
Patients with chronic kidney disease (CKD) have an unacceptably high risk of premature 

death, primarily as a result of cardiovascular disease (CVD) 
1
. Several large, randomised trials 

in end stage renal disease (ESRD) patients have consistently shown no survival benefit from 

multiple new treatment strategies aimed at reducing CV disease. Earlier stages of CKD are 

common and are also associated with an increased risk of developing CVD. Traditional 

cardiovascular risk factors such as, age, dyslipidaemia, hypertension, diabetes mellitus, 

smoking and sedentary lifestyle, do not fully explain the cardiovascular mortality in these 

patients. The so-called novel risk factors such as increased oxidative stress, asymmetric 

dimethylarginine (ADMA), plasma adipokines, plasma homocysteine and DNA-

hypomethylation are prevalent and thought to play an important role in development of 

atherosclerosis in CKD patients. However, the exact role of these factors in the pathogenesis 

of CV disease in CKD patients has not yet been elucidated. In addition, only a few 

cardiovascular intervention studies have been done in patients with mild to moderate CKD, 

whereas most of the large intervention trials with statins have excluded patients with moderate 

renal failure. Therefore, many important questions remained unanswered in this unfortunate 

patient group. 

 

Anti-oxidant Therapy In chronic renal insufficiency (ATIC) study 

With the aim of answering at least some of the above mentioned questions, in 2001 we started 

the Anti-oxidant Therapy In Chronic renal insufficiency (ATIC) study, a randomised, double-

blind, placebo-controlled trial. We randomised 93 non-diabetic patients with mild to moderate 

chronic kidney disease (creatinine clearance 15-70 ml/min per 1.73 m
2
 determined by 

Cockcroft-Gault formula), who were free of manifest atherosclerotic arterial disease, to 

receive a regimen that included pravastatin 40mg/day followed by α tocopherol acetate 

(vitamin E) 300mg/day and homocystiene lowering therapy (folic acid 5mg/day, pyridoxine 

hydrochloride 100mg/day, cyanocobalamin 1 mg/day) or matching placebo tablets for each 

consecutive six months period. The primary aim of the study was to evaluate the effect of this 

stepwise treatment strategy on common carotid artery intima-media thickness (CCA-IMT) 

and brachial artery flow-mediated vasodilatation (BA-FMD), both strong surrogate markers of 

cardiovascular disease. We further decided to evaluate the effects of this strategy on 

albuminuria and estimated glomerular filtration rate (eGFR). We also planned to use the 

baseline data of this study to evaluate the associations between renal function and several 

non-traditional risk factors such as asymmetric dimethylarginine (ADMA), plasma adipokines 

(plasma adiponectin and plasma leptin), and global leukocyte DNA hypomethylation. We also 



intended to evaluate the associations between these novel risk factors and CCA-IMT and 

thereby to get some insight into the possible pathophysiological role these factors play in 

excess cardiovascular risk in CKD patients. In addition, we decided to assess the effect of this 

treatment strategy on plasma ADMA levels and global leukocyte DNA-methylation and to 

study whether eventual reduction in these risk factors/markers could explain the beneficial 

effects (if any) of this therapeutic strategy on the measured surrogate endpoints. 

   

Why oxidative stress lowering and what was the rationale behind this peculiar design? 

During the design of the study we postulated, on the basis of a few published studies, that the 

high cardiovascular mortality rates in ESRD patients could be partly explained by enhanced 

oxidative stress 
2-4

 and that the oxidative stress hypothesis should be considered as a unifying 

concept of increased cardiovascular disease in CKD patients 
5
. It was already known that 

increased oxidative stress occurs in early stages of CKD 
6
 and oxidation of low-density 

lipoprotein (LDL) is thought to be a key step in the initiation of the early atherosclerotic 

lesion 
7
. Therefore, we decided to look for interventions which would create oxidative stress 

reduction in our population.   

In 1996, Stephens et al published the results of Cambridge Heart Antioxidant (CHAOS) study 

in which a population of patients with angiographically proven coronary atherosclerosis was 

treated with alpha-tocopherol 800 IU in a randomised controlled manner. The treatment 

significantly reduced the risk of developing the primary endpoint of cardiovascular death and 

non-fatal myocardial infarction 
8
. In addition, although most of the interventions aimed at 

reducing cardiovascular disease in ESRD patients yielded disappointing results, the SPACE-

study, in which 196 patients with ESRD who were treated with 800 IU vitamin E in a 

randomised controlled fashion, demonstrated encouraging results on composite cardiovascular 

endpoints and myocardial infarction 
9
. It was also shown that plasma homocysteine was 

strongly related to the renal function and that virtually all ESRD patients had elevated 

homocysteine levels which also predicted cardiovascular outcomes in these patients 
10

. It was 

further postulated that the vasculotoxic effects of homocysteine were caused by increased 

oxidative stress 
11

. In addition, studies in various populations demonstrated that statins 

decreased cardiovascular endpoints spectacularly 
12;13

. 

After considering all these facts thoroughly, we decided to use a strategy which consisted of 

pravastatin which was thought to reduce the substrate LDL-cholesterol and thereby reduce 

oxidized LDL, vitamin E which acts as a free-radical scavenger to reduce free oxygen radicals 

and a combination of B-vitamins to reduce homocysteine, because high homocysteine was 



thought to increase oxidative stress. We decided to use these treatment modalities on top of 

each other on the one hand to reduce the number of people needed to perform the study and 

on the other hand to achieve a maximum oxidative stress reduction (benefit) in the treatment 

arm and thereby increase the power of the study. Because we thought that  the maximum 

effect of each treatment would be achieved in six months, we decided to add each new 

intervention every six months. In addition, even at that time it was known that there was an 

unequivocal relationship between hypertension and progression of CKD, and that inhibition 

of the renin-angiotensin system with ACE-inhibitors would lead to a significant reduction in 

decline in eGFR and cardiovascular complications 
14

. Therefore, we decided to control the 

blood pressure in both the treatment and control arm aggressively (<140/90mmHg) and all the 

subjects who were not on ACE-inhibitors or ARBs were put on ACE-inhibitors at inclusion. 

Although currently lower blood pressure targets are recommended, especially in patients with 

proteinuria > 1g/day, during the design of the study many guidelines recommended 140/90 

mmHg as the target blood pressure, and we decided to adhere to this target strictly during the 

study period.          

    

What have we learned from the ATIC study? 

In chapter 3 of this thesis we demonstrate, for the first time, that plasma adiponectin had a 

significant, non-linear, inverse association with eGFR and that in the multivariate analysis 

eGFR had the strongest correlation with plasma adiponectin. In addition, adiponectin had no 

influence on the significant association between estimated glomerular filtration rate (eGFR) 

and a surrogate marker of endothelial dysfunction (plasma von Willebrand factor) and a 

marker of leukocyte-endothelial cell adhesion [soluble vascular leukocyte cell adhesion 

molecule-1 (sVCAM-1)]. We, therefore, postulated that the increased adiponectin levels in 

CKD patients are primarily a reflection of impaired kidney function. Although renal function 

strongly predicted plasma leptin in our population, body mass index and insulin resistance 

also had a strong association with plasma leptin in univariate and multivariate analysis. 

Plasma leptin also did not explain the known associations between kidney function and 

endothelial dysfunction and leukocyte-endothelial cell adhesion. Future studies are needed to 

clarify the role of leptin in CKD patients.  

Adipose tissue has a physiological role beyond mere storage of fat and recent interest has 

focused on the role of adipokines, such as adiponectin and leptin, both as protectors and 

promoters of vascular disease in CKD 
15;16

. However, the pathophysiological role of  



adiponectin in excess CVD in CKD patients is not clear, as published studies have shown 

contradicting results 
17

. For example, while Guebre-Egziabher et al. reported that the increase 

in adiponectin in patients with CKD is explained primarily by patient’s body composition and 

the altered metabolic parameters
18

, Mitsnefes et al. attributed this increase primarily to the 

decline in kidney function
19

. While one study reported that lower adiponectin levels are  

associated with increased risk of cardiovascular events in CKD patients, 
20

 others reported 

that high rather than low adiponectin levels predicts mortality in both CKD and congestive 

heart failure
21

. In addition, the functional role of increased leptin in CKD patients is also 

unclear
22

. We planned to investigate the association between renal function and plasma leptin 

and adiponectin in a population with a wide range of eGFR so that we could shed some light 

on these matters. Therefore, we pooled the baseline data from two studies which were being 

performed in the same centres as the ATIC study. Our data show that eGFR was the main 

determinant of plasma adiponectin and also that plasma adiponectin and leptin did not explain 

the known associations between eGFR and endothelial dysfunction. The limitations of the 

study design are described in detail in chapter 3.      

      In chapter 4, using baseline data from the ATIC-study, we demonstrated that, in patients 

with mild to moderate renal failure, eGFR was inversely associated with plasma ADMA level. 

We also demonstrated, for the first time, that plasma ADMA was in turn associated with 

CCA-IMT and plasma soluble vascular cell adhesion molecule-1. We conclude that plasma 

ADMA may be one of the mechanisms that link mild to moderate renal failure with 

cardiovascular disease. During the design of the ATIC study it was already known that plasma 

ADMA concentrations were high and were strongly and independently related to CCA-IMT 

in patients with ESRD 
23

. However, data on the association between plasma ADMA and 

CCA-IMT were not available at that moment, and there were conflicting data on the 

association between eGFR and plasma ADMA in patients with mild to moderate kidney 

failure
24;25

. Thus our findings were novel and thought provoking.  

      In chapter 5 we demonstrate that in patients with mild to moderate CKD, the global DNA-

methylation was not associated with renal function or with CCA-IMT or BA-FMD. In 

addition we also showed that the above-mentioned treatment strategy had no influence on 

DNA- methylation in this population. Therefore, we concluded that DNA-hypomethylation 

probably has no significant role in the pathogenesis of cardiovascular disease in patients with 

CKD. During the design of the study, hyperhomocysteinaemia was strongly implicated in the 

development and progression of atherothrombotic vascular disease 
26

. The pathophysiological 



explanation for this link was initially thought to be a direct vasculotoxic effect of 

homocysteine itself 
27

. However, an alternative view was that hyperhomocysteinaemia itself is 

not harmful but indirectly inhibits methyl fluxes during transmethylation of methionine and 

thereby leads to a decreased methylation of DNA. Global DNA-hypomethylation was thought 

to be associated with various diseases including atherosclerotic vascular disease
28

. Global 

DNA-hypomethylation has been demonstrated in ESRD patients 
29

 and was implicated as an 

important candidate contributing to CVD in these patients 
30

. However, it was thought that 

leukocyte DNA-hypomethylation in ESRD patients may be caused by leukocyte activation on 

dialysis membranes and data on patients with mild to moderate renal failure and DNA-

hypomethylation were inconclusive 
31

. As mentioned earlier, results of many studies to 

examine the effects of therapeutic homocysteine lowering has been disappointing. We, 

unfortunately, also could not demonstrate an association between DNA-hypomethylation and 

eGFR and our treatment strategy also did not alter global DNA-methylation. Our results 

suggest that the role of global DNA-hypomethylation as a risk factor for CVD in patients with 

CKD, if any, is limited.  

In chapter 6 we demonstrated that 18 months of the stepwise treatment strategy, on top of 

well-controlled blood pressure, achieved a significant reduction in CCA-IMT and significant 

increase in BA-FMD in the active treatment arm after adjustments for baseline values. 

Increased urinary albumin excretion was also attenuated by the treatment strategy although 

there were no observed beneficial effects on renal function (eGFR). Unfortunately, the 

individual effects of each intervention could not be determined and also the study was not 

powered to detect a clinically important difference in hard cardiovascular endpoints. We 

concluded that  in patients with mild to moderate chronic kidney
 
disease, 18 months of an 

oxidative stress lowering treatment strategy along with well-controlled
 
blood pressure reduced 

CCA-IMT and urinary albumin excretion
 
and increased BA-FMD. In addition, the treatment 

strategy, especially pravastatin, was associated with a low rate of adverse events.  

      In chapter 7 we demonstrate that the above-mentioned treatment strategy had no 

significant effect on plasma ADMA levels. However, analysis of separate treatment effects 

suggested that vitamin E significantly lowered ADMA in the treatment group compared to the 

placebo group. This effect disappeared after addition of homocysteine lowering treatment to 

the treatment arm. We concluded that our treatment strategy had no effect on plasma ADMA 

levels, and hence the observed reduction in CCA-IMT and improvement BA-FMD in our 



population could not be explained by a change in ADMA levels. In the next paragraph, we 

describe in detail the implications of our findings.   

 

What were the drawbacks  in the ATIC study?  

The most accurate way to investigate the determinants of the excess cardiovascular risk in 

patients with CKD, compared to patients without CKD, is to perform a prospective 

population-based cohort study with exclusion of patients with cardiovascular disease at the 

baseline. Although the ATIC study was a prospective study we designed this study primarily 

to investigate the treatment effects. Although we have published three papers describing cross 

sectional associations using baseline data of our study, these findings do not permit any final 

conclusions with regard to the causality of the described associations. In addition, we decided 

to include patients using ACE-inhibitors or angiotensin receptor blockers (ARB) and patients 

not using these agents were put on ACE-inhibitors before the initiation of the study. Oxidative 

stress can also be reduced by ACE-inhibitors and ARBs 
32

. ACE-inhibitors also lower plasma 

ADMA 
33;34

. This may have influenced all our cross sectional analyses and may also have 

reduced the power of our study. However, since the use of ACE-inhibitors in CKD, especially 

in the presence of any level of proteinuria, was considered standard treatment even during the 

design of our study, it made sense to evaluate our anti-oxidant strategy on top of treatment 

with ACE-inhibitors. Although diabetes mellitus is expected to be one of the major causes of 

CKD in the future we excluded patients with diabetes mellitus. By excluding patients with 

diabetes as well as patients with previous CVD, we expected to recruit a population with 

increased oxidative stress primarily caused by their kidney failure. We, therefore, studied a 

selected population of patients with mild-to-moderate CKD and this study unfortunately had 

limited power and was of too short duration to detect an effect on clinical cardiovascular 

endpoints.  

In the last few years results of large, randomised, controlled trials with vitamin E and 

homocysteine lowering have not shown any beneficial effects on cardiovascular events in 

different populations 
35-38

. However, during the period we designed our study the available 

information at that time suggested, these vitamins to have beneficial effects in patients with 

renal failure because these patients were known to have increased oxidative stress and small 

studies with vitamin E in dialysis patients at that time showed some promising results 
39

. At 

the same time, many studies showed an undeniable link between homocysteine , renal 

function and cardiovascular disease, and during that time homocysteine lowering was thought 

to be one of the best potential interventions to reduce CV disease in CKD patients 
10;39

. We 



decided to use the treatment strategies on top of each other with six monthly intervals and 

planned to evaluate the effects of individual treatments separately. We expected (in retrospect, 

wrongly) the maximum effect of each intervention to be achieved within six months after the 

given intervention, and/or that the additional effect of the next step would be clearly 

distinguishable from the effects of the previous step. Lowering of CCA-IMT and 

improvement in BA-FMD were observed during the whole study period (chapter 6). In 

retrospect, we were unable to draw any conclusions on individual effects of these 

interventions. The treatment modalities of  the present study certainly have effects 

independent of oxidative stress lowering. In addition, there is no gold standard for the 

detection of oxidative stress in vivo. We measured the oxidized LDL concentration which is 

unfortunately also influenced by the basal LDL-cholesterol levels. We measured total 

malondialdehyde (MDA) levels in plasma, i.e. the most studied product of polyunsaturated 

fatty acid peroxidation. However, the specificity of commonly used tests to determine MDA 

is low as these tests also measure several compounds other than MDA
40

. F2-isoprostanes have 

recently gained recognition as reliable markers of oxidative stress
41

. At the moment we are in 

the process of introducing the measurement of  F2-isoprostanes in our laboratory and we hope 

to measure the F2-isoprostanes in our study population in the near future. Until then, we 

cannot draw any conclusions whether the observed improvements were the results of  

oxidative stress lowering or other effects such as reduction of lipid levels.         

 

Where should we go from here? 

While it is widely known that patients with ESRD are at greatly increased risk of developing 

CV disease, it is not well known among the general physicians, that patients with only mild to 

moderate kidney disease are also at increased risk. The clear association between slightly 

reduced kidney function and cardiovascular risk may, at least partly, be the result of a 

relationship between total atherosclerotic burden and decreased renal function, because 

intrarenal atherosclerosis (ischaemic renal disease) is a common cause of reduced renal 

function in patients with atherosclerosis. However, there are clear indications that impaired 

eGFR is an independent risk factor for developing cardiovascular disease in the general 

population 
42

. In spite of this, not a single risk calculator, which are recommended for 

physicians, uses eGFR to calculate the risk of developing CV disease. This is puzzling. In our 

opinion, most patients with mild kidney disease are not diagnosed and most physicians do not 

measure creatinine clearance during routine check ups. Measurement of only plasma 

creatinine can underestimate the renal function especially in old and thin patients. Thus mild 



to moderate kidney failure is, in our opinion, underdiagnosed. Several guidelines have been 

formulated, both nationally and internationally, to assist the physicians to diagnose and treat 

patients with kidney disease. However it is well known that patients do not reach treatment 

goals formulated in these guidelines 
43

. This also applies to patients with kidney disease 
44;45

. 

Thus, apart from being underdiagnosed, CKD is also not treated properly. Furthermore, most 

of these patients come to nephrologists when they reach stage 4 which is in my opinion 

already too late for cardiovascular preventive measures. In patients with diabetes mellitus and 

heart failure a multifactorial intervention significantly improved metabolic control and 

reduced cardiovascular events significantly
46;47

 Therefore, much benefit may be achieved 

effectively with a multifactorial approach addressing risk factors such as blood pressure, 

serum lipids, dietary meausres, physical exercise et cetera in mild to moderate CKD. The 

MASTERPLAN  study, a randomised, controlled trial examining the effect of such a 

multifactorial approach is already underway in The Netherlands and hopefully this study will 

shed more light on this matter in the future. In the mean time, general physicians and 

practitioners should be urged to consider mild to moderate CKD a cardiovascular risk factor 

and perhaps routine creatinine measurement should automatically generate estimated GFR 

which would make it easy for physicians to diagnose CKD.    

 

The ATIC study is one of the first clinical trials  primarily designed to examine the effects of 

a treatment strategy which included pravastatin on surrogate markers of CV disease in CKD 

patients. We did demonstrate strong favourable effects on these markers with our treatment 

strategy and, in my opinion pravastatin certainly played a key role in these effects. Also very 

few subjects stopped the therapy because of side-effects. However, long term studies with 

clinical endpoints are needed to confirm these results and some are already underway. One of 

the largest is the SHARP study, a randomised, double blind, placebo-controlled trial which 

investigates the effects of cholesterol reduction with simvastatin and ezetimibe in around 

6000 patients with moderate CKD (plasma creatinine > 150 µmol/L in men and 130 µmol/L 

in women) and 3000 patients with ESRD on major vascular events; the estimated study 

completion date is July 2010 (ClinicalTrials.gov Identifier: NCT00125593). In addition, the 

Heart Outcomes Prevention Evaluation-3 (HOPE-3 study), which examines the effects of 

combined blood pressure lowering and lipid lowering with rosuvastatin 10mg a day, is 

underway at this moment, and this study will also include patients with CKD 

(ClinicalTrials.gov Identifier: NCT00468923). Unfortunately studies with homocysteine 

lowering in various populations including CKD patients have given disappointing results 
48

.  



The SPACE study, which assessed the effect of vitamin E 800 iu/day versus placebo in 196 

haemodialysis patients with preexisting CV disease over a median period of 519 days, 

demonstrated a significant reduction in cardiovascular endpoints. However, the Heart 

Outcomes Prevention Evaluation study (HOPE study), which included 993 subjects with 

serum creatinine concentration between 125 and 200 µmol/L,  found no effect on 

cardiovascular outcomes of treatment with  vitamin E 400 iu/day compared to placebo. The 

apparent disparity in findings between SPACE and HOPE may be explained by the higher 

dose of vitamin E used, the greater severity of kidney disease and the three fold higher CV 

event rate in the SPACE trial. Many guideline groups have therefore considered the SPACE 

trial preliminary and demanded further studies before recommending vitamin E therapy 

routinely for CKD patients. A large study with antioxidant combination vitamin E and alpha 

lipoic acid in stage 3 and 4 CKD patients is underway (ClinicalTrials.gov Identifier: 

NCT00308971). 

There is growing evidence to support the hypothesis that high plasma ADMA, an endogenous 

inhibitor of NO synthase, is associated with increased risk of CVD 
49

. Although we could 

demonstrate a significant reduction in CCA-IMT and a significant increase in BA-FMD our 

treatment strategy had no effect on plasma ADMA. Therefore, reduction in ADMA could not 

explain these favourable effects. This is on the one hand disappointing and on the other hand 

encouraging. The question remains whether pharmacological reduction in ADMA would lead 

to more favourable effects on these vascular parameters. Small studies have demonstrated that 

drugs such as fenofibrate
50;51

, thiazolidinediones
52

, ACE-inhibitors and ARBs
34;53

, vitamin E 

and even rosuvastatin
54

can reduce ADMA
55

. We did demonstrate a significant reduction in 

ADMA during treatment with vitamin E which disappeared after addition of homocysteine 

lowering therapy. However, large scale studies to examine the effects of ADMA reduction on 

CV events are, to our knowledge, not underway. In our opinion, long term studies with 

vitamin E or other agents to examine the effect of possible ADMA reduction on vascular 

endpoints are of great interest.  

Recent studies show that the adipose tissue is a complex organ with functions far beyond the 

storage of fat, and secretes adipokines such as adiponectin and leptin
56

. Evidence suggests that 

these signaling molecules are linked to insulin resistance, systemic inflammation and uraemic 

anorexia in patients with CKD
57;58

. As discussed in detail in chapter 3, the exact 

pathophysiological role of these adipokines in CKD is far from clear. Further research is 

needed to investigate the complex interactions between adipokines signaling networks and 

their effects on vascular health and outcome in CKD.    



 

In addition, there are exciting new fields such as the role of fibroblast growth factor 23 (FGF 

23) and vitamin D deficiency in chronic kidney disease
59

. Several factors including 

parathyroid hormone (PTH) and vitamin D play a critical role in maintaining plasma 

phosphate levels 
60

. FGF 23 has recently been identified as an important regulator of systemic 

phosphate balance
61

. Under physiological conditions FGF23 promotes phosphaturia and 

suppresses the 1 ά-hydroxylase activity, thus leading to a reduction in 1,25-dihydroxyvitamin 

D levels. The phosphate balance is altered in CKD and in these patients very high levels of 

FGF23 have been demonstrated
62

. As the number of viable nephrons decreases in CKD, in 

spite of the high FGF23 the net phosphate excretion does not increase sufficiently. This high 

phosphate level in combination with the reduction in 1,25-dihydroxyvitamin D levels leads to 

secondary hyperparathyroidism. A strong association has been described between 

hyperphosphataemia, hyperparathyroidism and CV disease in CKD
63

. This increased CV 

disease is probably caused by increased vascular calcification and evidence is emerging that 

optimizing treatment of calcium and phosphate alterations may decrease CV risk in CKD 

patients
64

. However, the exact role of these new factors such as FGF23 in patients with CKD 

has not yet been elucidated and is in our opinion an exciting challenge for the future.    

       

The terms risk factor reversal, paradoxical risk factors or reverse epidemiology refer to 

alterations in the normal relation between risk factors and clinical outcomes. In particular 

populations this abnormal relation can be so severe that this can result in more or less the 

exact opposite or reversal of the usual association between a risk factor and clinical outcome 

that is found in the general population. Such risk factor reversal is commonly observed in 

patients with advanced CKD
65

.  This phenomenon of  reverse epidemiology makes it 

sometimes difficult to target traditional risk factors in an effective manner because 

determination of an optimal target for risk factors such as blood pressure and LDL-cholesterol 

has become uncertain, especially in patients with advanced stages of CKD. Therefore, 

randomised controlled trials will certainly be necessary to ascertain the optimal levels for 

these risk factors in CKD and ESRD patients. 

In spite of a long and hard journey by many research groups the puzzle of increased 

cardiovascular disease in CKD has certainly not yet been resolved. The ATIC study has left 

us with more questions than answers. The journey is, in our opinion, far from over.       
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