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In this thesis, which focuses on outcomes in patients with CKD stage 4 and 5, our aim was 
twofold. First, we aimed to provide insight in health related quality of life (further referred 
to as quality of life) as an outcome in pre-dialysis patients by investigating appropriate 
ways to measure this construct and by investigating factors affecting quality of life. Second, 
we aimed to increase the understanding of the different associations between several car-
diovascular risk factors and traditional outcomes in pre-dialysis and dialysis patients. In 
this chapter we present a summary of our main findings, discuss strengths and limitations 
of our research and consider its implications. We also provide recommendations for future 
research and end the chapter with our main conclusions.

Summary of main findings

In chapter 2 we investigated the impact of the number and severity of symptoms on quality 
of life in 1079 elderly pre-dialysis patients. We assessed this by investigating both the effect 
of symptoms and their importance relative to kidney function, and other clinical variables 
on quality of life. We found that both an increase in number of symptoms and in symptom 
severity were associated with a decrease in quality of life. In addition, baseline symptoms 
were related to quality of life after six months of follow-up. The impact of symptoms on 
quality of life was substantial, explaining 21 and 22% of the variance in quality of life, es-
pecially compared to eGFR which did not impact any of the components of quality of life. 

Subsequently, we studied the validity of the SF-12 and EQ-5D questionnaire in pre-
dialysis patients in chapter 3. The PREPARE-2 population was used to investigate whether 
these two questionnaires could substitute the SF-36 as quality of life measurement tool 
whenever this questionnaire is impractical to use, for example in larger questionnaires 
when the SF-36 is too time consuming. We found a better agreement between the SF-12 
and the SF-36 as compared with the agreement between the EQ-5D and the SF-36, both 
for measurements at a single point in time and for changes over time. This was most pro-
nounced in direct comparisons with the SF-36, while in external validations, relating the 
different questionnaires to external constructs, the EQ-5D largely corresponded with the 
physical component summary of the SF-36. Overall, the SF-12 had good agreement with 
the SF-36 and, although losing some information, can be used as a substitute for the SF-36 
when a shorter questionnaire is needed.

In chapter 4 we focus on traditional outcomes. First, we assessed the association be-
tween dyslipidemia and start of dialysis, kidney transplantation or death among the 502 
pre-dialysis patients in PREPARE-2. During the study 376 (75%) patients started dialysis or 
had a kidney transplantation, and 47 (9%) patients died. Dyslipidemia was defined based 
on the levels of total cholesterol, LDL cholesterol, HDL cholesterol, HDL/LDL ratio, and 
triglycerides. We used continuous values of these lipid levels and determined thresholds, 
creating categories, to investigate the association with start of dialysis, kidney transplanta-
tion or death. Our results indicate there is no association between dyslipidemia and these 
traditional outcomes.
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In chapter 5 our focus was on the cardiovascular risk factor hypertension and the 
traditional outcomes start of dialysis, kidney transplantation, death and kidney function 
decline. More specifically, we compared dual with no or single renin–angiotensin system 
(RAS) blockade regarding kidney function decline, and risk of renal replacement therapy or 
death among incident pre-dialysis patients. RAS inhibitors, such as angiotensin converting 
enzyme inhibitors (ACEi) and angiotensin II receptor blockers (ARB), both lower systolic and 
diastolic blood pressure, and have extensively been proven to be renoprotective agents.
[1-6] Since ACEi or ARBs alone do not block the entire RAS and work via different pathways, 
it has been hypothesized that dual RAS blockade can improve renoprotective and anti-
hypertensive effects.[7, 8] However, so far only negative effects of dual RAS blockade use 
have been found.[1-6] In the PREPARE-2 population we found a 20-25% lower risk of renal 
replacement therapy or death in patients treated with dual RAS blockade or single ACEi-
users compared to non-RAS blockade-users. Dual RAS blockade medication use did not 
accelerate kidney function decline compared to patients with single or no RAS blockade. 
This lack of an increased risk of renal replacement therapy or mortality in dual RAS inhibi-
tion users suggests that there might be room for dual RAS inhibition when treating severe 
hypertension or proteinuria in pre-dialysis patients.

In chapter 6 and 7 our focus was on vitamin K antagonists in both pre-dialysis and 
dialysis patients. This drug is used to decrease the risk for cardiovascular events in patients 
with increased clotting of the blood. However, vitamin K antagonists could cause dam-
age to the kidneys by vascular calcifications due to the inhibition of matrix Gla protein 
or by glomerular haemorrhage which could lead to tubular obstruction.[9-14] In chapter 
6 we investigated the association between vitamin K antagonist use and the traditional 
outcomes rate of kidney function decline and time until start of dialysis in incident pre-
dialysis patients. In the cohort of 984 pre-dialysis patients from PREPARE-1 and 2, we found 
no difference in annual kidney function decline between vitamin K antagonist users and 
non-users. Furthermore, vitamin K antagonist use as compared with non-use was not as-
sociated with an increased risk of start of dialysis within two years of follow-up. 

In chapter 7 we shifted focus to dialysis patients. It is plausible that pre-existing platelet 
dysfunction, routine heparin use during hemodialysis treatment and a suboptimal dose of 
vitamin K antagonists leads to increased risks of bleeding complications in dialysis patients.
[15, 16] Because of the higher bleeding risk in dialysis patients compared to the general 
population, it could be that vitamin K antagonists are only beneficial in dialysis patients 
with higher stroke risks (estimated by CHA2DS2-VASc scores). Therefore, we investigated 
the association between vitamin K antagonist use and mortality for different CHA2DS2-
VASc scores in a cohort of end-stage renal disease patients receiving dialysis treatment. 
We found that vitamin K antagonist use compared to no vitamin K antagonist use was 
associated with an increased all-cause mortality risk in dialysis patients. Furthermore, we 
showed that the mortality risk increased with increasing CHA2DS2-VASc scores. In addition, 
it was shown that within patients with a low CHA2DS2-VASc score (equal to or less than one), 
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vitamin K antagonist use was associated with an increased mortality risk as compared with 
no vitamin K antagonist use, while vitamin K antagonist use within patients with a higher 
CHA2DS2-VASc score (two or more) was not associated with an increased mortality risk.

The bigger picture

Quality of life

There is a substantial body of literature studying low quality of life as a risk factor in pa-
tients with CKD. These studies show that a low quality of life is associated with important 
outcomes such as impaired renal function, risk of end stage renal disease, and mortality 
in both pre-dialysis and dialysis patients.[17-21] As an outcome, however, quality of life 
has been largely neglected in renal literature.[22, 23] The main reason offered for this is 
the claim that quality of life is too subjective as a clinically relevant outcome. However, 
patients stress the need for more research into quality of life, since this reflects their health 
status and the impact their disease has on their daily life, which is much more relevant 
than traditional, more objective outcomes from their point of view.[22, 24] In this thesis 
we found that symptoms are a risk factor for quality of life, and impact quality of life much 
more than clinical factors such as eGFR, albumin, proteinuria, demographics or comorbidi-
ties. Earlier cross-sectional research did show similar associations between symptoms and 
quality of life. The comparison with clinical variables, however, has not been made before.
[21, 25, 26]

A possible mechanism explaining the contrasting effects of symptoms versus clinical 
variables on quality of life can be found in the common-sense model of self-regulation of 
health and illness by Leventhal, Nerenz and Steele.[27] In this model patients develop their 
own cognitive and emotional perceptions of a health threat to make sense of this threat. 
These perceptions determine how a patient copes with their disease, which will determine 
outcomes, including quality of life. The development of the perceptions is determined by 
multiple factors, such as the cause, the timeline, and the consequences of the illness, the 
symptoms that are associated with the illness, and the influence of the patient’s behaviour 
and treatment on the control of the illness.[27, 28] In this model, symptoms have a promi-
nent role in determining the outcome quality of life. Clinical variables however, are not 
of any significance in this model. This is further confirmed by the later developed model 
of Wilson et al. where clinical variables only affect quality of life through intermediate 
variables, such as symptom status and functional status.[29] Both reflect and support the 
results we found in chapter 2.

To enhance the possibilities to investigate the outcome quality of life in patients with 
CKD, we validated the SF-12 and EuroQol in a pre-dialysis population. The SF-12 has al-
ready been validated in dialysis patients, and the EuroQol has been validated in patients 
with a kidney transplant. With the results from chapter 3 we widen the range of possibili-
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ties to measure quality of life on a large scale in patients with different stages of CKD. This 
step enables quality of life to gain more attention and thereby fulfil patient research aims. 

Cardiovascular risk factors and traditional outcomes 
Classic modifiable cardiovascular risk factors such as hypertension and diabetes are 

important drivers for the development of CKD. The association between high cholesterol 
LDL levels and kidney function decline is less clear. Lifestyle factors, such as smoking of 
cigarettes and adiposity, may increase the risk of hypertension and diabetes. All previ-
ous mentioned risk factors can have an unfavourable effect on kidney function owing to 
increased inflammation, oxidative stress, endothelial dysfunction, and disturbed coagula-
tion, which may contribute to glomerular and interstitial fibrosis.

Our rationale to explore the effect of cardiovascular risk factors and pharmacotherapy in 
pre-dialysis patients, is the fact that pre-dialysis patients are a special group of patients, 
who might respond differently to cardiovascular risk factors and medication as compared 
with patients in the earlier CKD stages, due to different pathophysiological mechanisms. 
Pre-dialysis patients on specialized nephrological care are often under-represented or 
excluded from clinical trials. The PREPARE study allowed us to evaluate real world effec-
tiveness of cardiovascular risk factors and medication in pre-dialysis patients. Given the 
results of the performed studies, the effects of the investigated cardiovascular risk factors 
seems to be comparable to the effects in patients in earlier CKD stages, especially the ef-
fects of dyslipidemia and dual RAS blockade. 

In chapter 4 we did not find an association between dyslipidemia and start of RRT or 
death. Other studies, performed in patients with a less impaired renal function showed the 
same lack of an association between lipoprotein levels and risk of ESRD.[30, 31] This is in 
concordance with a recent guideline, stating that CKD patients ≥50y should be treated with 
a statin, independent of lipid or triglyceride levels, without aiming at a target level.[32, 33]

In chapter 5 the focus was on hypertension by investigating the use of ACE inhibitors 
and/ or ARBs and their association with the start of RRT or death and renal function decline. 
We found that incident pre-dialysis patients had a 20-25% lower risk of RRT when treated 
with dual RAS blockade or single ACEi-users compared to non-RAS blockade-users. Renal 
function decline in dual RAS blockade users did not accelerate as compared with single or 
no RAS blockade users. Similar results have been found in other studies in patients with 
a less impaired renal function, where dual RAS blockade was as effective as single RAS 
blockade.[34, 35] This implies there might be room for dual RAS blockade when treating 
severe hypertension or proteinuria in pre-dialysis patients.

Finally, we found no association between vitamin K antagonists and start of RRT or rate 
of renal function decline in vitamin K antagonist users as compared with non-users (chap-
ter 6). Other benefits and risks of vitamin K antagonist use in pre-dialysis patients are 
not known, since trials exclude these patients because of a high bleeding risk. Guidelines 
mention this knowledge gap concerning risks and benefits of anticoagulation with vitamin 
K antagonists for stroke prevention.[36]
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The overlap in results between the outcomes RRT and renal function decline is not 
surprising (chapter 5 and 6), since a major part of the decision to start RRT is based on 
renal function. However, it could be that RAS blockade use and vitamin K antagonist use 
were associated with RRT initiation through other pathways than renal function decline. 
For example, initiation of vitamin K antagonist use could be involved in the development 
of fluid overload, leading up to the decision to start RRT. 

In chapter 7 risk of mortality was the main outcome and compared for vitamin K an-
tagonist users and non-users in incident dialysis patients. There was no protective effect 
on mortality of vitamin K antagonists in this population. Most of the previous studies that 
investigated the effect of vitamin K antagonists in dialysis patients with atrial fibrillation 
did not show a beneficial effect of vitamin K antagonists on survival.[37-39] In addition, we 
found an increased mortality risk for vitamin K antagonist use in dialysis patients with a 
low CHA2DS2-VASc score, which to our knowledge has not been investigated before. 

Although all chapters in this thesis provide additional evidence for guidelines in pre-
dialysis and dialysis patients, chapter 5, 6, and 7 add information that is either missing in 
current guidelines, or provide conflicting evidence. This can either be a welcome addition, 
like the results in chapter 7, or a challenge to decide how much impact one additional 
observational study (chapter 5) has on current beliefs and guidelines.

Study strengths and limitations
In this section the strengths and limitations of our studies in the EQUAL study, PREPARE-I 
study, PREPARE-II study, and NECOSAD study are discussed.

Strengths

Chapter 2 was performed with data from the EQUAL study. The EQUAL study is a prospec-
tive cohort study performed in elderly patients with CKD progressing towards ESRD. Main 
strength of this study is the large size of the study population, especially for pre-dialysis 
1486 patients is a large cohort. Additional strengths are the longitudinal character of the 
study, the inclusion of incident pre-dialysis patients (who for the first time passed a pre-
specified eGFR level), and the collection of detailed information on quite a wide range 
of subjects. Finally, the generalizability of the study due to the low number of exclusion 
criteria and the participation of multiple European countries is an important strength.

The PREPARE-II population was used in chapter 3, 4 and 5. The entire PREPARE study, 
combining PREPARE-I and PREPARE-II, was used for chapter 6. The PREPARE study is a 
multicenter follow-up study in 1049 patients, starting specialized pre-dialysis care in the 
Netherlands. The PREPARE study consists of a retrospective (PREPARE-I) and a prospective 
part (PREPARE-II). Main strength of this study is the well-defined cohort of incident pre-
dialysis patients who received standardized treatments and check-ups by nephrologists. A 
wide range of incident pre-dialysis patients was included, making the results generalizable 
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to the clinical practice of pre-dialysis care. An extra strength of PREPARE-I is that the retro-
spective character made it possible to include all consecutive patients resulting in a high 
generalizability. An extra strength of the PREPARE-II study is its prospective longitudinal 
design, resulting in specific, complete information and the opportunity to track kidney 
function over time. Finally, the measurements of both the SF-36 and the EuroQol (over 
time) in PREPARE-II make it possible to validate the SF-12 and the EuroQol questionnaire 
in pre-dialysis patients, which we did in chapter 3.

Data from the NECOSAD study were used in chapter 7. NECOSAD is a prospective Dutch 
multicenter study, which included over 2000 incident dialysis patients. After inclusion, 
patients were followed up to ten years during which clinical variables were collected every 
six months, and events of death and censoring due to other reasons were recorded. The 
general strength of this study was the large and well-defined Dutch cohort of incident 
dialysis patients with available data on an extensive range of patient characteristics, labo-
ratory measurements, quality of life, and death. An extra strength is the fact that follow-up 
of events of death, transplants and modality changes are continued to this day via linkage 
to the Dutch national renal registry, resulting in an extremely complete registration of 
outcomes.

Limitations

Study design limitations
All studies used in this thesis are observational follow-up studies. Inherent to this study 
design are several methodological limitations.

The first important limitation in observational aetiological studies is (residual) con-
founding. In every study there are factors that influence the outcome in addition to the 
investigated exposure. When these factors also affect the exposure - a so-called common 
cause - they are called confounders. As confounders are unequally divided over the 
compared patient groups they will disturb the relation between the exposure and the 
outcome. In well- performed randomized controlled trials patients by design are randomly 
divided into different groups with concealed allocation, which is expected to result in a 
balanced division of confounders. In the observational studies used in this thesis we try 
to solve confounding after performing the study by adjusting the models for all measured 
confounders and stratifying results. However, this is no guarantee that all confounding is 
solved. It is impossible to measure every confounder, simply because there are too many, 
they are subjective and thereby hard to measure, or they are unknown, leaving the possi-
bility of residual confounding in any observational study. This is especially a concern when 
intended effects are studied, since unintended effects are less influenced by unmeasured 
confounding, such as expectations from the treating nephrologist. However, with adjusting 
for confounding and the use of sensitivity analyses it is often possible to show the limited 
effect residual confounding could have on the conclusions in the performed observational 
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research. Therefore, when performed correctly, observational research is often a good 
alternative for a randomized controlled trial. Especially since randomized controlled trials 
are often not feasible, due to ethical problems, sample size problems, a lack of randomiza-
tion possibilities, or other practical problems.

A second limitation is the occurrence of missing data, a problem in all study designs. 
There are three types of missing data; data missing completely at random (MCAR), data 
missing at random (MAR), and data missing not at random (MNAR). There are several ways 
to deal with missing data MCAR and MAR.[40] The best way to handle these and the method 
used in this thesis is by using multiple imputation. This way, the risk of bias is minimized.
[41, 42] There are some sophisticated methods to deal with MNAR. However, in this thesis 
we did not use these methods.

A final limitation is the selection of patients for all three studies. Although the aim was 
to include consecutive patients in outpatient clinics and consecutive incident dialysis 
patients in the dialysis centers, treating nephrologists could always decide not to include 
a patient, for example due to the severity of a patients illness. In addition, patients were 
asked for a written informed consent before inclusion and could refuse to participate. 
Sicker patients might find study participation too much of a burden, which might lead to 
a higher refusal rate as compared with the refusal rate in healthier patients. Both issues 
might have affected the generalizability of the cohorts, since included patients might be 
healthier than the average population of pre-dialysis patients and dialysis patients. 

Medication study limitations
In chapter 5, 6, and 7 of this thesis the investigated exposure is medication use. This type 
of study is associated with some extra limitations.

The main limitation in these studies is the possibility of confounding by indication. The 
indication for prescribing dual RAS blockade as well as vitamin K antagonists is based 
on the presence of certain risk factors, as well as the (immeasurable) experience and gut 
feeling of the treating nephrologist.[43-45] All these factors are associated with the prob-
ability of receiving dual RAS blockade or vitamin K antagonists and with the risk of kidney 
function decline. Therefore, patients receiving dual RAS blockade have a higher probability 
of developing ESRD, not because of the dual RAS blockade, but because of their increased 
intrinsic risk.[35] For example, patients with a worse kidney function would receive vitamin 
K antagonists less often leading to a possible underestimation of negative effects of vitamin 
K antagonists. However, confounding by indication is less of a problem when the outcome 
is an unintended effect, since the immeasurable factors that influence the nephrologists 
decisions do not apply to unintended effects. Since RAS inhibition is mainly prescribed for 
blood pressure control and vitamin K antagonists for thrombosis prevention, the effect on 
kidney function and start of RRT are for the largest part unintended effects. In combina-
tion with the correction for multiple confounders, this reduced the possible confounding 
by indication. In chapter 7 preventing premature death is an indirect goal of prescribing 
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vitamin K antagonists, the main aim remains thrombosis prevention, making death at least 
a partial unintended effect.[46] 

Another limitation is the inclusion of patients who were prevalent users or non-users 
of RAS-blockade medication in chapter 5 and vitamin K antagonists in chapter 6 and 7. 
We had no information about the duration of medication use in these patients. However, 
in chapter 5 29 (24%) of the non-users started an ACEi or ARB during follow-up, which 
may have resulted in underestimation of the beneficial effect of ACEi-use or ARB-use. 
The inclusion of prevalent vitamin K antagonist users in chapter 6 could have led to an 
underestimation of the negative effects on kidney function and start of dialysis in vitamin 
K antagonist users. In chapter 7 this could have led to an underestimation of the mortality 
risks associated with vitamin K antagonist use. However, since there is no positive effect of 
the vitamin K antagonist use, and even a negative effect in patients with low CHA2DS2-VASc 
scores this could only result in larger negative effects.

A third limitation is the possible lack of therapy adherence. It is known that adherence 
to pharmacotherapy is rarely 100%.[47] A lack of therapy adherence in a study could lead 
to an underestimation of effects. However, it does represent clinical practice resulting in a 
realistic estimation of the effects in clinical practice. This means an RCT could result in an 
overestimation of effects when adherence is monitored closely.

Finally, we had no information about the indication of vitamin K antagonist use in our 
patients in chapter 6 and 7. Therefore, it could be that vitamin K antagonists were used for 
other indications than atrial fibrillation in dialysis patients with a low risk score (CHA2DS2-
VASc) for thrombotic events. However, based on the high risk of atrial fibrillation in dialysis 
patients, it is likely that an important proportion of the patients had atrial fibrillation and 
that the impact on the found results is minimal.[48] 

Implications and recommendations
In this thesis we showed the importance of symptoms and relative unimportance of clini-
cal variables in determining quality of life. Both the prevalence and severity of symptoms 
emphasize the need for attention on symptoms during outpatient clinic visits. The effect of 
symptoms on a clinically relevant outcome measure which in turn affects other important 
outcomes, indicates that symptoms should have a more prominent role in clinical decision 
making and guidelines in CKD should emphasize this. 

After the validation of the SF-12 and the EuroQol, we would recommend to use the SF-12 
as a shorter substitute for the SF-36, since this questionnaire has a better agreement with 
the SF-36 as compared with the EuroQol. Since both are now validated, use of the SF-12 
and the EuroQol to measure quality of life in pre-dialysis patients could now be justified, 
however, additional validations in different countries would enhance this first evidence. 
In clinical practice the use of these shorter questionnaires is useful when large amounts 
of patients are asked to fill in multiple questionnaires. To measure quality of life and re-
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lated topics more in depth, such as its relation with coping, illness perceptions, or coping 
mechanisms, a larger questionnaire such as the SF-36, is more appropriate. 

For future research on quality of life in patients with CKD, we would recommend to 
broaden research on factors influencing quality of life. This could be achieved by intensify-
ing research on symptoms, for example by studying the impact of individual symptoms or 
clusters of symptoms on QoL or testing whether interventions on symptoms improve QoL. 
A second method to achieve this is by investigating other aspects of the common-sense 
model by Leventhal, Nerenz and Steele, for example illness perceptions.[27] 

In this thesis we also investigated several cardiovascular risk factors and their association 
with the traditional outcomes renal function decline, start of RRT and mortality. Finding no 
clear association between dyslipidemia and start of dialysis, RRT or death, we suggest fo-
cusing on the direct effects and mechanisms of lipid lowering drugs in pre-dialysis patients 
instead of the absolute lipid and triglyceride levels. The lack of a negative association 
between dual RAS blockade and start of RRT and renal function decline suggests that there 
might be room for dual RAS blockade when treating severe hypertension or proteinuria in 
CKD 4-5 patients with single RAS blockade. 

The results in our studies on vitamin K antagonist use emphasize the need for ran-
domized controlled trials comparing vitamin K antagonists with placebo or direct oral 
anticoagulants. This would provide better insight into the adverse effects of vitamin K 
antagonists and more personalized prescription of anticoagulant drugs in pre-dialysis and 
dialysis patients.

Conclusion
In elderly pre-dialysis patients symptoms have a substantial impact on quality of life. The 
effect of symptoms on a clinically relevant outcome measure indicates that these symp-
toms, which in turn affect other important outcomes, should have a more prominent role in 
clinical decision making, and guidelines in CKD should emphasize this. An appropriate way 
to measure the construct quality of life in pre-dialysis patients with a short questionnaire 
is by using the SF-12. In the future additional validation of this questionnaire in different 
countries could strengthen this evidence.

No association between dyslipidemia and start of dialysis, RRT or death in pre-dialysis 
patients was found. In pre-dialysis patients, both dual RAS blockade as well as single ACEi-
use were associated with a lower risk of RRT or death, as compared with no RAS blockade. 
Kidney function decline in the single or dual RAS inhibition groups was not accelerated as 
compared with non-RAS inhibition drug users. This implies there there might be room for 
dual RAS blockade when treating severe hypertension or proteinuria in CKD 4-5 patients 
with single RAS blockade. There is no association between vitamin K antagonist use and 
rate of renal function decline or time until start of dialysis in the pre-dialysis population, 
which provides support to continue the use of vitamin K antagonists in this population. 
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Vitamin K antagonist use compared to no vitamin K antagonist use is associated with 
an increased all-cause mortality risk in dialysis patients, which increases with increasing 
CHA2DS2-VASc scores. Within patients with a CHA2DS2-VASc score of equal to or less than 
one, vitamin K antagonist use is associated with an increased mortality risk as compared 
with no vitamin K antagonist use. This implies the need to evaluate the indication for 
vitamin K antagonist use when starting dialysis.

In short, in pre-dialysis patients quality of life is an important outcome measure which 
can be measured with the SF-12 in addition to the SF-36, and which is affected by the 
symptom burden of a patient. Cardiovascular risk factors remain important treatment 
targets in pre-dialysis and dialysis patients, and often have similar effects on traditional 
outcomes compared to their effects in earlier CKD stages.
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