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Aims of the thesis 
 

Dyslipidemia is a prevalent condition in patients with chronic renal disease, but is 

often left untreated. Statin treatment constitutes an effective way to improve the 

lipid profile and reduce cardiovascular risk in patients with normal renal function. 

When the present study started in 1999, it was uncertain whether lipid lowering 

therapy with a statin might also reduce cardiovascular morbidity and mortality in 

patients with kidney disease, who as a group appeared to have a considerable 

higher cardiovascular risk than patients without this condition. As more basic 

studies suggested that dyslipidemia could also play a pathogenic role in 

progression of renal failure, the question arised whether early correction of these 

lipid abnormalities with a statin would also contribute to protection of renal function.  

Against this background we made an inventory of dyslipidemia and other risk 

factors for progression of renal failure and/or development of cardiovascular 

disease in a cohort of patients with chronic renal disease in care at the outpatient 

clinic of nephrology of the Academic Medical Center in Amsterdam in the period of 

1999 to 2001. The patients were treated according to well defined guidelines with a 

special focus on correction of LDL-cholesterol (LDL-C) to previously defined target 

levels by atorvastatin.  

We subsequently followed these patients up for a period of 5 years. By doing so we 

hoped not only to improve the outcome of the patients but also to obtain more 

insight in a number of questions, which are addressed in this thesis. Before the 

start of the study we had made an overview of the literature on dyslipidemia and 

the effects of lipid lowering therapy in patients with chronic renal disease. This 

review (chapter 1 of the thesis) was updated over the years and recently 

published. 

 

The present study was conducted to obtain an answer to the following questions: 

 1. What is the untreated lipid profile in the chronic renal disease patients, who are 

attending the outpatient clinic of nephrology, and how are these lipid values related 

to the creatinine clearance and the urinary protein excretion of these patients? 

(chapter 2). 

9



2. What is the efficiency and safety of six weeks treatment with atorvastatin at a 

low dose of 10 mg daily in patients with an elevated LDL-C from this cohort? 

(chapter 2)  
3. Has a low dose of atorvastatin for six weeks any influence on proteinuria in 

patients with chronic glomerulonephritis, who are stabilized on a treatment of 

angiotensin converting enzyme inhibition for at least three months? (chapter 3). 

 4. If so, could we clarify the underlying mechanism by measuring renal 

hemodynamics, glomerular filtration rate and proteinuria in this subgroup of 

patients? (chapter 4). 

5. What is the variability in lipoprotein lipase (LPL) and hepatic lipase (HL) in the 

patients of the cohort? Are these activities different from non-renal patients and/or 

normal individuals? Is there a relationship with the response after six weeks to low 

dose atorvastatin? (chapter 5). 

6. Is there a relationship of the apolipoprotein (Apo) E genotype of the patients 

(only the Caucasians) either with the untreated plasma lipid concentrations at 

baseline, or with the response to atorvastatin? Is progression of renal failure (two 

years interim analysis) related to the Apo E genotype? (chapter 6). 

7. What are the long term effects of dyslipidemia on the progression of renal failure 

compared to other well known risk factors? Can any evidence be obtained for a 

protective effect of atorvastatin on the kidney? If so, is this related to the LDL-C 

that had been achieved? (final analysis of the study after five years follow-up, 
chapter 7). 

8. Can a long term reduction of proteinuria be observed in patients on atorvastatin 

in contrast to patients not treated with atorvastatin? If so, what is the degree of this 

reduction? (final analysis, chapter 7). 
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Abstract 

Purpose of review 

Dyslipidemia is a prevalent condition in patients with chronic renal disease, but is 

often left untreated. Statin treatment constitutes an effective way to improve lipid 

abnormalities. This review summarizes present studies on dyslipidemia and its 

treatment in patients with chronic renal disease. 

Recent findings 

The specific dyslipidemia in renal disease is associated with the presence of 

proteinuria and decreased creatinine clearance, and may even adversely affect the 

progression of chronic renal disease. Statin therapy may have renoprotective 

effects due to a combination of lipid lowering and pleiotropic effects. Statins exert 

several anti-inflammatory properties and lead to a decrease of proteinuria. Post-

hoc analyses of large-scale lipid lowering trials have shown that the reduction of 

cardiovascular risk was equivalent to the reduction achieved in patients without 

chronic renal failure. We feel, however, that if intervention with statins is postponed 

until patients reach end-stage renal disease, statins have limited benefit. 

Summary 

Present studies suggest that patients with renal disease should be screened early 

for dyslipidemia and that statins have to be considered as the lipid lowering therapy 

of choice. These drugs reduce cardiovascular risk. Further studies are needed to 

firmly establish whether statins preserve renal function. 

 

Keywords: creatinine clearance, dyslipidemia, proteinuria, renal failure, statins 

Chapter 1
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Abbreviations 

apo apolipoprotein LFA-1 leukocyte function antigen-1 
ESRD end-stage renal disease LPL lipoprotein lipase 
GFR glomerular filtration rate CETP cholesteryl ester transfer protein 
HDL high-density lipoprotein 
LDL low-density lipoprotein 

MHC-II major histocompatibility 
complex class II 

VLDL very low-density lipoprotein 
IDL intermediate density lipoprotein 

LCAT lecithin cholesterol acyl 
transferase 

 

Introduction 

Chronic renal disease is a significant health problem. Its worldwide prevalence is 

increasing as a consequence of a rise in the prevalence of systemic diseases that 

damage the kidney [1,2]. In the USA, 19 million people (11% of the total 

population) are estimated to have chronic renal failure, whereas 400 000 

individuals (0.2%) have endstage renal disease (ESRD) [3]. In The Netherlands, 

studies have shown the prevalence of microalbuminuria to be 7% in the general 

population [4,5]. A strong association exists between mild renal failure and an 

increased risk for cardiovascular disease [4–10].  

Mild chronic renal insufficiency contributes actively to the development of 

cardiovascular disease, so the American Heart Association has recommended that 

these patients should be classified in the highest risk group for developing 

cardiovascular events [11]. Nevertheless, prevention at an early stage of renal 

disease is likely to be more effective than at a later stage, because atherosclerotic 

vascular disease may be limited and easier to modify [12].  

In patients who finally advance to ESRD, cardiac mortality is reported to be 10–30 

times higher than in the general population [13,14]. Whereas one study reported 

that statins reduce cardiovascular mortality in ESRD [15], another study showed no 

such effect [16**]. 

Dyslipidemia is often present in patients with renal failure, long before they reach 

ESRD [17–19]. It might contribute to the progression of renal failure [20], but this 

view has also been challenged. It is still uncertain whether dyslipidemia itself 

causes progression of renal disease, or whether renal impairment and proteinuria 

are responsible for both progression and dyslipidemia [21]. Statins treatment to 

The dyslipidemia of chronic renal disease: effects of statin therapy
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reduce the risk of cardiovascular disease has demonstrated beneficial influence on 

the progression of renal disease in post-hoc analyses [22–25,26*].  

Patients with renal failure are often not referred to nephrologists until advanced 

renal impairment is present [27]. Thus, greater awareness both of the importance 

of dyslipidemia in early stage renal failure and the benefits of statin treatment are 

called for. The subject of this review is the dyslipidemia of chronic renal disease, 

and how therapy with statins affects development and progression of renal failure 

as well as of cardiovascular disease in this condition.  

Dyslipidemia: the scope of the problem 

A recent study reported on the presence of risk factors for cardiovascular disease 

in 1058 Italian patients with renal impairment [28*]. Fifty-eight percent of the 

patients had a total cholesterol >5 mmol/l. Of note, 78% of these patients did not 

receive any lipid lowering therapy.  

A large population of 14 856 individuals was also studied recently [29*]. Subjects 

with an estimated glomerular filtration rate (GFR) of 15–59 ml/min (stage 3–4 renal 

failure) had a less favorable lipid profile when compared with subjects with a higher 

GFR: a higher mean total cholesterol (5.8 vs. 5.6 mmol/l), a lower high-density 

lipoprotein (1.3 vs. 1.5mmol/l), and higher triglycerides and Lp(a). Apolipoprotein 

(apo) B was also higher in patients with impaired renal function and apoA-I was 

lower. 

Mechanisms of dyslipidemia in chronic renal disease 

The metabolism of high, low and very low-density lipoproteins in the healthy 

individual are presented in Fig. 1 and in the case of chronic renal disease in Fig. 2. 

In healthy subjects, very low-density lipoprotein (VLDL) contains mostly 

triglycerides and low-density lipoprotein (LDL) contains cholesterol in abundance. 

VLDL is formed in the liver. Lipoprotein lipase (LPL) is bound to the vascular wall. 

LPL lipolyzes 70% of the triglycerides in VLDL, forming intermediate density 

lipoprotein (IDL) [30,31].  

Chapter 1
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Cholesteryl ester transfer protein (CETP) transfers triglycerides from IDL to HDL in 

exchange for cholesterol. Hepatic lipase also extracts triglycerides. LDL contains 

very little triglycerides in the normal situation. The VLDL and LDL receptors remove 

these particles from the circulation [32]. 

HDL is produced by the liver and the intestine [33]. HDL matures through 

peripheral reuptake of lipids. Hepatic lipase and LPL remove the triglycerides, the 

HDL-receptor extracts the cholesterol [33–35]. ApoB is the structural protein of all 

atherogenic lipid particles, VLDL, IDL, LDL and Lp(a). One molecule apoB is 

present in each atherogenic particle. ApoA-I represents the number of 

antiatherogenic HDL particles, although its numeric relation is more complex [36]. 

The apoB/A-I ratio has emerged as an important predictive factor for myocardial 

infarction and mortality in the general population [25,37–39].  

The sole determination of total cholesterol and triglycerides does not reflect all the 

important changes in plasma lipids in patients with renal failure. In this disorder, the 

cholesterol content of VLDL and the triglyceride content of LDL are increased by 

higher CETP activity, and lower hepatic lipase and LPL activity [40,41*,42].  

There is a high prevalence of small dense LDL particles, which results in higher 

levels of apoB [19,29*,43–45]. Lecithin cholesterol acyltransferase may be 

excreted in urine, and downregulation of VLDL receptor and apoA-I synthesis may 

occur [46–50]. More extensive data on the etiology of this dyslipidemia can be 

found in a recent excellent review [41*]. 

Cardioprotective effects of statin therapy in chronic renal failure 

The reduction in cardiovascular morbidity and mortality associated with statin 

therapy has been observed in both primary and secondary prevention settings 

[51,52]. In many statin trials, patients with renal impairment were excluded [53*]. As 

a result, data in renal patients are limited [15,54]. 

In a study by Tonelli et al. [55*], patients with chronic renal disease were not 

excluded. The authors retrospectively analyzed data from three randomized 

controlled trials that evaluated the effects of pravastatin 40mg vs. placebo for 5 

years. At baseline, 4099 patients had moderate renal failure, 571 patients had 

diabetic renal failure and 14 194 patients did not have kidney impairment or 

The dyslipidemia of chronic renal disease: effects of statin therapy
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diabetes. The patients with diabetic nephropathy had the greatest risk for 

cardiovascular disease (27%) compared with non-diabetic renal patients (19%) and 

patients without renal disease (15%). Treatment with pravastatin decreased 

cardiovascular risk in renal disease patients by 25%, which was similar to the 24% 

reduction of risk in patients without renal insufficiency. The highest absolute 

reduction of cardiovascular risk by pravastatin was observed in patients with 

diabetic renal disease (6.4%), followed by renal patients without diabetes (4.5%) 

and individuals without chronic renal disease (3.5%). 

Statins in end-stage renal disease 

In patients who finally advance to ESRD, cardiac mortality is much higher than in 

patients with renal failure at stages 1–4 [13,14]. In a mixed population consisting of 

diabetics and non diabetic patients treated with peritoneal dialysis and 

hemodialysis, 362 statin users were retrospectively compared with 3354 nonusers 

[15]. The authors reported that statins reduced cardiovascular mortality, as 

represented by a relative risk (RR) of 0.63 (95% CI: 0.44–0.91). The strongest 

promoters of cardiovascular mortality were a history of cardiovascular disease, 

(RR: 1.96; 95% CI: 1.55–2.48), and diabetes (RR: 1.58; 95% CI: 1.28–1.95).  

Wanner et al. [16**] performed a placebo-controlled randomized trial of atorvastatin 

with a mean follow-up of 2.4 years in 1255 patients with a history of type 2 diabetes 

mellitus (100%), coronary heart disease (30%), peripheral vascular disease (45%) 

and stroke (18%). The patients had ESRD and were receiving hemodialysis 

therapy at baseline. Atorvastatin therapy did not affect the primary endpoint of 

death from cardiovascular causes, nonfatal myocardial infarction, and stroke (RR: 

0.93; 95% CI: 0.79–1.08), despite a reduction of the LDL-C concentration from 3.1 

to 1.9 mmol/l (-42%). The authors concluded that initiation of atorvastatin therapy in 

these patients was probably too late to improve cardiovascular outcome. 

Dyslipidemia as a risk factor for progression of renal failure 

In 1982, Moorhead et al. [20] were the first to hypothesize that high plasma lipid 

levels damage the kidney. Since then, evidence has accumulated that dyslipidemia 

indeed leads to loss of renal function. From cell-based and animal studies, it has 

Chapter 1
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been concluded that dyslipidemia may damage mesangial cells, glomerular 

endothelial cells and podocytes. LDL can activate receptors expressed by 

mesangial cells, stimulate production of matrix proteins and promote generation of 

proinflammatory cytokines, which can lead to recruitment and activation of 

macrophages [56]. The accumulation of lipoproteins in glomerular mesangium can 

also promote matrix production and glomerulosclerosis.  

In advanced renal disease, lipoproteins undergo oxidative modification [56]. 

Oxidized LDL also stimulates monocyte infiltration. Podocytes can be damaged by 

triglycerides and cholesterol [57]. Chronic renal disease is associated with low HDL 

concentration. Impaired HDL mediated reverse cholesterol transport can contribute 

to glomerular injury by limiting the unloading of excess cellular cholesterol. Low 

plasma HDL and high triglycerides have been identified as risk factors for 

progression of renal disease [41*,58].  

The results of two long-term studies on patients with renal impairment pointed to a 

limited contribution of dyslipidemia to progression. The first study [59] determined 

GFR over 3 years in 73 patients, and concluded that elevated levels of LDL and 

apoB were related to an increased rate of progression. After correction for 

proteinuria, the association of progression with LDL remained, but the association 

with apoB was no longer significant. Triglycerides and HDL were associated with 

progression only in a subgroup with glomerulonephritis, but not in the entire group. 

The second study [17] used ESRD as the endpoint, and followed 138 patients for 

12 years. The 40 patients who reached ESRD had lower HDL and higher 

triglycerides at baseline than the 98 patients who did not progress. In multivariate 

analysis with adjustment for other risk factors, such as proteinuria, however, the 

contribution of dyslipidemia was no longer significant.  

Genetic polymorphisms 

The role of LDL and triglycerides in the progression of renal disease is also studied 

against a genetic background. ApoE enhances binding of VLDL and LDL to the 

endothelium. The E4 polymorphism of apoE is associated with higher, and E2 with 

lower plasma concentrations of LDL, while both E2 and E4 are associated with 

The dyslipidemia of chronic renal disease: effects of statin therapy
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higher triglycerides than the E3 homozygotes [60–65]. The development of diabetic 

nephropathy was associated with E2 and E4 alleles [66–69].  

Hereditary lecithin-cholesterol acyltransferase (LCAT) deficiency is associated with 

a marked reduction in HDL, and may result in progressive renal disease [35]. An 

acquired LCAT deficiency and impaired HDL metabolism was observed in animal 

models of chronic renal failure and in patients with ESRD [47].  

Statins and nephroprotection 

Recent post-hoc analyses of large trials have associated statin therapy with a 

reduced risk for renal disease progression. A retrospective analysis was performed 

on 18 569 patients, of whom 12 843 (69%) had stage 2 renal disease (estimated 

GFR 60–90 ml/min) and 3402 (18%) had stage 3 renal disease (estimated GFR 

30–60 ml/min) [26*]. Among the patients with mild and moderate renal failure at 

baseline, the rate of kidney function loss was slower in patients treated with 

pravastatin than in patients treated with placebo. This association was significant 

after adjustment for baseline proteinuria. Statin use did significantly reduce the 

incidence of a 25% renal function loss as estimated by the Cockcroft-Gault formula, 

but this was not significant when renal function was estimated by the Modification 

of Diet in Renal Disease (MDRD) formula.  

As a consequence, the authors concluded that statin treatment was indicated for 

prevention of cardiovascular events, but did not lead to renoprotection. This trial 

was not prospective and creatinine clearance was estimated after the study. Those 

with decreased creatinine clearance were considered to have chronic renal 

disease. The specific underlying renal disorder was unknown.  

A similar post-hoc analysis was performed on 10 000 patients with primary 

hypercholesterolemia and/or hypertriglyceridemia, who had been randomized to 

treatment with rosuvastatin or placebo and followed for 3.8 years [70]. Thirty 

percent had an estimated GFR <60 ml/min, which corresponds with stages 3 and 4 

of renal failure. The plasma creatinine of the patients who received rosuvastatin in 

fact decreased during treatment. Kidney function improved slightly as well (2 

ml/min). In patients who received placebo, both plasma creatinine and GFR did not 

change between baseline and follow-up.  
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Recently, a meta-analysis was performed of 27 studies with 39 704 participants 

[71*]. Overall, the rate of kidney function loss was 1.22 ml/min per year slower in 

statin recipients compared with controls. The largest subgroup consisted of 

patients with cardiovascular disease (n=38 311). In this subgroup, the benefit of 

statin therapy was also significant: 0.93 ml/min per year slower than control 

subjects. In analyses of other subgroups, beneficial effects were not detected. 

Meta-regression found that atorvastatin use was associated with a significantly 

larger beneficial effect on the rate of kidney function loss than other statins [71*].  

Safe and effective reduction of dyslipidemia  

Reduced progression of renal disease may be caused by the lipid lowering effects 

of statin therapy. Recently, the first United Kingdom Heart and Renal Protection 

(UK-HARP-1) study was published [53*]. The effects and safety of simvastatin 20 

mg/day and aspirin were analyzed in 242 patients with renal impairment with a 

plasma creatinine >150 mmol/l, 73 patients on dialysis and 133 transplanted 

patients. Two hundred and twenty-four patients received simvastatin, while 224 

patients did not; equal numbers of pre-dialysis, transplant and dialysis patients 

were present in both groups. Simvastatin was effective in lowering levels of total 

cholesterol by 18%, LDL by 24%, non-HDL by 23%, apoB by 19% and triglycerides 

by 13% after a 1-year treatment period. Although HDL had increased by 5% after 3 

months, after 1 year the elevation in HDL was not significant. Similar to HDL, apoA-

I remained unchanged. During the 12-month treatment period, simvastatin therapy 

compared with placebo was not associated with an increased risk for muscle pain 

or weakness, creatine kinase levels greater than ten times the normal upper limit or 

Alanine Amino Transferase levels three times the normal upper limit. 

Statins and inflammation 

Several large randomized clinical trials evaluating moderate vs. intensive lipid 

lowering with statins have demonstrated that the subsequent reduction of 

cardiovascular risk cannot be predicted entirely from the degree of LDL reduction 

[72–75]. A plethora of additional effects has been ascribed to statins and these so-
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called pleiotropic effects may be an integral part of the beneficial effects of these 

drugs.  

Statins exert distinct anti-inflammatory effects on various components of the 

immune response. Statins likely modulate the function of T-lymphocytes. They 

directly inhibit induction of the major histocompatibility complex class II (MHC-II) 

expression by interferon- g and thereby act as repressors of MHC-II-mediated T-

cell activation [76]. Statins are also involved in determining the type of T-cell 

response as they can promote differentiation of the anti-inflammatory subtype T-

helper 2 cells [77].  

Statins may impair recruitment of T-cells to the site of inflammation as they can 

selectively block leukocyte function antigen-1 (LFA-1) mediated adhesion and 

costimulation of lymphocytes [78]. Similar anti-inflammatory mechanisms of statins 

have been reported for cells of the monocyte/macrophage lineage.  

Treatment of hypercholesterolemic patients with simvastatin reduced the 

expression of adhesion molecules in monocytes in vivo. Preincubation with statins 

resulted in loss of adhesive function of macrophages to endothelial cells in vitro 

[79]. Statins downregulate myeloperoxidase gene expression in macrophages [80] 

and have been shown to exert systemic antioxidant effects by suppressing distinct 

oxidation pathways such as inhibition of myeloperoxidase-derived and nitric oxide 

derived oxidants [81].  

Statins may further reduce leukocyte extravasation and migration to a site of 

inflammation, such as the kidney, by inhibiting the expression of adhesion 

molecules on the endothelium [79,82]. In healthy subjects, statin treatment 

improved endothelial function within 24 h, preceding changes in serum cholesterol. 

Withdrawal of statin therapy acutely impaired vascular function independent of 

cholesterol levels and the inflammation state [83].  

Statins have been shown to attenuate inflammatory responses in chronic renal 

disease [84–87]. In 28 patients with chronic renal disease, treatment with 

simvastatin reduced levels of hsCRP and other markers of inflammation [86]. 

Similarly, in a study in 44 patients with chronic renal disease treated with 

rosuvastatin, C-reactive protein decreased from a median of 5.35 to 2.83 mg/dl (-

47%) after 20 weeks [87].  
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Effects on renal hemodynamics 

To our knowledge, only one study has analyzed the effects of statin therapy on 

renal hemodynamics with an accurate inulin/para-amino hippurate method [88]. 

This study showed increases in both effective renal plasma flow and GFR in 

response to 40mg simvastatin for 4 weeks in ten patients with polycystic kidney 

disease, but with relatively normal GFR >90 ml/min. The filtration fraction was 

unchanged.  

Reduction of glomerular proteinuria  

Persistent loss of large proteins only occurs when the glomerular structure is 

damaged. Proteinuria may subsequently lead to renal interstitial inflammation and 

fibrosis, resulting in rapidly progressive loss of renal function [89]. In 1860 patients 

enrolled in 11 randomized trials, proteinuria indeed appeared to be a modifiable 

risk factor for the progression of renal disease [90]. Statins have been shown to 

reduce proteinuria, both in animal and human studies [91–95]. Two studies in 

patients with mild renal disease showed an association between statin use and a 

significant reduction of proteinuria [91,92].  

In the first study, 13 patients with IgA-nephropathy were treated with fluvastatin, 

and compared with eight controls [91]. Proteinuria decreased from 0.8 g/24 h to 0.5 

g/24 h. In the second study, 28 patients with glomerulonephritis were treated with 

atorvastatin and compared with 28 controls [92]. Proteinuria decreased from 2.5 to 

1.5 g/24 h in treated patients. Creatinine clearance remained unchanged, whereas 

it decreased in controls. Both groups used Angiotensin converting enzyme-

inhibition.  

In the recent PREVEND-IT randomized trial of 788 patients with microalbuminuria 

(<300 mg/24 h), treatment with pravastatin for 46 months did not result in a 

significant reduction in urinary albumin excretion [96,97]. A recent meta-analysis 

[71*] of 20 studies, including the studies mentioned above [91,92,96], reported that 

the reduction in proteinuria was 0.58 units of standard deviation greater in statin 

recipients compared with controls. Another recent meta-analysis reported that 

decreases were found only in patients with a pathologic degree of proteinuria >0.3 

g/24 h [98*].  
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Induction of tubular proteinuria 

A post-hoc analysis [70] showed that 0.2% of patients on 5mg rosuvastatin and 

1.2% of patients on 40mg rosuvastatin therapy developed proteinuria. This 

proteinuria consisted of proteins with a lower molecular weight than albumin, 

suggesting a tubular abnormality in protein handling. Statins at higher doses (up to 

80 mg) sometimes induce tubular proteinuria [99]. In contrast to high molecular 

weight proteins such as albumin, low molecular weight proteins (<20 kD) can pass 

through the intact glomerular barrier and are normally reabsorbed by the tubular 

cells.  

Experimental studies have observed that the statin associated loss of protein was 

of this low molecular weight type, dose dependent, and that it was rapidly 

reversible after statin discontinuation [93,99]. The mechanism seemed to be a 

reduction of cholesterol production within the proximal tubular cell, with inhibition of 

reabsorption of normally filtered proteins. This type of proteinuria had no cytotoxic 

effects on the proximal renal tubular cells [93,99]. Recently, a panel reviewed 

published and unpublished evidence and found none that suggested that statins 

cause kidney injury, when used in currently approved doses [100]. More 

information can be found on this subject in a review by Vidt [93] and in an editorial 

by Agarwal [99]. 

Conclusions 

Dyslipidemia is a prevalent condition in patients with chronic renal disease that 

leads to an increased risk for cardiovascular disease and probably promotes 

progression of renal failure. Statins have been proven to be safe and effective 

provided they are instituted in the early stages of chronic renal insufficiency. The 

reduction of cardiovascular risk appears to be similar to patients without renal 

disease. The benefit of statins seems limited in patients who have reached ESRD. 

Statins probably have renoprotective effects. This might be due to lipid lowering 

and other effects, such as decrease of renal interstitial inflammation, improvement 

of renal hemodynamics and a decrease of glomerular proteinuria. The evidence for 

this contention, however, is not robust. Additional studies that demonstrate 
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inhibition of progression of renal failure by statins may increase the rationale to 

prescribe these drugs for the preservation of renal function. 
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Abstract 

Information about lipid abnormalities and the effect of lipid lowering therapy in the 

early stage of renal disease is limited, while preventive treatment in this stage 

might be much more beneficial. Lipid profiles and risk factors were assessed in 150 

consecutive, non-diabetic patients. Preventive therapy consisted of cholesterol-

reduced diet and atorvastatin 10 mg daily. Patients were considered at risk for 

cardiovascular disease if LDL-cholesterol was > 2.6 mmol/L in case of manifest 

cardiovascular disease (n=28) or when they had manifest cardiovascular risk 

factors (n=105) or if LDL-C was > 3.5 mmol/L (n=17). 

A total of 128 patients (85%) had increased LDL-C. In the age groups men below 

60 years and women below 40 years total cholesterol was higher than in the 

general population. Linear regression analysis showed a decreased creatinine 

clearance to be associated significantly with the lipid profile. For a 10 ml/min 

decrease of creatinine clearance, a 0.085 increase of the total cholesterol to HDL-

C ratio was observed (P=0.005). In similar analyses, proteinuria was strongly 

associated with cholesterol and triglycerides. An increase of 0.28 of the total 

cholesterol/HDL-C ratio was observed for each gram/24h proteinuria (P<0.001).  

On atorvastatin 10 mg daily, 30 of 60 treated patients had achieved their target 

LDL-C value. On average, LDL-cholesterol was reduced by 39% and triglycerides 

by 18%. None of the patients had to interrupt their treatment because of adverse 

side-affects. 

In conclusion, the majority of patients had an elevated LDL-C and other lipid 

abnormalities. Short-term therapy with atorvastatin and cholesterol lowering diet 

appears to be safe and effective. It is probably useful to determine the lipid profile 

in patients with renal failure already in an early phase and to start lipid lowering 

treatment as soon as abnormalities are found. 
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Introduction 

Cardiovascular disease (CVD) is the leading cause of death in patients with end-

stage renal disease (ESRD). According to the renal data systems in both the 

United States and the Netherlands, cardiac mortality in this patient group is 16 

times higher than in the normal population [1, 2].  

In the general population, CVD risk categories and target levels for low density 

lipoprotein  cholesterol (LDL-C) are routinely accepted and implemented [3], but in 

patients with renal failure there is some reluctance to initiate lipid lowering therapy, 

possibly because of the various other drugs to be taken these patients and the 

dietary salt restriction.  

Most studies on the occurrence of dyslipidemia in patients with kidney disease 

have focused on patients with end stage renal disease, who have already acquired 

substantial vascular damage [2,4,5]. According to a meta-analysis (1995), 

treatment of dyslipidemia in patients with renal disease using HMG-CoA reductase 

inhibitors (statins) is effective in terms of reducing lipid and lipoprotein values [4]. 

But few data are available on the effects of preventive lipid lowering therapy in 

patients with mild to moderate renal failure, or indeed on the lipid and lipoprotein 

values of these patients [6, 7]. Preventive measures at this early stage might be 

even more beneficial than intervention in the end stage of renal disease, because 

atherosclerotic vascular disease is more limited and might be easier to modify in 

the early phase [8].  

The aim of the present study was, firstly, to assess known risk factors, including 

lipid and lipoprotein levels of the patients treated at the outpatient nephrology clinic 

of the Academic Medical Center in Amsterdam. Most of these patients have only 

mild to moderate renal failure. Secondly to evaluate the short term effects of statin 

therapy in combination with a cholesterol lowering diet aimed at target levels for 

LDL-C as outlined in international guidelines [3].  
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Patients and Methods 

Patients and Study design  

Lipid profiles and classical risk factors were assessed in 150 consecutive, non-

diabetic patients of the outpatient nephrology clinic at the Academic Medical 

Centre, University of Amsterdam. All patients were seen for chronic renal disease. 

The patient group consisted of 87 men and 63 women with a mean age of 45 

years, range 18 –75 years. A wide spectrum of renal disease was present with the 

exception of diabetic nephropathy (table 1).  

A questionnaire was used to collect clinical and demographic characteristics, 

including age, sex, and the classical risk factor for CVD, namely smoking status, 

alcohol consumption, the presence of (treated) hypertension, a history of 

myocardial infarction, angina, stroke or peripheral vascular disease, and a family 

history of vascular disease. Weight, height and tension were measured and body–

mass index (BMI, kg/m2) was calculated. A BMI over 25 kg/m2 was considered to 

indicate overweight. Patients who took lipid lowering therapy were only included in 

the study after a six week washout period. Patient characteristics were compared 

to those of the general Dutch population derived from 30.000 individuals aged 20-

65 years from a large risk factor survey [9]. Informed consent was given by each 

participant, and the study was approved by the Medical Ethics Committee of our 

hospital.  

Patients were considered at risk for cardiovascular disease if LDL-cholesterol was 

> 2.6 mmol/L in case of cardiovascular disease or when they had one or more 

cardiovascular risk factors according to the questionnaire or if LDL-C was > 3.5 

mmol/L when only renal disease was present. Cardiovascular risk factors were: 

hypertension, overweight, smoking (minimum 5 pack years), and a family history of 

cardiovascular disease. Recommended values for HDL were > 1.1 mmol/L for men 

and > 1.2 mmol/L for women, for triglycerides <1.7 mmol/L and for Lp(a) <300 mg/l 

[3]. Apolipoprotein A-I below 1.1 g/L was considered decreased, while 

apolipoprotein B > 1.4 g/L for men and >1.3 g/L for women was considered 

elevated. 
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Chronic renal failure (CRF) usually produces symptoms such as anemia, 

hyperphosphatemia with secondary hyperparathyroidism, hyperkalemia, acidosis 

and others when renal function measured as the creatinine clearance falls < 30 

ml/min. Since this stage in renal failure increases the risk factors for CVD, it was 

also used as a cut off point when comparing lipid en lipoprotein values.  

Out of the entire group of patients considered at high risk for cardiovascular 

disease, the first 60 consecutive patients with elevated LDL-C were treated 

uniformly, with a cholesterol- lowering diet and atorvastatin 10 mg daily. These 

patients were studied again after 6 weeks to determine the percent change from 

baseline of lipoprotein values and the potential side effects of statin treatment in a 

patient group with kidney disease i.e. elevated creatine phosphokinase (CPK), 

alanine aminotransferase (ALT) or aspartate aminotransferase (AST).  

Laboratory methods 

After an overnight fast, blood samples were taken and concentrations of plasma 

total cholesterol (TC), HDL cholesterol, triglycerides (TG), as well as 

apolipoproteins A-I, B and lipoprotein a (Lp(a)) were determined (enzymatic 

techniques); LDL-cholesterol concentrations were calculated by the Friedewald 

formula only if triglyceride concentrations were below 7.0 mmol/L [10].  

Plasma albumin (spectrophotometric reagents) and plasma creatinine (enzymatic 

method) were measured. A 24 h urine sample was obtained. In this sample 

proteinuria and creatinine were analyzed. Kidney function was estimated by 

calculating creatinine clearance (CCl) from a 24 h urine collection.  

Statistical analyses  

Statistical analyses were carried out using the SPSS statistical software package 

version 10. Lipid and lipoprotein values were presented as mean ±SD. Statistical 

analyses of triglycerides and Lp(a) were performed after logarithmic transformation 

because of their skewed distribution. Differences in plasma lipids and lipoproteins 

were assessed by Student’s t-test for independent samples. Trends were analyzed 

with a multiple linear regression method.  
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Table 1 Base-line characteristics of the patients. 

Characteristic (N=150) 

Age — yr [range] 45 [18 –75] 

Gender — no. (%)   

Male 87 (58) 

Female 63 (42) 

Race or ethnic group — no. (%)   

Black 16 (11) 

White 121 (81) 

Other 13 (9) 

Body-mass index ◊ 25.3 (4.1) 

Blood pressure — mm Hg   

Systolic 128 (19) 

Diastolic 78 (10) 

Medical history — no. (%)   

Glomerulonephritis 80 (53.3) 

Tubulointerstitial Nephritis 24 (16) 

Hypertensive Nephrosclerosis 20 (13.3) 

Polycystic Kidney Diseases 16 (10.7) 

Other 6 (4) 

Unknown 4 (2.7) 

Use of antihypertensive drugs— no. (%) 114 (76) 

Ace-Inhibitors or AII –antagonists — no. (%) 88 (59) 

Use of lipid lowering drugs — no. (%) 22 (15) 

Smoking min. 5 packyears — no. (%) 64 (42) 

* Values are means (SD). 
◊ Body-mass index is the weight in kilograms divided by the square of the height in 

meters 
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To search for violations of necessary assumptions in multiple regression, normal 

plots of the residuals of the regression models were produced. Because of the 

normal plots, regression models of total and LDL cholesterol with proteinuria were 

formed after logarithmic transformation of these factors. Analyses were adjusted for 

age, sex, and to elucidate the relationship between renal failure and lipid and 

lipoprotein values, for creatinine clearance and proteinuria. Statistical significance 

was assessed at the 5% level of probability. 

Results  

Risk Factors 

Twenty-eight (19%) patients had previous cardiovascular events and thus qualified 

for secondary prevention. However, three (2%) of these patients with previous 

cardiovascular events had a normal lipid profile. The most frequent cardiovascular 

risk factor was hypertension in 105 (70%) patients. Other notable risk factors were 

overweight (BMI > 25 kg/m2) in 74 (49%), smoking (minimum 5 pack years) in 62 

(41%), and a family history of cardiovascular disease in 42 (28%) patients. Four or 

more risk factors were present in 33 (22%) patients, 2 to 4 risk factors in 70 (47%) 

patients and only one risk factor in 30 (20%) patients. In the remaining 17 (11%) 

patients these risk factors were absent.  

Lipoproteins 

Table 2 shows mean values and standard deviations for lipids and lipoproteins. Out 

of the entire cohort of 150 patients, 128 (85%) had elevated LDL-C levels. Elevated 

total cholesterol was present in 105 (70%) patients, decreased HDL-C levels in 42 

(28%) and elevated triglycerides in 54 (36%). 

Elevated lp(a) was present in 47 (31%) patients, decreased apolipoprotein A-I in 9 

(6%), and elevated apolipoprotein B in 32 (21%). In 18 (12%) patients, HDL-C and 

triglyceride levels as well as normal LDL-C were normal.  

Of these 18 patients with recommended lipoprotein values, three patients had 

previous cardiovascular events, 5 had hypertension, 2 had a BMI >25 kg/m2, 1 

consumed alcohol >30g/24h and only 7 (5%) patients had both recommended 
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lipoprotein values and no other risk factors for cardiovascular disease. These 7 

patients had the following characteristics: male/female 4/3; mean (SD) age 32 (12) 

years; creatinine clearance 109 (46) ml/min; proteinuria 4 patients, 0.6 (0.1) g/L; 

LDL-C 2.8 (0.7) mmol/L; in 5 cases the diagnosis was glomerulonephritis and in 2 

cases interstitial nephritis. 

Table 2 Baseline Lipids and Lipoproteins. 

 
Kidney disease (n=150) Normal range 

(n=30.000) 
TC* (mmol/l) 6.13 (2.08) 4.98 (0.48) 

HDL-C* (mmol/l) 1.43 (0.48) 1.25 (0.17) 

LDL-C *(mmol/l) 3.94 (1.76)   

TG* (mmol/l) 1.72 (1.54)   

Apolipoprotein A-I (g/l) 1.50 (0.32)   

Apolipoprotein B (g/l) 1.21 (0.47)   

Lp(a) (mg/l) 250 (254)   

     
TC/HDL-C ratio 4.65 (1.86)   

LDL-C/HDL-C ratio 2.90 (1.37)   

Values are means (SD) determined in fasting plasma from kidney disease 
patients and plasma from general population.  
* Multiplication factors for converting lipid values from mmol/L to mg/dl: HDL 
cholesterol and LDL cholesterol. 38.5; Triglyceride. 90.9. 

Comparison with general population 

Total cholesterol levels in the patient group and the control group were used to 

calculate age and gender specific means and 95% confidence intervals for the 

mean. These were then compared with each other in figure 1.  

Between the ages 20-40 years, both males (n=31) and females (n=22) with kidney 

disease had higher mean total cholesterol values than a sample from the general 

population of the same age and gender (♂n=3934, ♀n=5114); this was also the 

case when males aged 40-60 years (n=33) were compared to their age and gender 

matched controls. 
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In the group females aged 40-60 years (n=34), and in the age groups 60-65 years 

of males (n=12) and females (n=3), there were no significant differences between 

kidney disease patients and the matched control group. 

Kidney function as expressed in creatinine clearance and proteinuria 

Mean plasma creatinine in the patient group was 204 µmol/l. The creatinine 

clearance ranged from 5 to 212 ml/min. There were 37 (25%) patients with 

advanced renal failure indicated by a creatinine clearance <30 ml/min. Proteinuria 

of more than 0.1 g/24h was present in 127 patients. In these patients, proteinuria 

ranged from 0.1 to 17.1 g/24h. A proteinuria of more than 3 g/24h was present in 

20 (13%) patients. Mean plasma albumin was 38 g/l. 

In table 3, patients (n=30) with more severe renal dysfunction (creatinine clearance 

<30 ml/min) are contrasted to patients (n=100) with more moderate renal 

dysfunction (creatinine clearance ≥30 ml/min). This was done in patients with a low 

degree of proteinuria and patients with ‘nephrotic’ range proteinuria of >3 g/24h. 

In the patients with a low degree of proteinuria, <3g/24h, higher ratios of total 

cholesterol/HDL-C and LDL-C/HDL-C, lower HDL-C and higher Lp(a) were present 

in case of creatinine clearance <30 ml/min, when compared to patients with a 

better renal function. In the patients with proteinuria >3.0 g/24h (n=20), no 

differences in the lipid profile were observed when creatinine clearance above and 

below 30 ml/min were compared (all P>0.05). 

In figure 2 the correlation between creatinine clearance and total cholesterol is 

explored. To further analyze the relationship between renal function and lipid 

profile, multiple linear regression was applied. To minimize the effects of 

proteinuria on the lipid profile, it was done in 110 patients with proteinuria <2 g/24h 

and plasma albumin >28 g/l. 

Linear regression analysis showed a decreased creatinine clearance to be 

associated significantly with LDL-C to HDL-C ratios and total cholesterol to HDL-C 

ratios. For a 10 ml/min decrease of creatinine clearance, a 0.061 increase of the 

total LDL-C to HDL-C ratio was observed (P=0.010) as well as a 0.085 increase of 

the total cholesterol to HDL-C ratio (P=0.005), with and without adjustment for age 

and gender.  
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Figure 1 Total cholesterol (Mean ± 2SD) in three age groups of male and 
female patients with renal disease (left) and control persons (right). 
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Table 4 Lipid and lipoprotein concentrations according to proteinuria. 

Proteinuria <3g/24u (n=130) ≥3g/24 h (n=20) P 

TC (mmol/l) 5.98(0.16) 7.10(0.75) 0.02 

HDL-C (mmol/l) 1.44(0.04) 1.37(0.11) 0.55 

LDL-C (mmol/l) 3.86(0.14) 4.40(0.66) 0.23 

TG* (mmol/l) 1.54(0.11) 2.90(0.57) 0.001 

Apo A-I (g/l) 1.50(0.03) 1.59(0.11) 0.29 

Apo B (g/l) 1.17(0.04) 1.48(0.16) 0.008 

Lp(a) (mg/l) 243(23) 286(53) 0.18 

TC/HDL-C ratio 4.48(0.14) 5.59(0.67) 0.01 

LDL-C/HDL-C ratio 2.90(0.11) 3.22(0.45) 0.35 

   
  

* Analysis of triglyceride and lp(a) levels were performed after logarithmic 
conversion. Values are mean(SEM).  
TC indicates total cholesterol; LDL-C, low density lipoprotein cholesterol; HDL-C, 
high density lipoprotein cholesterol; TG, triglycerides; Apo, apolipoprotein. 

Chapter 2

44



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For every 10 ml decrease of the creatinine clearance, total cholesterol increased 

0.06 mmol/l (P=0.021). However, after adjustment for age and gender, this was no 

longer significant, P=0.09.  

There was also an association of triglycerides with creatinine clearance. With and 

without adjustment for age and gender log converted triglycerides increased by 

0.015 for every 10 ml/min decrease of creatinine clearance (P=0.002). 

LDL and HDL cholesterol by themselves were not significantly associated with 

creatinine clearance. Patients with proteinuria > 3.0 g/24h had higher total 

cholesterol, triglycerides, apolipoprotein B, and higher ratios of total cholesterol 

/HDL cholesterol than patients with less or no proteinuria as seen in table 4.  

 

 

Figure 2 Relationship between creatinine clearance (ml/min) and total
cholesterol (mmol/l) in 110 patients with renal disease. 
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Figure 3 Relationship between proteinuria (>0.1g/24h) and total cholesterol
on a double logarithmic scale in 127 patients with renal disease. 
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Also, patients (n=64) with proteinuria >1.0 g/24h had higher LDL cholesterol and 

ratios of LDL / HDL cholesterol than patients with less or no proteinuria (n=86); 4.3 

mmol/l vs. 3.7 mmol/l, P=0.03 and 3.2 vs. 2.8, P=0.047. 

In figure 3 the correlation between proteinuria and total cholesterol is explored. To 

elucidate the effect of proteinuria on lipids and lipoproteins a multiple linear 

regression was applied. With and without adjustment for age, gender and 

creatinine clearance, (log converted) proteinuria was strongly associated with 

increased log converted total cholesterol, log converted LDL and log converted 

triglycerides levels in the 127 patients with proteinuria >0.1 g/24h. Log converted 

total cholesterol increased with 0.07 at each log converted gram/24h proteinuria, 

P=0.001.  
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Log converted LDL –cholesterol also increased by 0.06 for each log converted 

gram/24h of proteinuria, P=0.048. Log converted triglycerides increased by 0.15 for 

each log converted gram/24h of proteinuria, P=0.002. The total cholesterol to HDL 

cholesterol ratios and the LDL to HDL cholesterol ratios were also significantly 

associated with proteinuria. An increase of 0.28 of the total cholesterol/HDL ratio 

was observed for each gram/24h proteinuria (P<0.001) and the LDL/HDL ratio 

increased likewise by 0.13 in association with each gram/24h proteinuria 

(P=0.008). 

Short term therapy with atorvastatin  

Figure 4 shows the changes in lipids and lipoproteins upon 10 mg of atorvastatin. 

At this dose 30 out of 60 patients achieved their target LDL-C value. On average, 

in the 60 patients LDL-cholesterol was reduced by 39%, total cholesterol by 27%, 

triglycerides by 18% and Apo B by 34% (P<0.001 for all).  

HDL increased by 5%, P=0.004 and after logarithmic conversion, mean (SEM) 

Lp(a) increased by 2% from 2.11(0.73) to 2.15(0.74) with P=0.013, while staying 

below the risk factor of 300mg/l (log converted 2.48) .  

When patients with proteinuria ≥3 g/24h (n=12) were compared to patients with 

proteinuria <3g/24h (n=48), no significant difference was found in the mean change 

in LDL-cholesterol, -40% to -38%, P=0.7; total cholesterol, -25% to -28%, P=0.6; 

and triglycerides, -20% to -18 % P=0.8. 

Renal function as expressed in mean creatinine clearance did not change, 68 

ml/min to 66 ml/min, P=0.6. None of the patients had to interrupt their 6 week 

treatment because of adverse side-affects. Increased CPK (normal limit <190 U/L) 

was seen in 11 patients. However, none of the patients had myopathy or CPK 

levels ten times the upper limit of normal. Increased ALT was found in 12 patients 

(normal limit <37 U/L). These liver enzyme levels were always <3 times normal 

limit and decreased spontaneously, without changing the therapy. 
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Figure 4 Percent changes (mean ± SEM) in lipid profile in 60 patients with
renal disease after 6 weeks of atorvastatin (10 mg/day) treatment. 
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Discussion  
This study was undertaken to examine the lipid and lipoprotein levels in patients at 

an early stage of chronic non-diabetic renal disease. In the age groups men below 

60 years and women below 40 years total cholesterol was higher than in the 

general population. In addition, 85% percent of the entire patient group had an 

elevated LDL-cholesterol, 28% lower levels of HDL-cholesterol, 36% elevated 

triglycerides and 31 % elevated lp(a).  

Most patients (75%) had only mild to moderate renal impairment due to their 

chronic renal disease. Only 15 % of the patients were treated for hyperlipidemia. 

This supports our hypothesis that hyperlipidemia is often present in the earlier 

stages of chronic renal disease and is frequently left untreated. The clinical 

experience dictates that often considerable atherosclerotic damage is already 

present when patients are referred for treatment in the later stages of renal failure. 

Although the arterial disease in these patients is usually ascribed to the frequently 
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present hypertension, overweight and smoking, it appears from our data that 

hyperlipidemia may be a contributing factor.  

It should be noted that the patients in this study were consecutive outpatients. This 

patient group is constituted differently with respect to their cause renal disease 

than the patient group starting dialysis. For instance, the prevalence of 

glomerulonephritis in the patient group (53%) was much higher than in patients 

starting dialysis (12%) [11]. In our patients only 25% had a severely impaired 

creatinine clearance (<30 ml/min). Proteinuria was usually present (n=127 with a 

urinary protein extraction ≥ 0.1 g/24h), but a ‘nephrotic syndrome’ range proteinuria 

was seen in only 20 patients.  

As is well known, in case of nephrotic syndrome lipids are severely increased, 

irrespective of creatinine clearance [12-17]. In this large group without nephrotic 

syndrome and with various degrees of diminished creatinine clearance, a direct 

relationship was observed between lipid concentrations and renal function. There is 

also a significant presence of elevated lp(a) besides the elevated cholesterol and 

triglycerides, confirming other published data on lp(a) [18]. These results indicate 

that already with incipient renal failure hyperlipidemia may be present.  

In line with the treatment of renal disease associated hypertension, it may be useful 

to initiate lipid lowering treatment also in the early stage. As was shown in our 

study, therapy with atorvastatin and a cholesterol lowering diet appeared to be 

effective already in a dose of 10 mg per day without important side effects. It 

resulted in substantially lower total cholesterol, LDL cholesterol and triglyceride 

levels. This result was in line with other studies [19, 20]. The small increase in lp(a) 

seen in the present study might be due to variations normally seen in patients with 

renal diseases or a specific effect of atorvastatin. An increase in lp(a) after 

atorvastatin use was only reported in a small patient group without renal diseases, 

while others with larger patient groups reported no effect of atorvastatin on Lp(a) 

levels [21-23].  

In conclusion, the majority of patients had an elevated LDL and other lipid 

abnormalities, in severity related to either renal failure or proteinuria. Short-term 

therapy with low dose atorvastatin and cholesterol lowering diet appears to be safe 

and effective. It is probably useful to determine the lipid profile in patients with renal 
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failure already in an early phase and to start lipid lowering treatment as soon as 

abnormalities are found. 
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Abstract.  

Background: Hyperlipidemia may develop early in the course of renal disease and 

statin treatment to lower lipid levels in these patients is effective. In addition, it has 

been suggested that proteinuria may decrease after prolonged periods of statin 

treatment. In the present study we set out to evaluate the short-term effect of 

atorvastatin after only 6 weeks of therapy.  

Material and methods: Plasma albumin, creatinine, creatinine clearance, 

proteinuria, and lipid profiles were assessed in 31 consecutive patients with 

glomerulonephritis and proteinuria >0.3 g/24h. All patients were treated with ACE-

inhibition for more than 3 months. Twenty patients consented to receive additional 

treatment with atorvastatin 10 mg daily in conjunction with a cholesterol-reducing 

diet, while 11 patients received standard care. Analyses were performed at 

baseline and after 6 weeks.  

Results: After six weeks of treatment with atorvastatin urinary protein excretion 

was reduced from 1.80 g/24h to 1.42 g/24h (22%, P=0.005), while no change was 

observed in this parameter in the untreated patients over the same period. Plasma 

albumin did not change in treated or in untreated patients. Lipid and lipoprotein 

parameters improved in all treated patients (all P<0.001). No correlation was 

observed between the percent changes in lipids and proteinuria. Plasma creatinine 

and creatinine clearance did not change (P>0.05).  

Conclusions: Six weeks of therapy with low dose atorvastatin, added to ACE-

inhibition, resulted in a 22% decrease of proteinuria compared to untreated 

patients. 

Introduction 

In an earlier study [1], we found a high prevalence of hyperlipidemia combined with 

increased levels of other cardiovascular risk factors in 150 patients with chronic 

renal disease and mild to moderate renal impairment. Hypercholesterolemia and 

hypertriglyceridemia were found to be related both to the degree of renal 

impairment and to the rate of urinary protein excretion. A low dose of atorvastatin 
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combined with a cholesterol lowering diet was effective in reducing both cholesterol 

and triglycerides in these patients, and was well tolerated. 

In two recent studies in patients with moderate renal failure, it has been shown that 

lipid lowering treatment was associated with a decrease in glomerular proteinuria. 

In the first, [2] 13 patients with IgA nephropathy were studied who were treated with 

fluvastatin during a period of six months. Urinary protein excretion decreased from 

0.8 g/24h to 0.5 g/24h. In the second, [3] 28 patients with chronic 

glomerulonephritis were treated with atorvastatin for 12 months. Proteinuria 

decreased from 2.5 g/24h to 1.5 g/24h in these patients, whereas creatinine 

clearance remained unchanged in treated patients and decreased in controls.  

Information on the acute effects (less than six months of therapy) of lipid lowering 

therapy in the earlier stages of renal disease is lacking. Therefore, the present 

study was conducted to prospectively explore the effects of a short course of 

atorvastatin on proteinuria.  

Methods 

Subjects 

A cohort of 210 consecutive, non-diabetic patients of the outpatient nephrology 

clinic at the Academic Medical Center of the University of Amsterdam, was 

screened from 1999 to 2001 for proteinuria, chronic glomerulonephritis as 

underlying disease (biopsy proven), the use of ACE-inhibition and other 

medications, and hyperlipidemia [1]. Patients who had a nephrotic syndrome were 

excluded, as well as those patients who were in a pre-dialysis phase with a plasma 

creatinine >500 µmol/l.  

Of the 210 patients, 121 had proteinuria >0.3g/24h. When patients with nephrotic 

syndrome were excluded, 91 patients remained in our cohort. Of these 91 patients, 

78 had a plasma creatinine <500µmol/l. Of these, 48 patients had 

glomerulonephritis as primary renal disease. Only 36 of the 48 patients used 

Angiotensin Converting Enzyme (ACE)-inhibitors and/or angiotensin II –antagonists 

at a stable dose for more than three months.  
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Table 1 The baseline characteristics of 31 patients. 

 Atorvastatin group 
(n=20) 

Untreated group 
(n=11) P 

Age (years; range) 50(35-70) 35(25-50) <0.001 

Gender (no. male; %) 17(85) 8(73) 0.4 

BMI (kg/m2) 27(1) 23(1) 0.001 
    

Systolic blood pressure 
(mmHg) 125(4) 120(6) 0.4 

Diastolic blood pressure 
(mmHg) 77(1) 77(5) 0.9 

Urinary protein excretion 
(g/24h) 1.8(0.3) 1.4(0.3) 0.4 

Plasma albumin (g/l) 40(1) 39(1) 0.1 

Plasma creatinine (µmol/l) 174(27) 201(39) 0.6 

    
TC (mmol/l) 6.6(0.3) 5.0(0.2) <0.001 

HDL-C (mmol/l) 1.4(0.1) 1.3(0.1) 0.4 

LDL-C (mmol/l) 4.3(0.2) 3.1(0.2) 0.001 

Triglycerides (mmol/l) 2.4(0.6) 1.5(0.2) 0.3 

TC to HDL-C ratio 3.3(0.2) 2.6(0.3) 0.05 

LDL-C to HDL-C ratio 5.3(0.4) 4.2(0.3) 0.08 

    
All values are mean (S.E.M.). 
TC, Total cholesterol; LDL-C, LDL-cholesterol; LDL-C, LDL-cholesterol. 
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Thirty-one of the 36 patients consented to participate in this study. The dose of 

ACE-inhibition was left unchanged during the study, as well as the use of other 

medications. Twenty of these 31 patients were then prescribed cholesterol lowering 

treatment with 10 mg atorvastatin, because they were considered at risk for 

cardiovascular disease according to criteria formulated by the International Task 

Force for the Prevention of Coronary Heart Disease [4]: The atorvastatin group 

included 19 patients with LDL cholesterol values > 2.6 mmol/l who had either one 

or more cardiovascular risk factors, and one patient who had a history of 

cardiovascular disease. The cardiovascular risk factors consisted mainly of 

hypertension, n=16 (80%) and smoking, n=9 (45%).  

The second group included 11 patients with proteinuria who did not receive 

treatment with atorvastatin. These were either the patients, who according to 

previously defined criteria [4] had no indication for statin treatment (n=6), or 

patients who refused statin treatment notwithstanding the presence of one or more 

cardiovascular risk factors (n=5). The other baseline characteristics of the patients 

are presented in table 1. 

Informed consent was given by each participant, and the study was approved by 

the Institutional Review Board of the Academic Medical Center of the University of 

Amsterdam. All data of the two groups were analyzed at baseline and after a study 

period of 6 weeks. 

Laboratory methods 

Blood samples were taken after an overnight fast. Plasma albumin 

(spectrophotometric reagents) and plasma creatinine (enzymatic method) were 

measured, and concentrations of plasma total cholesterol (TC), HDL cholesterol, 

triglycerides (TG) were determined (enzymatic techniques); LDL-cholesterol 

concentrations were calculated by the Friedewald formula only if triglyceride 

concentrations were below 4.5 mmol/l [5].  

Twenty-four hour urine samples were collected at baseline and after 6 weeks. In 

this sample protein and creatinine were determined. Kidney function was estimated 

by use of the Cockcroft-Gault formula and by calculating creatinine clearance (CCl) 

from the 24 h urine collections. 
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Statistical analyses  

Statistical analyses were carried out using the SPSS statistical software package 

version 12. Values were presented as mean (SD) or mean (SEM). Statistical 

analyses of triglycerides were performed after logarithmic transformation because 

of their skewed distribution. Changes in plasma albumin, plasma creatinine, 

plasma lipids, proteinuria, and creatinine clearance were assessed by Wilcoxon 

paired samples and with Kruskall Wallis-tests.  

Trends were analyzed with a multiple linear regression method. To search for 

violations of necessary assumptions in multiple regression, normal plots of the 

residuals of the regression models were produced. Because of the normal plots, 

regression models of proteinuria were formed after logarithmic transformation of 

these factors. Analyses were adjusted for age, sex, creatinine clearance and 

proteinuria. Statistical significance was assessed at the 5% level of probability. 

Results 

The changes in proteinuria in the two groups are shown in figure 1. The mean 

changes in other factors are given in table 2, while the changes in the lipid profile in 

the atorvastatin group are given in table 3. In the atorvastatin group mean 

proteinuria decreased from 1.82 g/24 hr at baseline to 1.42 g/24 hr after six weeks 

(22 % decrease, P=0.005, figure 1). This was in contrast to the 11 untreated 

patients, in whom mean proteinuria did not decrease (P=0.8, figure 1). There was 

no decrease in mean blood pressure in the patients treated with atorvastatin. The 

blood pressure of the patients in the untreated group was similar to those of the 

treated patients and there was no change during follow-up. There were no changes 

in plasma albumin or creatinine clearance in the treated and untreated group. This 

held true for creatinine clearance estimated by the Cockcroft-Gault formula and for 

creatinine clearance calculated from 24 hr urine. Plasma creatinine did not change 

either. In linear regression analysis, there was no association between the changes 

in proteinuria and changes in plasma albumin (P=0.8).  
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Table 3 Changes in lipids during treatment with atorvastatin  

Atorvastatin group (n=20) 

  Baseline Follow-up % change P 

TC (mmol/l) 6.6(0.3) 4.7(0.2) -30 <0.001 

HDL-C (mmol/l) 1.4(0.1) 1.4(0.1) 3 0.3 

LDL-C (mmol/l)  4.3(0.2) 2.5(0.1) -40 <0.001 

TG (mmol/l)  2.4(0.6) 1.5(0.3) -35 0.001 

TC/HDL-C ratio 5.3(0.4) 3.6(0.3) -32 <0.001 

LDL-C/HDL-C ratio 3.3(0.2) 2.0(0.1) -40 <0.001 

TC, total cholesterol; LDL-C, low density lipoproteins cholesterol; HDL-C, high 

density lipoproteins cholesterol; TG, triglycerides. 

 

All plasma lipids and lipoproteins improved in the treated patients (all P<0.001). In 

multiple linear regression analyses, no direct correlation was observed between the 

percent decrease in proteinuria and the percent changes in total cholesterol, LDL-

cholesterol, triglycerides, the ratio’s of total cholesterol to HDL-cholesterol or LDL- 

to HDL-cholesterol(all P>0.05).  

Nine of the 20 treated patients did not reach their target LDL-cholesterol level 

within six weeks of treatment. In 3 of these patients the target LDL-levels were 

subsequently reached by increasing the dosage up to 40mg without a change in 

ACE-inhibition dosage. This increase of atorvastatin dosage was accompanied by 

an additional 43% decrease in proteinuria in all three patients: mean proteinuria at 

baseline was 1.2 g/24h, at six weeks mean proteinuria was 0.7 g/24h and at the 

time of reaching the target value of LDL-cholesterol (around 13 months) the 

proteinuria was decreased to 0.4 g/24h.  
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Discussion 

In this study we observed a 22% reduction in proteinuria in 20 patients with chronic 

glomerulonephritis treated with the lowest dose of atorvastatin for only a period of 

six weeks. This decrease in proteinuria appears to be additive to that derived from 

treatment with ACE-inhibition. Using regression analyses it was found that the 

decrease in proteinuria was not related to the various changes in the lipids.  

There was a tendency for the mean plasma albumin levels to decrease as well, but 

this did not reach statistical significance. This borderline significant decrease 

cannot explain the decrease in proteinuria; because in linear regression analyses 

the decrease in proteinuria did not correlate with the change in plasma albumin. 

Obviously, in an uncontrolled, unblinded observational study the possibility must be 

considered that a decrease in urinary protein excretion is the consequence of other 

causes. For instance a change in glomerular filtration rate, diet or physical activity 

might cause a change in proteinuria. However, no changes in creatinine clearance 

were seen and careful assessments during follow up did not support the possibility 

of other causes. For comparison, we included a group of untreated patients. This 

group was younger and had lower risk factor prevalence. During the six week 

period no change in proteinuria was observed in this group, making it more likely 

that the change in proteinuria in the treated group was the consequence of 

atorvastatin therapy. 

It is unlikely that the observed change in proteinuria is the result of the continuing 

effect of ACE-inhibition. First, the patients in the untreated group had a similar 

proteinuria at baseline as the treated patients and they had also used ACE-

inhibition for more than 3 months, but they did not have a decrease in proteinuria 

within six weeks. Second, our findings are supported by the results of a long term 

study in patients with glomerular proteinuria [3]. These authors found a decrease in 

proteinuria of 20-30 % after one year of statin therapy on top of the effect of ACE-

inhibition. 

It should be pointed out, that a 22% reduction of proteinuria after a short period as 

six weeks treatment is mainly interesting from a pathophysiological point of view, 

but that the clinical impact is limited. It has to be proven, that the effect is persistent 

in the long term. If so, we know from other studies that patients with less 
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proteinuria do better in the preservation of renal function than patients with higher 

urinary protein loss [6]. 

The rather rapid decrease of proteinuria in the present study might be due to the 

direct and non-cholesterol dependent anti-inflammatory and antioxidant effects of 

statins on the glomerular mesangial cells as described in animal studies [7-12]. 

Statins may also have a beneficial effect on the glomerular barrier, because some 

of the proteins in the glomerular barrier are produced by endothelial cells [13].  

The decrease in proteinuria after atorvastatin occurred, despite the fact that all 

patients already used a stable dose of ACE-inhibitors or AII antagonists. So it is 

conceivable that the observed decrease in proteinuria by statins is associated with 

mechanisms which are adjuvant to ACE-inhibition, for instance inhibition of ACE up 

regulation by VEGF as described in an experimental study [14].  

In the present study only a low dose of atorvastatine was used, nevertheless, half 

of the patients reached their target LDL-levels and the majority of the treated 

patients had a decrease of proteinuria already at this dose.  

In patients with glomerular disease several studies have suggested a reduction in 

proteinuria after long term treatment with statins, both in Caucasian as well as in 

Asian populations [2;3;15;16]. Based on the present study it is likely that this effect 

is already present after six weeks. Further studies, especially randomized 

controlled trials, are needed to assess the possible effects of statins on proteinuria 

and renal function in these patients. 

In conclusion, low dose atorvastatin, in addition to chronic ACE-inhibition, induced 

a 22% decrease of proteinuria within 6 weeks in patients with glomerular disease, 

while there was no change in the patients who continued ACE-inhibition only.  
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Abstract  
Introduction: Statin therapy is suggested to improve renal outcome in the long 

term. Statins can also decrease proteinuria. No studies have yet been conducted to 

determine the acute effects of atorvastatin on renal haemodynamics and selectivity 

of proteinuria. 

Methods: Glomerular filtration rate (GFR), effective renal plasma flow (ERPF), 

filtration fraction (radio-isotope methods) and urinary excretion of proteins were 

determined in 10 patients suffering from chronic glomerulonephritis with LDL-

cholesterol> 2.6 mmol/l and total proteinuria>0.3g/24h. They were studied before 

and after six weeks therapy with atorvastatin 10 mg. ACE-inhibition and other 

medications were unchanged for 3 months prior to inclusion. 

Results: After six weeks of atorvastatin 10 mg, GFR (baseline 75 ml/min, after 

therapy 71 ml/min, P=0.092), ERPF (337 ml/min, after therapy 365 ml/min, P=0.29) 

and the filtration fraction (0.22, after therapy 0.20, P=0.12) remained stable. Mean 

proteinuria (-22%, P=0.017) and albuminuria (-32%, P=0.047) decreased due to 

decrease in the fractional clearance of albumin (-40%, P=0.047). The selectivity of 

proteinuria seemed unaffected by statin therapy.  

Conclusion: Preliminary data suggest that the GFR, ERPF and filtration fraction 

are unchanged in proteinuric patients after short term atorvastatin therapy. The 

decrease in proteinuria tended to be mainly due to a decrease in albuminuria, 

without a change in selectivity.  
Word count: 209 

Introduction 

In an earlier study we found a 22% decrease in proteinuria in 31 consecutive non-

diabetic patients with chronic glomerulonephritis without nephrotic syndrome after 6 

weeks of atorvastatin 10mg [1]. The creatinine clearance as estimated both from 

24h urine and by the Cockcroft-Gault method was unchanged. Other investigators 

demonstrated a similar effect of statins after a period of 6-12 months [2;3]. The 

mechanism of the reduction in proteinuria is unclear and warrants further 

investigation.  
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Creatinine clearance systematically overestimates glomerular filtration rate (GFR), 

because creatinine is not only excreted by glomerular filtration but also by a varying 

degree by tubular secretion. Most often this tubular secretion increases with 

declining GFR [4]. In our previous study on the acute effects of statin therapy on 

renal haemodynamics we used creatinine clearance [1]. It is possible that changes 

in GFR in response to atorvastatin therapy were not detected. ACE-inhibitors and 

NSAID’s can also induce a decrease in proteinuria. Both drugs affect GFR and 

effective renal plasma flow (ERPF) [5-9]. 

The urinary clearance of exogenous radioactive markers such as 125I-iothalamate 

during short periods provide excellent measures of GFR, but these procedures are 

complicated and not readily available [10]. No studies have yet been conducted to 

determine the effects of atorvastatin on renal haemodynamics by using this 

method.  

The aim of the present study was to measure whether the acute decrease in 

proteinuria by low dose atorvastatin is related to changes in renal haemodynamics. 

We also analyzed whether the selectivity of proteinuria is affected by atorvastatin. 

Subjects and methods 

Patients and study design  

During 2004-2005 the patients seen at the outpatient clinic of nephrology were 

screened. Inclusion criteria were the presence of chronic glomerular disease, a 

creatinine clearance>30 ml/min, a 24 hour (24h) proteinuria between 0.3 and 5 

g/24h during at least 3 months of a stable dose of ACE-inhibition, plasma albumin 

above 35 g/l, and an indication for treatment with a statin: an LDL-cholesterol (LDL-

C) >2.6 mmol/l in case of cardiovascular risk factors, >3.5 mmol/l in case of only 

kidney disease [1;11]. Patients who already used statin therapy and patients with 

diabetes were excluded. The study was approved by the Institutional Review Board 

of the Academic Medical Center of the University of Amsterdam. Out of 20 eligible 

patients, 10 patients (5 men, 5 women) gave informed consent and were included 

in the study. The patients had a mean age of 41 years, ranging from 24-52 years, 

and a mean body mass index (BMI) of 27 kg/m2, range 21-34 kg/m2.  
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After an overnight fast and a thyroid block with iodine drops, baseline 

measurements were made of renal haemodynamics (GFR, ERPF, filtration 

fraction), blood pressure, BMI, plasma lipid and protein concentrations, and the 

urinary protein excretion. After this baseline measurement, patients started 10 mg 

atorvastatin daily, while other medication was left unchanged. After 6 weeks all 

tests of the baseline measurement were repeated. The medication use was 

checked, side effects or complaints were registered. 

Renal hemodynamic measurements 

GFR and ERPF were measured during constant infusion of radiolabeled tracers, 
125I-iothalamate, and 131I-hippurate respectively [12-16]. The subjects were in a 

quiet room, in the semi-supine position. After drawing a blank blood sample, a 

loading dose containing 125I-iothalamate and 131I-hippurate was given at 0830 

hours, followed by infusion of the isotopes at a constant rate. In order to attain 

stable plasma concentrations of both tracers, a 2-hour stabilization period followed, 

after which measurements of the clearance of the tracers was done every two 

hours. The clearances were calculated as (U V)/P and (I V)/P, respectively. U V 

represents the urinary excretion of the tracer, I V represents the infusion rate of 

the tracer, and P represents the tracer value in plasma at the end of each 

clearance period. This method corrects for incomplete bladder emptying and dead 

space, by multiplying the urinary clearance of 125I-iothalamate with the ratio of the 

plasma and urinary clearance of 131I-hippurate. The coefficient of variation of day-

to-day determination of 125I-iothalamate clearance amounts to 2.2% [12]. The 

filtration fraction was calculated as the ratio of GFR and ERPF. Renal vascular 

resistance (RVR) was calculated as mean arterial pressure (MAP) divided by 

ERPF. 

Laboratory methods  

In plasma, creatinine (enzymatic method), total protein, albumin, IgG, 

(spectrophotometric reagents) and transferrin (turbidimetric method) were 

determined. Total cholesterol, HDL-cholesterol (HDL-C), triglycerides (enzymatic 
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techniques), apolipoprotein (apo) A-I, apo B (immunonephelometric method) were 

measured; LDL-C was calculated by the Friedewald formula.  

In two 2-hour urine samples taken during the GFR measurement, total protein, 

albumin (turbidimetric methods) creatinine, transferrin and IgG (spectrophotometric 

methods) were analyzed. The fractional clearance was determined of total protein, 

albumin, transferrin and IgG as [urinary protein excretion]/ ([plasma protein 

concentration] x [GFR]). To asses potential differences in selectivity of proteinuria 

the selectivity index was calculated as well (IgG clearance/transferrin clearance). 

Statistics 

Statistical analyses were carried out using the SPSS statistical software package 

version 12. Values were presented as mean with standard error of the mean or 

range. Changes in GFR, ERPF, filtration fraction, plasma proteins, proteinuria and 

fractional protein clearances were assessed non-parametrically by Wilcoxon’s 

paired samples. The changes in plasma lipids and lipoproteins were tested by 

Student’s t-test. Statistical analyses of triglycerides were performed after 

logarithmic transformation because of their skewed distribution. Statistical 

significance was assessed at the 5% level of probability. 

Results 

The changes in GFR, ERPF and filtration fraction after six weeks of atorvastatin 

are shown in figure 1. The ERPF increased in 7 patients, but decreased in 3 

patients. GFR decreased in 6 patients, and increased in 4 patients. The filtration 

fraction decreased in 6 patients, increased in 3 patients, and was the same in one 

patient. The mean GFR, ERPF or FF did not change significantly after 6 weeks. 

Figure 2 shows the changes in urinary excretion of total protein and albumin after 

six weeks of atorvastatin. After six weeks, mean proteinuria had decreased by 

22%, P=0.017, and albuminuria decreased by 32%, P=0.047. The fractional 

albumin clearance decreased by 40%, P=0.047 (table 1).  

The fractional total protein clearance was lower, but this was not significant (-13%, 

P=0.074). The decreases in the levels of urinary excretion of IgG, transferrin and 

their fractional clearances did not reach significance in this small group (table 1). 

The acute effect of atorvastatin on GFR and proteinuria

69



   
Fi

gu
re

 1
 C

ha
ng

es
 in

 G
FR

, E
R

PF
 a

nd
 fi

ltr
at

io
n 

fr
ac

tio
n 

in
 re

sp
on

se
 to

 a
to

rv
as

ta
tin

. 

G
FR

 (m
l/m

in
) 

ER
PF

 (m
l/m

in
) 

0 30
 

60
 

90
 

12
0 

15
0 

010203040506070

0 
 

 6
 w

ee
ks

 
0 

6 
w

ee
ks

0.
1

0.
1

0.
2

0.
2

0.
3

0 
 

6 
w

ee
ks

Fi
ltr

at
io

n 
Fr

ac
tio

n 

Th
e 

G
FR

, E
R

P
F 

an
d 

fil
tra

tio
n 

fra
ct

io
n 

un
ch

an
ge

d 
in

 re
sp

on
se

 to
 a

to
rv

as
ta

tin
. A

t b
as

el
in

e,
 G

FR
 w

as
 7

5 
m

l/m
in

 E
R

P
F 

w
as

 
33

7 
m

l/m
in

 a
nd

 f
ilt

ra
tio

n 
fra

ct
io

n 
w

as
 0

.2
2.

 A
fte

r 
tre

at
m

en
t, 

G
FR

 w
as

 7
1 

m
l/m

in
 (

P
=0

.0
92

), 
E

R
P

F 
w

as
 3

65
 m

l/m
in

 
.

2)
(P

=0
.2

9)
 a

nd
 fi

ltr
at

io
n 

fra
ct

io
n 

w
as

 0
.2

0 
(P

=0
.1

Chapter 4

70



 

Albumin excretion (mg/4h)* Total protein excretion (g/4h)*

Figure 2 The effect of atorvastatin on total urinary protein excretion (left
panel) and albumin excretion. 

*Mean protein excretion (g/4hours) decreased from 0.24 to 0.19 g/4h, P=0.017. 
*Mean albumin excretion (mg/4hours) decreased from 194 to 133 mg/4h, P=0.047. 
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Table 1 Fractional Clearances after six weeks atorvastatin. 

 Baseline Atorvastatin P 

 Albumin 0.48 ± 0.27 0.29 ± 0.16 0.047 

 Total Protein 0.33 ± 0.16 0.28 ± 0.13 0.072 

 IgG  0.08 ± 0.06 0.06 ± 0.03 0.60 

 Transferrin 0.43 ± 0.24 0.37 ± 0.20 0.46 

    

Selectivity index 0.20 ± 0.06 0.21 ± 0.08 0.64 

Values are mean ± SEM 
 
 

Table 2 Plasma variables after six weeks atorvastatin. 
 

Baseline Atorvastatin P 

Total Cholesterol (mmol/l) 5.17 ± 0.31 3.78 ± 0.23 <0.001 

LDL-C (mmol/l) 3.33 ± 0.22 2.02 ± 0.17 <0.001 

HDL-C (mmol/l) 1.15 ± 0.06 1.17 ± 0.05 0.35 

Triglycerides (mmol/l) 1.64 ± 0.26 1.24 ± 0.21 0.002 

Apo B/A-I ratio 0.88 ± 0.04 0.61 ± 0.05 <0.001 

Apo B (g/l) 1.13 ± 0.07 0.79 ± 0.07 <0.001 

Apo A-I (g/l) 1.29 ± 0.05 1.28 ± 0.03 0.91 

Lp(a) (mg/l) 264 ± 67 312 ± 74 0.030 
    

Values are mean ± SEM 
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The same holds for the small increase in the selectivity of proteinuria. Mean 

plasma levels of total protein (73 g/l), albumin (41 g/l), IgG (11 g/l) and transferrin 

(2.3 g/l) remained stable. 

Total cholesterol decreased by 27% (table 2, P<0.001), LDL decreased by 39% 

(P<0.001), triglycerides decreased by 25% (P=0.002), the apo B/A-I ratio 

decreased by 30% (P<0.001), apo B decreased by 30% (P<0.001). Lp(a) 

increased by 19%, while apo A-I and HDL-C remained stable. Mean ± standard 

error of the mean arterial pressure and renal vascular resistance were similar at 

baseline and after treatment: 93 ± 4 mmHg vs. 90 ± 4 mmHg (P=0.44) and 0.31 ± 

0.04 mmHg/ml/min vs. 0.28 ± 0.04 mmHg/ml/min (P=0.58). 

 

Discussion 

The preliminary data of this study show that treatment with atorvastatin for six 

weeks coincided with no changes in the ERPF, the GFR or the filtration fraction. In 

the present study, the renal hemodynamics in response to statin therapy were 

determined using an accurate method. Only one other small study has accurately 

determined renal hemodynamics in response to statin therapy in patients with renal 

disease. In the study GFR and ERPF were determined by an accurate method of 

inulin and para-amino hippurate (PAH) in 10 patients with polycystic kidney disease 

treated with simvastatin 40mg for 4 weeks [17]. The results of that study differed. 

They reported that ERPF and GFR increased, while the filtration fraction had a 

tendency to decrease. This difference can be attributed to the differences in study 

population. The patients of van Dijk et al. [17] had a very early stage of polycystic 

kidney disease, with no loss of kidney function and no proteinuria, while in the 

present study all patients had persistent proteinuria. It is also possible that 

increases in ERPF and GFR were not detected in the present study because of the 

small number of patients. 

The results of the present study confirmed again the additional beneficial effects of 

atorvastatin on proteinuria in patients with chronic glomerulonephritis already 

treated with ACE-inhibitors, which we reported earlier [1]. Coincidentally the 
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proteinuria showed a 22% decrease in response to 10mg atorvastatin, the exact 

same percentage observed in our previous study. Others have similarly reported 

that statin therapy was able to reduce proteinuria [2;3], especially when this 

proteinuria was greater than 0.3g/24h according to recent meta analysis [18]. 

Statins were reported to reduce the progression of renal disease as well in a meta-

analysis of 27 studies [19]. The results also suggest that this reduction in urinary 

protein excretion may be based on a reduction of albumin excretion and reduced 

fractional clearance of albumin. No changes could be detected in the IgG and 

transferrin excretion rate and no improvement in the selectivity index was 

observed. Because of the small number of patients this does not rule out an effect 

of atorvastatin on the selectivity of proteinuria. Such an effect is likely to be less 

pronounced than the reduction in urinary total protein and albumin excretion. 

No changes were detected in mean arterial pressure or RVR in the present study. 

Others have reported that decreases in proteinuria attributed to ACE inhibitors and 

AII antagonists were accompanied by decreases in mean arterial pressure and 

RVR [5-8]. Two studies on the response to ACE-inhibitors and angiotensin II 

receptor blockers demonstrated that a decrease of the filtration fraction coincided 

with a decrease in proteinuria [5;6]. Our findings make it more likely that the 

observed changes are specific to statins, different from the effects of ACE-

inhibitors or AII antagonists. The dosage of ACE inhibitors in the present study was 

unchanged for at least 3 months prior to the start of the study, which also suggests 

that that the observed changes were not due to the continuing effect of ACE-

inhibitors. 

In conclusion, six weeks of treatment with atorvastatin 10 mg results in no 

significant changes in the GFR, the ERPF or the filtration fraction. The reduction in 

fractional clearance of albumin seems mainly responsible for the reduction of total 

proteinuria. The selectivity of proteinuria was not acutely affected by atorvastatin.  

The study is being continued so more precise conclusions can be drawn. 
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Abstract 

Background/Aim: Patients with renal insufficiency often have or develop both 

dyslipidemia and cardiovascular disease. In both conditions lipoprotein lipase (LPL) 

and hepatic lipase (HL) activities can be abnormal. The aim of this study was to 

determine the activity of both enzymes in patients who have renal disease and 

dyslipidemia and to analyze a potential relationship between enzyme activity and 

the treatment effect of atorvastatin. 

Methods: Thirty non-diabetic renal patients with low density lipoprotein cholesterol 

(LDL-C) above 2.6 mmol/l were studied. Renal function varied from normal to pre-

dialysis, proteinuria varied from none to 4.7g/24h. Seven out of 30 patients had 

already cardiovascular disease at the time of the study. Clinical and laboratory 

data, including the apo E genotype, were assessed at baseline. LPL and HL 

activity were measured in post-heparin plasma. Subsequently, the patients 

received 10 mg daily of atorvastatin and after six weeks the decrease in LDL-C 

was determined. 

Results: Mean LPL and HL activities in the renal patients were similar to reference 

values and appeared to be unrelated to either kidney function, as estimated by the 

creatinine clearance, or to the amount of proteinuria. LPL activity was lowest in 

patients with an apo E3E4 genotype (91 mU/ml vs.145 mU/ml, P<0.004) and in the 

patients with preexisting cardiovascular disease (97 mU/ml vs. 145 mU/ml, 

P<0.02). In response to atorvastatin treatment, LDL-C decreased more when 

baseline LPL activity had been higher: r=-0.46 (P<0.02). The change in LDL-C in 

the top vs. lowest quartile of LPL activity was: -47% vs. -37% (P<0.05). 

Conclusion: The LDL-C response to atorvastatin was more pronounced in renal 

patients with higher baseline LPL activity. LPL function was diminished in patients 

with apo E4E3 genotype and in patients who suffered already from cardiovascular 

damage. LPL and HL activity was variable but independent of the kidney function 

or the proteinuria of the patients.  
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Introduction 

Patients with chronic renal disease frequently have dyslipidemia, characterized by 

an increased concentration in the plasma of small-dense type low density 

lipoprotein cholesterol (LDL-C) and triglycerides, and a low concentration of high 

density lipoprotein cholesterol (HDL-C) [1-5]. These patients also have other 

cardiovascular risk factors contributing to a high cardiovascular morbidity and 

mortality. In patients with cardiovascular disease lipoprotein lipase (LPL) and 

hepatic lipase (HL) activities are often decreased [6;7].  

There are two studies on LPL and HL activities and dyslipidemia in patients with 

chronic renal disease [8;9]. One study analyzed 85 patients with variable stages of 

chronic renal failure without much proteinuria (urinary albumin excretion <0.5 g/l) 

[8]. It reported that LPL activity and HDL-C concentration were lower and the 

triglyceride concentration was higher in 22 patients with stage 4 renal disease 

compared to 24 patients with stage 1-2 renal failure, while HL activity was similar.  

The other study determined LPL and HL activity in 25 patients with stage 4 renal 

failure, 25 patients on peritoneal dialysis and 25 patients on hemodialysis [9]. 

These patients were compared to 40 controls without renal disease. The patients 

with stage 4 renal failure had a lower HL activity, a lower HDL-C concentration and 

a higher triglyceride concentration compared to the controls, while LPL activity was 

similar [9].  

Both LPL (molecular weight 55 kDa) and HL (65 kDa) promote the catabolism of 

triglycerides from plasma lipid particles such as very low density lipoprotein 

cholesterol (VLDL-C) [10;11]. LPL is normally bound to the endothelium in a 

dimeric form, and is activated by apo CII present in plasma lipid particles. Low LPL 

activity contributes to a high concentration of triglycerides and low concentration of 

HDL-C in plasma. HL is bound to the liver endothelium, and low HL activity 

contributes to a high triglyceride concentration. Increased HL activity enhances the 

production of small-dense LDL particles, and diminishes the size and plasma 

concentration of HDL-C particles [12].  
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LPL is also found in VLDL-C and LDL-C particles in non enzymatically active 

monomer form [13]. LPL helps the binding of LDL-C to the LDL-C-receptor, which 

enhances the removal of LDL-C from the circulation [14]. Based on these studies, 

the activities of LPL or HL may, if disturbed, contribute to the dyslipidemic 

phenotype often present in patients with chronic renal failure. The effectiveness of 

statin therapy on plasma lipids depends on the activities of these enzymes in 

subjects without renal disease, but no data are available in renal patients [15]. 

Apolipoprotein (Apo) E, a constituent of LDL-C and VLDL-C, helps to bind these 

particles to the VLDL-C and LDL-C receptors. Similar to other populations, in 

patients with renal disease the apo E polymorphism promotes the degree of 

dyslipidemia, and these patients achieve greater benefit from lipid lowering therapy 

[16-19]. Both the apo E4E3 and E2E3 genotypes are suggested to diminish the 

associations between plasma lipids and HL [20;21] and LPL [22] activities 

compared to the E3E3 isoform. In both studies on LPL and HL in renal disease 

patients [8;9] no correction was performed for possible interaction with the Apo E 

genotype. 

The aim of this study was to make an inventory of the activity of LPL and HL in 

chronic renal disease patients with dyslipidemia and to analyze their relation with 

the plasma lipids. A possible interaction with the apo E genotype and with lipid 

lowering treatment with atorvastatin was also analyzed. 

Methods  

Patients and study design 

Post heparin LPL and HL activities were measured in a consecutive group of 30 

adult Caucasian patients with various renal diseases from the outpatient clinic of 

Nephrology of the Academic Medical Center in Amsterdam, The Netherlands. LDL-

C >2.6 mmol/l (without a statin) was an inclusion criterion. None of the patients had 

diabetes mellitus. The patients gave informed consent and the Institutional Review 

Board of the hospital approved the study. Clinical data, including the presence of 

cardiovascular disease, were obtained by using a standard questionnaire, by 

investigation of the clinical file to check on the medical history and by physical 
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examination at baseline. After determination of the baseline characteristics and 

measuring LPL/HL activity, 26 of the 30 patients started on 10 mg atorvastatin daily 

for a period of six weeks. Afterwards the response of the various lipids to this fixed 

low dose was assessed and the outcome related to the enzyme activity at baseline. 

In four patients the LDL-C appeared to be at target concentration at the time of the 

LPL/HL test. According to our protocol [23], these patients were not treated with 

atorvastatin and excluded from the statin response analysis. 

Laboratory methods 

After an overnight fast, blood samples were taken and the concentrations of 

plasma total cholesterol, HDL-C, triglycerides and Lp(a) (enzymatic techniques), 

Apolipoprotein AI and Apolipoprotein B (nephelometry) were determined. LDL-C 

concentrations were calculated by the Friedewald formula only if triglyceride 

concentrations were below 7.0 mmol/L [23]. Plasma creatinine (enzymatic method) 

and plasma albumin (spectrophotometric reagents) were measured. 

According to a standardized protocol, patients received an intravenous bolus of 50 

IU of heparin per kg body weight. After the patient rested in a supine position for 15 

minutes, 20 ml of EDTA blood was withdrawn from the contralateral arm, and 

placed on ice. Tubes were centrifuged in a cooled centrifuge for 15 minutes at 

3000/min. 

Cells and plasma were separated, and plasma was aliquoted, snap-frozen in liquid 

nitrogen, and stored at -70°C until lipase activity measurements were performed. 

The lipases were determined using a [3H]trioleoylglycerol substrate [24]. HL activity 

was determined as the salt-resistant lipase in the presence of 1 mol/L NaCl. The 

inter-assay variation coefficient of total lipase activity was 5.4%. The variation 

coefficient of HL activity was 2.7%. LPL activity was determined by subtracting HL 

activity from total lipase activity. The inter-assay variation of LPL activity was 

10.7%. Activities are expressed as milliunits, 1 mU representing the release of 1 

nmol fatty acid from the substrate in 1 minute. 

A mean LPL activity of 126 mU/ml (range 70-181 mU/ml) for males and of 165 

mU/ml (range 100-230 mU/ml) for females and a mean HL activity of 370 mU/ml 
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(range 225-515 mU/ml for males and of 345 mU/ml (range 245-445 mU/ml) for 

females were considered normal. These reference values were obtained from large 

number of healthy volunteers (both men and women) from the University of British 

Columbia in Vancouver in Canada using the same methods as in the present study 

(personal communication from Jan-Albert Kuivenhoven) [25].  

Apo E genotypes were identified by characteristic visible bands after amplification 

by PCR, restriction endonuclease digestion, and electrophoresis on 5% agarose 

gel, as described before [26]. Kidney function was estimated by applying the 

Cockcroft-Gault formula [27]. In 24 h urine samples obtained from each patient, 

total protein (turbidimetric method) was analyzed. Patients were considered to 

have proteinuria when total urinary protein excretion was >0.3 g/24h.  

Statistics 

Statistical analyses were carried out using the SPSS statistical software package 

version 12. Means were calculated and tested by Student’s t-test for independent 

samples, and in case of skewed distributions by non-parametric Mann-Whitney 

test. The activities of LPL and HL in the patients were compared to the activities 

derived from healthy volunteers. The data were analyzed for males and females 

separately because the normal activities differ between healthy male and female 

individuals.  

The clinical outcome was assessed in relation to the distribution of the genotypes. 

Distributions were compared by the chi square test. Correlations were tested by 

Pearson test. Trends were analyzed with a multiple linear regression method. The 

degree of proteinuria and the degree of renal impairment are associated with the 

degree of dyslipidemia in patients with renal disease [23], and proteinuria is 

affected by statin therapy [28-32]. Therefore, baseline proteinuria and creatinine 

clearance were also included in the trend analysis of the subsequent effects of 

statin therapy. To search for violations of necessary assumptions in multiple 

regressions, normal plots of the residuals of the regression models were produced. 

Statistical significance was assessed at the 5% level of probability.  
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Results 

The baseline characteristics of the patients are presented in tables 1 and 2. One 

third of the patients included in the study had K/DOQI stage 4 renal insufficiency. 

Three patients had proteinuria >3 g/24h (4.7 g/24h, 4.1 g/24h and 3.7 g/24h). The 

most frequent cardiovascular risk factor was hypertension, followed by a body 

mass index >25 kg/m2 (overweight) and smoking. Seven patients had pre-existing 

cardiovascular disease. The baseline lipid profile was characterized by relatively 

high concentrations of LDL-C and HDL-C, and low concentrations of triglycerides 

(table 2).  

Mean LPL activity for both genders was 134 mU/ml with values ranging from 65 to 

362 mU/ml. Mean HL activity for the patient group was 313 mU/ml with values 

ranging from 44 to 709 mU/ml. The LPL and HL activities were normally distributed. 

The mean activity of LPL in male and female and the mean HL activity in male 

patients were not different from the activities in normal volunteers [25] (P>0.05). HL 

activity in the female patients was lower than the mean reference activity of 345 

mU/ml: 242 (131) mU/ml (P<0.04). 

HDL-C correlated positively with LPL and negatively with HL activity (figure 1). 

Similar correlations were observed for apo A-I in relation to LPL (r=0.72, P<0.001) 

and HL activity (r=-0.39, P<0.04). LPL activity had only a one tailed correlation with 

the log converted plasma triglyceride concentration (r= -0.33, P<0.04, two tailed 

analysis P=0.07). After correction for the presence of the apo E4E3 genotype 

(regression analysis) the correlation between LPL and log converted plasma 

triglyceride concentration improved (r=-0.35, P<0.02, two tailed analysis P<0.05). 

Other lipid parameters like LDL-C and apo B did not show a relationship with the 

activity of both enzymes. The LPL and HL activities of various subgroups are 

presented in table 3. Patients with the apo E4E3 genotype had a lower LPL activity 

than patients with E2E3 and E3E3 genotypes, P<0.004. None of the patients had 

E2E2 or E4E4 as apo E genotype. Cardiovascular disease associated with lower 

LPL activity (P<0.02) as well as with an apo E4E3 genotype (P<0.02). 

Lipoprotein lipase and hepatic lipase activities

83



Table 1 Patient characteristics at baseline. 

Total number of patients 30 

(male/female) (20/10) 

Age in years (mean. range) 52 (32-72) 

Number of patients with   

 Pre-existent cardiovascular disease 7 23% 

 Hypertension 27 90% 

 Antihypertensive Medication 27 90% 

Current Smoking  
(at least 5 pack years) 

16 53% 

 Body mass index >25 kg/m2 20 67% 

 Creatinine clearance   

  10-30 ml/min 11 37% 

  30-60 ml/min 4 13% 

  60-90 ml/min 6 20% 

  >90 ml/min 9 30% 

 Proteinuria (>0.3g/24h) 19 63% 

The creatinine clearance was estimated by the Cockcroft-Gault formula. 
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Table 2 LPL & HL activities and plasma lipid concentrations at baseline. 

 Mean SD 

LPL (mU/ml) 134  64 

HL (mU/ml) 313 151 

Total cholesterol (mmol/l) 6.11 1.18 

HDL-C (mmol/l) 1.39 0.49 

LDL-C (mmol/l) 4.06 1.08 

Triglycerides (mmol/l) 1.50 0.97 

apo A-I (g/l) 1.46 0.31 

apo B (g/l) 1.19 0.29 

Lp(a) (mg/l) 243 300 

Table 3 LPL and HL activity in relation to Apo E genotype and the 
presence of cardiovascular disease. 

  N 

 

LPL activity (mU/ml) HL activity (mU/ml) 
Apo E genotype    

 E3E3 & E2E3 24 145 (66) 317 (164) 

  E4E3* 6  91 (25)** 298 (87) 

P  0.004 NS 
    

No CVD 23 145 (68) 330 (159) 

Pre-existent CVD** 7  97 (33)*** 258 (113) 

P   NS 0.02 

* LPL activity is lower in E4E3 than in E3E3 and E2E3. 
** LPL activity is lower in patients with cardiovascular disease than in patients 
without cardiovascular disease. Values are mean (SD). 
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  Figure 1 LPL and HL activities in relation to HDL-C. 

 

4.0 3.02.01.0

400

300

200

100

0

LP
L-

ac
tiv

ity
 (m

U
/m

l) 

r = 0.72 

 

 

 

 

 

 

 

 

 

 HDL-C (mmol/l) 80

60

40

20

0 

H
L-

ac
tiv

ity
 (m

U
/m

l) 

4.0 3.0 2.01.0 

r= -0.39

HDL-C (mmol/l)

LPL and HL- activities correlate with HDL-C (r= 0.72, P<0.001 and r=-0.39, 
P<0.04). 

Chapter 5

86



 

 

LPL-activity at baseline (mU/ml) 

C
ha

ng
e 

in
 L

D
L-

C
 (%

) 

300 200100 

-30 

-40 

-50 

-60 

r = -0.46 

Baseline LPL activity correlates with changes in LDL-C in response to 
atorvastatin therapy (r= -0.46, P<0.02).  

Figure 2 Baseline LPL activity and changes in LDL-C. 

 

 

 

 

 

 

 

 

 

 

 

 

LPL/HL activities were neither correlated with 24-hour proteinuria nor with 

estimated creatinine clearance. Patients with advanced renal failure (stage 4 renal 

disease) and patients with milder renal insufficiency (stage 1, 2 or 3 renal failure) 

did not differ in LPL and HL activities: 152 mU/ml vs. 124 mU/ml (LPL) and 298 

mU/ml vs. 321 mU/ml (HL), P>0.05. Even when stage 4 patients were compared 

only with stage 1 patients LPL and HL activity were not different in mean values 

and in distribution of patients with LPL activity below the median (P>0.05). 

Similarly, the plasma concentrations of various lipids, including the plasma HDL-C 

and triglycerides, of patients with stage 4 renal disease were not different from that 
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of patients with better renal function (P>0.05). Stage 4 patients did have a higher 

degree of proteinuria (1.7 g/24h) compared to patients with better renal function 

(0.6 g/24h, P=0.02). 

The response of LDL-C to a standard treatment with atorvastatin (10mg six weeks) 

appeared to be correlated to the baseline LPL-activity (r=-0.46, P<0.02, figure 2). 

After correction for baseline proteinuria in a linear multiple regression analysis the 

correlation improved (r=-0.50, P<0.007). Also after additional correction for 

baseline creatinine clearance, the correlation was still significant (r=-0.50, 

P<0.009). Patients with the highest quartile of LPL activity (>150 mU/ml) 

demonstrated a greater decrease of LDL-C in response to 10 mg of atorvastatin 

than patients with the lowest quartile (< 94 mU/ml): 47% vs. 37% decrease of LDL-

C, P<0.05. The changes in total cholesterol, HDL-C and triglycerides could not be 

related to baseline LPL activity. Response to atorvastatin appeared to be 

independent of baseline HL activity (P>0.05).  

Discussion 

The present study compared 30 chronic renal disease patients with dyslipidemia to 

a much larger normal population. LPL and HL activities in our patient group were 

similar to reference levels in healthy volunteers, except for HL activity which was 

slightly lower in our female patients than reported for healthy female controls. 

Activities of both enzymes were unrelated to the amount of (mild) proteinuria of the 

patients and to their renal function.  

Our findings partly confirm the results of the two earlier studies [8;9]. In these 

studies, inter-individual variability between patients in LPL and HL activity 

appeared to be considerable with large standard deviations, similar to our study. In 

addition, the relationships between plasma lipids and the HL and LPL activity 

appeared to be intact. The well known positive association between LPL activity 

and the plasma HDL-C concentration as well as the negative association of HL 

activity with the plasma HDL-C concentration was also observed in the current 

study.  
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The two previous studies [8;9] reported either low LPL or low HL activity in patients 

with stage 4 renal failure. This could not be confirmed by us. An explanation may 

be that our study consisted of patients with chronic renal failure who all had an 

LDL-C above 2.6 mmol/l. Also our control population was much larger. The earlier 

studies compared advanced renal failure patients to a small group of 22 to 40 

subjects with normal renal function. Considering the high interindividual variability 

in LPL and HL activity, the control populations in these earlier studies might have 

been too small.  

In both earlier studies, the control patients had significantly lower triglyceride and 

higher HDL-C concentrations than the subjects with renal failure: triglycerides of 

0.86 vs. 1.36 mmol/l [8] and 0.98 vs.1.27 mmol/l [9]; HDL-C of 1.34 vs. 1.15 mmol/l 

[8] and 1.30 vs. 1.01 mmol/l [9]. Our study patients had not only a higher 

triglyceride concentration (1.50 mmol/l), but also a higher HDL-C concentration 

(1.39 mmol/l) than the patients in the two previous studies.  

In the present study the plasma triglyceride concentration correlated better with 

LPL activity after correction for apo E genotype. This confirms an interaction 

between the triglycerides, apo E genotype and LPL activity reported earlier for 

healthy individuals [22]. Patients with the apo E4E3 genotype appeared to have a 

lower activity of LPL than patients with genotypes without an E4 allele. The 

presence of the apo E4 allele is associated with an increased risk of coronary heart 

disease especially in patients with cardiovascular risk factors [33-35]. Decreased 

LPL activity is also reported to be a risk factor for cardiovascular events [6;7;36]. A 

decreased LPL activity together with an apo E4E3 genotype would pose a higher 

risk for cardiovascular disease than either of these factors alone. As far as we 

know, no plausible biological evidence exists for a causal relationship between the 

two factors. 

Patients with a higher baseline LPL activity achieved a greater reduction in LDL-C 

in response to 6 weeks 10 mg of atorvastatin than patients with lower LPL-activity. 

Atorvastatin increases LPL-activity in diabetic patients, and this contributes to the 

triglyceride reductions induced by statin therapy [15], but a correlation of baseline 

LPL activity with the statin induced reduction in LDL-C has not been reported. 
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Both the enzymatic and non-enzymatic functions of LPL might explain this 

observation. The activity of LPL is positively correlated with its concentration [14]. 

Therefore patients with a higher LPL activity probably also have a higher number of 

LPL-monomers present in their LDL-C particles [14] that can help bind the LDL-C 

particle to the LDL-C receptor and increase the clearance of LDL-C by this 

mechanism.  

The enzymatic function of LPL might also enhance the clearance of LDL-C from 

the circulation. Patients with chronic renal failure often have triglyceride enriched 

LDL-C particles [37]. This LDL-C subtype is reported to have less affinity for the 

LDL-C-receptor [9]. Enhanced clearance of triglycerides by a high LPL’s enzymatic 

activity may result in less triglyceride enriched LDL-C particles, which may 

contribute to a more pronounced reduction of plasma LDL-C during treatment with 

a statin.  

In an uncontrolled, unblinded observational study the possibility must be 

considered that the correlation between baseline LPL activity and the changes in 

LDL-C in response to therapy with atorvastatin is influenced by or the consequence 

of other conditions, specific to patients with renal disease. However, the 

relationship between LPL activity and LDL-C response to atorvastatin remained 

present after correction for the degree of proteinuria and for creatinine clearance. 

Also the associations of the degree of LPL activity with plasma lipids were 

undisturbed. It can also be speculated that the enhanced LDL-C lowering effect is 

specific for the lipid profile of renal disease with its abundance of triglyceride 

enriched LDL-C particles [1-5]. This treatment effect may not hold true for all kind 

of patients with high LPL activity. 

In conclusion, lipoprotein lipase and hepatic lipase activities appeared to be highly 

variable in chronic renal disease patients who have an elevated plasma LDL-C 

concentration, but seemed unrelated to the severity of their renal failure or the 

amount of proteinuria. Patients with an apo E4E3 genotype and patients with 

cardiovascular disease had a lower LPL activity than patients without. Atorvastatin 

seems more effective in decreasing LDL-C when baseline LPL activity is high. 
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Abstract 

The aim of this study was to examine in renal patients the relation of the Apo E 

genotype with plasma lipid levels, with the progression of renal failure and with the 

effects of atorvastatin treatment. The distribution was assessed in 116 non-diabetic 

Caucasian patients with renal disease. Atorvastatin 10 mg was administered when 

LDL-cholesterol (LDL-C) was above 2.6 mmol/l at baseline and the dose was 

increased after 6 weeks to reach target levels. Lipids and other clinical data were 

measured at baseline, after 6 weeks and after a 5 year follow-up and related to the 

genotypes.  

The distribution was in Hardy-Weinberg equilibrium and similar to the general 

Dutch population. E2 patients had a normal LDL-C more often than E3 (P=0.02). 

HDL-cholesterol (HDL-C) was initially lower (P=0.001), but showed a better 

response to statin treatment in the E2 than in the E3 and E4 patients (P=0.03). 

Relatively more E2 patients than E3 patients reached ESRD during follow up 

(P=0.02), but not when E2 and E3 patients were matched for creatinine clearance 

at baseline. E2 patients had used statins more often than E3.  

In conclusion, renal patients with the E2 genotype have a lower HDL-C but show a 

better response to atorvastatin. E2 patients seemed to have a higher susceptibility 

for renal damage. The protective effect of statins might have masked a faster 

progression to ESRD in the E2 patients. 

Introduction 

Apolipoprotein E (Apo E) plays a pivotal role in atherogenesis by regulating hepatic 

uptake of remnant lipoproteins, by facilitating cholesterol efflux from foam cells and 

by modifying the inflammatory response to oxidized lipoproteins. In addition to the 

hepatocytes, Apo E is also secreted in the cortex of the kidney and by tissue 

macrophages in the arterial wall. Apo E displays genetic polymorphism with three 

common alleles of a single gene locus on chromosome 19, coding for three protein 

isoforms, Apo E2, E3, and E4. Variation at the Apo E gene locus influences LDL-C, 

HDL-C and triglyceride metabolism [1]. The E4 allele is associated with high, and 

the E2 allele with lower total and LDL-C levels than the E3 allele. The presence of 
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the E4 allele is associated with an increased risk of coronary heart disease, 

especially in patients with cardiovascular risk factors [2-4]. The response of plasma 

lipids to statins is dependent on Apo E polymorphism, and especially in patients 

with the E2 and E3 alleles the decrease in LDL-C is more pronounced than in E4 

patients [5-7]. 

The role of Apo E and its polymorphisms in the kidney is unclear. It is known that 

the production of Apo E in the kidney contributes to the serum Apo E levels. Also, 

Apo E is thought to contribute to renal protection; in experimental models Apo E 

regulates mesangial cell proliferation and matrix expansion and inhibits mesangial 

cell apoptosis by oxidized LDL-C, while in the absence of Apo E renal lesions 

develop resembling glomerulosclerosis [8]. In mice lacking Apo E, treatment with 

statins may prevent such damage to the kidney and may preserve renal perfusion 

[9]. Some authors have associated both the development and progression of 

diabetic nephropathy with the presence of the Apo E2 allele, whereas others have 

found a role for the E4 allele [10-13].  

In addition, patients with non-diabetic renal disease have a high incidence of 

hyperlipidemia combined with other cardiovascular risk factors and a high 

prevalence of cardiovascular morbidity and mortality. As a consequence, many 

patients with renal disease are treated with statins [14;15]. The role of the 

apolipoprotein E polymorphism in the presence and progression of renal disease in 

patients without diabetes is unknown and the interaction of the Apo E 

polymorphism with statin therapy in these patients has not been investigated. 

The aim of this study was to investigate the distribution of Apo E polymorphisms in 

a group of patients with non-diabetic renal disease, and to investigate the 

associations between the Apo E polymorphism with renal damage and with the 

progression to end stage renal disease. The secondary aim was to analyse the 

relationship of Apo E polymorphism to the levels of cholesterol and triglycerides in 

these patients, and the initial response to treatment with atorvastatin in those with 

hyperlipidemia. 
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Table 1 Patient characteristics at baseline. 

Total number of patients* 114  

(male/female) (68/46) 

Age in years (mean, range) 51 (19–75) 

Number of patients with   

 Cardiovascular disease 30 26% 

 Hypertension 83 73% 

Current Smoking 
49 

 (at least five pack years) 
43% 

 BMI>25 kg/m2 71 62% 

 Creatinine clearance   

 (Cockcroft-Gault)   

  <30ml/min 39 34% 

  30-60ml/min 26 23% 

  >60ml/min 49 43% 

  Proteinuria  73 64%  

*excluding 2 patients with E2E4 

Methods 

Patients 

Between 1999 and 2001, 195 patients without diabetes mellitus of the outpatient-

clinic of nephrology of the Academic Medical Center in Amsterdam in the 

Netherlands were screened. All diagnoses had to be biopsy proven except for 

cystic kidney disease. Informed consent for DNA sample collection was obtained in 

128 patients.  
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To avoid genetic heterogeneity only patients of Caucasian descent were included 

in the study. As a consequence, the patient group consisted of 116 patients with 

various renal diseases. Further details are presented in table 1. 

All patients were treated by nephrologists according to international and local 

guidelines: patients with cardiovascular risk factors and an LDL-C> 2.6 mmol/l 

were treated with statin therapy in combination with a cholesterol lowering diet 

aimed at target levels of LDL-C <2.6 mmol/l [15]. Initial statin treatment consisted 

of atorvastatin 10 mg daily for six weeks. When indicated, the statin dose was 

subsequently increased up to 40mg. Clinical outcome was assessed after a follow 

up period of 5 years. Decrease of renal function over time was compared between 

all patients with the genotypes E2 and E3 and after matching for creatinine 

clearance at baseline (plus or minus 10 ml/min). 

Laboratory methods 

After an overnight fast, blood samples were taken and plasma creatinine 

(enzymatic method) and plasma albumin (spectrophotometric reagents) were 

measured. The concentrations of plasma total cholesterol (TC), HDL cholesterol 

(HDL-C), triglycerides (TG) and Lp(a) were determined (enzymatic techniques). 

LDL-cholesterol (LDL-C) concentrations were calculated by the Friedewald formula 

only if triglyceride concentrations were below 4.0 mmol/L [15]. LDL-C >2.6 mmol/l 

was considered elevated. HDL-C <1.1 mmol/l for men and <1.2 mmol/l for women 

was considered as too low [15]. Blood samples and 24 h urine samples were 

obtained from each patient at baseline, after 6 weeks and after a follow- up period 

of 5 years. In the urine samples, total protein (turbidimetric method) and creatinine 

(spectrophotometric method) were analyzed. Patients were considered proteinuric 

when total urinary protein excretion was >0.3 g/24h. It is reported that the relation 

between various cardiovascular risk factors and renal function may lead to different 

conclusions when different estimates of renal function are used [16]. Thus, kidney 

function was estimated by three methods: by calculating creatinine clearance from 

24h urine collection, by applying the Cockcroft-Gault formula [17] and by applying 

the abbreviated MDRD formula [17]. 
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Apo E genotypes were identified by characteristic visible bands after amplification 

by PCR, restriction endonuclease digestion, and electrophoresis on 5% agarose 

gel, as described before [18]. Patients with the genotype E2E4 (n=2) were included 

in the distribution analyses, and excluded from other analyses. E3 denotes E3E3, 

E2 denotes E2E2 and E2E3, E4 denotes E4E3 and E4E4. 

Statistics 

Statistical analyses were carried out using the SPSS statistical software package 

version 12. The distribution of polymorphism in the patients was tested for the 

Hardy-Weinberg equilibrium and compared to the general Dutch population by the 

χ² test. Means were calculated and tested by Student’s t-test for independent 

samples, and in case of skewed distributions by the non-parametric Mann-Whitney 

Test. The clinical outcome was assessed in relation to the genotypes. Trends were 

analyzed with a multiple linear regression method. Statistical significance was 

assessed at the 5% level of probability. 

Results 

The distribution of Apo E genotype 

Of the total population 74 patients had the E3 genotype, 12 patients the E2 

genotype and 28 patients the E4 genotype. In table 2 the distribution of the Apo E 

genotype is presented for the patient population and the general Dutch population 

[19], which were in Hardy-Weinberg equilibrium and similar. However, when only 

patients with an elevated LDL-C or a diminished HDL-C were analyzed, significant 

differences with the general population were observed (table 2). Thirty patients 

were known with cardiovascular disease (CVD) at the time of screening: seven 

(23%) had the E2 genotype, 15 (50%) had E3 and eight (27%) patients had E4. 

The distribution of Apo E alleles in the patients with CVD did not distinguish itself 

from the general population (P>0.05, table 2). The relative number of patients with 

CVD was higher in the E2 group than in the E3 group (58% E2 vs. 20% E3, 

P=0.005), but not different from the E4 patients (29%, P>0.05). The distribution of 

genotypes was similar in all underlying disease groups (table 3). 
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Table 2 The distribution of the Apo E genotype. 

  n 
E3 

allele 
E2 

allele 
E4 

allele P** 

All patients 116* 0.79 0.06 0.15 NS 

Patients with high LDL-C 103 0.81 0.04 0.15 0.04 

Patients with low HDL-C 36 0.64 0.11 0.25 0.02 

Patients with known 
cardiovascular disease 30 0.75 0.12 0.13 NS 

General Dutch Population 2000 0.75 0.08 0.17  

All distributions are in Hardy-Weinberg equilibrium (P>0.05) 
*includes 2 patients with E2E4 excluded from other analyses 
**Patient group vs. General population 

 

Table 3 The distribution of the Apo E genotype in relation to the 
underlying kidney disease. 

 n E3 allele E2 allele E4 allele 

Glomerular Disease 56 0.83 0.07 0.10 

Hypertensive Renal 
Disease 21 0.71 0.07 0.21 

Tubulointerstitial 
Disease* 23* 0.76 0.04 0.20 

Cystic Kidney Disease 16 0.78 0.03 0.19 

All patients* 116* 0.79 0.06 0.15 

*includes 2 patients with E2E4 excluded from other analyses 
All distributions are in Hardy-Weinberg equilibrium (P>0.05). 
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Table 4 Baseline lipid levels by Apo E genotype (n=114). 

 Apo E genotype  

 E3 E2 E4 P 

TC (mmol/l) 6.7(0.3) 5.6(0.5) 6.6(0.4) NS 

0.001* 
HDL-C (mmol/l) 1.5(0.1) 1.2(0.1)* 1.3(0.1)** 

0.05** 

LDL-C (mmol/l) 4.3(0.2) 3.5(0.5) 4.3(0.3) NS 

TG (mmol/l) 1.9(0.2) 2.2(0.3) # 2.2(0.4) 0.04# 

Values are means (SEM). 
* E2 lower than E3. ** E4 lower than E3. #E2 higher than E3. 
TC, LDL-C, TG tested by Mann-Whitney test. HDL-C by Student’s t-test. 

 
 

Table 5. The Apo E genotype and baseline kidney function (n=114). 

 Apo E genotype  

 E3 E2 E4 P 

Plasma creatinine (µmol/l) 186(19) 358(67)* 279(42) 0.004 

Creatinine Clearance 
Cockcroft-Gault (ml/min) 

66(5) 35(8)** 62(10) 0.003 

Creatinine Clearance 
MDRD (ml/min) 

55(5) 26(8) ** 42(7) 0.004 

Creatinine Clearance 
24h urine (ml/min) 73(5) 34(8) ** 64(9) <0.001 

Urinary protein excretion 
(g/24h) 2.8(0.6) 3.2(0.6) 1.6(0.3) NS 

Values are means (SEM) 
Plasma creatinine, creatinine clearance by MDRD and urinary protein excretion 
tested by Mann-Whitney test. 
Creatinine clearance by Cockcroft-Gault and from 24h urine by Student’s t-test. 
*E2 higher than E3. ** E2 lower than E3. 
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Baseline laboratory values 

The plasma lipid levels at baseline in relation to the Apo E genotype are presented 

in table 4. Patients with the E2 allele had an LDL-C at target level < 2.6 mmol/l 

more often (33%) than the E3 (7%) and the E4 patients (11%, P=0.02), but in the 

mean LDL-C values the differences between the genotypes did not reach 

significance (table 4).  

The E2 patients had a lower mean HDL-C than the other genotypes (table 4), but 

the difference in the percentage of the E2 patients with normal HDL-C and E3 

patients with normal HDL-C did not reach significance either (50% E2 vs. 77% E3, 

P>0.05). E2 patients also had a higher mean triglycerides level than E3 patients 

(P=0.04). There were no differences between the genotypes in the mean levels of 

Lp(a) (P>0.05). 

Patients with an E2 allele had a higher mean plasma creatinine and a lower 

creatinine clearance at baseline than E3 homozygotes, but proteinuria and plasma 

albumin were not different at baseline (table 5).  

In the entire patient group (n=114), the urinary protein excretion at baseline 

correlated with the plasma total cholesterol (Pearson correlation=0.41, P<0.001), 

LDL-C (Pearson correlation=0.32, P=0.001), and the triglycerides (Pearson 

correlation=0.45, P<0.001), but not with plasma HDL-C or Lp(a), P>0.05. 

 

Long term follow-up 

Thirty of the 114 patients (26%) progressed to end stage renal disease (ESRD): six 

(50%) of the E2 patients, 15 (20%) of the E3 and 9 (32%) of the E4 patients. E2 

patients seemed to progress more frequently to ESRD than E3 patients (P=0.02), a 

difference that was not found between the E3 and E4 genotype, P>0.05. The mean 

time till reaching ESRD was similar (P>0.05) between the genotypes: 16 months 

(range 1.6- 38 months) in the E2 patients, 20 months (range 1.5 –47 months) in the 

E3 patients and 20 months (range 1.4 – 40 months) in the E4 patients. 

The difference between the Apo E2 and Apo E3 genotypes in percentage of 

patients reaching ESRD was even more pronounced when only the patients with 

glomerular disease (n=56) were analysed (P=0.006). When the E2 patients (n=12) 
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were matched with two to three E3 patients (n=31) for baseline creatinine 

clearance (Cockcroft-Gault formula) the percentage of patients who reached ESRD 

was not different anymore i.e. 50% of the E2 patients compared to 42% of the E3 

patients had to start dialysis (P>0.05). In other aspects like mean LDL-C (4.3 

mmol/l versus 4.3 mmol/l) and mean HDL-C (1.6 mmol/l versus 1.5 mmol/l) the 

matched E3 patients were representative for the total group of patients with the 

Apo E3 genotype. 

Patients were also matched for baseline creatinine clearance estimated by the 

MDRD formula, by creatinine clearance from a 24h urine sample and by plasma 

creatinine (table 5). These analyses gave similar results and the progression to 

ESRD was not different between the genotypes. Although matched for renal 

function, the groups differed in statin use: All E2 patients (100%) but only 65% of 

the E3 patients were treated with atorvastatin during the follow-up period. None of 

the 41 patients without proteinuria at baseline progressed to ESRD in contrast to 

30 of the 73 (41%) patients with proteinuria (P<0.001). 

After 5 years of follow-up 15 (9 E3, 1 E2, and 5 E4) of the original 114 patients (13 

%) had kept the same renal function or even had improved compared to the 

baseline value. Renal function in the other patients had declined on the average by 

0.60 ml/min/month. The difference in relative and absolute rates of decline of 

creatinine clearance did not reach significance between E2 and E3 patients either: 

Creatinine clearance decreased by 0.96 ml/min (=5.4%) per month in the E2 

patients and by 0.55 ml/min (=1.7%) per month in the E3 patients, P>0.05.  

In total six (5%) patients died: three E3 patients, two E4 patients and one E2 

patient. Of these, two patients died from cardiovascular diseases, one with E3 and 

one with E4 genotype. Three patients died after start of renal replacement therapy.  
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Figure 2 The changes in HDL-C and triglycerides as a consequence of 
treatment with atorvastatin. 
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Apo E genotype in relation to response to treatment with atorvastatin  

Treatment with atorvastatin was started at baseline in 73 patients with an LDL-C 

above target level. The mean percent changes in lipids after six weeks treatment 

with 10 mg atorvastatin are depicted in figure 1. Patients with an E2 allele (n=6) 

had a larger mean increase of HDL-C than patients with E4 (n=21) and E3 

genotype (n=46) (P=0.03). The apolipoprotein E polymorphism did not significantly 

affect the responses of total cholesterol, LDL-C and triglycerides. After six weeks of 

atorvastatin, LDL-C decreased in all 73 patients, while the triglycerides decreased 

in only 53 (73%) patients, and the HDL-C increased in only 41 (56%) patients. 

In the E2 and E4 patients the changes in HDL-C correlated negatively with the 

changes in triglycerides (Figure 2): For every 1% decrease of triglycerides there 

was a 1% increase of HDL-C (standard error 0.3) and the Pearson correlation was 

-0.5, P=0.006. In the E3 patients no such correlation was found between the 

changes in HDL-C and the changes in triglycerides, P>0.05 (Figure 2). The 

changes in total cholesterol correlated with the changes in triglycerides in all 

genotypes: For every 1% decrease of total cholesterol the triglycerides decreased 

by 0.8% in E3 patients and the Pearson correlation was 0.39, P=0.009. In E2 and 

E4 patients, for every 1% decrease of total cholesterol the triglycerides decreased 

by 1.3% and the Pearson correlation was 0.42, P=0.02. Such correlations were not 

observed between LDL-C and triglycerides (P>0.05 for all three genotypes). 

 

Discussion 
This study was undertaken to evaluate the distribution of Apo E genotype in 

relation to the occurrence of renal disease, the susceptibility to renal damage and 

the progression to end stage renal disease in a group of patients with chronic non-

diabetic kidney disease. The secondary aim was to analyse the effects of Apo E 

genotype on the lipid levels in these patients and its effects on statin treatment. 

The Apo E genotype does not seem to have a pathogenetic role in the occurrence 

of renal disease. In the total group of 116 patients, the Apo E genotype was in 

Hardy Weinberg equilibrium and not different from the general population. This 

result in the present study confirms the reports in other studies on the incidences of 
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the Apo E genotypes in populations with chronic kidney disease and ESRD [20-

25].  

The results have shown that patients with E2 genotype had a higher plasma 

creatinine and a lower creatinine clearance at baseline than the E3 group. This 

finding suggests an association between Apo E polymorphism and susceptibility to 

and progression of renal damage. This is in line with other studies, which also 

indicate such a relationship. For instance, in a non-Caucasian population with IgA 

nephropathy, an association was observed between the E2 genotype and more 

severe histological damage [25].  

An association between the Apo E genotype and renal function is also reported in 

a “healthy population” study: Liberopoulos et al found that Caucasian Apo E2 

subjects had a higher serum creatinine and lower creatinine clearance than E3 

subjects in a population that did not have kidney disease, proteinuria or risk factors 

such as hypertension or diabetes mellitus [26]. However, in a third study [27] in 

pre-operative E2 patients with coronary artery disease, including diabetic patients 

without a history of kidney disease, no relationship between Apo E genotype and 

baseline renal function was found, although post-operative peak creatinine was 

higher in E2 and E3 patients compared to E4 patients. Cardiovascular disease 

occurred at baseline more often in E2 patients in the present study, possibly a 

direct consequence of their poor renal function. 

The relatively high number of E2 patients who progressed to ESRD during follow-

up compared to the other genotypes also suggests an association with the 

progression of renal failure. However, when we matched E2 and E3 patients for 

creatinine clearance at baseline, the rate of decline of creatinine clearance over 

time was not significant anymore. This might be due to the relatively small number 

of patients in the E2 group. In previous studies reporting on an association of the 

Apo E genotype and renal disease, the E2 groups were larger, ranging from 21 to 

40 E2 patients or more [10;12;26], but for instance in a study by Yorioka et al. a 

relationship was found in only nine E2 patients [25]. In a recent large population 

study of Caucasians and non-Caucasians including diabetics, a higher degree of 

progression to renal failure was observed in the Apo E2 group [28].  

Chapter 6

108



Another possibility is that the potentially negative effect of the Apo E genotype has 

been counteracted or masked by a beneficial effect (through changing lipids or 

otherwise) of statin treatment. When the study was finished, it appeared that statins 

had been more often instituted in E2 patients than in the matched E3 patients. 

Statins are reported to decrease proteinuria [29;30] and the presence and quantity 

of proteinuria are strongly related to progression of renal failure. A beneficial effect 

of statins by other mechanisms [31-33], especially in the patients with the E2 

genotype, might also have occurred. 

In our study population of Caucasian patients with renal disease we found 

differences in lipid levels in patients with the E2 and E4 alleles compared to E3 

homozygotes similar to those reported in other populations [4]. The distribution of 

the Apo E genotype was different from the general population both in patients with 

an elevated LDL-C (decreased frequency of the E2 allele) and in patients with a 

decreased HDL-C (higher representation of the E4 and E2 alleles). E2 patients in 

the present study had lower mean HDL-C levels than E3 patients, but they also 

had more frequently a normal LDL-C at baseline than E3 patients. This means that 

the contribution of the genotype to hyperlipidemia is a more important factor than, 

for instance, the effect of renal function.  

In a previous study [15] in a similar patient group we found that dyslipidemia 

(decreased levels of HDL-C, elevated levels of TC, LDL-C, and triglycerides) 

correlated primarily with the severity of proteinuria and secondarily with the 

decrease in creatinine clearance. Others reported similar findings [34;35]. In a 

meta-analysis of studies, done in populations without renal diseases, triglycerides 

in Apo E2 subjects were higher than in E3 [36]. The higher triglycerides observed 

in E2 patients in the present study might be a consequence of the Apo E genotype 

as well as the creatinine clearance.  

The E4 patients in our study distinguished themselves from E3 patients by a lower 

mean HDL-C. This finding is also in line with previous observations by others 

[36;37] and points also to a genetic influence, that is still present despite the 

pathologic changes in lipid metabolism associated with chronic kidney disease.  
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The HDL-C of our E2 patients increased significantly more as a consequence of six 

weeks treatment with atorvastatin than that of the E3 and E4 patients. Moreover, in 

the E2 and E4 patients any increase in HDL-C was correlated with a decrease of 

the triglycerides, pointing to an atorvastatin effect on HDL-C, which was not the 

case in E3 patients. It has been reported that statin treatment in E2 patients 

resulted in greater increases in HDL-C than in E3 and E4 patients [6]. In the 

present study, no association was observed between the Apo E genotype and the 

lowering effect of atorvastatin on LDL-C. Such a relation was reported in 

populations with other underlying diseases, such as primary hypercholesterolemia 

and coronary artery disease [5-7], but never in renal patients. Urinary protein 

excretion might be a stronger determinant for LDL-C than the Apo E genotype. E2, 

E3 and E4 patients in the present study had the same protein excretion, which was 

correlated with their LDL-cholesterol levels. HDL-C was not correlated with 

proteinuria in our study group. 

In conclusion, the normal distribution of Apo E genotypes in a random outpatient 

group of Caucasian renal patients indicates that a pathogenetic role of Apo E 

variants in the development of renal disease is unlikely. However, the lower 

creatinine clearance in E2 patients at baseline suggests that this genotype is 

involved in increased susceptibility to renal damage. More E2 patients progressed 

to ESRD during follow-up, but after matching for baseline creatinine clearance, the 

difference in rate of decline of renal function was not significant anymore. This 

might be due to the small subgroups. Another possibility is that a protective effect 

of statins might have masked the faster progression to ESRD in the E2 genotype. 

E2 patients had a lower HDL-C, but also less often elevated LDL-C. The HDL-C 

response to atorvastatin and not of the LDL-C was related to the Apo E 

polymorphism. 
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ABSTRACT 

Background: In patients with chronic renal disease other lipid markers than total 

cholesterol or LDL-cholesterol are probably more appropriate to detect a potential 

lipid-related risk for progression to renal failure. Statin therapy might be protective. 

Methods: From 1999-2001, 177 consecutive patients with renal disease from our 

outpatient clinic were included and 169 could be followed up for a mean period of 

4.1 years. Seventy-two progressive patients (end stage chronic renal disease or >5 

ml/min/year decrease of creatinine clearance) were compared to 97 patients with 

stable or slowly progressive disease (<5 ml/min/year decrease). Throughout the 

study all patients were treated according to nephrology guidelines. Atorvastatin 

was instituted in patients with elevated LDL-cholesterol (LDL-C) after the baseline 

determinations.  

Results: Proteinuria, mean arterial pressure and the type of underlying renal 

disease were independently associated with progressive renal disease. After 

adjustment for these factors and whether or not statin therapy was started, an 

increase in plasma apo B concentration was the most predictive lipid parameter for 

renal failure. An increase in apo B from 0.77 g/l (10th percentile) to 1.77 g/l (90th 

percentile) was associated with progressive loss of renal function, represented by 

an odds ratio of 2.63 (95% CI; 1.02-6.76: P=0.045). Treatment with atorvastatin in 

the dyslipidemic patients to lower LDL-C, was also accompanied by a reduction of 

proteinuria in this group (P<0.001). The patients who reached the target level for 

LDL-C of <2.6 mmol/l in response to atorvastatin showed less often progression 

than patients with higher LDL-C (P=0.010).  
Conclusions: A high apo B at baseline appeared to be the strongest risk factor 

among various lipid parameters for progression of renal failure during the following 

years. Atorvastatin, aimed at lowering LDL-C, reduced proteinuria. Renal outcome 

was better in patients with the lowest LDL-C on treatment. 

Introduction 

The prevalence of chronic renal disease is increasing worldwide as a consequence 

of a rise in the prevalence of disorders that damage the kidney, such as 

hypertension and diabetes [1;2]. Many of the patients have dyslipidemia, often 
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already in an early stage of renal failure [3-7]. Impaired renal function and 

proteinuria are both of importance in the development of dyslipidemia [8-10]. 

Dyslipidemia associated with chronic renal disease is characterized by a low 

plasma concentration of high density cholesterol (HDL-C), a high concentration of 

triglycerides and the presence of small-dense low density lipoprotein (LDL) 

particles [3;4;11-14]. Small-dense LDL particles contain less cholesterol, but they 

are more easily oxidized than larger LDL particles[15]. Because LDL particles differ 

in composition, with some LDL particles containing more cholesterol and others 

less, LDL-C is not equivalent to LDL particle number. Apo B as the structural 

protein of all pro-atherogenic lipoproteins provides the best estimate of the total 

number of atherogenic particles [16;17]. HDL particles remove excess cholesterol 

and triglycerides from peripheral vessels and triglyceride rich remnant particles 

[18]. HDL particles also inhibit the oxidation of LDL. Apo A-I is the main biological 

mediator of the atheroprotective functions carried by HDL particles and is in this 

respect a more sensitive marker than the HDL-C concentration in plasma [18]. The 

ratio of the two lipoproteins may be a more accurate predictor of the occurrence of 

coronary artery disease in renal patients than classical plasma lipid concentrations 

[16;19-21].  

Up to now treatment of dyslipidemia in patients with renal disease has primarily 

focused on cardiovascular risk reduction [22-27]. Recent studies indicate that 

statins also exert beneficial effects on the progression of renal impairment [28-30]. 

The mechanisms behind the renoprotective effect of statin therapy are not well 

understood. Lipid lowering may inhibit intra-renal atherosclerosis and protect 

against direct toxic effects of lipids on renal cells [5;31;32]. Inhibiting the 

accumulation of lipoproteins in glomerular mesangium may reduce the number of 

LDL particles that can bind to receptors expressed by the mesangial cells and may 

limit matrix production [31;33-35]. It has also been shown that statins can reduce 

proteinuria [36-39] and may enhance effective renal plasma flow and glomerular 

filtration [40]. 

The primary goal of the present study was to analyze whether abnormal lipid 

values in renal patients would be predictive for progression of renal failure and, if 

so, which lipid, lipoprotein or ratio would be the most predictive marker. The 
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second goal was to determine whether regulation of LDL-C to target levels with 

atorvastatin would have a beneficial effect on the renal outcome. 

Subjects and Methods 

Study design 

A prospective population study was performed on 177 consecutive adult chronic 

renal disease patients who attended the out-patient clinic of the department of 

nephrology from 1999 to 2001. At baseline, clinical data were collected by 

questionnaire and physical examination. Fasting blood samples and 24 hour urine 

samples were taken for laboratory measurements. The follow-up period of the 

study was 5 years. During follow-up, the patients were regularly seen in the 

outpatient clinic and clinical parameters were recorded. Each participant gave 

informed consent, and the local Institutional Review Board approved the study.  

Patients 

All patients underwent a biopsy to define the underlying renal disorder, except in 

case of polycystic kidney disease. Patients were included regardless of stage of 

renal failure, except when the need for initiating renal replacement therapy was 

expected within 6 months. Patients with diabetes mellitus were excluded, because 

they form a separate vascular risk category and because only few diabetic patients 

with a creatinine clearance above 20 ml/min are in the care of our outpatient 

nephrology clinic. After the baseline screening, dyslipidemic patients were 

uniformly treated with atorvastatin according to previously described guidelines by 

the international taskforce for the prevention of coronary heart disease [8;41]. 

Patients who had already developed cardiovascular disease at inclusion 

(secondary prevention) and patients who had additional cardiovascular risk factors 

besides their renal disease, such as hypertension, smoking or a body mass index 

>25 kg/m2 (overweight) received atorvastatin when their plasma LDL-C 

concentration was above 2.6 mmol/l (≈100 mg/dl). Patients who only had renal 

disease as a cardiovascular risk factor received atorvastatin when the plasma LDL-

C concentration exceeded >3.5 mmol/l (≈135 mg/dl). Initial statin treatment 
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consisted of atorvastatin 10 mg daily for six weeks, after which the dose was 

increased to reach target LDL-C levels. The maximum dose advised for the study 

was 40 mg atorvastatin once daily (two patients finally received 60 and 80mg). 

Patients who were treated with statins before inclusion had a wash-out period for 6 

weeks before baseline data were obtained. 

Additional medications were initiated or continued according to the following 

guidelines: Patients with proteinuria or hypertension received ACE-inhibitors, AII 

receptor blockers (ARB), or a combination of both. Target levels for blood pressure 

were <130/80 mmHg or a mean arterial pressure (MAP) of < 96 mmHg (<120/70 

mmHg or a MAP < 86 mm Hg in case of proteinuria). When indicated, therapy was 

instituted for renal anemia and prevention of renal osteodystrophy. 

Laboratory methods 

Laboratory measurements were performed using blood samples taken after an 

overnight fast. Plasma levels of apo A-I and apo B were determined by a 

nephelometric immunoassay, with a variation co-efficient of 3.4%. Levels of total 

cholesterol, HDL-cholesterol (HDL-C) and triglycerides (TG) were measured by 

enzymatic techniques. LDL-C concentrations were calculated by the Friedewald 

formula only if triglyceride concentrations were below 7.0 mmol/L [8]. Non-HDL-C 

was calculated by deducting HDL-C from total cholesterol. 

Plasma creatinine (enzymatic method) and plasma albumin (bromocresol green 

method) were measured at regular intervals and 24-hour urine samples were 

usually obtained at every visit, but in every patient at least at baseline and at the 

end of the study. Total protein in the urine was measured by a turbidimetric assay. 

The Cockcroft-Gault formula was chosen to estimate creatinine clearance in the 

study. Patients were considered proteinuric when total urinary protein excretion 

exceeded 0.3 g/24h.  

Statistical analyses 

Statistical analyses were carried out using SPSS. Means were calculated and 

tested by two sided Student’s t-test for independent samples. In case of skewed 

distributions, the Mann-Whitney or Wilcoxon tests were used. Distributions were 
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analysed by the chi-square test. Progressive renal disease was defined as 

reaching end stage renal disease (ESRD) within 5 years after inclusion or a 

decrease in creatinine clearance of more than 5 ml/min per year. Logistic 

regression was used to calculate odds ratios as an estimate of risk for progression 

of chronic renal disease.  

Odds ratios with 95% confidence intervals were calculated for the untreated 

plasma concentrations of total cholesterol, triglycerides, LDL-C, HDL-C, non-HDL-

C, apo B, apo A-I, and the ratios of apo B/A-I, LDL-C/HDL-C, non-HDL-C/HDL-C, 

and total cholesterol/HDL-C.The results of all factors were first presented in a 

univariate way. All p-values were derived from a logistic regression model 

containing a single factor.  

Second, we fitted various multivariable models to determine which lipid parameter 

was most predictive for progression of renal failure beyond the other “known” risk 

factors which included: proteinuria, MAP, type of renal disease, remaining renal 

function, and atorvastatin treatment. In successive models we added each lipid 

parameter to this basic model together with the interaction of the lipid parameter 

with atorvastatin treatment.  

We then performed a formal test of interaction to decide whether the effect of that 

lipid parameter was significantly different in patients with and without treatment. If 

the test of interaction was significant, the interaction was kept in the model and 

separate results reported for patients with and without atorvastatin treatment. If the 

test of interaction was non-significant, the interaction was dropped from the model 

and the relationship between the lipid parameter and the outcome was assessed in 

the total population. The lipid parameter that led to the best fitting model was then 

selected and the results presented in graph to visualize the strength of the 

relationships of all factors in the model.  

All lipid parameters and other continuous measurements were analyzed in their 

continuous form after we verified that a linear relationship was appropriate. If this 

was not the case, a transformation was sought that improved linearity.  

P-values represent overall significance of the odds ratio of the plasma 

concentration of lipids, lipoproteins and their ratio’s. Statistical significance was 

assessed at the 5% level of probability. The data for non-HDL-C/HDL-C and total 
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cholesterol/ HDL-C appeared to be identical. Therefore, only the data for non-HDL-

C/HDL-C are shown in the results section and tables. 

Hypertension and proteinuria were treated to preserve the patients’ renal function 

with ACE inhibition and other antihypertensive medication. These risk factors for 

chronic renal disease progression were represented in the multivariate logistic 

regression models by the MAP and the 24h total urinary protein excretion. As these 

values were determined in treated patients, they also represent the effects of ACE 

inhibition and other antihypertensive medication in the multivariate analysis. MAP 

values were divided by 10 to calculate the odds ratio per 10 mmHg. Baseline 

creatinine clearance (per 10 ml/min) was entered into the multivariate model as an 

estimate of renal function. Patients with glomerular/hypertensive renal disease 

have a higher degree of proteinuria than patients with tubulo-interstitial or 

polycystic renal disease. Therefore adjustment for the patients’ type of renal 

disease was performed by grouping the types of renal disease into 

glomerular/hypertensive and tubulo-interstitial/polycystic (TI) renal disease. TI-type 

renal disease was put into the regression analysis as a categorical variable 

(present/absent)  

In a subgroup analysis, an association between the effectiveness of statin therapy 

and the progression of renal failure was explored. The progression of renal failure 

in patients who responded to statin therapy with an LDL-C <2.6 mmol/l was 

compared to the progression in patients who had an LDL-C concentration 

>2.6mmol/l in response to atorvastatin therapy. Similarly, the progression in 

patients with a lower than median plasma LDL-C concentration in response to 

atorvastatin was compared to the progression in the patients with a higher than 

median plasma LDL-C concentration. 

Results 

Baseline characteristics 

Of the 177 patients included in the study at baseline, eight patients were lost to 

follow-up within 6 months. Data from the remaining 169 patients were included in 

the follow-up analysis. Thirty-four patients progressed to ESRD, 6 patients died, 
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and 28 patients were lost to follow-up between 6 months and 5 years due to other 

reasons. In these cases, the last available data were used. One hundred and one 

patients were still in observation at the outpatient clinic at the end of the 5 year 

study period. This made the mean follow-up for the entire cohort 4.1 years. 

Of the included patients, 32 had a history of cardiovascular disease, 116 had no 

cardiovascular disease but one or more classical cardiovascular risk factors such 

as hypertension, smoking and overweight, while 21 patients had only renal disease 

as a cardiovascular risk factor. At baseline, LDL-C was >3.5 mmol/l in 56% and 

>2.6 mmol/l in 81% of the patients. HDL-C was <1.1 mmol/l for men and <1.2 

mmol/l for women in 36% and the triglycerides were > 1.7 mmol/l in 34% of the 

patients. The mean proteinuria in patients with tubulo-interstitial/polycystic renal 

disease was lower than the proteinuria in patients with glomerular/hypertensive 

renal disease (0.6 vs. 1.8g/24h, P<0.001). 

Thirty-four patients progressed to ESRD and 38 patients demonstrated a decrease 

in creatinine clearance (Cockcroft-Gault) by > 5 ml/min/year, but did not reach 

ESRD. These 72 patients were classified as fast progressive, whereas the 

remaining 97 patients progressed with less than 5 ml/min/year or remained more or 

less stable (the slowly progressive group). Characteristics of both groups at 

baseline are given in table 1. 

Age, gender, body mass index, and smoking were similar between these two 

groups. The mean creatinine clearance of the patients with fast progression was 

lower than that of slowly progressives. The percentage of patients with creatinine 

clearance <60 ml/min was similar in both groups.  

Proteinuria and blood pressure at baseline and during follow-up  

More patients of the fast progressive group than of the slowly progressive group 

had proteinuria at baseline, while the mean quantity of urinary protein loss had 

been also higher in the fast progressive group (table 1). 
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Table 1 Baseline characteristics of patients with slowly progressive and fast 
progressive disease. 

 
Fast 
Progressive 

Slowly 
progressive 

Odds ratio 
(95%CI) P 

  n = 72 n = 97     
     

Male gender 54% 57% 0.90(0.49-1.67) 0.74 

Age, yr 45 ± 13 49± 15 0.98(0.96-1.00) 0.10 

Current Smoking, at 
least 5yrs 43% 41% 1.09(0.58-2.02) 0.80 

Body mass index, 
kg/m2 26± 4 25± 4 1.07(0.99-1.15) 0.095 

     
Creatinine 
clearance, ml/min 61±48 75±40 0.93(0.86-1.00) 0.045 
Stage 3 and 4 renal 
failure 57% 43% 1.73(0.94-3.21) 0.080 

(10-60 ml/min)     
     
Renal disease type     
-Glomerular disease 65 % 75 %   
-Tubulo-interstitial 
disease 35 % 25 % 1.62(0.83-3.16) 0.16 

Proteinuria present 78 % 51 % 3.36(1.69-6.66) 0.001 

Proteinuria, g/24h 2.99±3.38 1.52±1.27 1.56(1.24-1.97) <0.001 

MAP, mmHg 100±14 93±11 1.51(1.16-1.96) 0.002 

Antihypertensive 
medication 93% 82% 2.85(1.00-8.13) 0.043 

ACE-I or ARB 78% 67% 1.72(0.86-3.46) 0.13 
     
Fast progressive renal disease patients reached ESRD or decreased in creatinine 
clearance (est. by Cockcroft-Gault) by more than 5 ml/min per year.  
Data presented as mean ±SD or as percentage of total.  
Data tested by univariate logistic regression. Odds ratios for MAP per 10 mmHg, 
for Creatinine clearance per 10 ml/min. 
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 Table 2 Baseline and follow-up of proteinuria and MAP. 

  Fast 
Progressive 

Slowly 
progressive P fast vs. slow 

Proteinuria, 
g/24h Baseline 2.99±3.38 1.52±1.27 <0.001 

 End 2.56±3.08 1.09±0.91 0.001 

 P base vs. end 0.094 0.011  

MAP, mmHg Baseline 100±14 93±11 0.002 

 End 101±13 96±9 0.006 

  0.64 0.039 P base vs. end

Data tested by t-test. 
 

This difference in the presence and the amount of proteinuria between the two 

groups persisted till the end of the study. Seventy- five percent of the fast-

progressive patients had proteinuria at the end of the study versus only 45% of the 

slowly progressive patients (P<0.001). Mean proteinuria was also still higher in the 

fast progressive patients (table 2). 

Blood pressure control at baseline had been much better in the slowly progressive 

patients compared to the fast progressives and this remained so during the entire 

study period (table 2). Despite the efforts of the attending physicians to reach or 

remain below the target values MAP had increased in the slowly progressive 

patient group at the end of the study compared to baseline, while in fast 

progressive patients MAP had not been improved (table 2). 

The lipid profile  

The lipid profile at baseline in relation to the risk of progression of renal failure is 

presented in table 3.  
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Table 3 The lipid profile of patients with slowly progressive and fast 
progressive disease. Univariate analysis. 

 Fast 
Progressive

Slowly 
progressive

Odds ratio 
(95%CI) P 

 n = 72 n = 97   

Triglycerides, 
mmol/l 2.13±2.08 1.48±0.82 1.39(1.07-1.80) 0.012 

Non-HDL-C / 
HDL-C 4.06±2.19 3.37±1.59 1.22(1.03-1.45) 0.022 

Apo B, mg/l 1.31±0.57 1.15±0.33 2.34(1.08-5.04) 0.030 

Non-HDL-C, 
mmol/l 5.12±2.57 4.43±1.41 1.21(1.01-1.43) 0.036 

Total cholesterol, 
mmol/l 6.52±2.62 5.89±1.40 1.18(0.99-1.40) 0.058 

Apo B/A-I 0.92±0.37 0.82±0.31 2.41(0.96-6.07) 0.061 

LDL-C/HDL-C 3.24±1.54 2.81±1.27 1.21(0.96-1.51) 0.11 

LDL-C, mmol/l 4.18±2.22 3.76±1.26 1.16(0.95-1.40) 0.14 

HDL-C, mmol/l 1.40±0.53 1.46±0.46 0.76(0.40-1.43) 0.40 

Apo A-I, mg/l 1.49±0.38 1.47±0.30 1.17(0.46-2.93) 0.75 

Atorvastatin 
during follow-up 47% 53% 0.81(0.44-1.19) 0.49 

LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein 
cholesterol; apo, apolipoprotein.  
Data presented as mean ± SD. Data tested by univariate logistic regression.  
The results for total cholesterol / HDL-C were identical to non-HDL-C/HDL-C, and 
are not presented. 
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Patients with progressive renal disease had higher mean plasma concentrations of 

triglycerides, non-HDL-C/HDL-C, apo B and non-HDL-C than the patients with 

slowly progressive or stable renal disease. Mean plasma concentrations of total 

cholesterol, LDL-C, HDL-C, apo A-I, LDL-C/HDL-C and apo B/A-I were similar in 

both groups. 

Risk of chronic renal disease progression 

In the univariate regression analyses of the baseline data, obtained from the entire 

patient cohort, the well known risk factors proteinuria (g/24h), MAP (per 10 mmHg), 

as well as the creatinine clearance were all associated with fast progression. The 

strongest lipid based predictors of progression were triglycerides, non-HDL-C/HDL-

C, apo B and non-HDL-C. These univariate models are presented in tables 1 and 

3.  

Formal interaction tests were performed to search for interaction between the 

presence of statin therapy and lipid and lipoprotein factors in respect of risk for fast 

progression of renal failure. No interaction of the effects of statin therapy with any 

of the lipid or lipoprotein parameters was found. The P-value for the interaction 

tests ranged from P=0.15 for apo B/A-I to P=0.68 for the plasma triglyceride 

concentration, and never achieved significance. However, the odds ratios 

calculated for any lipid variable were invariably higher in the dyslipidemic 

atorvastatin treated patients than in the untreated normolipidemic patients. The 

whole dataset was used to achieve the most robust results for the predictive value 

of various lipid factors. 

In a multivariate logistic regression model, proteinuria, MAP and the type of renal 

disease were predictive for fast progression of renal disease, while the creatinine 

clearance at baseline was not. Adjustment was performed for the creatinine 

clearance at baseline and the well known factors that influence progression of 

renal failure i.e. proteinuria, MAP, and type of underlying renal disease, while 

treatment for elevated LDL-C with atorvastatin was put in the regression model as 

a categorical variable. Then, each lipid parameter was entered into the model 

separately to search whether it would also be an independent risk factor for 

progressive loss of renal function. The results are presented in table 4.  

Chapter 7

126



 

Table 4 Multivariate analysis of the association of fast progressive renal 
disease with continuous traditional lipids, apolipoproteins and their ratios 
after correction for the effects of statin treatment, proteinuria, mean arterial 
pressure, creatinine clearance and type of renal disease. 

Lipid variables Odds ratio (95%CI) P 

Apo B, mg/l 2.63(1.02-6.76) 0.045 

Non-HDL-C, mmol/l 1.24(1.00-1.55) 0.055 

Total cholesterol, mmol/l 1.22(0.99-1.51) 0.060 

LDL-C, mmol/l 1.24(0.98-1.58) 0.075 

Apo B / A-I 2.13(0.62-7.35) 0.23 

Non-HDL-C /HDL-C 1.15(0.90-1.46) 0.26 

Triglycerides, mmol/l 1.19(0.86-1.63) 0.29 

LDL-C/HDL-C 1.17(0.86-1.60) 0.31 

Apo A-I, mg/l 1.25(0.44-3.58) 0.68 

HDL-C, mmol/l 1.07(0.52-2.21) 0.86 

 
Data tested by multivariate logistic regression. 
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0.96(0.88-1.04)  

3.04(1.35-6.82) 
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1.67(1.28-2.18)  

2.63(1.02-6.76)  

Odds Ratio (95%CI)  

0.48(0.22-1.06)  

Odds ratio for fast progression of renal failure 

Creatinine Clearance 

0.1 1 10 

TI-type

MAP

Proteinuria 

Apo B 

Atorvastatin

Figure 1 Multivariate analysis of risk factors in the progression of renal 
failure and the effects of atorvastatin.

Data represent continuous baseline variables tested by multivariate logistic 

regression.  

Proteinuria per 1.0 g/24h increase; MAP per 10 mmHg increase; TI-Type, 

Tubulo-interstitial and cystic disease vs. glomerular and hypertensive renal 

disease; the odds ratio for apo B is for an increase from p10 (0.77 g/l) to p90 

(1.77g/l); Creatinine clearance per 10 ml/min increase.
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Out of all the tested lipid parameters only plasma apo B concentration remained 

significant as a predictive factor after adjustment. To provide a feeling of the actual 

impact of the model, the odds ratio associated with an increase of apo B from 10th 

percentile (0.77 g/l) to 90th percentile (1.77 g/l) of the population together with the 

odds ratios for the classical renal risk factors for progression are plotted in figure 1. 

An increase of apo B from the 10th percentile to the 90th percentile appeared to be 

associated with a 2.63 additional increase of odds ratio for fast progression of renal 

disease above all other risk factors. 

The impact of atorvastatin therapy 

Eighty-five patients were treated with atorvastatin, either from baseline on (n=53) 

or started later during follow-up (n=32). In the remaining 84 patients, statin therapy 

was not instituted for several reasons: Forty-three patients had an LDL-C below 

target concentration. Thirty-seven patients had elevated LDL-C levels, but refused 

any other treatment than diet. Finally, two patients had to stop because of side-

effects. The side-effects were muscle pain and a moderate rise in CK within the 

normal limits. After discontinuation of the drug the patients reported no more 

muscle pain. Two others had a contraindication for statin use because of 

pregnancy wish.  

Univariate analysis did not detect a renoprotective effect of atorvastatin therapy in 

all 169 patients, odds ratio 0.81 (95% CI: 0.44-1.19, P=0.49). In the multivariate 

analysis (figure 1) the odds ratio for a risk reduction was not significant, with the 

odds ratio of 1.00 within the 95% confidence interval: 0.48 (95% CI; 0.22-1.06, 

P=0.069).  

In the patients who were treated for an elevated LDL-C with atorvastatin, 24h 

proteinuria decreased significantly by 33% from 2.41 g/24h at baseline till 1.62 

g/24h at the end of the study (P<0.001). Such an improvement over time was not 

observed in the patients who did not receive statin treatment. They had 1.77 g/24 h 

proteinuria at baseline and 1.66 g/24h at the end of study, P=0.64.  
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Table 5 The lipid profile at baseline without treatment and at the end of 
the study in 85 patients who were treated and 84 who were not treated 
with atorvastatin. 

  Not treated Treated Pstatin vs. no statin 

Total cholesterol, 
mmol/l Baseline 5.39±1.22 6.92±2.37 <0.001 

 End 4.86±0.96 4.58±1.11 0.090 
 P base vs. end <0.001 <0.001  
Triglycerides, 
mmol/l Baseline 1.34±0.95 2.17±1.85 <0.001 

 End 1.25±0.81 1.84±1.61 0.004 
 P base vs. end 0.84 0.024  

LDL-C, mmol/l Baseline 3.27±1.06 4.62±2.01 <0.001 

 End 2.80±0.95 2.42±0.85 0.013 
 P base vs. end <0.001 <0.001  

HDL-C, mmol/l Baseline 1.52±0.53 1.35±0.44 0.024 

 End 1.62±0.53 1.44±0.42 0.011 
 P base vs. end 0.015 0.071  
Non-HDL-C, 
mmol/l Baseline 3.87±1.23 5.57±2.28 <0.001 

 End 3.27±0.93 3.17±1.10 0.56 

 P base vs. end <0.001 <0.001  

Non-HDL-C/HDL-C Baseline 2.86±1.35 4.46±2.02 <0.001 

 End 2.31±1.14 2.47±1.19 0.38 

 P base vs. end <0.001 <0.001  

LDL-C/HDL-C Baseline 2.39±1.10 3.58±1.41 <0.001 

 End 1.92±1.03 1.86±0.82 0.70 

 P base vs. end <0.001 <0.001  

Data are presented as mean ±SD. Data tested by t-test. 
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At baseline, the patients who were subsequently treated with atorvastatin had a 

higher LDL-C and their lipid profile had been more disturbed in comparison with the 

untreated patients (table 5). During follow-up, the situation reversed for LDL-C, but 

HDL-C was still lower and triglycerides still higher in the patients on atorvastatin 

than in the patients who neither had nor used a statin. The ratio’s LDL-C/HDL-C 

and non-HDL-C/HDL-C were similar between the two groups. Unfortunately, the 

study protocol did not include determination of apo B and A-I at the end of the 

study.  

The patients who had not used a statin also demonstrated an improvement in the 

lipid profile at the end of the study compared to baseline profile. Statin treated and 

untreated patients had similar creatinine clearance, proteinuria, age, body mass 

index, type of renal disease, MAP, use of antihypertensive medication, ACE 

inhibition, ARB’s or smoking habits. The patients who had not used a statin also 

demonstrated an improvement in the lipid profile at the end of the study compared 

to baseline profile. Statin treated and untreated patients had similar creatinine 

clearance, proteinuria, age, body mass index, type of renal disease, MAP, use of 

antihypertensive medication, ACE inhibition, ARB’s or smoking habits. 

Sixty-four percent of the treated patients was male in comparison with 48% of the 

untreated patients (P=0.037). Thirty-four (40%) of the treated patients and 38 

(45%) of the untreated patients showed progressive renal disease (P=0.49).  

Although treatment with atorvastatin for a LDL-C above target did not result in a 

significant risk reduction of progression of renal failure, it could still be that 

atorvastatin would be beneficial for the renal outcome, provided that the target 

value was reached. To analyse this possibility, patients who had a LDL-C at the 

end of the study below 2.6 mmol/l (n=53) in response to atorvastatin were 

compared to the patients who, despite the use of atorvastatin, persistently had a 

higher LDL-C (n=31). Fast progression was more frequently observed in the 

patients who did not reach the target LDL-C than in the patients, who did (in 58% 

vs. 30 % of the patients, P=0.010).  
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A similar result was found when the treated patients were divided in those who 

reached a lower than median LDL-C (2.3 mmol/l) and those with a higher than the 

median value. In the lower than median group only 29% of the patients showed 

rapid loss of renal function, while this occurred in more than half (52%) of the 

patients of the higher than median group (P=0.034).  

Discussion 

In this prospective observational study we found that the plasma concentrations of 

triglycerides, apo B and non-HDL-C, but not LDL-C, were associated with an 

increased risk for fast progression of renal failure in patients with chronic renal 

disease. Apo B remains a contributor to the risk after correction in a multivariate 

regression model for other risk factors like proteinuria and blood pressure. 

Treatment with atorvastatin, primarily aimed at lowering LDL-C in the dyslipidemic 

patients, not only improved lipid factors, but also caused a 33% reduction of 

proteinuria. These observations suggest a superior predictive power for apo B in 

assessing lipoprotein-related risk for progression of chronic renal disease and add 

to the contention that statins should be added to the standard treatment of both 

proteinuric and dyslipidemic chronic renal disease patients. 

To put the results of our study in perspective it is important to realize that data were 

not obtained from a multicenter randomized trial, but from a one center prospective 

observational cohort study in a well defined and controlled group of renal patients. 

Mainly for ethical reasons, administration of statins in this long term study could not 

be randomized. Atorvastatin was prescribed to every patient who had or developed 

an elevated LDL-C value. In the majority of eligible patients this was already at 

baseline, but in some patients the indication for treatment with atorvastatin 

occurred later during the follow-up period. For earlier mentioned reasons, our study 

population lacked patients with diabetic nephropathy. This could be seen as a 

limitation of the study, because it makes the study group as such incomparable 

with the general dialysis population and our findings not applicable to the diabetic 

patients with renal failure. From a pathophysiological point of view it can also be 

considered an advantage, because diabetes with dyslipidemic changes of its own 

is eliminated as a possible confounder. Other studies which have analysed the 
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association between dyslipidemia and progression of renal failure have often 

similarly excluded [17;32] or minimised the number of patients with diabetes 

mellitus [5].  

Progression of renal failure was defined as a decrease of creatinine clearance 

estimated by Cockcroft–Gault formula of more than 5ml/min/year or development 

of end stage renal failure within the 5 year follow-up period. Statistical analysis was 

done by models that were sensitive enough to detect the impact of the well known 

independent risk factors for progression of renal failure. In the multivariate models 

that we used, proteinuria as well as higher mean blood pressure at baseline were 

both significantly associated with an increased risk of progression of renal disease. 

This is in agreement with other studies [42;43]. A similar percentage of patients 

with tubulo-interstitial diseases were fast progressive as patients with glomerular 

diseases, although they had lower proteinuria. Our model detected this, and gave 

patients with tubulo-interstitial disease a specifically higher risk for progressive 

renal disease, independent from the degree of proteinuria. Should dyslipidemia be 

of any relevance as a risk factor for progression of renal failure or should treatment 

of dyslipidemia be protective, then we expected that our statistical model would be 

sensitive enough to detect this as well. 

As stated in the introduction apo B is theoretically the best representative of the 

atherogenic lipid factors in renal disease. In this study, the untreated plasma apo B 

concentration emerged as independent predictor for progressive renal disease over 

the follow-up period. After adjustment for blood pressure and proteinuria the 

association of progressive renal failure with other lipids or ratio’s, including 

triglycerides, non-HDL-C and all lipid ratios lacked significance.  

Although many studies [5;11;17;31;32;44] suggest that dyslipidemia is involved in 

progression of renal failure, the complexity of the lipid disorders in renal disease 

and the strong relationship with another risk factor for progression, i.e. proteinuria, 

is probably the reason that the outcomes are variable or sometimes even 

conflicting. The degree of proteinuria, a well known risk factor for progression of 

renal disease, correlates with the plasma concentrations of triglycerides and 

cholesterol [8]. In other studies elevated LDL-C [32] and apo B-containing 

lipoprotein particles [17] associated with a faster decrease of the creatinine 

Dyslipidemia, progressive renal failure and atorvastatin

133



clearance, but no comparison was made with, for instance, non-HDL-C or 

combinations of atherogenic/atheroprotective ratios. 

Massy et al. [5] found no associations of the individual traditional lipid parameters, 

including LDL-C with progression to ESRD. A post-hoc analysis of a population 

study in 12 728 subjects with serum creatinine < 2.0 mg/dl identified the plasma 

triglyceride concentration as an independent risk factor for a 25% decline in 

creatinine clearance [44]. A limitation of this study is that no urine was collected, 

which means that no correction could be performed for the amount of proteinuria of 

the patients.  

Proteinuria was the most significant renal risk factor in the current study, and is well 

known for being a risk factor for progression of renal failure. The patients who were 

treated with atorvastatin demonstrated a decrease in proteinuria at the end of the 

study compared to the baseline values, while proteinuria had remained unchanged 

in patients who had not used atorvastatin therapy. A 22% reduction of proteinuria 

by atorvastatin was already observed by us after 6 weeks of treatment with 10 mg 

in a smaller number of patients of this study [39]. The ability to reduce proteinuria 

on top of the reduction that can be achieved by ACEI and ARB might be a 

mechanism by which atorvastatin exerts a renoprotective effect.  

Other studies support this contention. In a randomized trial with atorvastatin the 28 

treated patients not only had less decrease in creatinine clearance but also less 

proteinuria than the untreated patients after one year [36]. Similar observations 

were reported by other groups [38;39;45]. The results from a meta-analysis by 

Douglas et al. are also in line with the results of the current study. They reported 

that statin therapy was effective in patients with pathologic proteinuria> 300 

mg/24h, inducing significant decreases of proteinuria, while statin therapy was not 

effective in reducing proteinuria in patients with microalbuminuria[46].  

In the multivariate analysis of the present study we could not demonstrate that 

atorvastatin therapy was associated with a reduction of the risk for progression of 

renal disease during the following years, also independent of proteinuria, but the 

value of 1.00 was just within the 95% confidence interval. This might be due to the 

number of patients and to a lack of randomisation. Two retrospective analyses in 

18 000 and 10 000 patients treated primarily for cardiovascular disease with a 
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statin, suggested modest protective effects on renal function for pravastatin[29] and 

rosuvastatin[30].  

In the current study prescription of atorvastatin was not randomized, but aimed at 

LDL-C reduction. At the end of the study, this goal was achieved. In the majority of 

the treated patients, LDL-C and HDL-C were slightly lower and the LDL-C/HDL-C 

ratio was similar to that of untreated patients. Patients who achieved target plasma 

LDL-C concentration or a plasma LDL-C concentration below the median of 2.3 

mmol/l during atorvastatin treatment demonstrated less often progression of renal 

failure than the patients who did not. These findings suggest that atorvastatin not 

only reduces proteinuria, but also provides a lipid mediated protection of renal 

function.  

Conclusions 
Apo B, and not total cholesterol or LDL- cholesterol, appears to be the best marker 

for dyslipidemia in patients with chronic renal disease. An elevated plasma apo B 

concentration emerged as the only lipid-related factor in our study that predicted 

progression of renal failure during the following years, independent of proteinuria 

and hypertension. Prescription of atorvastatin to the dyslipidemic patients was 

associated with reduction of proteinuria. Patients who reached target LDL-C on 

atorvastatin appeared to be better protected against progressive loss of kidney 

function than patients with less response. 
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Introduction  

In 1999-2001 we screened all patients with chronic renal disease, who were in the 

care of the outpatient clinic of nephrology of the Academic Medical Center in 

Amsterdam. Subsequently we started a prospective cohort study in 177 patients 

who gave informed consent. The mean age of the patient group was 45 years (18-

75 years) and 58% were men. Our aim was to make an inventory of risk factors for 

progression of renal failure and development of cardiovascular disease. We 

focussed on lipid abnormalities in relation to morbidity factors.  

After inclusion the patients were followed for a period of five years. During this 

period the patients were regularly seen and treated according to local and 

international guidelines to prevent or slow down progressive loss of renal function 

and to prevent progression or development of cardiovascular morbidity. Elevations 

of LDL-cholesterol (LDL-C) were treated in all patients with atorvastatin and lipid 

lowering diet, using target levels of the International Task Force for the Prevention 

of Cardiovascular Disease.  

Patients with diabetes mellitus were excluded, because we did not want this risk 

factor involved in the analysis. We also did not include patients, who were 

expected to start with renal replacement therapy within six months. This thesis 

reports on the clinical outcome in this cohort of patients. Special attention was 

given to the role of dyslipidemia and its treatment with atorvastatin. 

Chapter 1. In the first chapter an overview of the relevant literature is given. 

Dyslipidemia is widely prevalent in patients with chronic renal disease, but is often 

left untreated. The lipid profile is usually characterized by an elevated LDL-C with 

more small dense LDL-particles, elevated triglycerides and a low concentration of 

HDL-cholesterol (HDL-C). Statin treatment constitutes a relatively safe and 

effective way to improve lipid abnormalities, especially in lowering LDL-C.  

Statin therapy might also reduce renal inflammation and lead to a decrease of 

proteinuria. A combination of these pleiotropic effects and lipid lowering might lead 

to renoprotection. When statins were instituted in the early stages of renal failure, 

therapy with these drugs resulted in a reduction of cardiovascular risk in patients 
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with chronic renal disease. However, when intervention with statins was postponed 

until patients reached end-stage renal disease, statins had limited benefit. 

Chapter 2 reports on the baseline clinical characteristics, the prevalence of lipid 

disorders and of cardiovascular and renal risk factors in the first 150 patients 

included in the study. At baseline 75% of the patients had mild to moderate renal 

failure (Kidney Disease Outcomes Quality Initiative (KDOQI) stages 1-3) and 25% 

more advanced renal failure (stage 4). Nineteen percent of the patients already 

suffered from cardiovascular disease before inclusion. Dyslipidemia was present in 

85% of the patients for which only 15% of the patients were treated before 

inclusion.  

The severity of dyslipidemia at baseline correlated primarily with the degree of 

proteinuria and secondarily with the creatinine clearance. After the inventory at 

baseline all patients with an elevated LDL-C were treated with 10 mg atorvastatin 

for six weeks after which a second evaluation was done. In this chapter the 

treatment results after six weeks are given for the first 60 patients, who received 

atorvastatin. In general the lipid lowering effects were the same as in patients 

without renal failure with a 39% reduction of LDL-C and an 18% reduction in 

triglycerides. Fifty percent of treated patients reached the target LDL-C level with 

10 mg. No patient had to interrupt the treatment because of adverse side effects. 

Chapter 3. One of the questions, that the literature review raised, was whether 

statins were indeed able to reduce proteinuria and if so, whether this would be an 

acute or a long term effect. In our cohort there were 31 patients with chronic 

glomerulonephritis, who had stable non-nephrotic proteinuria on angiotensin-

converting enzyme (ACE) inhibition. The patients had used this medication already 

for more than three months without a change in dose. Twenty of these patients 

were treated with atorvastatin 10mg for six weeks, while 11 patients were left 

untreated. Proteinuria decreased by 22% in treated patients, while no change was 

observed in untreated patients. No correlation was observed between the changes 

in proteinuria and the changes in lipids.  

Chapter 4. To investigate by which mechanisms atorvastatin reduces proteinuria 

we started a new study in 2004 in patients with chronic glomerulonephritis and 

proteinuria. These patients had entered the outpatient clinic of nephrology after the 
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start of the cohort study. They had to be stable on ACE inhibitors and/or 

angiotensin receptor blockers for at least three months before entering the study. 

The patients had to have an LDL-C > 2.6 mmol/l as well, but not started yet with a 

statin. In this chapter we give a preliminary report of the results in the first 10 

patients, who finished the study.  

Renal hemodynamics, glomerular filtration rate (GFR), effective renal plasma flow 

(ERPF), filtration fraction (FF), mean arterial pressure (MAP), renal vascular 

resistance (RVR) and renal clearance of various serum proteins were measured 

before and after six weeks of treatment with 10 mg of atorvastatin. The reduction in 

proteinuria by 22% was mainly due to a reduction in fractional clearance of albumin 

(40%). The selectivity of proteinuria was not significantly affected. The ERPF, GFR, 

FF, MAP and RVR had remained stable after six weeks. 

Chapter 5. To further analyze the kind of dyslipidemia in renal disease, we 

performed a study in 30 renal patients with LDL-C above 2.6 mmol/l. None of the 

patients had nephrotic syndrome. Post-heparin lipoprotein lipase (LPL) and hepatic 

lipase (HL) activities were determined in this patient group and related to several 

lipid values and risk factors. In general, the HL and LPL activities were similar to 

the general population. LPL and HL activity were unrelated to kidney function. LPL 

activity was lower in patients with preexistent cardiovascular disease and in 

patients carrying an apolipoprotein (apo) E4 allele. The plasma LDL-C 

concentration decreased more in response to atorvastatin treatment when baseline 

LPL activity was higher.  

Chapter 6. In the Caucasian patients included in the cohort we also determined a 

genetic polymorphism that might be of influence on the lipid metabolism, the 

progression of renal disease, the development of cardiovascular disease and on 

the effectiveness of the response to therapy. This chapter describes the effects of 

variation at the apo E gene locus. This polymorphism influences LDL-C, HDL-C 

and triglyceride metabolism in the general population. Apo E is partially secreted 

from the kidney, and some authors have associated both the development and 

progression of diabetic nephropathy with the presence of the apo E2 or the apo E4 

allele.  
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In 116 patients of the cohort we found that patients with the apo E2 genotype (both 

E2E3 and E2E2) had a lower HDL-C, but also showed a better response to 

atorvastatin than patients with apo E3 (E3E3) and E4 (both E4E3 and E4E4) 

genotype. E2 patients also seemed more susceptible to renal damage, as relatively 

more E2 patients than E3 patients reached end stage renal disease (ESRD) during 

follow up. This effect was not significant anymore, when the E2 and E3 patients 

were matched for creatinine clearance at baseline.  

Chapter 7. In the last chapter the final results of the cohort study are presented in 

relation to renal outcome. Eventually 169 patients from the outpatient clinic 

remained in the study and could be followed for more than six months. The 

endpoints of the follow-up period were start of renal replacement therapy, death, or 

reaching the end of the observation period at five years after inclusion. The mean 

follow-up period for the entire cohort was calculated at 4.1 years.  

Seventy-two patients demonstrated progressive renal failure i.e. ESRD within five 

years after inclusion or >5 ml/min/year decrease of creatinine clearance. These 

progressive patients were compared to 97 patients who had shown slowly 

progressive or stable renal disease. Multivariate logistic regression analysis was 

used to analyze whether abnormal lipid values in renal patients would be predictive 

for progression of renal failure and, if so, which lipid, lipoprotein or ratio would be 

the most predictive marker. We also analyzed whether regulation of LDL-C to 

target levels with atorvastatin would have a beneficial effect on the renal outcome. 

Proteinuria, MAP and the type of underlying renal disease were independently 

associated with progressive renal disease. After adjustment for these factors and 

the effects of statin therapy later on, an increase in plasma apo B concentration 

was the most predictive lipid parameter for renal failure. An increase in apo B from 

0.77 g/l (10th percentile) to 1.77 g/l (90th percentile) was associated with 

progressive loss of renal function, represented by an odds ratio of 2.63 (95% CI; 

1.02-6.76: P=0.045). Abnormalities in other lipid parameters did not independently 

enhance the risk for progression.  

Treatment with atorvastatin, aimed at lowering LDL-C to target levels, was 

associated with a prolonged reduction in proteinuria over time: 33% reduction at 

the end of study compared to baseline. Such a decrease in proteinuria was not 

143



observed in the patients who did not use a statin during the follow-up period. The 

patients with an LDL-C at target in response to atorvastatin showed less often 

progression than patients with higher LDL-C concentration. 
 
Concluding remarks 
1. The great majority of patients with chronic renal disease had an elevated LDL-C 

and other lipid abnormalities, in severity related to the degree of renal failure and 

proteinuria. The dyslipidemia was already present at KDOQI stages 1-3 and was 

often untreated. Therapy with atorvastatin was safe and effective in these 

patients.  

2. Statin therapy affected the progression of renal failure by multiple pathways. 

After already six weeks of therapy with atorvastatin, there was a reduction of 

proteinuria due to a decrease of the fractional albumin clearance in dyslipidemic 

patients with renal failure who had been on ACE-inhibition for three months. 

Proteinuria was further reduced over time and at higher doses till a 33% 

reduction at the end of follow-up. 

3. The dyslipidemia of chronic renal disease was influenced by genetic 

polymorphisms which affected apo E, and by abnormalities in LPL and HL 

activity.  

4. Besides the well known risk factors as hypertension and proteinuria only a high 

plasma apo B concentration was also independently associated with a high risk 

for progression of renal failure, while markers such as the total cholesterol, non-

HDL-C/HDL-C ratio and LDL-C were not predictive. 

5. Treatment with atorvastatin decreased proteinuria. In patients with dyslipidemia, 

renal outcome was better in patients with the lowest LDL-C on treatment. It 

should be considered to treat patients with proteinuria or dyslipidemia with a 

statin to preserve renal function. 
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Samenvatting  

Inleiding  

Tussen 1999-2001 screenden we alle patiënten met chronische nierziekte, die 

behandeld werden op de polikliniek nefrologie van het AMC in Amsterdam. 

Vervolgens begonnen wij een prospectieve cohortstudie in 177 patiënten. De 

gemiddelde leeftijd van de studiepopulatie was 45 jaar (18-75 jaar) en 58% waren 

mannen. Ons doel was het inventariseren van de risicofactoren voor de progressie 

van nierfalen en de ontwikkeling van cardiovasculaire ziekte. Wij concentreerden 

ons op de relatie tussen een verstoord lipidenprofiel (dyslipidemie) en de andere 

factoren van nierziekte. De patiënten werden 5 jaar lang gevolgd. Tijdens deze 

periode werden de patiënten regelmatig gezien en behandeld volgens lokale en 

internationale richtlijnen om progressief verlies van nierfunctie te verhinderen of te 

vertragen en progressie of ontwikkeling van cardiovasculaire ziekte te verhinderen. 

Patiënten met hoog LDL-Cholesterol (LDL-C) werden met atorvastatine en 

lipideverlagend dieet behandeld. Het doel was het bereiken van een plasma LDL-C 

concentratie, dat geadviseerd was door de internationale werkgroep voor de 

preventie van cardiovasculaire ziekte.  

Patiënten met diabetes mellitus waren uitgesloten van deelname, omdat wij deze 

risicofactor niet in de analyse wilden betrekken. Wij excludeerden ook de patiënten, 

van wie verwacht werd dat ze binnen 6 maanden zouden beginnen met een 

dialysebehandeling. Dit proefschrift beschrijft de klinische uitkomsten in deze 

cohort van patiënten. Speciale aandacht wordt gegeven aan de rol van 

dyslipidemie en de behandeling met atorvastatine.  

Hoofdstuk 1. In het eerste hoofdstuk wordt een overzicht van de relevante 

literatuur gegeven. Dyslipidemie komt vaak voor in patiënten met chronische 

nierziekte, maar wordt vaak onbehandeld gelaten. Het lipideprofiel van nierziekte 

patiënten wordt gewoonlijk gekenmerkt door een hoog LDL-C met groter aantal 

kleine dichte LDL-deeltjes, verhoogde triglyceriden en een lage concentratie van 

HDL-Cholesterol (HDL-C). Een behandeling met statines is een veilige en efficiënte 

manier om lipidestoornissen te verbeteren, vooral in het verlagen van het LDL-C. 
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Therapie met statines zou ook ontsteking in de nier kunnen verminderen en tot een 

daling van proteïnurie kunnen leiden. Een combinatie van deze pleiotrope effecten 

en lipideverlaging zou tot bescherming van de nier kunnen leiden. Wanneer 

statines in de vroege stadia van nierfalen worden ingesteld, resulteert de therapie 

met deze medicamenten in een verlaging van cardiovasculair risico in patiënten 

met chronische nierziekte. Als de interventie met statines wordt uitgesteld totdat de 

patiënten het eindstadium van nierziekte bereiken, is het nut van behandeling 

beperkt.  

Hoofdstuk 2 rapporteert de baseline klinische kenmerken, de prevalentie van 

lipidenstoornissen en de cardiovasculaire en nefrologische risicofactoren in de 

eerste 150 geïncludeerde patiënten. Aan het begin van de studie had 75% van de 

patiënten mild tot matig nierfalen (Kidney Diseases Outcomes Quality Initiative 

(KDOQI) stadia 1-3) en 25% geavanceerd nierfalen (stadium 4). Negentien procent 

van de patiënten leed al vóór inclusie aan cardiovasculaire ziekte. Dyslipidemie 

was aanwezig in 85% van de patiënten. Slechts 15% van deze patiënten werd vóór 

de inclusie behandeld.  

De mate van dyslipidemie bij aanvang correleerde primair met de mate van 

proteïnurie en secundair met de creatinineklaring. Na de inventarisatie werden alle 

patiënten met hoog LDL-C 6 weken lang behandeld met 10 mg atorvastatine. 

Hierna vond een tweede evaluatie plaats. In dit hoofdstuk worden de 

behandelingsresultaten na 6 weken gegeven voor de eerste 60 met atorvastatine 

behandelde patiënten.  

In het algemeen was het lipideverlagend effect in deze groep patiënten hetzelfde 

als in andere patiëntengroepen, gekenmerkt door een 39% verlaging van LDL-C 

en een 18% verlaging van de triglyceriden. Vijftig procent van de behandelde 

patiënten bereikte de gewenste LDL-C concentratie op een atorvastatine dosis van 

10 mg dagelijks. Er waren geen patiënten die hun behandeling moesten 

onderbreken vanwege bijwerkingen.  

Hoofdstuk 3. Één van de vragen, die het literatuuroverzicht stelde, was of statines 

inderdaad proteïnurie konden verlagen en zo ja, of dit een acuut of een lange 

termijn effect zou zijn. Ons cohort bestond uit 31 patiënten met chronische 

glomerulonephritis, die onder angiotensin converting enzyme (ACE) -remming 
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stabiele niet nefrotische proteïnurie vertoonden. De patiënten hadden de ACE-

remming al meer dan 3 maanden zonder een verandering in dosis gebruikt. Zes 

weken lang werden 20 patiënten behandeld met 10mg atorvastatine, terwijl 11 

patiënten onbehandeld werden gelaten. De proteïnurie daalde met 22% in 

behandelde patiënten, terwijl geen verandering optrad in onbehandelde patiënten. 

Er werd geen correlatie waargenomen tussen de verbetering in de proteïnurie en 

verbeteringen in de lipiden.  

Hoofdstuk 4. We wilden de mechanismen waarmee atorvastatine de proteïnurie 

verlaagd onderzoeken. Daarom startte in 2004 een nieuwe studie in patiënten met 

chronische glomerulonephritis en proteïnurie. Deze patiënten waren onder 

behandeling en controle van de polikliniek nefrologie gekomen, nadat de inclusie 

aan de cohortstudie was gesloten. Het inclusiecriterium voor de nieuwe studie was 

minstens 3 maanden stabiel zijn op ACE remmers en/of angiotensine receptor 

blokkers. Verder moesten de patiënten een LDL-C van 2.6 mmol/l hebben, maar 

nog niet zijn begonnen met een statine. In dit hoofdstuk geven wij een voorlopig 

rapport van de resultaten in de eerste 10 patiënten, die in de studie zijn 

geincludeerd. De hemodynamiek van de nier, glomerulair filtratie snelheid (GFR), 

effectieve renale plasma flow (ERPF), filtratiefractie (FF), de mean arterial pressure 

(MAP), renal vascular resistance (RVR) en de nierklaring van diverse 

serumproteïnen werden gemeten vóór en na 6 weken behandeling met 10 mg 

atorvastatine.  

De 22% verlaging van proteïnurie was hoofdzakelijk toe te schrijven aan een 

verlaging van de fractionele klaring van albumine (40%). De selectiviteit van 

proteïnurie werd niet beduidend beïnvloed. De ERPF, GFR, FF, MAP en RVR 

waren stabiel na 6 weken. De studiegroep zal nog nader worden uitgebreid. 

Hoofdstuk 5. Om het soort dyslipidemie in nierziekte verder te analyseren, 

voerden wij een studie uit in 30 nierpatiënten met LDL-C boven 2.6 mmol/l. Er 

waren geen patiënten met nefrotisch syndroom. Post-heparine lipoproteïne lipase 

(LPL) en hepatisch lipase (HL) activiteiten werden bepaald in deze patiëntengroep 

en gerelateerd aan verscheidene lipidewaarden en risicofactoren.  

In het algemeen waren de HL en LPL activiteiten gelijkaardig aan de algemene 

bevolking. LPL en HL activiteiten waren niet gerelateerd aan de nierfunctie. De 
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LPL activiteit was lager in patiënten met een voorgeschiedenis van 

cardiovasculaire ziekte en in patiënten die de apolipoproteïne (apo) E4 allele 

droegen. De plasma LDL-C concentratie verlaagde meer in respons op 

behandeling met atorvastatine wanneer de LPL activiteit bij baseline hoger was.  

Hoofdstuk 6. In de kaukasische patiënten in de cohort bepaalden wij ook 

genetische polymorfismen die van invloed zouden kunnen zijn op het 

lipidemetabolisme, de progressie van nierziekte, de ontwikkeling van 

cardiovasculaire ziekte en op de efficiëntie van de respons op therapie. Dit 

hoofdstuk beschrijft de gevolgen van variatie bij het apo E gen locus. Dit 

polymorfisme beïnvloedt het metabolisme van LDL-C, van HDL-C en van de 

triglyceriden in de algemene bevolking. Apo E wordt gedeeltelijk geproduceerd 

door de nier, en sommige onderzoekers hebben zowel de ontwikkeling als 

progressie van diabetische nefropathie met de aanwezigheid van apo E2 of apo E4 

allele geassocieerd.  

In 116 patiënten van de cohort vonden we dat de patiënten met het apo E2 

genotype (zowel E2E3 als E2E2) een lager HDL-C hadden, maar ook een betere 

reactie toonden op atorvastatine dan patiënten met apo E3 (E3E3) en E4 (zowel 

E4E3 als E4E4) genotype. De E2 patiënten schenen ook vatbaarder te zijn voor 

nierschade, aangezien relatief meer E2 patiënten dan E3 patiënten eind stadium 

nierziekte (ESRD) bereikten. Dit effect was echter niet meer significant, toen de E2 

en E3 patiënten gematched werden voor de uitgangswaarde van hun 

creatinineklaring.  

Hoofdstuk 7. In het laatste hoofdstuk worden de resultaten van de cohortstudie 

gepresenteerd met betrekking tot nierfunctie. Uiteindelijk bleven er 169 patiënten 

van de poliklinische patiëntkliniek in de studie die meer dan 6 maanden konden 

worden gevolgd. De eindpunten van de vervolgperiode waren begin van 

niervervangende therapie, dood, of het bereiken van het eind van de 

observatieperiode bij 5 jaar na inclusie. De gemiddelde vervolgperiode voor de 

volledige cohort was 4.1 jaar. Tweeënzeventig patiënten toonden progressieve 

nierfalen d.w.z. ESRD binnen 5 jaar na inclusie of daling van de creatinineklaring 

met 5 ml/min/jaar. Deze progressieve patiënten werden vergeleken met de 97 

patiënten die langzaam progressieve of stabiele nierziekte hadden vertoond. 
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Met behulp van multivariaat logistische regressie werd geanalyseerd of de 

abnormale lipidewaarden in nierpatiënten voorspellend waren voor progressie van 

nierfalen, en zo ja, welke lipide of lipoproteïne factor het meest voorspellend was. 

Wij analyseerden ook of verlaging van LDL-C tot geadviseerde waarden met 

atorvastatine een gunstig effect op het beloop qua nierfunctie zou hebben.  

De proteïnurie, de MAP en het type nierziekte waren onafhankelijk geassocieerd 

met progressieve nierziekte. Na aanpassing voor deze factoren en het effect van 

therapie met statines, was een verhoging van de onbehandelde 

plasmaconcentratie van apo B de meest voorspellende lipidefactor voor nierfalen. 

Een stijging van apo B van 0.77 g/l (10de percentiel) naar 1.77 g/l (90ste 

percentiel) was geassocieerd met progressief verlies van nierfunctie, weergegeven 

door een odds ratio van 2.63 (95% CI; 1.02-6.76: P=0.045). De stoornissen in 

andere lipidefactoren gaven geen onafhankelijke bijdrage aan het risico voor 

progressie.  

De behandeling met atorvastatine gericht op het verlagen van LDL-C was 

geassocieerd met een langdurige verlaging van proteïnurie: 33% verlaging aan het 

eind van studie in vergelijking met de uitgangswaarden. Een dergelijke daling van 

proteïnurie werd niet waargenomen in de patiënten die geen statine gebruikten 

tijdens de vervolgperiode. De patiënten waarvan het LDL-C in respons op 

atorvastatine daalde tot geadviseerde waarden, toonden minder vaak progressie 

dan patiënten met een hogere concentratie LDL-C. 

Concluderende opmerkingen  
1. De grote meerderheid van patiënten met chronische nierziekte had een 

verhoogd LDL-C en andere lipidestoornissen, waarvan de ernst gerelateerd was 

tot de mate van nierfalen en proteïnurie. Dyslipidemie was reeds aanwezig in 

KDOQI stadia 1-3 en was vaak onbehandeld. Therapie met atorvastatine was 

veilig en efficiënt in deze patiënten.  

2. Statinebehandeling beïnvloedde de progressie van nierfalen op meerdere 

manieren. Na reeds zes weken van therapie met atorvastatine, trad een 

verlaging op van de proteïnurie door een daling van de fractionele albumine 

klaring in dyslipidemische patiënten met nierfalen die reeds 3 maanden ACE-
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remming gebruikten. De proteïnurie werd verder verlaagd tijdens de studie en bij 

hogere doses tot een 33% verlaging aan het eind van de studie.  

3. De dyslipidemie van chronische nierziekte werd beïnvloed door het genetisch 

polymorfisme van apo E, en door abnormaliteiten in LPL en HL activiteit.  

4. Naast de bekende risicofactoren als hypertensie en proteïnurie was een hoge 

plasmaconcentratie apo B als enige lipidefactor ook onafhankelijk geassocieerd 

met een verhoogd risico op progressie van nierfalen, terwijl bijvoorbeeld totaal 

cholesterol, de ratio non-HDL-C/HDL-C en LDL-C niet voorspellend waren.  

5. Behandeling met atorvastatine verlaagde de proteïnurie. In patiënten met 

behandelde dyslipidemie, bleek de prognose qua nierfunctie beter in patiënten 

met de laagste LDL-C. Deze bevindingen suggereren dat patiënten met 

proteïnurie en dyslipidemie met een statine zouden moeten worden behandeld 

om verlies van nierfunctie tegen te gaan.  
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Özet 

Giriş 

1999-2001 arası Amsterdam Akademik Tip Merkezinde tedavi gören kronik böbrek 

yetmezliği hastalarını gözden geçirdik. Sonra 177 hastanın bilgilendirilerek razı 

olup katıldığı birimin müstakbel halini araştırmaya başladık. Hastaların ortalama 

yaşı 45’ti (18-75 arası) ve yüzde 58’i erkekti. Hedefimiz böbrek yetmezliğinin 

artmasına ve kalp damar hastalığının oluşmasına riziko gösteren etkenlerin bir 

envanterini çıkarmaktı. Kan yağı (lipit) anormallikleri (dislipidemi) ile hastalık 

etkenleri arasındaki bağlantıya odaklandık. 

Hastalar araştırmaya katıldıktan sonra 5 sene boyunca takip edildiler. Bu zaman 

içinde hastalar düzenli olarak görüldü ve böbrek yetmezliğinin artmasını 

yavaşlatmak ya da önlemek ve kalp damar hastalığının artmasını ya da oluşmasını 

önlemek için yerel ve uluslararası kurallara göre tedavi edildiler. LDL-kolesterol 

(LDL-C) de yükselmeler olan tüm hastalar Uluslararası Kalp damar hastalığı 

Önleme Görev Birimi tarafından belirlenmiş hedef seviyelere kadar atorvastatin ve 

lipit düşüren diyet ile tedavi edildi.  

Şeker hastalığı rizikosunun araştırmamızı etkilememesi için şeker hastalarını 

araştırma grubuna dahil etmedik. Ayrıca 6 ay içinde diyaliz tedavisine başlaması 

beklenen hastaları da araştırmaya dahil etmedik. Bu tez bu hasta grubundaki klinik 

sonucu rapor eder. Dislipidemi'nin rolü ve onun atorvastatin ile tedavisine özel ilgi 

verilir. 

Başlık 1. İlk bölümde bu konuyla alakalı makalelerin bir özeti verilir. Dislipidemi 

kronik böbrek yetmezliği hastalarında sık görülür fakat çoğunlukla tedavi edilmez. 

Lipit dağılımı genelde çok küçük yoğun LDL-C parçacıklı yüksek LDL-C, yüksek 

trigliseritler ve düşük HDL-kolesterol (HDL-C) yoğunluğu gösterir.  

Statin tedavisi lipit anormalliklerini düzeltmek ve özellikle LDL-C'yi düşürmek için 

görece güvenli ve etkili bir yoldur. Statin tedavisi ayrıca böbrek iltihabinin ve 

proteinuri (idrarda protein atılımı)'nın azalmasına neden olabilir. Bu pleyotrop 

etkiler ile lipit düşürülmesi böbrek korunmasına neden olabilir. 

Statin'lerin böbrek yetmezliğinin erken aşamalarında verilmesi böbrek 

hastalarındaki kalp damar hastalığı rizikosunun düşmesiyle neticelenir. Fakat statin 
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tedavisinin başlaması hastalar son aşama böbrek hastalığına ulaşana kadar 

ertelenirse, statinlerin yararı kısıtlıdır.  

Başlık 2 araştırmaya katılan ilk 150 hastanın başlangıçtaki tıbbı özelliklerini, lipit 

düzensizliklerinin sıklığını ve kalp damar ve böbrek riziko etkenlerini anlatır. 

Başlangıçta hastaların %75inde az veya orta derece böbrek yetmezliği (Böbrek 

Hastalıkları Sonucunda Kalite Girişimi (KDOQI) aşama 1-3) ve %25inde daha ileri 

derecede böbrek yetmezliği mevcuttu (aşama 4). Hastaların %19’unda araştırmaya 

katılmadan once kalp damar hastalığı mevcuttu. Hastaların %85’inde dislipidemi 

mevcuttu, bunların ancak %15’i katılmadan önce tedavi altındaydı. Başlangıçtaki 

dislipidemi'nin şiddeti ilk olarak proteinuri derecesi ile ve ikinci olarak kreatinin 

klerens ile bağlantılıydı.  

Başlangıçtaki envanterden sonra yüksek LDL-C'li tüm hastaların 10 mg 

atorvastatin ile 6 hafta tedavisine müteakiben ikinci bir değerlendirme yapıldı. Bu 

bölümde atorvastatin almış olan ilk 60 hastanın 6 haftalık tedavisinin sonuçları 

verilir. Yüzde 39 LDL-C düşmesi ve %18 trigliserit düşmesi ile lipit düşürücü etkiler 

başka hasta gruplarına genelde benziyordu. Tedavi edilen hastaların yüzde ellisi 

hedeflenen LDL-C’ye 10 mg ile ulaştılar. Hiçbir hastanın yan etkiler yüzünden 

tedavisi durdurulmadı. 

Başlık 3. Makaleler özetinin ortaya çıkardığı sorulardan bir tanesi de gerçekten 

statinlerin proteinuriyi düşürebilmesi mi ve öyleyse, bu etkinin kısa mı yoksa uzun 

süreli mi olmasıydı. Bizim birimimizde 31 angiotensin converting enzim (ACE)-

engelleyen kullanan nefrotik olmayan proteinurili kronik glomerulonefrit hastası 

vardi. Önceden hastalar bu ilacı 3 ay dozaj değiştirmeden kullanmışlardı. Bu 

hastaların yirmisi 6 hafta 10mg atorvastatin ile tedavi edilirken, on biri tedavi 

edilmedi. Tedavi edilenlerde proteinuri %22 düşerken, tedavi edilmeyenlerde 

değişiklik görülmedi. Proteinuri'deki düzelme ile lipitlerdeki düzelme arasında 

bağlantı izlenilmedi. 

Başlık 4. Atorvastatin'in proteinuriyi hangi yollardan düşürdüğünü araştırmak için 

2004te proteinurili kronik glomerulonefrit hastalarında yeni bir araştırma başlattık. 

Bu hastalar nefroloji polikliniğine envanter araştırmasının başlamasından sonra 

girmişlerdi. Hastaların araştırmaya katılmadan en az 3 ay ACE engelleyen veya 

angiotensin reseptör bloku ile sabit olmaları gerekiyordu. Hastaların LDL-C'si de 
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2.6 mmol/l'nin üstünde olması, fakat daha statin tedavisine başlanılmamış olması 

gerekiyordu.  

Bu başlıkta bu araştırmayı bitiren ilk 10 hastayı giriş niteliğinde rapor ediyoruz. 

Böbrek hemodinamiği, glomeruler filtrasyon hızı (GFR), efektif renal plazma flov 

(ERPF) ve filtre fraksiyonu (FF), orta atar damar tansiyonu (Mean Arterial Pressure 

MAP), renal vasküler rezistans (RVR) ve değişik kan proteinleri'nin böbrek klerensi 

6 haftalık 10 mg atorvastatin tedavisinden önce ve sonra tahlil edildi. Yüzde 22 

proteinuri düşmesi başlıca albumin fraksiyon klerensinin %40 düşmesinden 

kaynaklandı. Proteinuri selektivitesi önemli şekilde etkilenmedi. Altı hafta sonra 

ERPF, GFR, FF, MAP ve RVR sabit kalmıştı.  

Başlık 5. Böbrek hastalığındaki dislipidemi'nin türünü daha geniş araştırmak için 

LDL-C'si 2.6 mmol/l'nin üstünde olan 30 böbrek hastasında bir araştırma yaptık. 

Hastalarda nefrotik sendrom yoktu. Bu hasta grubunda post-heparin lipoprotein 

lipaz (LPL) ve hepatik lipaz (HL) tahlilleri yapıldı ve birçok lipit değeri ve riziko 

etkenleri ile ilişkilendirildi. Genelde HL ve LPL aktiviteleri genel topluma 

benziyordu. LPL ve HL aktivitelerinin böbrek işlevi ile ilişkisi yoktu. LPL aktivitesi 

önceden kalp damar hastası olanlarda ve apolipoprotein (apo) E4 allelini taşıyan 

hastalarda daha düşüktü. Başlangıçtaki LPL aktivitesi daha yüksek olduğunda 

plazma LDL-C yoğunluğu atorvastatin tedavisine cevaben daha fazla düştü. 

Başlık 6. Birime katılmış Kafkas asıllı hastalarda lipit metabolizmasını, böbrek 

hastalığı artmasını, kalp damar hastalığı oluşmasını ve tedaviye cevap verme 

kabiliyetini etkileyebilen bir genetik polimorfizm tahlil ettik. Bu başlık Apo E gen 

locusunun çeşitlilik göstermesinin etkilerini anlatır. Bu polimorfizm LDL-C, HDL-C 

ve trigliserit metabolizmasını genel toplumda etkiler. Apo E'nin bir bolümü böbrek 

tarafından imal edilir, ve bazı araştırmacılar diyabetik nefropatinin hem oluşması 

hem artmasını apo E2 veya apo E4 allelinin varlığı ile ilişkilendirmişlerdir. Bizim 

birimimizdeki 116 hastada apo E2 (E2E3 ile E2E2) taşıyan hastaların HDL-C'sinin 

düşük olduğunu, fakat ayni zamanda atorvastatin tedavisine apo E3 (E3E3) ve E4 

(E4E3 ile E4E4) genotipli hastalardan daha iyi cevap verdiklerini izledik.  

Ayrıca takip süresince E3ten görece daha fazla E2 hastasının ESRD'ye ulaşmaları 

sebebiyle E2 hastaları böbrek hasarlanmasına daha yatkın göründü. E2 ve E3 
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hastalarının başlangıçtaki kreatinin klerensine göre eşlendirilince bu etki 

önemliliğini kaybetti. 

Başlık 7. Son başlıkta birim araştırmasının böbrek sonucu ile alakalı en son 

neticeleri sunulur. En nihayetinde 169 poliklinik hastası araştırmada kaldı ve 6 

aydan fazla takip edilebildi. Takibin son noktaları böbrek ikame tedavisi, ölüm, ve 

katılımdan 5 sene sonraki izlenme zamanının sonuna ulaşmaktı. Ortalama takip 

süresi tüm birim için 4.1 yıl olarak hesaplanmıştı.  

Yetmiş iki hastada progresif böbrek yetmezliği vardı, yani araştırmaya katıldıktan 

sonra 5 sene içinde ESRD'ye ulaştılar ya da onlarda yılda 5ml/min den daha çok 

kreatinin klerens düşmesi vardi. Bu progresif hastalar 97 yavaş progresif veya sabit 

böbrek yetmezliği gösteren hasta ile karşılaştırıldı. Anormal lipit değerlerinin böbrek 

hastalarında progresif böbrek yetmezliğini tahmin edebilmeleri mi, ve öyleyse, 

hangi lipit, lipoprotein veya oranın en iyi tahmin edebileceğini araştırmak için 

multivariat logistik regresyon analizi kullanıldı. Ayrıca LDL-C'yi atorvastatin'le hedef 

seviyelere kadar düzenlemenin böbrek işlevine iyi etki edip etmediğini araştırdık. 

Proteinuri, MAP ve böbrek hastalığının tipi bağımsızca progresif böbrek yetmezliği 

ile ilişkiliydiler.  

Bu etkenler ve sonraki statin tedavisinin etkisi için düzeltmeden sonra, plazma apo 

B yoğunluğunun yükselmesi böbrek yetmezliğini tahmin eden en iyi etkendi. Apo 

B'nin 0.77'den (10uncu yüzdelik) 1.77'ye (90inci yüzdelik) yükselmesi progresif 

böbrek yetmezliği ile ilişkiliydi, ve bu 2.63 (%95 CI; 1.02-6.76: P=0.045) değerinde 

bir ihtimal oranı (odds ratio) tarafından temsil ediliyordu. 

Diğer lipit etkenlerindeki anormallikler bağımsız olarak progresiflik ihtimalini 

yükseltmediler. LDL-C'yi hedef seviyesine düşürmek için yapılmış atorvastatin 

tedavisi, uzun süren bir proteinuri düşmesi ile ilişkiliydi: araştırmanın sonu ile 

başlangıcı karşılaştırıldığında %33 düşme mevcuttu. Araştırma süresince statin 

tedavisi kullanmayan hastalarda böyle bir proteinuri düşüşü görülmedi. Atorvastatin 

tedavisine cevaben LDL-C'si hedefe ulaşan hastalarda daha yüksek LDL-C 

yoğunluklu hastalara göre daha az progresiflik vardi. 
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Neticeleyen açıklamalar 

1. Kronik böbrek hastalarının buyuk çoğunluğunda ciddiyeti böbrek yetmezliğinin 

derecesine ve proteinuriye bağlı olan yüksek LDL-C ve başka lipit anormallikleri 

bulunur. Bu dislipidemi zaten KDOQI 1-3 aşamasında vardır ve genelde tedavi 

edilmemiştir. Atorvastatin'le tedavi bu hastalarda güvenli ve etkilidir. 

2. Statin tedavisi böbrek yetmezliğinin artmasını birçok yoldan etkiler. Dislipidemi'li 

3 aydir ACE-engeleyen kullanan böbrek yetmezliği hastalarında altı hafta 

atorvastatin tedavisi sonrasında proteinuri’de düşme albumin fraksiyon 

klerensinin azalmasindan olur. Proteinuri zaman içinde daha fazla düşer, ve takip 

sonunda %33e kadar düşer. 

3. Kronik böbrek yetmezliğinin dislipidemisi apo E'yi etkileyen genetik polimorfizmler 

ve LPL ve HL aktivitelerindeki anormallikler tarafından etkilenir.  

4. Hipertansiyon ve proteinuri gibi tanınmış riziko etkenlerinin yanında yalnızca 

plazma apo B yoğunluğu bağımsız olarak progresif böbrek yetmezliğine riziko 

gösterirken, total kolesterol, non-HDL-C/HDL-C oranı ve LDL-C uyarıcı değiller.  

5. Atorvastatin tedavisi proteinuriyi düşürür. Dislipidemi'li hastaların tedavi altında 

en düşük LDL-Cye ulaşanlarda böbrek hastalığının sonucu daha iyidir. Böbrek 

işlevini korumak için proteinurili veya dislipidemi'li hastaları bir statin ile tedavi 

etmek göz önünde bulundurulmalıdır.  
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