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In 2002 the Kidney Disease Outcome Quality Initi ati ve (KDOQI) clinical practi ce guidelines 
were published on the classifi cati on of chronic kidney disease (CKD) [1]. The fi ve stages of 
chronic kidney disease are mainly based on glomerular fi ltrati on rate (GFR). In the fi rst two 
stages also the presence of renal damage defi ned as albuminuria is taken into account. In 
stage 1 the eGFR is > 90 and in stage 2 the eGFR is between 60-89 ml/min/1.73m2. The 
last three stages are based enti rely on the eGFR (stage 3 defi ned as an eGFR between 30-
59 ml/min/1.73m2, stage 4 eGFR between 15-29 ml/min/1.73m2  and stage 5 eGFR < 15 ml/
min/1.73m2). Of note, the presence of albuminuria in the urine gives no clinical symptoms. 
Since this publicati on several epidemiological studies showed that the prevalence of CKD 
based on this classifi cati on system is high in the general populati on. For example, a study 
performed in the United States showed that the prevalence of CKD was 13% [2]. Similar 
rates have been shown worldwide, with a CKD prevalence of 13% in China [3], 17.5 % in 
Thailand [4], 16% in Australia [5] and 10 % in Norway [6]. Even more alarming are the low 
percentages of awareness of this conditi on among the pati ents involved and their general 
practi ti oners [7-9]. This low awareness results in late detecti on, and consequently in a late 
start of appropriate treatment. Therefore these pati ents can not benefi t opti mally from the 
interventi ons that can postpone renal replacement therapy. Figure 1 shows that in pati ents 
with progressive CKD, it is likely that an early identi fi cati on and subsequent early interventi on 
can postpone the start of renal replacement therapy.
Especially in the Western world, the major causes of CKD are diabetes and hypertension. 
A study performed in the United States showed that over 70% of the incident End-Stage 
Renal Disease (ESRD) cases were accounted for by diabetes and hypertension, whereas less 
than 30% of the CKD cases were due to primary glomerulopathies, inherited conditi ons 
and autoimmune conditi ons [10]. It is alarming that the prevalence of hypertension and 
diabetes in the general populati on is high. For example, the NEOERICA project, performed 

Figure 1: Schemati c presentati on of the decline in GFR over years in a subject with progressive 
chronic kidney disease and in a subject without progressive chronic kidney disease (normal ageing). 
Indicated is the hypotheti cal change in slope when interventi on focused on the renal risk factors is 
started in a late phase and the (expected) change in slope in case interventi on is started early. The 
horizontal dott ed line at an eGFR of 10 ml/min/1.73m2 indicates the rate at which renal replacement 
therapy is needed. 
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in a population-based cohort, showed that the prevalence of diabetes was 10.6% and of 
hypertension  55.8% [11]. Risk factors for hypertension and diabetes such as obesity [12], 
lack of physical activity [13] , diets high in fat and increasing caloric intake are rising [14]. 
These data suggest that a rapid increase in the number of patients with CKD may be expected 
in the near future. On the other hand, although the prevalence of the CKD stages 3 (eGFR 
between 30 and 59 ml/min/1.73m2 without renal damage) and 4 (eGFR between 15 and 29 
ml/min/1.73m2, without renal damage) is high, only a small proportion of these patients 
develop ESRD [15;16]. Therefore, it has been advocated that there is a need for ‘Renal Risk 
Scores’ to identify subjects who are at increased risk to develop progressive CKD [17]. 
During the development of such risk scores modifiable risk factors should be of particular 
interest, since, after identification of persons with increased risk of developing progressive 
CKD, these risk factors can be treated. Results from several clinical trials have identified 
interventions that are effective in slowing the rate of progression of chronic kidney disease 
such as strict blood pressure control and lowering of albuminuria  [17]. The MDRD study 
showed that in patients with CKD a low blood pressure goal (125/75 mmHg) resulted in a lower 
rate of renal function decline. The low blood pressure goal had the greatest beneficial effect 
in subjects with proteinuria [18]. Results from the RENAAL study showed that a decrease of 
10 mmHg in systolic blood pressure lowered the risk of progression to ESRD or death by 6.7% 
[19]. It has been proven that intervention in the renin-angiotensin-aldosterone-system, for 
instance with ACE inhibitors and angiotensin-II receptor blockers, decreases not only blood 
pressure, but also reduces proteinuria more than might be expected from blood pressure 
lowering alone [20;21]. A meta-analysis, including data of 11 randomized clinical trials showed 
that the use of ACE-inhibitors in CKD patients lowered the risk of developing ESRD (relative 
risk of 0.70 [95% CI 0.51-0.94] compared with the group who did not use ACE inhibitors) [22]. 
Therefore, ACE inhibitors and angiotensin-II receptor blockers have a renoprotective effect 
that is superior to that of other antihypertensive agents. Another modifiable risk factor 
suggested to be associated with the rate of renal function decline is dietary protein intake. 
It has been shown that protein restricted diets slow the rate of renal function decline [23], 
although a meta-analysis provided no convincing results [24].

The aim of this thesis was to identify predictors for accelerated renal function decline in the 
general population and finally to develop a ‘Renal Risk Score’ to identify subjects at risk to 
progress to ESRD. In this last chapter we summarize and discuss the findings described in this 
thesis. 

In chapter 2 several methods to detect subjects with early chronic kidney disease are 
discussed. Screening for low eGFR is a generally accepted method to identify subjects 
with CKD. However, our study shows that there is increasing evidence that screening for 
albuminuria is more beneficial and should definitely be added to screening for low eGFR. 
Recently, several other studies also showed that screening programs to identify subjects at 
increased renal and cardiovascular risk should take the level of albuminuria or a combination 
of low eGFR and albuminuria into account [25;26].  Another study performed with data from 
the PREVEND cohort is also in line with our findings, showing that stratification based on the 
presence or absence of albuminuria defines two separate groups at respectively high and 
low risk for both CVD and accelerated renal function decline [27]. The combination of eGFR 
and albuminuria to predict the progression to ESRD disease is also shown to be effective in 
a large population-based study performed in Norway [15]. All these findings together show 
that albuminuria has established its position as an important screening tool. High excretion 
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of urinary albumin (macroalbuminuria) is, in subjects with renal disease, seen as a putative 
renal risk marker. However, the existence and influence of macroalbuminuria in the general 
population is unknown. Thus, in chapter 3 we investigated the renal outcome for subjects 
with macroalbuminuria in the general population. Also the presence of erythrocyturia and 
a low eGFR was studied, since these are putative risk markers for poor renal outcome in 
patients with diagnosed renal disease. Macroalbuminura was defined as ≥ 300 mg/24 hr, 
erythrocyturia as ≥ 250 erythrocytes/l, without leukocyturia and low eGFR was based on 
both 24 hr creatinine clearances and Modification of Diet in Renal Disease clearance below 
the age- and gender specific fifth percentile. In our population of 8.592 subjects, there were 
134 subjects with macroalbuminuria, 128 with erythrocyturia and 103 with a low eGFR. 
It was remarkable that less than 30% of these persons were known to have a laboratory 
abnormality before screening. The cardiovascular mortality and morbidity were high in both 
the macroalbuminuria (4.5 and 21.6%) and the low eGFR subjects (5.8 and 23.3%) compared 
with the total population (0.8 and 6.1%). According to cardiovascular mortality and morbidity 
the figures for the subjects with erythrocyturia were comparable with the total population. 
Concerning the renal outcome these groups were very different. The subjects with a low 
eGFR showed almost no eGFR loss after 4.2 (and 6) years follow-up. However, the subjects 
with macroalbuminuria experienced a large eGFR loss of 7.2 ml/min/1.73m2 after 4.2 years of 
follow-up. The total population and the subjects with erythrocyturia were also comparable 
with respect of their renal outcome (-2.3 and -2.6 ml/min/1.73m2 respectively). The results 
of this study showed that the subjects with a low eGFR had much better prognosis based 
on their renal outcome than the subjects with macroalbuminuria. Therefore, these results 
strongly support the hypothesis that in studies performed to identify subjects at risk to 
develop CKD or ESRD albuminuria should be taken into account. However, we should keep 
in mind that the results described in chapter 3 focused on subjects with macroalbuminuria 
(>300 mg/24-hr) and that the prevalence of macroalbuminuria is 0.6% in the Netherlands.

The fact that a large proportion of CKD is attributable to diabetes and hypertension [10] 
justifies a  focus on the modifiable risk factors for diabetes and hypertension and therefore 
CKD. Obesity, unhealthy diets, lack of physical activity are risk factors leading eventually to 
increases in the prevalence of CKD [14;28]. Especially risk factors which are known to be 
associated with a worse renal outcome in patients already having CKD are of great interest. 
There is evidence that patients with CKD benefit from a protein restricted diet [29;30]. In the 
Western world food patterns change towards diets high in protein. These changes together 
with the results found in CKD populations were the reason to focus on the association 
between protein intake and renal outcome in the general population (chapter 4).  In this 
chapter we focused on the association between the amount of protein intake and renal 
and cardiovascular outcome. This study showed that there was no association between the 
amount of protein intake and the rate of renal function loss after 6.4 years of follow-up in 
the general population. However, there was a U-shaped association between the amount of 
protein intake and cardiovascular morbidity and mortality. Therefore, this study provides no 
evidence for the hypothesis that a high protein intake is a risk factor for renal function loss in 
the general population. However, these data show that both the intake of a low amount and 
a high intake of protein intake is a risk factor for cardiovascular outcome.
 
In the first chapters of this thesis the effects of a low eGFR, macroalbuminuria, erythrocyturia 
and the intake of different amounts of protein on the course of renal function during follow-
up are studied. In chapter 5 and 6 the focus is on the best combination of risk factors and 



Chapter 8

100

Summary & General Discussion

101

changes in risk factors to predict the decline in renal function. The final chapter describes a 
‘Renal Risk Score’, a tool to identify subjects at risk for progressive CKD. 
In chapter 5 data from the first three screenings of the PREVEND cohort study are used 
to identify predictors for accelerated renal function decline. The renal function decline is 
calculated based on the available GFR estimates using linear regression. In these analyses 
we identified gender as a significant effect modifier, therefore we performed these 
analyses for males and females separate. Multivariable linear regression analyses showed 
that in males UAE, systolic blood pressure and plasma glucose were associated with 
subsequent accelerated renal function decline during 6.4 years of follow-up. Higher waist 
circumference and cholesterol/HDL ratio were associated with less renal function decline. 
The analyses performed in females showed that systolic blood pressure, plasma glucose and 
cholesterol/HDL ratio were associated with subsequent accelerated renal function loss. High 
levels of triglycerides were associated with less renal function decline. These results are partly 
in line with several other studies in which the effect of a single risk factor or a combination 
of several risk factors on renal function decline was investigated in both population-based 
cohorts and patient populations [31-35].  A logical next step was to investigate whether 
changes in risk factors effected the subsequent change in renal function. The results of these 
analyses in which we analysed the effect of a change in several risk factors between the first 
and second screening examination (mean follow-up 2.2 years) on the subsequent change in 
renal function between the second and third screening are described in chapter 6. In these 
analyses we focused on changes in UAE, SBP, cholesterol, glucose, waist circumference, 
smoking behaviour, use of ACE-inhibiters, use of antihypertensive medication and lipid-
lowering medication. Based on the results of the previous chapter, these analyses were 
performed stratified for gender. The results showed that in males increases in SBP, cholesterol 
and UAE were followed by accelerated renal function decline.  In females an increase in 
glucose was associated with subsequent more renal function decline.

Various studies have shown that the prevalence of CKD is high and will probably increase 
in the near future [11;36-38]. The survival on renal replacement therapy is low and the 
problem of the shortage of kidneys available for donation is definitely not solved in the near 
future. Therefore, the largest profit can be made by identifying subjects at increased risk 
for developing ESRD in a very early stage of their disease. This identification will only lead 
to a large profit, if there is appropriate treatment of these subjects available and in this 
field there is still a lot of research to be done. The identification of the subjects at increased 
risk to develop ESRD, brings me to the final goal of this thesis: to develop and validate a 
‘Renal Risk Score’. The need for such a risk score is repeatedly advocated in the literature 
[39;40]. In chapter 5 we identified predictors for accelerated renal function decline. Based 
on the knowledge gained in the previous chapters we developed a ‘Renal Risk Score’ for the 
general population. First and most important, the use of such a screening tool should be 
easy and simple. Second, another very important characteristic for an efficient risk score is 
the cost-effectiveness. Therefore, we decided to start with a ‘Renal Risk Score’ using only 
baseline values of the risk factors. The developed ‘Renal Risk Score’ is described in chapter 
7. The aim of this ‘Renal Risk Score’ was to predict for each individual the probability to 
develop progressive CKD within 6.4 years of follow-up. For this prediction rule we defined 
progressive CKD as having an eGFR during follow-up below 60 ml/min/1.73m2 and the 20th 
percentile decline in renal function during follow-up. It is known that the number of subjects 
who eventually develop ESRD is low. Therefore, we based our definition both on the level of 
eGFR and the rate of decline. In our opinion, the subjects with a low eGFR and an increased 
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decline in renal function are at high risk to develop ESRD or develop cardiovascular disease 
even before they develop ESRD. Possible predictors were selected from previous chapters 
and the literature. Based on univariable logistic regression analyses the candidate predictors 
for the ‘Renal Risk Score’ were selected. The final multivariable model included baseline 
eGFR, age, UAE, CRP, SBP and known hypertension. The area under the ROC curve was high 
(0.838) indicating that it is possible to identify subjects who are likely to develop progressive 
CKD. One of the advantages of this model is that based on simple demographical data and 
laboratory measurements for each individual the probability of developing progressive CKD 
can be estimated. The cost-effectiveness of the risk score is not studied yet. However, we 
can imagine that the use of this score is relatively cheap because only demographic data 
and simple laboratory measurements are used. For future studies it should be interesting 
to investigate the improvement of such a score by taking into account also changes in risk 
factors. However, one should consider that including changes in risk factors the risk score 
might be more difficult to use on population level. Therefore, it could be considered to 
include changes in risk factors only in high-risk populations.

In conclusion, the studies presented in this thesis show that there are several predictors 
for accelerated renal function decline in the general population. Concerning the following 
putative renal risk factors; low eGFR, erythrocyturia and macroalbuminuria, subjects with 
macoralbuminuria had the worse renal function outcome during subsequent follow-up. 
Although, a low protein intake is advised to renal patients, in the general population subjects 
with high protein intake had a worse cardiovascular outcome compared with subject with 
a low protein intake but there was no association between the amount of protein intake 
and renal outcome. Furthermore, several known cardiovascular risk factors were identified 
as predictors for accelerated renal function decline. In males UAE, SBP and plasma glucose 
were associated with more renal function decline. Also increases in UAE, SBP and total 
cholesterol during follow-up were associated with more subsequent renal function loss. In 
females, we identified SBP, glucose and cholesterol/HDL ratio as predictors for accelerated 
renal function decline. To translate the information about risk factors for accelerated renal 
function decline into a useful tool for the clinical practice we developed and validated a 
‘Renal Risk Score’. With this ‘Renal Risk Score’ subjects who are at increased risk to have 
accelerated renal function loss and have an eGFR less than 60 ml/min/1.73m2 within 6.4 yrs 
can be identified based on their baseline eGFR, age, UAE, SBP, CRP and hypertension status. 
After identification of high risk subjects with the ‘Renal Risk Score’ appropriate treatment can 
be started in an early stage to, at least, slow down the renal function decline and hopefully 
to postpone the start of dialysis.  

Future research
Several aspects of the implementation and improvement of the ‘Renal Risk Score’ should 
be focus for future research. First, the model we developed could be extended with new 
risk markers to improve the performance of the model. In the field of nephrology several 
new risk markers for progression of CKD have recently been identified, for instance beta-
trace protein (BTP) [41], neutrophil gelatinase-associated lipocalin (NGAL) [42] and soluble 
TNF-like weak inducer of apoptosis (sTWEAK) [43]. Most of the research in this field focuses, 
however, on subjects with known CKD and therefore the value of these new risk markers in 
the general population is unknown. Hence, evaluation of the value of these new risk markers 
in the general population should be encouraged, as such risk factors could be added to the a 
‘Renal Risk Score’ to improve the performance and the yield of this risk score. 
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If an association study shows a strong association between a particular new marker 
and accelerated renal function decline, this poses a high expectation of the marker’s 
performance. Such a new risk marker is only of interest in case its contribution to the risk 
model significantly improves the predictive value of the model. Popular methods to compare 
the performance of two models are the area under the ROC curves, likelihood ratios or the 
c-statistics of the old and new model [44].  However, research showed that these methods 
were not very well equipped to compare the clinical relevance of different models. In 2006, it 
was first described that in some situations the inclusion of a new risk marker did not increase 
the area under the ROC curve, but some subjects were reclassified into another risk category 
[45]. Logically, based on this new classification clinical decisions in these reclassified subjects 
were changed. These results showed that under certain conditions it may be important to 
include a specific marker although the overall performance of a model is not improved, 
but because it results clinical decisions. From 2006 onwards, several methods have been 
developed to compare prediction models based on reclassification measures. Examples are: 
the Reclassification Calibration Statistics, Integrated Discrimination Improvement and Net 
Reclassification Improvement. The Net Reclassification Improvement, for example, is based 
on the net increase versus decrease in risk categories among subjects with the disease minus 
that among subjects without the disease [45;46]. 
Ideally, the addition of a new risk marker to a prediction model leads for subjects that score 
“positive” in that model to a higher probability for these subjects to have the disease and 
for subjects that score “negative” in the model to a lower probability to have the disease. 
Let us assume that in the coming five years, research will show that NGAL is indeed strongly 
associated with accelerated renal function decline in the general population. A logical next 
step is to examine whether this new maker could improve the Renal Risk Score. Suppose, 
the analyses show that the Net Reclassification Improvement is of clinical relevance. Should 
we then decide to extend the renal risk score with NGAL? The answer to this question is 
dependent whether the improvement of the ‘Renal Risk Score’ is worth the extra costs the 
NGAL measurement brings along. 
For this purpose a cost-effectiveness analysis should be performed. In such an analysis the 
costs of the measurements needed to fill the Renal Risk Score, together with the costs as a 
result from the treatment followed after detection of the subjects at high risk, are weighted 
against the benefit from the early detection. The benefit is expressed in Quality Adjusted 
Life Years (QUALY) or in Life Years Gained (LYG), the difference between the two being that 
in QUALYs not only life expectancy but also quality of life is taken into account. Research 
performed in the US showed that the society’s willingness to pay is about $113.000 for each 
QUALY [47]. In The Netherlands there is an (unofficial) threshold of €20.000 per LYG for 
preventive measures to be implemented in health care. In cost-effectiveness analyses the 
costs involved with the measurements and treatment are weighted against the QUALYs or 
LYGs gained. 
Also for the ‘Renal Risk Score’ we developed in this thesis, cost-effectiveness analyses should 
be performed. Of note, in the ‘Renal Risk Score’ only demographic data and simple, low cost 
laboratory measurements are used as predictors. These data and laboratory measurements 
are in most higher risk subjects already available to general practitioners, as they are also 
used for estimation of cardiovascular risk. Studies performed with PREVEND data suggested 
that screening the general population for albuminuria to prevent cardiovascular and renal 
disease is potentially cost-effective for the Dutch situation applying the aforementioned 
threshold of €20.000 per LYG [48]. Taking these considerations into account it is plausible 
that the use of the ‘Renal Risk Score’ may be cost-effective.  
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Another possible concern for this type of screening tools may be the impact of false-positive 
results. If the result of the ‘Renal Risk Score’ shows that a specific subject has an increased 
risk in developing progressive CKD, this subject should be informed. The ideal way to inform 
a subject about this prognosis is to clarify the risk in such a way that the subject will take his 
or her situation serious and will comply with the recommended treatment. However, the 
results of the ‘Renal Risk Score’ showed that in the high risk category not all subjects will 
eventually develop progressive CKD and reach ESRD. Therefore, subjects involved should 
also be informed about the chance of having a false positive result from the ‘Renal Risk 
Score’. The psychological distress such a result can cause should not be neglected. Research 
performed in the field of screening for beast cancer showed that a false-positive result can 
have large consequences on the quality of life and induce symptoms of both anxiety and 
depression [45]. On the other hand, based on PREVEND data it was shown that screening for 
cardiovascular disease risk was associated with an increased use of cardioprotective drugs, 
but not with drugs that are used for anxiety or distress, such as benzodiazepines [49]. In the 
field of cancer screening [50;51], questionnaires have been developed to gain insight in the 
psychological consequences of the screening. Such questionnaires could help to measure the 
impact on the non-physical part of screening for progressive CKD.  
To conclude, the ‘Renal Risk Score’ developed during the realization of this thesis is a promising 
tool for clinical practice, but additional research is needed before it can be implemented.



Chapter 8

104

Summary & General Discussion

105

Reference List
 
1.   K/DOQI clinical practice guidelines for chronic kidney disease: evaluation, classification, 

and stratification. Am J Kidney Dis. 2002; 39: S1-266
2.  Coresh J, Selvin E, Stevens LA et al. Prevalence of chronic kidney disease in the United 

States. JAMA. 2007; 298: 2038-2047
3.  Zhang L, Zhang P, Wang F et al. Prevalence and factors associated with CKD: a population 

study from Beijing. Am J Kidney Dis. 2008; 51: 373-384
4.  Ingsathit A, Thakkinstian A, Chaiprasert A et al. Prevalence and risk factors of chronic 

kidney disease in the Thai adult population: Thai SEEK study. Nephrol Dial.Transplant. 
2009;

5.  White SL, Polkinghorne KR, Atkins RC, Chadban SJ. Comparison of the Prevalence and 
Mortality Risk of CKD in Australia Using the CKD Epidemiology Collaboration (CKD-EPI) 
and Modification of Diet in Renal Disease (MDRD) Study GFR Estimating Equations: The 
AusDiab (Australian Diabetes, Obesity and Lifestyle) Study. Am J Kidney Dis. 2010;

6.  Hallan SI, Coresh J, Astor BC et al. International comparison of the relationship of chronic 
kidney disease prevalence and ESRD risk. J Am Soc Nephrol. 2006; 17: 2275-2284

7.  Plantinga LC, Boulware LE, Coresh J et al. Patient awareness of chronic kidney disease: 
trends and predictors. Arch.Intern.Med. 2008; 168: 2268-2275

8.  Minutolo R, De Nicola L, Mazzaglia G et al. Detection and awareness of moderate to 
advanced CKD by primary care practitioners: a cross-sectional study from Italy. Am J 
Kidney Dis. 2008; 52: 444-453

9.  Flessner MF, Wyatt SB, Akylbekova EL et al. Prevalence and awareness of CKD among 
African Americans: the Jackson Heart Study. Am J Kidney Dis. 2009; 53: 238-247

10.  Collins AJ, Foley RN, Herzog C et al. United States Renal Data System 2008 Annual Data 
Report. Am J Kidney Dis. 2009; 53: S1-374

11.  Stevens PE, O’Donoghue DJ, de Lusignan S et al. Chronic kidney disease management in the 
United Kingdom: NEOERICA project results. Kidney Int. 2007; 72: 92-99

12.   State-specific prevalence of obesity among adults--United States, 2007. MMWR Morb.
Mortal.Wkly.Rep. 2008; 57: 765-768

13.  Haskell WL, Lee IM, Pate RR et al. Physical activity and public health: updated 
recommendation for adults from the American College of Sports Medicine and the 
American Heart Association. Circulation. 2007; 116: 1081-1093

14.  Khan LK, Sobush K, Keener D et al. Recommended community strategies and measurements 
to prevent obesity in the United States. MMWR Recomm.Rep. 2009; 58: 1-26

15.  Hallan SI, Ritz E, Lydersen S et al. Combining GFR and albuminuria to classify CKD improves 
prediction of ESRD. J Am Soc Nephrol. 2009; 20: 1069-1077

16.  van der Velde M, Halbesma N, de Charro FT et al. Screening for albuminuria identifies 
individuals at increased renal risk. J Am Soc Nephrol. 2009; 20: 852-862

17.  Taal MW. Slowing the progression of adult chronic kidney disease: therapeutic advances. 
Drugs. 2004; 64: 2273-2289

18.  Peterson JC, Adler S, Burkart JM et al. Blood pressure control, proteinuria, and the 
progression of renal disease. The Modification of Diet in Renal Disease Study. Ann.Intern.
Med. 1995; 123: 754-762

19.  Bakris GL, Weir MR, Shanifar S et al. Effects of blood pressure level on progression of 
diabetic nephropathy: results from the RENAAL study. Arch.Intern.Med. 2003; 163: 1555-
1565



Chapter 8

106 107

20.  Cohen DL, Townsend RR. Is there added value to adding ARB to ACE inhibitors in the 
management of CKD? J Am Soc Nephrol. 2009; 20: 1666-1668

21.  Bakris GL, Weir MR. Comparison of dual RAAS blockade and higher-dose RAAS inhibition 
on nephropathy progression. Postgrad.Med. 2008; 120: 33-42

22.  Jafar TH, Schmid CH, Landa M et al. Angiotensin-converting enzyme inhibitors and 
progression of nondiabetic renal disease. A meta-analysis of patient-level data. Ann.
Intern.Med. 2001; 135: 73-87

23.  Levey AS, Greene T, Sarnak MJ et al. Effect of dietary protein restriction on the progression 
of kidney disease: long-term follow-up of the Modification of Diet in Renal Disease (MDRD) 
Study. Am J Kidney Dis. 2006; 48: 879-888

24.  Kasiske BL, Lakatua JD, Ma JZ, Louis TA. A meta-analysis of the effects of dietary protein 
restriction on the rate of decline in renal function. Am J Kidney Dis. 1998; 31: 954-961

25.  Imai E. End-stage renal disease: GFR and albuminuria as predictors: two is better than one. 
Nat.Rev.Nephrol. 2009; 5: 494-495

26.  Glassock RJ, Winearls C. Diagnosing chronic kidney disease. Curr.Opin.Nephrol Hypertens. 
2010; 19: 123-128

27.  Brantsma AH, Bakker SJ, Hillege HL et al. Cardiovascular and renal outcome in subjects with 
K/DOQI stage 1-3 chronic kidney disease: the importance of urinary albumin excretion. 
Nephrol Dial.Transplant. 2008; 23: 3851-3858

28.  Apovian CM. The causes, prevalence, and treatment of obesity revisited in 2009: what 
have we learned so far? Am J Clin.Nutr. 2010; 91: 277S-279S

29.  Fouque D, Laville M, Boissel JP. Low protein diets for chronic kidney disease in non diabetic 
adults. Cochrane.Database.Syst.Rev. 2006

30.  Meloni C, Tatangelo P, Cipriani S et al. Adequate protein dietary restriction in diabetic and 
nondiabetic patients with chronic renal failure. J Ren Nutr. 2004; 14: 208-213

31.  Iseki K. Factors influencing the development of end-stage renal disease. Clin.Exp.Nephrol. 
2005; 9: 5-14

32.  Iseki K, Ikemiya Y, Kinjo K, Iseki C, Takishita S. Prevalence of high fasting plasma glucose and 
risk of developing end-stage renal disease in screened subjects in Okinawa, Japan. Clin.
Exp.Nephrol. 2004; 8: 250-256

33.  Suzuki H, Nakamoto H, Okada H, Sugahara S, Kanno Y. Self-measured systolic blood 
pressure in the morning is a strong indicator of decline of renal function in hypertensive 
patients with non-diabetic chronic renal insufficiency. Clin.Exp.Hypertens. 2002; 24: 249-
260

34.  Fox CS, Larson MG, Leip EP et al. Predictors of new-onset kidney disease in a community-
based population. JAMA. 2004; 291: 844-850

35.  Yoshida T, Takei T, Shirota S et al. Risk factors for progression in patients with early-stage 
chronic kidney disease in the Japanese population. Intern.Med. 2008; 47: 1859-1864

36.  Gilbertson DT, Liu J, Xue JL et al. Projecting the number of patients with end-stage renal 
disease in the United States to the year 2015. J Am Soc Nephrol. 2005; 16: 3736-3741

37.  Snyder JJ, Foley RN, Collins AJ. Prevalence of CKD in the United States: a sensitivity analysis 
using the National Health and Nutrition Examination Survey (NHANES) 1999-2004. Am J 
Kidney Dis. 2009; 53: 218-228

38.  Imai E, Horio M, Watanabe T et al. Prevalence of chronic kidney disease in the Japanese 
general population. Clin.Exp.Nephrol. 2009; 13: 621-630

39.  Taal MW, Brenner BM. Renal risk scores: progress and prospects. Kidney Int. 2008; 73: 
1216-1219

40.  Taal MW, Brenner BM. Predicting initiation and progression of chronic kidney disease: 



Chapter 8

106

Summary & General Discussion

107

Developing renal risk scores. Kidney Int. 2006; 70: 1694-1705
41.  Spanaus KS, Kollerits B, Ritz E et al. Serum Creatinine, Cystatin C, and {beta}-Trace Protein 

in Diagnostic Staging and Predicting Progression of Primary Nondiabetic Chronic Kidney 
Disease. Clin.Chem. 2010;

42.  Malyszko J, Bachorzewska-Gajewska H, Sitniewska E et al. Serum neutrophil gelatinase-
associated lipocalin as a marker of renal function in non-diabetic patients with stage 2-4 
chronic kidney disease. Ren Fail. 2008; 30: 625-628

43.  Yilmaz MI, Carrero JJ, Ortiz A et al. Soluble TWEAK plasma levels as a novel biomarker of 
endothelial function in patients with chronic kidney disease. Clin.J Am Soc Nephrol. 2009; 
4: 1716-1723

44.  Cook NR. Use and misuse of the receiver operating characteristic curve in risk prediction. 
Circulation. 2007;115: 928-935

45.  Cook NR, Ridker PM. Advances in measuring the effect of individual predictors of 
cardiovascular risk: the role of reclassification measures. Ann.Intern.Med. 2009; 150: 795-
802

46.  Steyerberg EW, Vickers AJ, Cook NR et al. Assessing the performance of prediction models: 
a framework for traditional and novel measures. Epidemiology. 2010; 21: 128-138

47.  Braithwaite RS, Meltzer DO, King JT, Jr., Leslie D, Roberts MS. What does the value of 
modern medicine say about the $50,000 per quality-adjusted life-year decision rule? Med.
Care. 2008; 46: 349-356

48.  Boersma C GRPPVSvTFdJdBLdJPaPM. Cost-Effectiveness of Population-Based ‘Screen-and-
Treat’ Strategies For Albuminuria to Prevent Cardiovascular and Renal Disease. Clinical 
Therapeut 2010; In press

49.  Atthobari J, Gansevoort RT, Visser ST, De Jong PE, de Jong-van den Berg LT. The effect of 
screening for cardio-renal risk factors on drug use in the general population. Br.J Clin.
Pharmacol. 2007; 64: 810-818

50.  Rijnsburger AJ, Essink-Bot ML, van As E, Cockburn J, de Koning HJ. Measuring psychological 
consequences of screening: adaptation of the psychological consequences questionnaire 
into Dutch. Qual.Life Res. 2006; 15: 933-940

51.  Denters MJ, Deutekom M, Fockens P, Bossuyt PM, Dekker E. Implementation of population 
screening for colorectal cancer by repeated fecal occult blood test in the Netherlands. 
BMC.Gastroenterol. 2009; 9:28.: 28




