a UAC <10 mg/L. The final cohort consisted of 8.592 
subjects. These subjects visit an outpatient clinic at regular intervals for detailed assessment 
of their health status. The first screening round took place in 1997-1998. In 2001-2003 6.894 
subjects completed the second screening round. The third screening round was held after 
a mean follow-up of 2.2 years in 2003-2006, which was attended by 5.862 subjects. At each 
screening round participants filled out a questionnaire on demographics, cardiovascular 
and renal history, smoking status and the use of medication. More information about the 
PREVEND study can be found on www.prevend.org 

Outline of the thesis
Chapter 2 starts with a description of the changes in the nephrology practice over the 
last decades. Due to these changes there is a growing need for reliable methods to detect 
patients at risk for progressive CKD.  The methods available (screening for low eGFR, 
screening for albuminuria) are described and the accompanying benefits and limitations are 
described. Finally, several aspects of the important question ‘how to use these methods in 
daily practice’ are dealt with. In chapter 3 we evaluated the changes in renal function as well 
as total mortality and cardiovascular mortality and morbidity over time in subjects that were 
identified in a population screening to have one of the three classical renal risk markers, 
being macroalbuminuria, erythrocyturia or impaired renal function. Furthermore we 
investigated whether these subjects were already known with their general practitioner with 
this laboratory abnormality before the screening. Chapter 4 focuses on the effect of protein 
intake on renal function decline, all-cause mortality, cardiovascular mortality and morbidity. 
There is evidence that one of the strategies to slow down the rate of renal function decline 
in patients with CKD is the restriction of protein in their diet [20-23]. However, the long-term 
effects of protein intake on cardiovascular and renal outcome in the general population are 
not clear. In chapter 5 we investigated which baseline risk factors were associated with renal 
function decline during follow-up. In this chapter the focus was on modifiable risk factors, 
such as albuminuria, glucose, cholesterol, waist-to-hip ratio and systolic blood pressure. 
Chapter 6 describes the effect of changes in these risk factors, on the subsequent rate of 
renal function decline. In chapter 7 the development and validation of a Renal Risk Score 
are described. In this study a score chart to calculate the risk of having a renal event within 
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7 years follow-up is developed and internal validation with bootstrap samples is performed. 
For this study we defined a renal event as having at least one eGFR measurement below 
60 ml/min/1.73m2 and belonging to the subjects with the most pronounced renal function 
decline. In such a score chart the risk for each subject can be estimated based on a limited 
number of clinical characteristics. Finally, in chapter 8 the results described in chapter 2-7 
are summarized and discussed.
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