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   Foreword     

 There is an increasing understanding of the pathophysiological relationship 
between the cardiovascular system and the kidneys; for many years, chronic kidney 
disease (CKD) has been accepted as an independent predictor of mortality and 
adverse cardiovascular events in patients with and without established cardiovascu-
lar disease (CVD). 

 CVD is the leading cause of death amongst patients with end-stage renal disease 
(ESRD), but even patients with the so-called mild renal insuffi ciency (approximate 
to stage 2–3 CKD) exhibit up to a 40 % increased risk of cardiac death as compared 
to those with normal renal function. Nephrologists very well know that patients with 
moderate renal impairment are far more likely to suffer cardiovascular death than 
progress to ESRD, information that is not universally known in non-nephrological 
circles. Furthermore, over the last years, nephrologists learned that the pattern of 
cardiovascular death changes as the glomerular fi ltration rate (GFR) falls. In 2008, 
the United States Renal Data System (USRDS) annual data report showed that 
approximately 40 % of deaths amongst dialysis patients were due to cardiovascular 
causes. Of these, 66 % were sudden deaths versus only 14 % secondary to acute 
myocardial infarction. Whereas in the general population, sudden death is most 
commonly due to coronary artery disease, the mechanism of sudden death in severe 
CKD and dialysis patients is less clear. 

 There is both a high prevalence of “traditional” cardiovascular risk factors in 
patients with CKD and a combination of other vascular pathophysiologies largely 
unique to renal disease. 

 Dyslipidemia is one of the well-established traditional risk factors for CVD 
development and progression in the general population. Although dyslipidemia is 
also common amongst patients with CKD, the pattern differs from that seen in the 
general population. Chronic CKD is a status of specifi c lipid disturbances, i.e., dys-
lipidemia with increased levels of triglycerides, small dense and oxidized LDL 
(oxLDL), and lower HDL cholesterol levels. In the particular setting of the nephrotic 
syndrome, total cholesterol and LDL levels also are elevated. 
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 Randomized controlled trial (RCT) evidence shows that lipid-lowering therapy 
is effective as both primary and secondary prevention against CVD in the general 
population. Until recently there has been uncertainty as to whether lipid-lowering 
therapy, and in particular statin use, would also be benefi cial in reducing cardiovas-
cular events in CKD. 

 Apart from their lipid-lowering effects, it became clear over the last years that 
statins provide a number of additional, the so-called pleiotropic effects that may 
specifi cally protect the diseased kidney, by a number of anti-infl ammatory, antioxi-
dant, antiproliferative, proapoptotic, and anti-fi brotic effects as well as by exerting 
benefi cial effects on renal hemodynamics. These potentially “renoprotective” 
effects of statins are based on their possible interference with the pathophysiologi-
cal mechanisms of renal damage and progression, i.e., renal infl ammation, mesan-
gial cell proliferation and matrix synthesis, interstitial fi brosis, and impaired renal 
blood fl ow. In addition, specifi c effects of statins on glomerular endothelial cells 
and podocytes are also likely. 

 The recent explosion in knowledge and understanding of lipid metabolic derange-
ments and their impact on kidney function, on the one hand, and on the cardiovas-
cular complications suffered by CKD patients, on the other, has been amply 
described and discussed in vast scientifi c literature. However, this quite widespread 
knowledge was until now not yet condensed and summarized for the clinician in a 
digestible, one-volume format. 

  Dyslipidemias in Chronic Kidney Disease  has quite successfully attempted to do 
just that. Under the capable editorship of Drs. Covic, Kanbay, and Lerma, the most 
recent data on several aspects of lipidology focusing on their relevance for the 
patient with kidney disease are discussed in 16, mostly stand-alone chapters, all 
authored by experts in the fi eld. Most of the authors have been involved in either 
basic research or have been amongst the principal investigators in major RCTs 
devoted to the treatment of dyslipidemia in kidney patients. 

 The fi rst chapter summarizes the epidemiology of dyslipidemia in the general 
population and the population with CKD and describes the overall benefi cial effects 
of lipid-lowering drugs, mainly statins, on CVD in patients without and with mild 
to moderate renal insuffi ciency. 

 The second chapter focuses on modifi cations of the original hypothesis on lipid- 
mediated renal and vascular injury by describing how infl ammatory stress accom-
panying CKD fundamentally modifi es cholesterol homeostasis, causing lipid 
redistribution and renal vascular injury, as well as statin resistance. 

 Chapter   3     tempers the initial expectations based on interesting experimental ani-
mal data that statins may slow down the progression of CKD in patients. Despite a 
number of promising clinical studies, a thorough analysis of the literature reveals that 
at present there is no strong clinical evidence indicating that statins postpone a decline 
in renal function or, alternatively, reduce proteinuria. The authors correctly point out 
that large and well-designed prospective RCTs, specifi cally in CKD populations, are 
needed to clarify this potentially interesting aspect of lipid-lowering therapy. 

 Chapter   4     describes the pharmacological mechanisms involved in the lipid- 
lowering effects of this class of drugs. Statins inhibit HMG-CoA reductase and 
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thereby reduce the hepatocyte cholesterol content, leading to an increased expres-
sion of LDL receptors. The fi nal result is a pronounced reduction in serum LDL 
cholesterol. Although all statins show similar function by binding to the active site 
of HMG-CoA reductase, structural differences in statins explain differences in 
potency of enzyme inhibition and in pharmacokinetic behavior. 

 Chapter   5     discusses further some of the most relevant epidemiological and 
pathophysiological links between CVD and CKD, focusing on the multiple lipopro-
tein abnormalities present in CKD patients caused by a profound dysregulation of 
their metabolism. This chapter also discusses the role of the elevated plasma levels 
of Lp(a), which is now recognized as a risk factor for CV morbidity and mortality 
in hemodialysis patients, and disorders of VLDL, chylomicron, and HDL metabo-
lism in CKD. 

 Chapter   6     describes the peculiar quantitative and qualitative abnormalities 
observed in patients with CKD from the early manifestations of disease to the more 
advanced phases. 

 Chapter   7     discusses the most important large-scale statin trials in patients with 
different stages of CKD. It appears that in patients with CKD stage 1–2, the benefi t 
of statin is similar to that in non-CKD patients. Furthermore, in patients with more 
advanced stage 3–5 CKD, the recently conducted Study of Heart and Renal Protection 
(SHARP) trial was able to demonstrate a clear reduction in CV events. In patients on 
dialysis, current evidence from the 4D and AURORA studies does not suggest that 
benefi t of statins can be generally derived, but decisions should be tailored to the 
individual patient. Finally, the Assessment of LEscol in Renal Transplantation 
(ALERT) trial has demonstrated that patients with a kidney transplant may also ben-
efi t from statin therapy. In summary, available evidence clearly supports the use of 
statins in CKD patients not on dialysis and in those with a kidney transplant, in par-
ticular in the presence of concomitant CV risk factors or established CV disease. 

 The conclusions in this chapter to a large extent conform to the conclusions for-
mulated in a more recent meta-analysis and systematic review of statin therapy in 
CKD patients [1] 

 This meta-analysis concluded that the quality of the evidence indicating that 
statins reduce all-cause and cardiovascular mortality and major cardiovascular 
events in persons not receiving dialysis by about one-fi fth to one-quarter during 
approximately 5 years of treatment ranges between moderate and high. In absolute 
terms, 1,000 persons with CKD not receiving dialysis would need to receive statin 
treatment to prevent approximately fi ve deaths each year. By contrast, moderate- to 
high-quality evidence indicates that statins have little or no effect on all-cause mor-
tality, cardiovascular mortality, and major cardiovascular events in persons receiv-
ing dialysis, despite decreases in serum cholesterol levels of 1.0 mmol/L or 40 mg/
dL. The systematic review concluded, however, that the evidence for statin treat-
ment in kidney transplant recipients is rather sparse and uncertain [1]. 

 In Chap.   8     the pharmacokinetic and pharmacodynamic properties of lipid- 
lowering drugs in CKD patients without and with the need of dialysis and in patients 
following transplantation are described. This chapter also discusses the safety, drug 
dosing, and drug interactions that are important in this group of patients. 

Foreword

http://dx.doi.org/10.1007/978-1-4939-0515-7_5
http://dx.doi.org/10.1007/978-1-4939-0515-7_6
http://dx.doi.org/10.1007/978-1-4939-0515-7_7
http://dx.doi.org/10.1007/978-1-4939-0515-7_8


x

 Although it is understandable that in a discussion of the treatment of dyslipid-
emia most attention is given to statin drugs, Chap.   9     correctly covers the important 
topic of non-statin therapeutic possibilities. Besides lifestyle changes like weight 
loss, omega-3 polyunsaturated fatty acid (PUFA) consumption, and physical exer-
cise, these possibilities further include fi brates, nicotinic acid, bile acid seques-
trants, omega-3 fatty acids (fi sh oil), and inhibitors of cholesteryl ester transfer 
protein (CETPi). The discussion in this chapter on ezetemide, an inhibitor of intes-
tinal cholesterol absorption, likely interacting with the NPC1L1 protein of the intes-
tinal brush border, is particularly relevant to the nephrologist. This drug was in 
combination with a statin, one of the components in the SHARP trial, well known 
to every nephrologist. 

 As discussed in many previous chapters in the book, hemodialysis or peritoneal 
dialysis (PD) leads to some particular changes in the lipid and lipoprotein profi les, 
with PD patients having in general a more atherogenic lipid profi le compared with 
their HD counterparts. Chapter   10     discusses in some detail the particularities of the 
dyslipidemia in these patient populations. Despite the fact that two of the most 
important prospective RCTs with statins were rather negative, the authors of this 
chapter believe that besides other measures related to the HD or PD technique, 
statins mainly constitute the current therapeutic armamentarium against dyslipid-
emia also in dialysis patients. This opinion is presumably partly based on the recent 
post hoc analysis of the AURORA trial in diabetic hemodialysis patients [2]. This 
analysis showed a signifi cant reduction in cardiac events (defi ned as cardiac death 
and nonfatal MI) of 32 % (RR: 0.68; 95 % CI: 0.51–0.90). It is imperative to remem-
ber that this is a post hoc analysis of a neutral study and as such should be consid-
ered hypothesis generating as opposed to directing clinical practice. The authors 
emphasize, however, that future RCTs should take into account the particular char-
acteristics of dialysis dyslipidemia to obtain evidence-based answers in this cur-
rently controversial topic. 

 Chapter   11     discusses in more detail the mechanisms, consequences, and man-
agement of dyslipidemia in kidney transplant patients. Mainly based on the origi-
nal and extensions of the ALERT trial, this chapter concludes that statin therapy 
effectively lowers atherogenic lipid levels in kidney transplant patients with few 
drug interactions and good tolerability compared to placebo. The data from the 
ALERT trial demonstrate benefi t to CV survival after treatment with fl uvastatin 
during the long-term follow-up compared to controls, and are consistent with the 
effects of statins in the general populations. Statins should thus be administered to 
all transplant patients with dyslipidemia. As discussed earlier, the recent meta-
analysis concluded that the evidence for this therapy in transplant patients was of 
rather low quality [1]. However, transplant patients, despite their often unusual 
lipid profi les, will have a range of GFR between that of the general population and 
advanced CKD, and should thus, on an individual basis, receive lipid-lowering 
statin therapy. 

 The excellent Chap.   12     reviews in great detail the characteristics, pathophysiol-
ogy, and treatment of the dyslipidemia observed in patients with nephrotic syn-
drome, progression of CKD, and diabetic nephropathy. 
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 Chapter   13     on dyslipidemia in children with kidney diseases starts by reminding 
the reader that the process of atherosclerosis already begins in childhood, but that 
the data on this topic in this population are limited. The pattern of dyslipidemia dif-
fers amongst the major categories of renal diseases: nephrotic syndrome, chronic 
renal insuffi ciency/ESRD, and renal transplantation. Some children with certain 
diseases encounter several stages progressively, and the exposure to dyslipidemia 
can thus be more extended than in adult-onset kidney disease. The authors also 
remind us that in view of the different disease profi les between adults and children, 
adult data cannot directly be translated in children. 

 As the incidence of kidney dysfunction increases with aging, understanding and 
treating abnormalities in lipid metabolism become central in geriatric patients with 
CKD. Chapter   14     discusses this important topic, but because no large RCT about 
outcomes of dyslipidemia is available in this particular age group, data from sub-
group analysis of several landmark prevention trials teach us that lipid-lowering 
agents also in the elderly with kidney dysfunction seem to have a benefi t. Attention 
should, of course, be paid to the greater risk of adverse drug effects, and the lowest 
possible dose of medications should be used. 

 Although not available in many clinical centers, Chap.   15     deals with a problem 
that is of great interest to the nephrologist, i.e., the background, physiopathology, 
techniques, and outcomes of selective LDL-apheresis strategies in the treatment of 
familial hypercholesterolemia. This disease is a well-known genetic disorder char-
acterized by elevated levels of low-density lipoprotein cholesterol (LDL-C), leading 
to a rapid evolutive atherosclerotic vascular disease with expected premature onset 
of coronary heart disease. Several strategies are now available and are discussed in 
this interesting chapter. 

 The fi nal Chap.   16     discusses several guidelines available to the physician in the 
treatment of the CKD patient with CKD dyslipidemias. It is of interest that at the 
time this Foreword is being written, the KDIGO Clinical Practice Guideline for 
Lipid Management in Chronic Kidney Disease has been published [3]. It is reward-
ing for the authors of this book that rapid scanning of all the KDIGO recommenda-
tions did not reveal any major inconsistencies. 

 This is somewhat in contrast to the recent discussion that has taken place 
between the National Lipid Association (NLA) and the American College of 
Cardiology and the American Heart Association about the 2013 ACC/AHA 
Guideline on the Treatment of Blood Cholesterol to Reduce Atherosclerotic 
Cardiovascular Risk in Adults [4]. In contrast to many other stakeholders, the 
NLA did not want to endorse these guidelines because it felt that the guidelines did 
not go far enough to address gaps in clinical care, because the guidelines were 
limited to reviewing only high- quality RCTs but had excluded other important 
types of clinical evidence. The NLA also does not fi nd evidence-based support for 
the guideline’s recommendation for removing LDL-C (and non-HDL-C) treatment 
targets [5]. 

 This book will at least help the nephrologists in the sometimes-diffi cult decision 
on when and with what drug the dyslipidemia of their kidney patient should be treated. 
The recent 2013 ACC/AHA Guideline does not discuss this particular problem. 
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 It is, of course, evident that in a multi-authored book some overlap between the 
chapters is unavoidable; this is, however, a minor drawback. I believe that the major 
objective of this book, which is to advise about the management of dyslipidemia 
and use of lipid-lowering medications in adults and children with known CKD, is 
certainly achieved. The target audience of this book should not only include 
nephrologists, but also primary care physicians and non-nephrology specialists 
(e.g., cardiologists, diabetologists) caring for adults and children with CKD world-
wide. They will fi nd useful information in this monograph.

Ghent, Belgium Norbert Lameire, M.D., Ph.D.
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  Pref ace                                             

 For more than 100 years, it has been recognized that lipids play an important role in 
the expansion of cardiovascular disease. Furthermore, therapeutic strategies target-
ing hyperlipidemia/dyslipidemia have had a profound impact on decreasing cardio-
vascular mortality and morbidity in various disease populations. In chronic kidney 
disease, lipids may be involved not only in vascular disease but also in the progres-
sion to end-stage renal disease. Our understanding of the pathogenesis and clinical 
consequences of lipid disorders in CKD patients has increased enormously. 
Recently, large-scale randomized controlled trials have attempted to attest the 
importance of controlling lipid metabolisms in CKD patients. It will therefore be 
suitable for a new book to provide an updated overview of all available clinical and 
basic scientifi c data for clinicians and researchers in this area. 

 This new book summarizes the rapid advances made in the fi eld of lipid disor-
ders, in nephrology. Three chapters address the epidemiology, pathogenesis, and 
adverse events associated with hyperlipemia. Other chapters review the importance 
of lipids in different CKD categories: dialysis, transplantation, nephrotic syndrome, 
pediatric and geriatric populations. Additionally, a world-renowned panel of expert 
contributors has been challenged to summarize current clinical trials and to make 
treatment recommendations based on the results of these trials and their own best 
clinical practice. 

 This book is very timely, especially in light of recent developments in this area 
of interest, particularly with the release of recent guidelines. In early November 
2013, the Kidney Disease: Improving Global Outcomes (KDIGO) released The 
Clinical Practice Guideline for Lipid Management in Chronic Kidney Disease, 
which presented a controversial approach to lipid management. The Work Group 
found little evidence to justify ongoing assessment of dyslipidemia and recom-
mended that patients be treated with statins or statin/ezetimibe combinations with-
out the need for follow-up testing. Co-chair David Wheeler of the University 
College London opined that “this ‘fi re and forget’ approach is simple, cost-effective 
and will improve outcomes for patients”. 
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 Later that month, the American College of Cardiology and the American Heart 
Association released a new clinical practice guideline for the treatment of blood 
dyslipidemias in people at high risk for cardiovascular diseases caused by athero-
sclerosis. The new guideline identifi ed four major groups of patients for whom 
HMG-CoA reductase inhibitors are believed to have the greatest chance of prevent-
ing complications such as cerebrovascular accidents and myocardial infractions. In 
addition, the guideline also emphasized the importance of adopting a certain life-
style to prevent and control dyslipidemias. 

 This new guideline represented a signifi cant departure from previous guide-
lines because it did not focus on specifi c target levels of low-density lipoprotein 
cholesterol (LDL), despite there have been no changes in the defi nition of optimal 
LDL. Nevertheless, it focused on defi ning groups for whom decreasing LDL is 
believed to be most benefi cial. Furthermore, this new guideline recommends 
moderate- or high-intensity statin therapy for these four groups: those who have 
cardiovascular disease; those with an LDL of 190 mg/dL or higher; those with 
type 2 diabetes who are between 40 and 75 years of age; and those with an esti-
mated 10-year risk of cardiovascular disease of 7.5 % or higher who are between 
40 and 75 years of age. 

 It is our hope that this book will shed some light on our understanding of the 
rationale behind these recently developed guidelines and that it will help practitio-
ners in their clinical practice, particularly when dealing with dyslipidemias in 
patients with chronic kidney disease. 

 The perfect medicine book should be pleasant to read, easy to understand, 
evidence- based, and remarkably practical. The present book is a result of these 
goals. The book is designed to be both easily readable and at the same time to 
provide an extensively referenced work written by experts in specifi c fi elds. 
Overall, this comprehensive book will continue the tradition of excellent papers 
of nephrology. It will be of great interest not only to nephrologists, but also to 
internists, cardiologists, and endocrinologists, as well as all healthcare providers 
with particular interest in lipid-related disorders. 

 Certainly, this book would not have been possible were it not for so many people. 
First of all, we would like to thank all of our contributing authors, who have spent 
countless hours in producing high-quality, updated information. We spent a signifi -
cant amount of time communicating via telephone and email as we reviewed the 
chapters and discussed recommendations, most of which were agreed upon but, on 
occasion, disputed. We express our sincerest gratitude for their openness to this very 
collegial collaboration, which has been a truly rewarding experience for all of us. 
We appreciate the help and support of all the staff of Springer publications, most 
especially Diane Lamsback, our Developmental Editor; and Gregory Sutorius, our 
Editor, both of whom have been very patient with our procrastination and stubborn-
ness at times. 

 We thank all our teachers and mentors, who devoted their own time and effort to 
educate and train us to become who we are. We thank all the medical students, 
interns, residents, and fellows who, in one way or another, have inspired us to 
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persevere in this most noble teaching profession. Most of all, we thank all of our 
patients, who have been truly instrumental in our learning and devotion to this fi eld 
of medicine. On behalf of all the contributors to this book, we hope that all of our 
efforts may contribute to relieving your suffering and lead to recovery. 

 Iasi, Romania Adrian Covic 
 Istanbul, Turkey Mehmet Kanbay 
 Chicago, IL, USA Edgar V. Lerma  
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           Dyslipidemia as a Major Cardiovascular Risk Factor 

 Epidemiologic studies have established smoking, diabetes, dyslipidemia, and 
hypertension as independent risk factors for coronary heart disease (CHD) [ 1 – 3 ]. 
High blood cholesterol is a leading risk factor in the development of atherosclerosis 
and CHD. The World Health Organization estimates that dyslipidemia is associated 
with more than half of global cases of ischemic heart disease and more than four 
million deaths per year [ 4 ]. 

 There is a close association between serum cholesterol levels and cardiovascular 
morbidity and mortality in the general population. In a meta-analysis of individual 
data from 61 prospective studies, consisting of almost 900,000 adults without previ-
ous disease, 1 mmol/L lower total cholesterol was associated with about a half, a 
third, and a sixth lower ischemic heart disease mortality in both sexes at ages 40–49, 
50–69, and 70–89 years, respectively, throughout the main range of cholesterol in 
most developed countries, with no apparent threshold [ 5 ]. 

 The Multiple Risk Factor Intervention Trial (MRFIT) screened 350,977 men 
aged 35–57 years and followed them for an average of 12 years. A strong, positive, 
graded relationship was found between serum cholesterol level measured at initial 
screening and death from CHD [ 6 ]. Moreover, this relationship persisted over the 
12-year follow-up period. Likewise, in a prospective study, 44,985 men in the 
United States without a history of cardiovascular disease at baseline were fol-
lowed- up for 25 years [ 7 ]. The four conventional cardiovascular risk factors of 
smoking, hypertension, hypercholesterolemia, and type 2 diabetes accounted for 
the majority of risk associated with the development of clinically signifi cant 
peripheral artery disease. 

    Chapter 1   
 Epidemiology/Prevalence of Dyslipidemia 
in the General Population and in Patients 
with Chronic Kidney Disease 
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 In order to estimate the long-term effects of cardiovascular risk factors, 
Framingham Offspring cohort was investigated [ 8 ]. In this study, 4,506 participants 
of the Framingham Offspring cohort aged 20–59 years free of cardiovascular 
disease at baseline examination were prospectively followed for the development of 
hard cardiovascular events (coronary death, myocardial infarction, stroke). The 
30-year hard cardiovascular disease event rates adjusted for the competing risk of 
death were 7.6 % for women and 18.3 % for men. Standard risk factors (male sex, 
systolic blood pressure, total and high-density lipoprotein [HDL] cholesterol, smok-
ing, and diabetes mellitus), measured at baseline, were signifi cantly related to the 
incidence of hard cardiovascular disease and remained signifi cant when updated 
regularly on follow-up for more than 30 years. 

 In order to compare the relationship between serum total cholesterol and long- 
term mortality from CHD in different cultures, total cholesterol was measured at 
baseline and at 5- and 10-year follow-up in 12,467 men aged 40 through 59 years in 
16 cohorts in fi ve European countries, the United States, and Japan [ 3 ]. For a 
cholesterol level of around 5.45 mmol/L (210 mg/dL), CHD mortality rates varied 
from 4 to 5 % in Japan and Mediterranean Southern Europe to about 15 % in 
Northern Europe. Across these different cultures, cholesterol was linearly related to 
CHD mortality, and the relative increase in CHD mortality rates with a given cho-
lesterol increase was the same. 

 Systematic reviews and meta-analysis reported that reduction in total and low- 
density lipoprotein (LDL) cholesterol by statins was associated with marked reduc-
tions in nonfatal and fatal cardiovascular events [ 9 ,  10 ]. A prospective meta-analysis 
of data from 90,056 individuals in 14 randomized trials of statins showed that statin 
therapy can safely reduce the 5-year incidence of major coronary events, coronary 
revascularization, and stroke by about one-fi fth per mmol/L reduction in LDL- 
cholesterol, irrespective of the initial lipid profi le or other presenting characteristics. 
Furthermore, lowering LDL cholesterol with statin therapy even in people at low 
risk of vascular disease (5-year risk of major vascular events lower than 10 %) was 
associated with benefi t [ 11 ].  

    Dyslipidemia in the General Population 

 Dyslipidemia is a common cardiovascular risk factor. According to the report of the 
American Heart Association Statistics Committee and Stroke Statistics Committee 
in 2011, an estimated 33.6 million adults 20 years or older have total serum choles-
terol levels of 240 mg/dL or greater, for a prevalence of 15 % of the American popu-
lation [ 12 ]. Analysis of 30-year national trends in serum lipid levels showed 
improvements in total cholesterol and LDL cholesterol, which may in part be 
explained by the increase in the use of lipid-lowering drug therapy [ 13 ]. In another 
epidemiologic study, in order to describe prevalence of major cardiovascular risk 
factors and cardiovascular diseases among Hispanic/Latino individuals of diverse 
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backgrounds in the United States, the data of 15,079 participants of the Hispanic 
Community Health Study was analyzed [ 14 ]. Hypercholesterolemia prevalence was 
highest among Central American men (54.9 %) and Puerto Rican women (41 %). 

 The Multi-Ethnic Study of Atherosclerosis (MESA) which is a population-
based study of 6,814 men and women aged 45–84 years, aimed to study the preva-
lence, treatment, and control of dyslipidemia in different ethnic groups living in the 
United States [ 15 ]. Drug treatment thresholds and goals were defi ned according to 
the Third Report of the Adult Treatment Panel (ATP III) [ 16 ]. Control to ATP III 
goal was observed in 75.2 % of participants with treated dyslipidemia and 40.6 % 
of participants with dyslipidemia. Dyslipidemia was more common in men than in 
women and was treated and controlled less often in men than in women. 
Dyslipidemia prevalence differed little across ethnic groups, with the exception of 
a lower prevalence in Chinese subjects. Drug treatment also differed little across 
ethnic groups, with the exception of a lower prevalence of treatment reported by 
Hispanic subjects. Control of dyslipidemia was achieved less commonly in blacks 
and Hispanics than in non-Hispanic whites. Importantly, control of dyslipidemia 
was achieved less commonly in high-risk and intermediate-risk than in low-risk 
individuals. 

 The awareness of the importance of dyslipidemia as a major cardiovascular risk 
factor is increasing all over the world. The EUROASPIRE (European Action on 
Secondary and Primary Prevention by Intervention to Reduce Events) surveys by 
the European Society of Cardiology were done in selected geographical areas and 
hospitals in Czech Republic, Finland, France, Germany, Hungary, Italy, the 
Netherlands, and Slovenia [ 17 – 21 ]. The fi rst EUROASPIRE survey was done in 
1995–1996 in nine European countries, the second in 1999–2000 in 15 countries, 
and the third in 2006–2007 in 22 countries, including eight countries that partici-
pated in EUROASPIRE I and II. Although the frequency of obesity increased from 
25.0 % in EUROASPIRE I to 32.6 % in II and 38 % in III, the proportion with raised 
cholesterol (≥4.5 mmol/L) decreased from 94.5 % in EUROASPIRE I to 76.7 % in 
II and 46.2 % in III [ 21 ]. The proportion of patients taking lipid-lowering drugs who 
achieved the cholesterol target levels of less than 4.5 mmol/L was sevenfold higher 
in the third survey than in the fi rst. However, in the EUROASPIRE III survey, 
42.7 % of patients on treatment had still not reached this target. 

 In a cross-sectional study on 11,554 individuals representative of the population 
aged ≥18 years in Spain, 50.5 % had hypercholesterolemia (total cholesterol 
≥200 mg/dL or drug treatment) and 44.9 % had high levels of LDL cholesterol 
(≥130 mg/dL or drug treatment), with no substantial sex-related differences [ 22 ]. 
Of note, cholesterol control was poor, particularly among those with the highest 
cardiovascular risk, such as diabetics or patients with cardiovascular disease. 

 A total of 10,872 participants were included in a population-based, national 
survey in Turkey on populations aged over 18 years [ 23 ]. In this study, the preva-
lence of dyslipidemia, defi ned as patients having anti-lipid treatment or total choles-
terol >240 mg/dL or LDL cholesterol >130 mg/dL or HDL cholesterol <40 mg/dL 
for men, <46 mg/dL for women or serum triglyceride >150 mg/dL, was 76.3 %.  
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    Dyslipidemia in Patients with Chronic Kidney Disease 

 The incidence and prevalence of chronic kidney disease (CKD) are increasing 
worldwide. Chronic renal failure is associated with premature atherosclerosis and 
increased incidence of cardiovascular morbidity and mortality. Thus, cardiovascular 
disease is a major cause of morbidity and mortality in patients with CKD. Both 
traditional risk factors and nontraditional risk factors associated with CKD, includ-
ing infl ammation, oxidant stress, and malnutrition, may further increase cardiovas-
cular risk in these patients [ 24 – 26 ]. In dialysis patients, the relationship between 
serum cholesterol levels and mortality is complex. Observational studies show that 
a lower level of total cholesterol predicts higher risk of both all-cause mortality and 
cardiovascular mortality in dialysis patients [ 27 ,  28 ]. Since hypercholesterolemia is 
an established cardiovascular risk factor in the general population, this relationship 
in dialysis patients is called “reverse epidemiology” [ 29 ]. However, hypocholester-
olemia also correlates closely with low serum albumin and serum C-reactive protein 
(CRP) levels, which are markers of malnutrition and infl ammation [ 28 ]. A study by 
Liu et al. [ 30 ] reported that in the absence of malnutrition or infl ammation, elevated 
total cholesterol was associated with increased risk of cardiovascular disease in 
dialysis patients. 

 Data from the population-based Atherosclerosis Risk in Communities (ARIC) 
Study showed that risk factors for CHD in the general population also are associated 
with an increased risk for CHD among the population with CKD [ 26 ]. In this study, 
with the exception of HDL cholesterol, which showed a weaker association, and 
anemia, which showed a stronger association, the relationship of CHD risk factors 
was  similar for people with and without CKD. Clinical trials have also reported that 
dyslipidemia is associated with increased rate of progression of CKD [ 31 ]. 
Moreover, high cholesterol is an independent risk factor associated with a decline in 
renal function in healthy subjects [ 32 ]. 

 Dyslipidemia is common in patients with CKD. CKD is associated with meta-
bolic abnormalities of plasma lipoproteins. Hypertriglyceridemia is a common lipid 
abnormality in patients with CKD. The concentrations of triglyceride-rich lipopro-
teins (very-low-density lipoprotein [VLDL], chylomicrons and their remnants) start 
to increase in early stages of CKD. These parameters are almost always high in 
patients with nephrotic syndrome and in dialysis patients, especially in peritoneal 
dialysis (PD) patients [ 33 ]. Increases in plasma apoprotein (apo)C-III levels may be 
responsible for the increased triglyceride levels in patients with CKD. Apoprotein 
C-III is a potent inhibitor of the enzyme lipoprotein lipase, which degrades 
triglyceride- rich particles [ 33 ]. 

 HDL levels are decreased in patients with CKD [ 30 ]. Reductions in plasma 
 concentrations of apoA-I and apoA-II cholesterol are thought to play a role in the 
low HDL cholesterol levels [ 32 ,  34 ]. Chronic infl ammation, by decreasing albumin 
levels, also contributes to the low levels of HDL cholesterol in these patients. Since 
albumin acts as a carrier of free cholesterol from peripheral tissues to HDL, its 
reduction may result in reduced HDL cholesterol levels [ 35 ]. 
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 Several studies showed that dyslipidemia is common in kidney transplant 
 recipients [ 36 ,  37 ]. Over 80 % of patients with kidney transplantation have total 
cholesterol levels above 5.2 mmol/L (200 mg/dL) and over 90 % have LDL choles-
terol levels above 2.6 mmol/L (100 mg/dL) [ 36 – 39 ]. 

 In the CREDIT (Chronic Renal Disease in Turkey) study, the prevalence rates for 
hypertension, diabetes, dyslipidemia, obesity, and metabolic syndrome were 
32.7 %, 12.7 %, 76.3 %, 20.1 %, and 31.3 %, respectively, in the general population 
[ 23 ]. The prevalence of hypertension was higher in subjects with CKD than in those 
without CKD (56.3 and 31 %,  P  < 0.001). Similarly, the prevalence rates of diabetes 
(26.6 % vs. 10.1 %), dyslipidemia (83.4 % vs. 75.8 %), obesity (29.2 % vs. 20 %), 
and metabolic syndrome (46 % vs. 29.8 %) were signifi cantly higher in subjects 
with CKD compared with subjects without CKD ( P  < 0.001 for all analyses). 
In addition, the CREDIT-C study, which investigated a cohort of 3,622 children 
aged 5–18 years, the prevalence of hypercholesterolemia was 5.8 % [ 40 ]. 
Importantly, the mean glomerular fi ltration rate (GFR) was lower in children with 
hypercholesterolemia (120.53 ± 27.33 vs. 129.29 ± 22.71,  P  < 0.001). 

 Although clinical trials in the general population and in people with established 
cardiovascular disease have reported a strong association between reducing lipid 
levels and the risk of cardiovascular morbidity and mortality, data on patients with 
CKD is confl icting. Meta-analyses of large randomized controlled trials showed 
that lipid-lowering treatment with statins is effective in reducing the risk for cardio-
vascular disease in early stages of CKD [ 41 ,  42 ]. However, the benefi t of such thera-
pies may be limited in patients with stage 5 CKD [ 43 ,  44 ]. The SHARP (Study of 
Heart and Renal Protection) trial investigated the effects of lowering LDL choles-
terol with simvastatin plus ezetimibe in 9,270 patients with CKD (3,023 on dialysis 
and 6,247 not) [ 45 ]. During a median follow-up of 4.9 years, there was a signifi cant 
reduction in major atherosclerotic events in patients randomized to simvastatin plus 
ezetimibe therapy compared to placebo. However, the study did not have suffi cient 
power to assess the effects on major atherosclerotic events separately in dialysis and 
non-dialysis patients.     
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           Introduction 

 In 1982 Moorhead and colleagues published the “Lipid Nephrotoxicity Hypothesis” 
in Lancet [ 1 ], which stimulated lipid studies in the context of kidney diseases. This 
chapter was the fi rst to introduce the concept that the compensatory hepatic synthe-
sis of lipoproteins in response to urinary loss of albumin could cause progressive 
kidney disease and that pathogenesis of atherosclerosis and renal injury and glo-
merulosclerosis could have a common pathway. In this “two-hit” model, the origi-
nal disease could coexist or be replaced by lipid-mediated damage. Persistent 
albuminuria stimulates excess lipoprotein synthesis by the liver, thereby maintain-
ing the lipid injury cycle. It also proposed that many of the features of progressive 
glomerular and tubulo-interstitial diseases share biological mechanisms with those 
of atherosclerosis, including dyslipidemia, oxidative stress, infl ammatory stress, 
and genetic factors. The term glomerular atherosclerosis was proposed. Lipid- 
loaded cells derived from macrophages and mesangial cells (MCs), which share 
many properties of vascular smooth muscle cells (VSMCs) and take up both unal-
tered and altered LDL cholesterol, should be considered in the context of lipid-
mediated vascular and renal injury. Against this background, it is not surprising that 
cardiovascular disease (CVD) is the most important cause of morbidity and mortal-
ity at all stages of progressive kidney disease and that chronic kidney disease (CKD) 
is now considered as a risk factor for CVD. 

 Since then, many laboratory and clinical studies [ 1 ,  2 ] have supported the hypoth-
esis that hyperlipidemia resulting from compensatory hepatic synthesis of lipopro-
teins in response to urinary loss of albumin contributed to the progression of both 
atherosclerosis and glomerulosclerosis. However, kidney injury does not always 
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occur in the presence of hyperlipidemia alone; for example, the higher risk of 
 cardiovascular death in dialysis individuals is associated with low plasma choles-
terol (reverse epidemiology), suggesting that multiple factors accompanying with 
CKD may interfere lipid-mediated kidney injury. In this chapter, we will discuss the 
promises and exceptions to the original hypothesis, updating the lipid nephrotoxicity 
hypothesis by analyzing dyslipidemia of CKD, the renal pathophysiological changes 
induced by dyslipidemia, recent developments of and some apparent exceptions to 
the hypothesis, and how infl ammatory stress alters lipid homeostasis.  

    Original Lipid Nephrotoxicity Hypothesis: 
Promises and Exceptions 

 Intensive laboratory studies have demonstrated that dyslipidemia in CKD can be 
both consequence [ 3 ] and cause [ 1 ] of the progression of CKD and CVD, a disease 
spectrum offering a substantial study platform for the original hypothesis. Although 
many studies support the hypothesis that lipid abnormalities contribute to renal 
injury, the latter does not occur in the presence of hyperlipidemia alone [ 4 ]. For 
example, the Watanabe heritable hyperlipidemic (WHHL) rabbit model, which is 
characterized by a defi ciency of low-density lipoprotein (LDL) receptors and hyper-
cholesterolemia, develops atherosclerosis but not renal lesions [ 5 ]. There is also no 
evidence of kidney disease in the hypercholesterolemic Nagase analbuminemic rat 
model [ 6 ]. In humans familial hypercholesterolemia is not usually associated with 
renal failure, and kidney disease rarely occurs in patients with primary hyperlipid-
emias [ 7 ]. In contrast normolipidemic patients with kidney disease often develop 
both glomerulosclerosis and atherosclerosis [ 8 ,  9 ]. Interestingly, while atheroscle-
rosis regresses with reduction of serum cholesterol, human kidney disease does not. 
In other words, the plasma level of cholesterol per se does not correlate with 
glomerulosclerosis. 

 Since renal injury does not always occur in the presence of hyperlipidemia alone 
[ 4 ], and glomerulosclerosis can occur without lipid deposition, a precursor condi-
tion such as intra-renal hypertension, increased glomerular capillary shear stress, 
hyperfi ltration, decreased nephron mass, or infl ammatory stress appears to be 
required for the induction and progression of lipid-induced renal dysfunction.  

    Atherogenic Dyslipidemia in CKD: Enhanced Disease 
Progression 

 The lipid profi le of CKD patients is typifi ed by high circulating levels of very low- 
density lipoprotein (VLDL) triglycerides, intermediate-density lipoprotein (IDL) 
and chylomicron remnants (CM), and low plasma high-density lipoprotein (HDL) 
cholesterol. Reduced clearance and increased plasma levels of small dense LDL 
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particles aid easier entrance into arterial walls where faster oxidation causes renal 
and vascular damage [ 10 ]. The LDL cholesterol level is not usually increased and 
may even be reduced. A higher risk of death from CVD is associated with low 
plasma cholesterol (reverse epidemiology) [ 8 ,  11 ]. In addition to causing quantita-
tive reductions in HDL cholesterol and apoA-1 concentrations, CKD results in defi -
ciency of HDL-associated enzymes (paraoxonase, glutathione peroxidase, and 
lecithin:cholesterol acyltransferase (LCAT)) and conversion of HDL from an 
 antioxidant/anti-infl ammatory agent to a prooxidant and pro-infl ammatory agent 
[ 12 ,  13 ]. These abnormalities can compound the effects of HDL defi ciency in 
 promoting an atherogenic diathesis in this population. Lp(a), and apolipoprotein 
(apo)A-IV are also increased. This lipid profi le is similar to the atherogenic dyslip-
idemia of diabetics, and may sometimes be observed in early stages of primary 
kidney disease when measured glomerular fi ltration rate (GFR) is normal [ 14 ]. 

    Renal Injury 

 It has long been established that cholesterol supplementation of the diets of several 
animal species leads to focal and segmental glomerulosclerosis (FSGS). French 
et al. showed that feeding guinea pigs a diet containing 1 % cholesterol caused 
severe glomerular disease [ 15 ,  16 ]. Peric-Golia et al. have demonstrated that feeding 
normal male Sprague–Dawley rats with a 3–4 % cholesterol diet resulted in hyper-
cholesterolemia accompanied by aortic damage and renal glomerular abnormalities 
including lipid droplets, hyalinosis, glomerulosclerosis, and interstitial fi brosis 
[ 17 ,  18 ]. The severity of glomerular injury is greatly increased if dietary- induced 
hyperlipidemia is combined with either a loss of functioning nephrons, partial 
nephrectomy, or hypertension [ 18 ,  20 ]. Rats that had a unilateral nephrectomy at 1 
month that were fed a diet consisting of 4 % cholesterol developed signifi cantly 
higher glomerular scarring than cholesterol-fed rats with two kidneys. Chronic renal 
failure induced by 5/6 nephrectomy results in accumulation of lipids in the remnant 
kidney, which is associated with upregulation of receptors involved in the infl ux of 
oxidized lipids and lipoproteins, activation of fatty acid biosynthesis, and inhibition 
of pathways involved in fatty acid oxidation [ 19 ]. Studies using the puromycin 
amino nucleoside (PAN) nephrotic rat model have also shown that cholesterol feed-
ing increases the severity of proteinuria and FSGS [ 18 ,  20 ]. Apo B and apo E were 
encountered in increased amounts in the mesangium and co-localized with Oil Red 
O-positive lipid deposits [ 21 ]. Animals with endogenous hyperlipidemia [ 22 ] also 
develop progressive glomerular damage. Such models include the hyperlipidemic 
Sprague–Dawley rat developed by Imai et al. [ 23 ], the spontaneously hypertensive 
rat described by Koletsky [ 24 ], and the obese Zucker rat [ 22 ]. Glomerular injury is 
also greater when systemic hypertension is combined with hyperlipidemia [ 25 ]. 

 Several clinical studies have documented an association between dyslipidemia 
and the progression of CKD. Atherosclerosis risk in communities (ARIC) [ 26 ] with 
low HDL cholesterol and increased non-HDL cholesterol was associated with 
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increased risk of developing a reduced GFR (≤55 mL/min/1.73 m 2 ). In the ARIC 
study, higher HDL cholesterol levels were associated with a decreased risk of pro-
gression of CKD, although one study showed an association between high LDL 
cholesterol levels and progression of kidney disease [ 27 ]. The weight of evidence, 
therefore, suggests that hypertriglyceridemia, accumulation of LDL cholesterol and 
low HDL cholesterol are associated with increased risk of progression of CKD. 
Survival statistics in renal transplant patients have also demonstrated that survival 
with declining renal function is far superior in patients with normalized lipid pro-
fi les [ 28 ,  29 ]. 

 Foam cells and lipid deposits are found in FSGS in human renal biopsies [ 30 ]. 
Patients with hereditary LCAT enzyme defi ciency are unable to esterify choles-
terol normally, and their abnormally large lipid-laden HDL has a defective matura-
tion pattern. In these individuals, lipid deposition in the glomerulus is associated 
with progressive renal insuffi ciency. Some patients with hepatorenal syndrome 
who have lipoproteins with abnormal compositions have been reported to have 
progressive glomerular damage. A unique form of the nephrotic syndrome was 
reported in Japanese patients, where mesangial proliferation, mesangial expan-
sion, glomerular deposition of lipoproteins, and FSGS were associated with high 
levels of circulating apoE [ 31 ]. Lee et al. found that 8.4 % of 631 CKD patients had 
ultrastructurally detectable extracellular lipid in non-sclerotic glomeruli, which 
suggests that there may be an early pre-sclerotic stage of lipoprotein-mediated 
damage [ 30 ]. Takemura also demonstrated that predominant deposition of apo B 
and apo E in the mesangial area in mesangial proliferative types of glomerulone-
phritis and that the distribution and staining intensity of these apolipoproteins 
 correlated with the grade of mesangial proliferation and proteinuria, but were inde-
pendent of plasma lipid levels [ 32 ].  

    Vascular Injury 

 The term glomerular atherosclerosis was proposed, because atherosclerosis shares 
similar pathogenesis with glomerular sclerosis. CVD risk is increased in chronic 
infl ammatory states, up to 33-fold in patients with renal failure and allografts com-
pared to non-uremic subjects. Patients with an “infl ammation profi le” including 
CKD, SLE, rheumatoid arthritis, psoriasis, and diabetes are especially prone to this 
problem. On the face of it, these data could suggest that a relatively normal choles-
terol level in infl ammatory conditions argues against a causative connection with 
cardiovascular mortality, which may explain why the phenomenon is often ignored 
by the atherosclerosis research community. The explanation for this may lie in the 
fact that the clinical setting responsible for previously “hidden” mechanisms of 
lipid-mediated vascular damage and cytotoxicity is more complex in CKD than in 
the general population; the question one should ask is why cholesterol levels are 
relatively normal or low under infl ammatory stress?   
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    Renal Pathophysiological Changes Driven by Atherogenic 
Dyslipidemia 

 Lipid-loaded foam cells in the kidney and atherosclerotic plaques support patho- 
physiological roles for lipids in the progression of both CKD and CVD. 

    Oxidative Stress 

 Though initial events involved in lipid-mediated renal damage are unclear, oxidative 
stress is thought to be especially important. Hyperlipidemia causes signifi cantly 
higher rates of monocyte reactive oxygen species (ROS) generation, which is 
strongly associated with impairment of endothelium-dependent relaxation and ele-
vated plasma levels of Ox-LDL. Arteries from hypercholesterolemic animals pro-
duced signifi cantly higher rates of oxygen radical than control arteries. 

 The mechanisms by which hyperlipidemia contributes to systemic oxidative stress 
in CKD remain unclear. Plasma HDL-cholesterol with its important antioxidant func-
tion is reduced in CKD [ 33 ]. Infl ammatory mediators, including TNFα and IL-1β, are 
ROS-activating factors in the kidney and may induce oxygen radical production by 
MCs. Immune-mediated mesangial injury causes increased oxygen radical and 
 eicosanoid production [ 34 ]. An important source of ROS is NAD(P)H-oxidase (NOX). 
The NOX family comprises seven members, Nox1–Nox7. Nox1 and Nox2 (gp91phox-
containing NADPH oxidase), together with Nox4 and Nox5, have been identifi ed in 
the cardiovascular–renal systems and have been implicated in oxidative stress [ 35 ] in 
kidney disease. In addition, the leukocyte-derived enzymes myeloperoxidase (MPO) 
and xanthine oxidoreductase (XOR) may contribute to oxidative stress pathways in 
end-stage renal disease (ESRD) with a role in cardiovascular dysfunction [ 36 ,  37 ]. 

 Inappropriate ROS generation may contribute to tissue dysfunction in three 
ways: (1) dysregulation of redox-sensitive signalling pathways; (2) oxidative dam-
age to biological structures including DNA, proteins, and lipids; and (3) activation 
of macrophages [ 38 ]. Lipid peroxidation is the fi rst step in the generation of 
Ox-LDL, which can accumulate in renal mesangial cells [ 39 ]. The process of lipid 
peroxidation itself generates free radicals and ROS. 

 The cytotoxic effects of Ox-LDL, produced in vitro by incubating LDL with 
CuSO 4  include induction of podocyte [ 40 ] and endothelial cells apoptosis, which may 
infl uence cellular turnover in vascular and renal injuries. All major cell types in the 
artery wall and kidney, including endothelial cells, SMCs, monocyte–macrophages, 
and MCs, have been shown to cause oxidative modifi cation of LDL in vitro [ 41 ,  42 ]. 
Oxidative stress decreases renal NO production and availability [ 43 ] and stimulates 
angiotensin II synthesis, suggesting that activation of the renin- angiotensin system 
(RAS) may contribute to lipid-induced renal injury. It has been demonstrated that 
angiotensin II increases TGF-β and plasminogen activator inhibitor-1 (PAI-1) 
expression, thereby propagating glomerular fi brosis [ 44 ]. Oxidized LDL has also 
been identifi ed in the lesions of FSGS in vivo [ 45 ].  
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    Endoplasmic Reticulum Stress 

 Metabolic stress within the endoplasmic reticulum (ER) induces a coordinated 
unfolded protein response (UPR), which helps the ER to cope with the accumula-
tion of misfolded proteins. UPR is initiated by three ER transmembrane proteins 
(namely, PKR-like ER-regulated kinase (PERK), inositol-requiring enzyme-1 
(IRE- 1), and activating transcription factor-6 (ATF-6)) [ 46 ]. Recent studies 
report that intracellular accumulation of saturated fatty acids and cholesterol 
results in ER stress, resulting in apoptosis in macrophages; macrophage scaven-
ger receptor type A is essential in regulating ER stress-induced apoptosis [ 47 ]. 
Palmitate also induces ER stress by increasing IRE1 protein levels and activating 
the c-Jun NH 2 -terminal kinase (JNK) pathway [ 48 ]. In both cultured cells and 
whole animals, ER stress leads to activation of the JNK and IKK/NFkB path-
ways, promoting an infl ammatory response. ER stress, in turn, leads to dysregu-
lation of the endogenous sterol response mechanism and concordantly activates 
oxidative stress pathways [ 49 ].  

    Infl ammatory Stress 

 The presence of oxidative and ER stress activates the NF-κB pathway, which has 
been associated with infl ammatory events in glomerulonephritis, as well the 
 progression of CKD [ 50 ]. In addition, lipids may act as pro-infl ammatory media-
tors. At certain concentrations LDL, VLDL, and IDL enhanced the secretion of 
infl ammatory cytokines by MCs, including IL-6, PDGF, and TGFβ. Since HDL 
down- regulates VCAM-1 and E-selectin on endothelial surfaces and reduces NFκB, 
low HDL cholesterol levels may augment infl ammatory responses [ 51 ]. In apoE KO 
mice [ 52 ], blocking the IL-6 receptor prevented progression of proteinuria and renal 
lipid deposition, as well as the mesangial cell proliferation associated with severe 
hyperlipoproteinemia. These results strongly support the role of pro- infl ammatory 
cytokines in the pathogenesis of hyperlipidemia-induced glomerular injury. 
Infl ammation also enhances both medial and intimal calcifi cation, which contribute 
to vascular, and perhaps also renal injury [ 53 ,  54 ]. 

 Ox-LDL binds preferentially to the glomerulus when injected intra-arterially in 
the rat and to mesangial cells in vitro [ 55 ]. Ox-LDL is a potent proinfl ammatory 
chemoattractant for macrophages and T lymphocytes with a role in the recruitment 
of circulating monocytes either directly or by inducing SMC, MCs, and/or endothe-
lial cells to produce chemotactic and adhesive factors such as MCP-1, monocyte 
colony-stimulating factor (m-CSF), and IL-1β [ 56 ,  57 ]. Modifi ed LDL may also 
inhibit the motility of resident monocytes once they have differentiated into macro-
phages within the site [ 58 ]. Both oxidized LDL and minimally oxidized LDL stimu-
lated TNF-α secretion by MCs by activating the NFκB pathway [ 50 ].  
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    Mesangial Cell Proliferation and Matrix Expansion 

 MCs have been shown to bind LDL and Ox-LDL, leading to more cell proliferation 
via multiple downstream effects. LDL also stimulates the expression of extracellu-
lar matrix proteins including fi bronectin. Furthermore, glomerular macrophages 
obtained from hypercholesterolemic animals displayed higher expressions of TGF-β 
mRNA, which contributes to glomerular matrix expansion [ 59 ].   

    Infl ammatory Stress Modifi es Lipid Homeostasis 

 CKD is associated with a low-grade, long-term, and chronic infl ammatory stress 
characterized by elevated plasma CRP levels [ 60 ]. Infl ammatory stress may modify 
lipid homeostasis, thereby causing tissue lipid accumulation [ 61 ]. 

    Infl ammation Changes Lipid Composition 

 Infl ammation alters HDL structure and removes its anti-infl ammatory functionality. 
HDL levels are decreased in infl amed individuals without renal failure, and SAA 
replaces the apo A-I that normally composes about half of the proteins in HDL [ 36 ]. 
The resulting loss of HDL’s protective ability during infl ammatory stress renders 
LDL prone to oxidation from increased activity of MPO, an abundantly expressed 
enzyme of activated neutrophils that chlorinates a tyrosine residue on apo B100 
[ 62 ]. Infl ammation could be responsible for an increase in triglyceride levels in 
CKD [ 63 ]. Ettinger showed that human recombinant TNF-α, IL-1β, and IL-6 
resulted in dose-related reductions in the concentrations of apoA-I, apoB, and LCAT 
activity in HepG2 cells, which may contribute to the hypocholesterolemia of acute 
infl ammation.  

    Infl ammation Causes Cholesterol Redistribution 

 Recently, kinetic analysis of TG fractional catabolic rates (FCR) and production 
rates (PR) demonstrated that CKD is associated with decreased clearance of TG-rich 
lipoproteins without change in synthesis. However, catabolism of LDL cholesterol 
is increased signifi cantly [ 64 ], suggesting that both cholesterol production and deg-
radation are modifi ed in CKD. LDL is the major carrier of cholesterol in humans 
and plays a more important role than other lipids in forming foam cells. However, 
the plasma LDL cholesterol level is not increased in CKD and hemodialysis patients 
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and the relationship between cardiovascular mortality and plasma cholesterol levels 
is reversed [ 8 ]. In this section, we will focus on recently observed connections 
between infl ammatory stress, cholesterol homeostasis, and renal injury. 

 In a retrospective study of nephrotic patients with progressive kidney disease, 
heavy proteinuria and hypercholesterolemia accompanied kidney disease progres-
sion, but plasma cholesterol gradually fell to normal levels as patients approached 
ESRD [ 65 ]. Recently, Liu et al. evaluated the association between plasma cholesterol 
levels and mortality in 823 dialysis patients from 79 clinics in the United States. 
They divided the patients into infl amed and non-infl amed on the basis of infl amma-
tion markers (CRP and IL-6). The non-infl amed dialysis patients showed a linear 
relationship between cholesterol levels and mortality and behaved like the normal 
population in that higher cholesterol was associated with higher mortality. In contrast 
the higher mortality in infl amed dialysis patients was inversely associated with lower 
cholesterol levels (J-shaped curve) [ 8 ], suggesting that infl ammation may divert 
plasma cholesterol to the tissue compartments, increasing cardiovascular mortality. 

 We have demonstrated that infl ammatory cytokine IL-1β increases intracellular 
cholesterol infl ux into VSMCs, MCs, and macrophages by inducing scavenger 
receptor expression, disrupting LDL receptor feedback regulation and causing unre-
strained LDL receptor-mediated uptake [ 39 ,  66 ,  67 ]. Pro-infl ammatory cytokine 
IL-1β also inhibits ATP-binding cassette A1 (ABCA1)-mediated cholesterol effl ux 
from mesangial cells [ 68 ]. Furthermore, in vitro studies have shown that IL-1β 
increases intracellular cholesterol synthesis in MCs, HepG2 [ 69 ], and VSMCs by 
increasing HMG-CoA reductase transcription and activity, thereby enhancing 
infl ammation-mediated intracellular cholesterol synthesis and inhibiting HMG-CoA 
reductase degradation. In vivo, chronic systemic infl ammation induced by 10 % 
subcutaneous casein in apoE KO mice and characterized by increased serum SAA 
and TNF-α, lowered plasma LDL cholesterol and HDL cholesterol levels, and 
enhanced lipid accumulation in the liver, vessels, and kidneys, promoting nonalco-
holic fatty liver disease (NAFLD), atherosclerosis, and renal injury [ 70 ]. However, 
cholesterol biosynthesis and fatty acid oxidation were reported to be reduced in a 
remnant rat kidney model [ 19 ,  71 ]. The possible reasons for the differences are that 
infl ammatory stress may differ between nephrectomy rat models (unilateral and 
5/6th) and systemic casein-induced infl ammatory stress in a mouse model. The 
nephrectomy rat model is characterized by heavy proteinuria, marked elevation of 
plasma total cholesterol, LDL cholesterol, triglyceride, and free fatty acid concen-
trations. While suitable for the investigation of renal pathophysiological changes, 
this model does not adequately mirror lipid homeostasis in CKD patients whose 
LDL cholesterol level is not increased; nor is the casein-induced systemic infl am-
matory stress model affected by uremia-related factors. These points reinforce 
views that across-species cholesterol homeostasis may be differently regulated 
according to the type and stage of kidney disease as well as variations in infl amma-
tory stress. HMG-CoA reductase   -mediated cholesterol synthesis in kidney may be 
decreased in the CRF nephrectomy rat model but increased in the presence of 
 serious infl ammatory stress or in the early stages of CKD. 
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 Zhao et al., using a unilateral nephrectomy model, showed adipose tissue 
 redistribution to kidney from the peri-renal capsule, omentum, mesentery, and 
abdominal wall, suggesting that lipid redistribution may also take place between 
tissues [ 72 ,  73 ]. Furthermore, we and others have shown that infl ammatory stress 
causes cholesterol accumulation in the normally cholesterol-poor ER, indicating 
that cholesterol redistribution can occur intracellularly between organelles. 
Cholesterol relocation at this level could potentially trigger lipid-induced apoptosis 
or ER stress [ 74 ]. 

 Hence, infl ammatory stress accompanied by CKD modifi es cholesterol homeo-
stasis by diverting cholesterol from blood to tissues, which causes cholesterol to 
accumulate in peripheral tissues such as kidney, vessel wall, and liver, lowering 
circulating cholesterol levels. Tissue cholesterol redistribution and accumulation in 
response to infl ammation may occur at several levels and sites: from circulation to 
tissue, tissue to tissue, and organelle to organelle. Therefore, plasma LDL choles-
terol in patients with CKD may be a poor marker of the risk of lipid-mediated vas-
cular or renal injury and unhelpful or even misleading in the evaluation of the 
clinical effi cacy of lipid-lowering drugs.   

    The Impact of Statins on CKD 

 Statins have revolutionized the treatment of high plasma cholesterol and atheroscle-
rosis, confi rming their benefi ts in vascular disease [ 75 ]. They are effective in cor-
recting dyslipidemia and are relatively safe [ 76 ]. Statin prescription is now common 
in patients with CKD, an approach endorsed by the recent Kidney Disease Outcomes 
Quality Initiative (K/DOQI) guidelines, although its value in preventing the pro-
gression of CVD and CKD is not yet clear. 

    Effect of Statins on Renal Protection: Evidence from CVD Trial 

 The majority of clinical trials in statins excluded patients with kidney disease as 
judged by serum creatinine (Cr), which leaves large subgroups of patients with nor-
mal Cr but abnormal estimated glomerular fi ltration rates (eGFR) using the modifi -
cation of diet in renal disease (MDRD) calculation. A post hoc subgroup analysis of 
the Cholesterol and Recurrent Events trial (CARE) study [ 77 ] demonstrated that 
pravastatin may slow renal function loss in individuals with moderate to severe 
kidney disease, especially in those with proteinuria. The GREACE study, performed 
to evaluate the effect of atorvastatin on renal function [ 78 ], demonstrated that statin 
treatment prevented decline in renal dysfunction based on eGFR and potentially 
improved renal function, offsetting an additional factor associated with CHD risk. 
A pooled analysis of data demonstrated that among patients who received long-term 
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rosuvastatin treatment (>96 weeks), eGFR was unchanged or tended to increase 
rather than to decrease when compared with baseline [ 79 ]. Furthermore, a post hoc 
subgroup analysis of data from three randomized double-blind controlled trials 
(LIPID, CARE, and WOSCOPS) demonstrated that pravastatin (40 mg/day) 
reduced the adjusted rate of kidney function loss by 34 % in patients with moderate 
CKD [ 80 ]. These data suggest a protective effect of statins on renal function, though 
the value may be limited due to the fact that the patients in these studies had preex-
isting cardiac disease.  

    Effect of Statins on Renal Protection: 
Evidence from CKD Trials 

 The fi rst meta-analysis of 13 controlled prospective studies demonstrated a lower, 
though small, rate of decline in eGFR with treatment compared with controls [ 81 ]. 
In a second meta-analysis of 27 studies comprising 39,704 participants, 21 studies 
included data for eGFR and 20 for proteinuria. Overall, the change in the weighted 
mean differences for eGFR and reduction in proteinuria were signifi cant in statin 
recipients. Both analyses, together with small prospective controlled studies [ 82 ,  83 ], 
support emerging trial evidence that treatment with statins reduces proteinuria and 
possibly the rate of kidney function loss. However, recently the randomized, dou-
ble-blind, controlled SHARP trial involving patients with advanced CKD demon-
strate no benefi t on renal protection [ 84 ]. The controversy may result from various 
complicated conditions in CKD patients, such as the stages of the disease or pres-
ence or absence of other disorders. The types or doses of statin may also affect the 
renal outcome.  

    The Pleiotropic Effects of Statins 

 In addition to lowering lipids, statins may provide renal protection via pleiotropic 
effects. Statins act by blocking 3-hydroxy-3-methylglutaryl coenzyme A reductase, 
thereby inhibiting synthesis of mevalonic acid, a precursor of many nonsteroidal 
isoprenoid compounds such as farnesyl pyrophosphate and geranylgeranyl- 
pyrophosphate involved in subcellular localization and intracellular traffi cking of 
several membrane-bound proteins involved in oxidative stress injury (Rho, Ras, 
Rac, Rab, Ral, and Rap). An important source of ROS is NOX. Statins inhibit the 
activation of Rac1, which is involved in the activation of NOX by preventing the 
geranylgeranyl-dependent translocation of Rac1 from the cytosol to the cell mem-
brane thereby reducing ROS generation [ 85 ,  86 ]. By blocking geranylgeranylation 
of Rho GTPase, statins also decrease the levels of the surface protein endothelin-1, 
a potent vasoconstrictor and mitogen, which might play a role in retarding 
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glomerulosclerosis [ 87 ]. Statins also prolong eNOS mRNA half-life and upregulate 
eNOS expression, reducing hypertension-induced glomerular injury by inhibiting 
the expression of Rho [ 88 ]. Statins also reduce LDL oxidation via the above mecha-
nisms. Statins suppress receptor CD36 expression on monocytes, which may inhibit 
the uptake of Ox-LDL and their subsequent conversion to macrophage foam cells 
[ 89 ]. Furthermore, statins have been shown to reduce levels of MCP-1, TNF-α, 
TGF-β, IL-6, PDGF, and NFκB [ 89 – 91 ], and reduce the proliferation of renal tubu-
lar epithelium by impairment of activator protein-1 (Ap-1) [ 92 ] as well as by pre-
venting monocytes from maturing into macrophages, inducing apoptosis of these 
cells [ 93 ].  

    Statin Resistance Under Infl ammatory Stress 

 Some recent experimental evidence showed that statins in therapeutic concentra-
tions failed to prevent cholesterol synthesis in these cells under infl ammatory stress, 
causing statin resistance [ 69 ]. The recent TNT study suggests a dose-related effect 
of atorvastatin on GFR, with 80 mg/day eliciting a greater benefi cial effect than 
10 mg/day [ 94 ]. This raises the possibility that a variable response to statins may be 
due to statin resistance in some patients, which higher statin doses and anti- 
infl ammatory treatments might overcome. A further point requiring investigation is 
the presently unknown ability of statins to reduce apo B concentrations in many 
clinical trials of CKD patients. Peripheral statin resistance might partly explain 
why statins at ordinary doses did not reduce cardiovascular events or contributed to 
the residual risk in large randomized trials (4D and AURORA) in dialysis patients 
[ 95 ,  96 ].  

    How Long a Low LDL Cholesterol Status Should be 
Maintained? 

 It seems that duration for cholesterol lowering is a very important issue. Recently, it 
has been demonstrated that lifelong history of reduced LDL cholesterol in patients 
with PCSK9 mutation was associated with a 28 % reduction in mean LDL choles-
terol and an 88 % reduction in the risk of CHD [ 97 ,  98 ], compared to only 40 % 
reduction normally observed in most of the clinical trials completed in 5 years. 
These data indicate that moderate lifelong reduction in the plasma level of LDL 
cholesterol is associated with a substantial reduction in the incidence of coronary 
events, even in populations with a high prevalence of non-lipid-related cardiovascu-
lar risk factors. It may imply that long-term use of lipid-lowering treatment may be 
important, especially for the patients with chronic infl ammatory stress, such as 
CKD or dialysis.   
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    Conclusion 

 Clinical and experimental evidence suggest that dyslipidemia promotes progression 
of CKD by activating infl ammatory, oxidative, and ER stress. Infl ammation also 
fundamentally modifi es lipid homeostasis by diverting cholesterol from plasma to 
tissue compartments. Thus, the level of circulating cholesterol is not on its own a 
reliable predictor of cardiovascular and renal risks in patients with infl ammatory 
stress. Therefore, we suggest that in kidney disease emphasis should be placed on 
the role of infl ammatory cytokines on cholesterol redistribution together with 
plasma cholesterol levels or hypercholesterolemia. Increased understanding of the 
pathogenesis of lipid-mediated renal and vascular injury will encourage a search for 
reliable methods of risk assessment in at-risk patients in whom higher doses of 
statins for longer periods, carefully monitored for side effects on liver, muscle, and 
myocardium, may be required to prevent lipid-mediated renal and vascular injury.     
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           Introduction 

 Hyperlipidemia is a well-established cardiovascular (CV) risk factor in the general 
population, as well as in patients with chronic kidney disease (CKD) [ 1 ]. Several 
lines of evidence suggest that mechanisms and factors contributing to the pathogen-
esis of cardiovascular and kidney injury may be similar [ 2 ]. Therefore, it has been 
hypothesized that progression of CKD may be mediated, among other factors, by 
abnormalities in lipid metabolism. Besides the baseline predisposition to dyslipid-
emia in the general population, patients with CKD are additionally exposed to sec-
ondary lipid disorders, which are resulting from renal dysfunction. Bearing in mind 
the additional potential anti-infl ammatory and antioxidant effect of statins, it can be 
expected that this lipid-lowering treatment could have benefi cial effects on renal 
function. In the last two decades, the potential nephroprotective effects of statins 
have been evaluated in numerous experimental models [ 3 – 6 ]. Moreover, some 
evidence that CKD patients benefi t from lipid-lowering therapy comes from meta- 
analyses and post-hoc analyses of large cardiovascular statin trails in the general 
population [ 7 – 10 ]. Nevertheless, it should be noted that most of these studies were 
created to assess CV but not renal outcomes. At the present time, there is no strong 
evidence indicating that statins may modulate renal function. Further prospective, 
randomized, controlled studies designed specifi cally for CKD populations are 
needed to investigate the association between the use of statins and CKD, in 
particular.  

    Chapter 3   
 Hyperlipidemia as a Risk Factor 
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    Lipid Abnormalities Secondary to CKD 

 The causes of disorders in lipid metabolism in patients suffering from CKD are 
complex and depend on the degree of renal failure. In a cross-sectional study of over 
16,000 patients from NHANES III population, lower glomerular fi ltration rate 
(GFR) was associated with decreased apolipoprotein A-I (apoA-I) and increased 
apolipoprotein B (apoB) serum concentrations [ 11 ]. 

 The atherogenic lipid profi le in patients with CKD is characterized by lower 
serum concentration of high-density lipoproteins (HDL), and higher serum concen-
trations of triglycerides (TG), apoB, lipoprotein (a) [Lp(a)], remnant intermediate 
(IDL) and very low-density lipoproteins (VLDL) as well as a greater proportion of 
oxidized low-density lipoproteins (oxLDL). The degree of disturbances in lipopro-
tein metabolism is associated with the rate of declining of GFR. 

 The main dyslipidemic disturbance observed in CKD patients is the elevated con-
centration of triglycerides and TG-rich VLDL and IDL remnants [ 12 ,  13 ]. Decreased 
activity of peripheral lipoprotein lipase (LPL) and hepatic lipase (HL) seems to be 
the main cause of these lipid abnormalities   . One potential mechanism responsible 
for increased TG levels in CKD appears to be the elevated serum concentration of 
apolipoprotein C-III (apoC-III)—a direct inhibitor of LPL [ 14 ]. Moreover, several 
lines of evidence suggest a role for the hyperparathyroidism in the delayed catabo-
lism of TG [ 15 ,  16 ]. Besides the impaired lipolysis, a down- regulation of lipoprotein 
receptors may be involved in the development of dyslipoproteinemia in patients with 
CKD. A correlation between decreased clearance of TG-rich lipoproteins and 
reduced expression of hepatic LDL receptor-related protein (LRP) and VLDL recep-
tor has been found in experimental models of CKD [ 17 ,  18 ]. 

 Although in patients with CKD total and LDL cholesterol concentrations are 
usually within the target range or even lower, the serum concentrations of lipid sub-
fractions may not fully refl ect the CV risk attributed to lipid abnormalities. 
Compared to individuals with normal renal function, patients with CKD usually are 
characterized by a greater proportion of oxidized LDL particles, which are recog-
nized by scavenger receptors and induce formation of foam cells in atherosclerotic 
plaques [ 19 ,  20 ]. Furthermore, LDL particles in CKD patients tend to be smaller 
and denser, and, therefore, more atherogenic [ 21 ,  22 ]. 

 Low HDL cholesterol is observed in the majority of patients with kidney disease. 
It is most probably caused by a decreased activity of lecithin-cholesterol acetyl-
transferase (LCAT), an enzyme involved in esterifi cation of cholesterol and matura-
tion of HDL from pre-β-HDL to HDL3 and HDL2 [ 23 ,  24 ]. Increased activity of 
cholesterol ester transfer protein (CETP) and acyl CoA: cholesterol acyltransferase 
(ACAT) is also related to the lower HDL concentration in CKD [ 25 ]. Moreover, 
patients with kidney disease have been shown to have lower plasma concentration 
of apoA-I and apoA-II due to reduced expression of these proteins in the liver [ 26 ]. 
The change in HDL concentration may also be affected by the presence of infl am-
mation and decreased albumin concentration in patients with renal failure [ 12 ]. 
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 Elevated concentrations of total and LDL cholesterol as well as increased serum 
triglycerides concentrations are the typical lipid abnormalities of patients with 
nephrotic syndrome [ 27 ]. Both proteinuria and hypoalbuminemia stimulate the activity 
of 3-hydroxy-3-methylglutaryl CoA (HMG-CoA) reductase and ACAT [ 28 ], as well 
as may decrease the expression of the LDL receptor in the liver [ 29 ]. Impaired clear-
ance of TG-rich lipoproteins [ 30 ] and elevated hepatic synthesis of VLDL [ 31 ] seems 
to be the main cause of hypertriglyceridemia in patients with massive proteinuria. 

 The results of HDL measurements in patients with nephrotic syndrome are 
inconsistent. Some authors have reported higher [ 32 ] levels of HDL cholesterol, 
while others have found lower [ 33 ] or normal [ 34 ] concentration of this lipoprotein 
in the presence of proteinuria. 

 Dyslipidemia in hemodialysis patients is characterized by hypertriglyceridemia, 
low HDL concentration, and usually normal levels of total and LDL cholesterol 
[ 35 – 37 ], similar to CKD patients not requiring renal replacement therapy. It has 
been observed, however, that additional factors, like repeated use of heparin [ 38 ] or 
type of membranes used [ 39 ], may affect lipid metabolism in these patients. 

 In the majority of published studies, peritoneal dialysis patients had a more 
 atherogenic lipid profi le (higher total and LDL cholesterol, triglycerides and Lp(a) 
concentration, greater proportion of oxidized and small, dense LDL particles) than 
those on hemodialysis [ 21 ,  22 ,  40 – 42 ]. Two important factors may explain this 
 phenomenon. First, glucose absorption from the dialysate solution and coexisting 
insulin resistance may promote TG synthesis through elevated availability of free 
fatty acids [ 43 ,  44 ]. Secondly, the loss of protein, including apolipoproteins, across 
the peritoneal membrane may lead to lipid abnormalities similar to those in the 
nephrotic syndrome [ 45 ].  

    Pathogenesis of Kidney Injury due to Dyslipidemia 

 In 1982 Moorhead et al. hypothesized that progression of CKD may be mediated by 
abnormalities in lipid metabolism [ 46 ]. It has been suggested that hyperlipidemia as 
well as oxidized Lp(a) and LDL particles may play an important role in kidney 
injury [ 5 ,  47 ]. Although potential mechanisms of these abnormalities are not com-
pletely elucidated, it seems credible that circulating LDL particles, by binding to the 
glycoaminoglycans in the glomerular basement membrane, may lead to an increased 
permeability of the membrane. Filtered lipoproteins may stimulate proliferation of 
mesangial cells and contribute to glomerular damage. Even though some of the fi l-
tered lipoproteins are reabsorbed in proximal tubules, the rest will be altered pass-
ing down the nephron and, if intraluminal pH is close to the isoelectric point of the 
apolipoprotein, it will precipitate causing tubulointerstitial damage [ 46 ,  48 ]. 

 Over the past three decades there have been numerous studies performed in order 
to better understand the role of hyperlipidemia in the pathogenesis and progression 
of kidney disease. More rapid progression of CKD in patients with lipid disorders is 
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a consequence of both renal microvasculature and renal parenchymal dysfunction. 
It is supposed that macrophages located in different parts of the renal parenchyma 
may uptake the oxidized LDL particles through scavenger receptors, a process that 
would transform the macrophages into foam cells [ 2 ]. After some intracellular modi-
fi cation, these cells start to generate oxidized low-density lipoproteins, further activat-
ing multiple proinfl ammatory and profi brogenic factors. At the same time the 
atherosclerotic process, in the form of endothelial damage, foam cell accumulation, 
and smooth muscle cell proliferation, can be observed in the renal microvasculature. 

 Increased oxidative stress appears to play an important role in the pathogenesis 
of any CKD [ 49 ]. The expression of the NADPH oxidase, the main enzyme involved 
in the production of reactive oxygen species (ROS), has been shown in glomerular 
mesangial cells [ 50 ]. Factors that might stimulate the activity of mesangial cell 
NADPH oxidase include interleukin-1 (IL-1) [ 50 ], angiotensin II, and platelet- 
derived growth factor (PDGF) [ 51 ]. The local synthesis of ROS leads to modifi ca-
tion of lipoproteins and generation of oxidized LDL remnants. These reactive 
lipoproteins can be re-used in the formation of ROS, which further enhance the 
oxidative stress forming a “vicious circle” [ 52 ]. 

 No receptors for lipoproteins have been detected on mesangial cells. It is sus-
pected, however, that oxidized lipoproteins can interact directly with various mem-
brane proteins without the specifi city of an agonist-receptor binding. There is some 
evidence from experimental studies that oxLDL can stimulate the production of 
angiotensin II and transforming growth factor-β1 (TGF-β1) [ 53 ]. Subsequently, 
these factors either directly, through specifi c receptors, or indirectly, by activation of 
the NADPH oxidase and generation of ROS may lead to extracellular signal- 
regulated kinase 1/2 (ERK 1/2) and Smad activation, which in turn results in over-
production of collagen-rich mesangial matrix [ 52 ]. 

 Lee and Kim [ 54 ], in the study of over 900 renal biopsy specimens, have sug-
gested that the distribution of oxLDL in some parts of glomeruli may be involved in 
the pathogenesis of glomerulosclerosis. It is suspected that LDL particles and 
oxidized lipids may stimulate the production of proinfl ammatory and profi brogenic 
agents through the activation of multiple signaling cascades. These lipoproteins 
could increase the expression of PDGF [ 55 ,  56 ], monocyte chemotactic protein-1 
(MCP-1) [ 57 ,  58 ], macrophage colony-stimulating factor (M-CSF) [ 56 ], inteleukin-
 6 (IL-6) [ 55 ,  59 ], tumor necrosis factor-α (TNF-α) [ 55 ], and fi nally lead to acceler-
ated proliferation of mesangial matrix and infl ow of infl ammatory cells into the 
glomerulus. The increased activation of TGF-β and fi bronectin, in both cultured 
mesangial and glomerular epithelial cells, appears to play an important role in the 
lipid-mediated glomerulosclerosis and interstitial fi brosis [ 60 – 64 ]. The stimulation 
of Smad3 [ 65 ], ERK [ 64 ] and the increase in production of connective tissue growth 
factor (CTGF) [ 66 ], collagen (type I, III, IV) [ 65 ] and plasminogen activator inhib-
itor- 1 (PAI-1) [ 64 ] may have an impact on fi brogenesis. 

 In experimental studies, oxidized Lp(a) and LDL particles cause apoptotic cell 
death in cultured human umbilical vein endothelial cells (HUVEC) and in the 
smooth muscle cells isolated from the aorta [ 67  –  69 ]. Other authors have noted that 
oxLDL can induce apoptosis in glomerular mesangial cells through stimulation of 
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the ROS formation [ 5 ,  69 ]. Moreover, it has been reported that oxidized LDL, 
but not native LDL, may induce the loss of nephrin (a principal component of the 
slit diaphragm) and apoptosis in cultured human podocytes, which may lead to 
 proteinuria [ 5 ]. 

 Agarwal et al. [ 70 ] proposed that there could be a predisposition to renal tubular 
epithelial cells injury upon exposure to reactive lipoproteins among patients with 
proteinuria. The authors have demonstrated that oxidized LDL, but not native LDL, 
may initiate tubulointerstitial disease in vitro and the use of antioxidants might 
 prevent cytotoxicity of the lipoproteins. 

 Oxidized LDL may decrease the generation of nitric oxide (NO), thus affecting the 
endothelial function and impairing endothelium-dependent vasodilation [ 71 – 73 ]. 
Moreover, it has also become evident that these highly reactive LDL particles lead to 
enhanced production of endothelin-1 [ 74 ] and thromboxane [ 75 ]. Galle et al. [ 76 ] have 
documented that the oxLDL remnants can directly stimulate renin release in cultured 
juxtaglomerular cells, further contributing to angiotensin II-dependent kidney damage. 

 Samuelsson et al. [ 77 ] have noted that there is a signifi cant association between 
higher serum concentrations of triglycerides and apoE-containing lipoproteins and 
more rapid progression of renal function decline in patients with glomerulonephritis. 
It has been reported that VLDL remnants may increase the expression of MCP-1 in 
mesangial cells and stimulate the infi ltration of monocytes into the glomeruli. After 
phagocytosis of lipoproteins and conversion into foam cells, monocytes can contrib-
ute to the pathogenesis of glomerulosclerosis [ 78 ]. Moreover, Joles et al. have docu-
mented that both hypercholesterolemia and hypertriglyceridemia can lead to 
podocyte injury and proteinuria in uninephrectomized rats [ 79 ].  

    Lipid Abnormalities and Progression of CKD 

 Several lines of evidence suggest that hyperlipidemia may contribute to progression 
of CKD. The potential nephroprotective effects of statins have been evaluated in 
numerous experimental models as well as in clinical studies. 

 Hattori et al. [ 80 ] have reported that a high-cholesterol diet in rats (containing 
3 % cholesterol, 0.6 % sodium cholate, and 15 % olive oil) led to hypercholesterol-
emia as well as macrophage infi ltration into the glomeruli, and was associated with 
proteinuria and focal glomerular injury at 6 weeks of observation. Joles et al. [ 79 ] 
studied the effects of lipid disorders on kidney function in uninephrectomized male 
rats with dietary hypercholesterolemia. They have noted that hypercholesterolemia 
leads to podocyte injury and proteinuria in animals after uninephrectomy as well as 
in animals with intact kidneys. Other authors demonstrated that there is a correla-
tion between high dietary fat intake and kidney volume, cyst growth, and decline in 
renal function in the animal model of polycystic kidney disease [ 81 ]. 

 The potential nephroprotective effect of statins, with particular regard to anti- 
infl ammatory and anti-fi brotic effect, was investigated in numerous in vivo and in vitro 
studies. A protective role of rosuvastatin against puromycin and adriamycin- induced 
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p21-dependent apoptosis in mouse podocytes has been reported by Cormack-Aboud 
et al. [ 3 ], suggesting that statins may decrease proteinuria and delay the progression of 
CKD. Moreover, statins may exert anti-proteinuric effects through the stimulation of 
Akt activity and inhibition of the oxLDL-induced apoptosis and loss of nephrin in cul-
tured human podocytes [ 5 ]. Fluvastatin signifi cantly decreased urinary albumin excre-
tion and glomerular sclerosis, as well as increased nephrin expression in podocytes in a 
murine model of HIV-associated nephropathy [ 4 ]. In a group of salt-loaded, spontane-
ously hypertensive stroke-prone rats, treatment with rosuvastatin signifi cantly decreased 
the severity of kidney disease, regardless of changes in blood pressure and lipid levels. 
The authors have demonstrated that rosuvastatin can exert a protective action through the 
preservation of renal morphology, particularly podocyte integrity, and by reducing 
the infl ammation and preventing the impairment of matrix metalloproteinase system. 
None of the evaluated parameters have been improved by treatment with simvastatin, 
which indicates there are differences in potential renoprotective effects between statins 
independent of their cholesterol-lowering effects [ 6 ]. 

 Takemura et al. [ 80 ], analyzing the results of the renal biopsies from patients 
with glomerular kidney disease, have showed the presence of apoB and apoE lipo-
proteins in the glomerular epithelial and mesangial cells and mesangial matrix. The 
authors have indicated the correlation between lipids accumulation, proteinuria, 
and the progression of mesangial proliferation. Attman et al. [ 40 ] described a rela-
tionship between accumulation of triglyceride-rich apoB-containing lipoproteins 
and a more rapid loss of renal function among patients with nondiabetic kidney 
disease. The same authors in a prospective study in 73 patients with primary CKD 
of a nondiabetic etiology have found that elevated total cholesterol, LDL choles-
terol and apoB plasma concentrations, but not reduced concentrations of HDL cho-
lesterol, were signifi cantly associated with more rapid progression of kidney 
disease [ 77 ]. Similarly, other investigators have noted that the increase of apoB 
lipoprotein concentration from 0.77 to 1.77 g/L was associated with over two times 
higher risk of CKD progression in the group of 169 patients followed-up for about 
4 years [ 83 ]. 

 Schaeffner et al. [ 84 ] assessed the role of dyslipidemia in the early stages of 
kidney disease development; it involved the analysis of 4,483 healthy men, with 
serum creatinine concentration <1.5 mg/dL at baseline, participating in the 
Physicians’ Health Study (PHS). After 14 years of follow-up, 134 patients (3.0 %) 
had elevated serum creatinine concentration (defi ned as ≥1.5 mg/dL) and 244 
(5.4 %) had reduced estimated creatinine clearance (defi ned as ≤55 mL/min). In the 
multivariate analysis the total serum cholesterol concentration ≥240 mg/dL and 
HDL concentration <40 mg/dL were factors independently associated with the 
increased risk for creatinine elevation (RR 1.77 and 2.34, respectively). Similar, 
although less signifi cant    correlation was found between serum concentration of 
cholesterol fractions and reduced estimated GFR. 

 Two thousand seven hundred and two participants of the Helsinki Heart Study 
(HHS), middle-aged men with dyslipidemia (defi ned as non–HDL-C of 5.2 mmol/L) 
and baseline serum creatinine concentration ≤136 μmol/L, were tested for a poten-
tial association between lipid disorders and kidney disease progression. The decline 
in renal function was estimated from the linear regression slopes of the reciprocal 
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serum creatinine concentration vs. time over the 5-year follow-up. During the study 
period, there was a 3 % increase in mean measured serum creatinine levels. It has 
been observed that the progression of CKD was 20 % faster in subjects with LDL/
HDL cholesterol ratio >4.4 compared to those with a ratio <3.2 [ 85 ]. 

 The infl uence of statins on kidney outcomes remains controversial. In contrast to 
some studies reporting positive association between lipid-lowering treatment and 
CKD progression [ 7 – 10 ,  86 ], several large-scale prospective and retrospective stud-
ies did not confi rm these fi ndings [ 87 – 93 ]. Nevertheless, it should be noted that 
most of these studies were created to assess CV but not renal outcomes. The main 
renal outcomes evaluated in these studies were eGFR (or creatinine clearance) 
(Table  3.1 ) and proteinuria (or albuminuria) (Table  3.2 ).

    In the post-hoc analysis of the Greek Atorvastatin and Coronary Heart Disease 
Evaluation (GRACE) study, the effect of atorvastatin on kidney function was com-
pared with the “usual care,” defi ned as lifestyle modifi cation and lipid-lowering 
therapy (including statins) in 1,600 patients with coronary heart disease and dyslip-
idemia. An increase in creatinine clearance by approximately 12 % ( p  < 0.0001) and 
4.9 % ( p  = 0.003) was observed in groups treated with 10–80 mg of atorvastatin or 
“usual care,” respectively. Whereas in subjects who had discontinued therapy or 
never received statins, a decline in renal function by 5.2 % ( p  < 0.0001) was observed 
[ 7 ]. This nephroprotective effect of atorvastatin appeared to be dose-related and was 
more pronounced in participants at early stages of CKD. 

 This observation has been confi rmed in the subanalysis of the Treating to New 
Targets (TNT) study, in which a signifi cant difference in mean change from baseline 
eGFR at the end of the 5-year follow-up was noted between patients with CHD 
treated with atorvastatin in dose 10 mg ( n  = 4,829; increase of 3.5 ± 0.14 mL/
min/1.73 m 2 ) and 80 mg daily ( n  = 4,827; increase of 5.2 ± 0.14 mL/min/1.73 m 2 ) [ 8 ]. 

 Tonelli et al. [ 9 ] have reported that, compared to placebo, pravastatin reduced the 
rate of renal function decline by approximately 34 % in the group of 3,402 patients 
with moderate CKD (defi ned as an eGFR of 30–59.9 mL/min/1.73 m 2 ) but did not 
reduce the risk of a ≥25 % decrease of eGFR. 

 The subanalysis of the LIVES (LIVALO Effectiveness and Safety) study revealed 
a signifi cant improvement in eGFR (increase of 5.4 mL/min/1.73 m 2 ,  p  < 0.001) 
among 958 patients with hypercholesterolemia and eGFR of <60 mL/min/1.73 m 2  
at baseline, treated with pitavastatin for 104 weeks [ 86 ]. 

 In a subsequent meta-analysis of 27 randomized, controlled trials, therapy with 
statin was associated with reduced rate of decline in eGFR (1.22 mL/min/year 
slower) compared to placebo [ 10 ]. However, this effect was signifi cant only in the 
cardiovascular disease (CVD) subpopulation but not in participants with glomeru-
lonephritis, diabetes mellitus, or arterial hypertension. 

 In contrast to previous studies, other authors failed to confi rm the impact of 
statins on renal function. In a recently performed secondary analysis of the JUPITER 
(Justifi cation for the Use of Statins in Prevention-an Intervention Trial Evaluating 
Rosuvastatin) trial, treatment with rosuvastatin (20 mg daily) was associated with 
44 % reduction in all-cause mortality in participants with moderate CKD. After 12 
months of observation, the decrease of GFR between rosuvastatin and placebo 
group was comparable, from 73.3 to 66.8 and from 73.6 to 66.6, respectively [ 88 ]. 
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 Rahman et al. [ 89 ] performed a post-hoc analysis of the ALLHAT (Antihypertensive 
and Lipid-Lowering Treatment to Prevent Heart Attack Trial) study data to evaluate 
the association between pravastatin in dose 40 mg/day or usual care and the progres-
sion of CKD. One hundred and fourteen patients from the group of 10,060 partici-
pants have reached end-stage renal disease (ESRD), and the occurrence of ESRD 
during the 6 years’ observation was similar between patients treated with pravastatin 
(1.36/100 patient years) and those receiving usual care (1.45/100,  p  = 0.9). There was 
also no difference in the event rates for the composite endpoint of ESRD, a 25 % or 
a ≥50 % decline in eGFR during a 6 years’ follow-up. 

 The PREVEND IT (Prevention of Renal and Vascular End Stage Disease Inter-
vention Trial) is the only published randomized, double-blind, placebo- controlled 
trial performed to assess the role of statins in patients with microalbuminuria and mild 
CKD (eGFR <60 mL/min/1.73 m 2 ). Contrary to previous fi ndings, subjects treated 
with pravastatin had no signifi cant change in GFR after 4 years [ 90 ]. 

    Table 3.2    The effects of lipid-lowering therapy on renal outcomes: the impact on proteinuria or 
albuminuria   

 Study  Population  Duration  Treatment 
 The impact on proteinuria or 
albuminuria 

 Abe et al. [ 95 ]  91 patients  24 weeks  Rosuvastatin  Parameters at baseline and after 
24 weeks of treatment: 

   Urinary albumin / creatinine 
ratio  (mg/g Cr) 308 ± 38 
(at baseline) vs. 195 ± 25 
(after 24 weeks of 
treatment);  p  < 0.0001 

 Bianchi et al. [ 96 ]  56 patients  1 year  Atorvastatin  Parameters at baseline and after 
1 year of treatment: 

   Urine protein excretion  (g/
day) 2.2 ± 0.1 (at baseline) 
vs. 1.2 ± 1.0 (after 1 year 
of treatment);  p  < 0.01 

 Ozsoy et al. [ 97 ]  31 patients  6 weeks  Atorvastatin  Parameters at baseline and after 
6 weeks of treatment: 

  22 % reduction of  urinary 
protein excretion  from 
1.80 g/24 h to 1.42 g/24 h; 
 p  = 0.005 

 PLANET II [ 94 ]  237 patients  52 weeks  Rosuvastatin in 
dose 10 and 
40 mg/day and 
atorvastatin 
80 mg/day 

  Urine protein / creatinine ratio 
over baseline urine 
protein / creatinine ratio at 
week 52 : 

  Rosuvastatin 10 mg 0.94, 
95 % CI 0.72–1.21 

  Rosuvastatin 40 mg 1.08, 
95 % CI 0.93–1.26 

  Atorvastatin 80 mg 0.76, 
95 % CI 0.64–0.91 
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 The Assessment of LEscol in Renal Transplantation (ALERT) trial [ 91 ]  compared 
fl uvastatin ( n  = 1,050) with placebo ( n  = 1,052) in patients after renal transplanta-
tion. After a mean follow-up of 5 years, fl uvastatin failed to infl uence the composite 
primary endpoint, defi ned as cardiac death, nonfatal myocardial infarction, or coro-
nary intervention procedure ( p  = 0.139). During a 2-year extension of the ALERT 
trial, 1,652 renal transplant recipients who received fl uvastatin demonstrated a 
lower risk of major cardiac events, cardiac death, or nonfatal myocardial infarction 
[ 92 ]. However, there was no association between statin treatment and renal out-
comes, defi ned as the incidence of renal graft loss, doubling of serum creatinine or 
less deterioration in the GFR over time. A possible impact of statins on patient and 
graft survival was evaluated among 2,041 fi rst-time renal allograft recipients also by 
Wiesbauer et al. [ 93 ]. The authors observed that use of statin was associated with 
reduced all-cause mortality (adjusted HR 0.64, 95 % CI 0.48–0.86;  p  = 0.003) and 
prolonged patient survival, while no signifi cant effect on graft survival was noted. 

 Finally, the SHARP (Study of Heart and Renal Protection) trial [ 87 ] was created 
to assess the benefi cial effect of the combination of simvastatin plus ezetimibe in 
patients with CKD and no history of myocardial infarction or coronary revascular-
ization. Of the total 9,438 participants, 6,382 were not on dialysis at the beginning 
of the study. They were initially randomized to receive simvastatin (20 mg) plus 
ezetimibe (10 mg), simvastatin (20 mg) or placebo. There was no difference in the 
incidence of adverse events between simvastatin alone and simvastatin plus ezeti-
mibe group, and after the fi rst year of observation patients who initially received 
simvastatin were re-randomized to simvastatin plus ezetimibe and placebo groups. 
The median follow-up was 4.9 years and the main outcome was the fi rst major ath-
erosclerotic event. During the follow-up there was no evidence that this combina-
tion therapy increased the risk of cancer, myopathy or hepatitis in CKD patients. On 
average there was a difference in LDL cholesterol of 0.85 mmol/L and a signifi cant 
17 % reduction in major atherosclerotic events as well as in major vascular events 
in patients treated with simvastatin plus ezetimibe. Nevertheless, the SHARP trial 
showed no protection from reaching ESRD (defi ned as the need of dialysis or trans-
plantation) in 6,247 participants not on dialysis at the beginning of the study (RR 
0.97, 95 % CI 0.89–1.05;  p  = NS). There was also no difference in the occurrence of 
tertiary renal outcomes, defi ned as ESRD or death (RR 0.97, 95 % CI 0.90–1.04; 
 p  = NS) and ESRD or doubling of baseline creatinine (RR 0.93, 95 % CI 0.86–1.01; 
 p  = 0.09). Moreover, secondary analysis, after subdivided disease stage at the begin-
ning of the study, also revealed lack of effect on progression to ESRD. 

 Recently a new randomized, double-blind, multicentre PLANET II (Prospective 
Evaluation of Proteinuria and Renal Function in Nondiabetic Patients with 
Progressive Renal Disease) study was created to assess the role of statins in the 
decline of kidney function. The aim of this study was to evaluate effects of rosuvas-
tatin 10 mg, rosuvastatin 40 mg and atorvastatin 80 mg on urinary protein excretion 
in hypercholesterolemic (fasting LDL cholesterol level ≥90 mg/dL at baseline) 
nondiabetic patients with moderate proteinuria (urinary protein/creatinine ratios of 
500–5,000 mg/g at baseline). Two hundred and thirty-seven patients were enrolled 
into the study and all of them were receiving treatment with angiotensin-converting 
enzyme (ACE) inhibitors and/or angiotensin receptor blockers (ARBs) for at least 3 
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months before beginning of the trial. The changes from baseline in eGFR at 52 
weeks of follow-up for rosuvastatin 10 mg, 40 mg and atorvastatin group were 
−2.71 ± 13.08, −3.30 ± 12.32 and −1.74 ± 13.96 mL/min, respectively. Therefore, it 
can be assumed that the incidence of renal adverse effects may be higher among 
patients treated with rosuvastatin, and this effect may be dose-related [ 94 ]. 

 There are few studies, with a small number of patients, short follow-up and with-
out a control group, which reported positive association between statin treatment 
and reduction of proteinuria (see Table  3.2 ). Abe et al. performed a prospective, 
open-label study of 91 patients with CKD (stages 1–3) treated with ACE inhibitors 
to assess the effect of rosuvastatin (in dose 2.5–10 mg/day) on kidney function. 
After 24 weeks of observation, they noted a signifi cant decrease in urinary albumin/
creatinine ratio (308 ± 38 mg/g Cr at baseline vs. 195 ± 25 mg/g Cr after 24 weeks of 
treatment;  p  < 0.0001) and serum cystatin C concentration (1.08 ± 0.04 mg/L at 
baseline vs. 1.03 ± 0.04 mg/L after 24 weeks of treatment;  p  < 0.0001) [ 95 ]. Similarly, 
1-year treatment with atorvastatin resulted in decline of the urine protein excretion 
(from 2.2 ± 0.1 g/24 h to 1.2 ± 1.0 g/24 h;  p  < 0.01) in a group of 56 patients who 
were treated at the same time with ACE inhibitors or ARBs [ 96 ]. Other authors have 
reported 22 % reduction of urinary protein excretion (from 1.80 g/24 h to 1.42 g/24 h; 
 p  = 0.005) after 6 weeks of atorvastatin use in 20 patients with glomerulonephritis 
and proteinuria >0.3 g/24 h [ 97 ]. 

 Contrary to previous reports, there was no association between the treatment 
with pravastatin 40 mg/day and urinary albumin excretion in both PREVENT inter-
vention trial and in the PREVENT cohort study [ 90 ]. Moreover, other authors even 
suggested that some statins at high doses may increase proteinuria [ 98 ]. In the 
ECLIPSE study, 1,036 patients with hypercholesterolemia and high risk of CVD 
were randomized to treatment with rosuvastatin (10–40 mg/day) or atorvastatin 
(10–80 mg/day). During 24-week follow-up, there was a dose-related increase in 
the incidents of proteinuria (from 0.2 to 1.8 %) and hematuria (from 2.9 to 4.0 %) 
among participants treated with rosuvastatin [ 99 ]. However, Shepherd et al. ana-
lyzed data from 16,876 patients who received rosuvastatin in doses of 5–40 mg/day 
and showed that the development of proteinuria did not result in acute or progres-
sive renal disease [ 100 ]. Alpha-1 microglobulin was found to be the main excreted 
protein in those patients, which led to the hypothesis that the cause of proteinuria 
might be the inhibition of HMG-CoA reductase in renal tubular cells [ 101 ]. 

 In view of the inconsistent results of published studies, some investigators con-
ducted a meta-analysis of available data. Fried et al.’s analysis of results of 12 small 
trials ( n  = 362) indicated the association between lipid-lowering treatment and 
reduction of proteinuria [ 102 ]. Similarly, Douglas et al. performed a meta-analysis 
of 15 studies ( n  = 1,384) and found that statins decreased albuminuria and/or pro-
teinuria in 13 of 15 trials. This effect was more pronounced among participants with 
higher proteinuria at baseline [ 103 ]. Finally, Navaneethan et al. [ 104 ] in a Cochrane 
database review of 50 trials including approximately 30,144 patients with kidney 
disease did not confi rm the benefi cial effects of statins on eGFR but found statins 
reduced urinary protein excretion in six studies (MD −0.73 g/24 h, 95 % CI −0.95 
to −0.52). 
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 Again, referring to the recently presented PLANET II study, there was an 
 antiproteinuric effect of statins in the group of 237 patients receiving treatment with 
ACE inhibitors and/or ARB. After 26 and 52 weeks of follow-up, atorvastatin has 
led to more than 20 % reduction of proteinuria, while no antiproteinuric effects of 
rosuvastatin (in doses 10 and 40 mg) could be demonstrated [ 94 ].  

    Conclusion 

 In regard to hyperlipidemia as a risk factor of CVD, there is evidence suggesting 
that patients with CKD may benefi t similarly or even more from statin therapy than 
those with normal renal function. Despite this clear information, the use of statins 
in patients with kidney disease is signifi cantly less frequent. After recent publica-
tion of the data from the SHARP trial, given the safety and potential effi cacy of 
statins, this lipid-lowering treatment should be administered more frequently to 
individuals with CKD stage 1–4, as well as to those undergoing dialysis. Meta- 
analyses and post-hoc analyses of large cardiovascular statin trails in the general 
population also suggested a potential nephroprotective effect of HMG-Co-A reduc-
tase inhibitors. In the last two decades the role of statins in progression of CKD has 
been evaluated in numerous experimental models and in clinical studies, which led 
to inconsistent results. At the present time, there is no strong evidence indicating 
that statins may modulate renal function. Moreover, rosuvastatin use, particularly in 
high doses, would not be recommended routinely in this group of patients. Further 
prospective, randomized, controlled studies designed specifi cally for CKD popula-
tion are needed to investigate the association between the use of statins and CKD, 
in particular.     
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           Introduction 

 Decline in kidney function results in profound lipid disorders [ 1 ]. Among the traditional 
risk factors, altered serum lipid and lipoprotein profi le (dyslipidemia) are noted in both 
early chronic kidney disease (CKD) and patients with end-stage renal disease (ESRD), 
regardless of the etiology of renal disease [ 2 ]. It is expected that dyslipidemia contrib-
utes to the increased cardiovascular morbidity and mortality in CKD patients [ 3 ]. 
However, studies investigating the association between dyslipidemia and mortality in 
this population are confl icting; some show the expected relation between higher serum 
cholesterol levels and mortality risk, especially among patients without signs of malnu-
trition and infl ammation [ 4 ,  5 ], but others found no association [ 6 ,  7 ], and some have 
found that low serum cholesterol values are associated with increased mortality [ 5 ,  8 ]. 

 The long-recognized relationship between CKD and increased cardiovascular 
mortality has been the impetus for evaluating cardiovascular disease-directed phar-
macotherapy in patients throughout the CKD spectrum from mild CKD to kidney 
transplantation. Therefore, it was assumed that the greatest benefi t could be obtained 
by treating dyslipidemia. The fi rst step of treatment for dyslipidemia is usually ther-
apeutic lifestyle changes. But for some patients, diet changes alone are not enough 
to lower blood cholesterol levels. These patients need drugs in addition to making 
lifestyle changes, to bring their cholesterol down to a safe level. Several different 
classes of drugs are used to treat hyperlipidemia. Table  4.1  shows the most common 
cholesterol-lowering drugs.
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   Cholesterol-lowering drugs differ not only in their mechanism of action but also 
in the type of lipid reduction and the magnitude of the reduction. Therefore, the 
indications for a particular drug are infl uenced by the underlying lipid abnormality. 
Statins are the most powerful drugs available for lowering LDL cholesterol, and, in 
general, statins are the most commonly prescribed cholesterol-lowering medica-
tions. In the same line, statins are the nephrologists’ drug of fi rst choice, after the 
lifestyle changes fail adequately to lower LDL-cholesterol levels in the setting of 
normal or moderately elevated triglycerides.  

    Statins 

 Currently, several statins in different doses are available in the market (Table  4.2 ). 
Pitavastatin is a new statin available in Japan in pharmaceutical form. The absorption 
of statins varies from 20 to 98 %, and the presence of food increases oral absorption. 
All statins are rapidly absorbed after oral administration and achieve the peak concen-
trations level within 4 h. Statins are primarily metabolized by the liver via the through 
P-450 III A4 and P-450 2C8, while the amount of renal elimination varies among the 
statins. Lovastatin and simvastatin are prodrugs that are converted into their active 
forms in the liver, whereas the other statins are active in their parent forms.

      Mechanism of Action 

 In humans, cholesterol is synthesized from acetyl-CoA via multiple reactions 
(Fig.  4.1 ). 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase is the key 
rate-limiting enzyme of this biosynthetic pathway. The statins inhibit HMG- CoA 
reductase and, thereby, statins reduce the hepatocyte cholesterol content and lead to 
increased expression of LDL receptors. The fi nal result is a pronounced reduction in 
serum LDL cholesterol. Although the statins share a similar mechanism of action, 
they differ with respect to potency, availability of various strengths, and dosage forms.

       Effects of Statins 

 The statins are the most powerful drugs for lowering LDL cholesterol, with reduc-
tions in the range of 30–63 %. Rosuvastatin, atorvastatin, and simvastatin cause the 

   Table 4.1    Cholesterol- 
lowering drugs  

 Hydroxymethylglutaryl CoA reductase inhibitors (statins) 
 Fibric acid derivatives (fi brates) 
 Cholesterol absorption inhibitors 
 Nicotinic acid (niacin) 
 Bile acid sequestrants 
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   Table 4.2    Available statins and fi xed-dose combination products containing a statin in the market   

 Statin  Available doses  Dose range 

 Lovastatin  20, 40, 60, 80 mg  20–80 mg one daily or divided 
bid 

 Simvastatin  5, 10, 20, 40, 80 mg  5–80 mg once daily 
 Pravastatin  10, 20, 40, 80 mg  10–80 mg once daily 
 Fluvastatin  20 mg, 40 mg XL, 80 mg  20–80 mg once daily or divided 

bid, XL once daily 
 Atorvastatin  10, 20, 40, 80 mg  10–80 mg once daily 
 Rosuvastatin  5, 10, 20, 40 mg  5–40 mg once daily 
 Pitavastatin  1, 2, 4 mg  1–4 mg once daily 
 Fixed-dose combination products 
  Lovastatin/Niacin ER  20/500, 20/750, 20/1,000, 

40/1,000 mg 
 20/500 to 80/2,000 mg once daily 

  Simvastatin/Niacin ER  20/500, 20/750, 20/1,000 mg  10/500 to 40/2,000 mg 
  Simvastatin/Ezetimibe  10/10, 10/20, 10/40, 10/80 mg  10/10 to 10/80 mg 

  Fig. 4.1    Cholesterol is 
synthesized from acetyl-CoA 
via multiple reactions and 
statins inhibit 3-hydroxy-3- 
methylglutaryl coenzyme A 
reductase enzyme, which is 
the key rate-limiting enzyme 
of this biosynthetic pathway       

greatest reduction in LDL cholesterol, and they are preferred in patients who require 
a potent statin because of high cardiovascular risk. Statins also decreases triglycer-
ide 6–33 %, and their effects on HDL cholesterol are less pronounced (increase up 
to 10 %) [ 9 ,  10 ]. The magnitude of triglyceride lowering with statins may be larger 
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in patients with hypertriglyceridemia. The effects of atorvastatin and rosuvastatin 
on serum triglyceride levels are dose-dependent [ 10 ]. In vitro data also support the 
activity of statins at the receptor level through up-regulation of LDL-cholesterol 
receptors. The net effects after administration of these drugs are a decrease in total 
cholesterol, and a slight increase in triglyceride levels and HDL-cholesterol levels. 
In addition, statins also shift the LDL-cholesterol profi le away from a more athero-
genic form [ 11 ]. These effects are thought to be primary characteristics associated 
with the attenuation of progression of atherosclerosis and the reduction in cardio-
vascular events. 

 All statins show similar function by binding to the active site of HMG-CoA 
reductase and in this way inhibit the enzyme. However, structural differences in 
statins are responsible for differences in potency of enzyme inhibition. There are 
minor differences among the statins. The most difference with atorvastatin and 
rosuvastatin compared with other statins is a longer half-life [ 12 ]. Atorvastatin and 
rosuvastatin are signifi cantly more potent than other statins, and both these agents 
can lower LDL cholesterol more than 50 % at maximal prescribed doses [ 10 ]. High- 
dose simvastatin can lower LDL cholesterol by more than 40 %. However, simvas-
tatin dosages of 80 mg are no longer recommended [ 9 ]. At doses of up to 40 mg/day, 
fl uvastatin is the least potent statin. However, at doses of 80 mg/day, fl uvastatin is as 
effective on lowering LDL cholesterol as most other statins [ 13 ]. 

 Statins have been shown to produce benefi cial effects at the endothelial level, 
displayed by stabilization or regression in atherosclerotic plaque, and at the clinical 
level, exhibited by reduction in cardiovascular events [ 11 ,  14 – 16 ]. These benefi cial 
effects of statins are usually assumed to be due to their cholesterol-lowering proper-
ties, and that their benefi t will follow the reduction in cholesterol pari passu. 
However, statins, independent of their hipolipidemic effects, may also show addi-
tional  pleiotropic  effects such as reduction in oxidative stress, infl ammation, and 
thrombogenesis, and improvement in endothelial dysfunction [ 17 ,  18 ] (Table  4.3 ). 
As patients with CKD are at particularly high risk of vascular disease, it may be 
expected that statins have also substantial benefi cial effects in CKD patients due to 
the pleiotropic effects of statins.

   Statins have been extensively studied in a large variety of patient populations and 
have proven effi cacy in the treatment of dyslipidemia, reducing cardiovascular mor-
tality, with regression of coronary calcifi cation especially due to a reduction of 
LDL-cholesterol level [ 14 ,  15 ,  19 ]. However, CKD and ESRD patients were 
excluded from most of the interventional studies, so the effect of statins on mortality 
and vascular events is still being debated. Currently, most evidence for these patients 
comes from secondary retrospective analyses of patient subgroups with CKD 
recruited into clinical trials with cardiovascular endpoints. 

 The NKF K/DOQI clinical practice guidelines for managing dyslipidemia in 
CKD patients and the K/DOQI clinical practice guidelines for cardiovascular dis-
ease in dialysis patients, both focused entirely on CKD patients advising statin treat-
ment in all adults with stage 5 CKD and LDL-cholesterol levels ≥100 mg/dL with 
the goal to reduce LDL-cholesterol concentration to values <100 mg/dL [ 20 ,  21 ]. 
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 In general, dose adjustment in CKD patients is usually not needed for atorvas-
tatin and fl uvastatin, which are the statins of choice in patients with CKD. Dose 
adjustment is warranted with other statins as CKD becomes more advanced 
(glomerular fi ltration rate [GFR] < 30 mL/min/1.73 m 2 ) [ 21 ]. A number of studies 
have evaluated the effect of statin therapy on renal outcomes in CKD patients, 
namely protein excretion and CKD progression [ 16 ,  22 – 27 ].  

    Statins in Predialysis CKD Patients 

 The evidence for statin use in mild-to-moderate CKD includes many post hoc anal-
yses of trials powered for cardiovascular outcomes. Post hoc analyses from large- 
scale randomized controlled trials suggest a benefi t of statin therapy with respect to 
cardiovascular and renal endpoints in patients with early CKD comparable to the 
effect in people without renal disease [ 16 ,  23 ,  28 ,  29 ]. A recent meta-analysis from 
the Cochrane Database summarized several of the trials investigating the effects of 
statins in patients with CKD not requiring dialysis and found that statin therapy led 
to a signifi cant reduction of all-cause mortality (relative risk 0.81), cardiovascular 
mortality (relative risk 0.80), and nonlethal cardiovascular events (relative risk 
0.75), as compared with placebo [ 30 ]. Finally, the Study of Heart and Renal 
Protection (SHARP) trial is the only large randomized controlled study assessing 
the role of statins on cardiovascular outcomes in predialysis patient population [ 24 ]. 
In this study, patients receiving simvastatin/ezetimibe (20/10 mg) combination had 
a 17 % reduction in major cardiovascular events compared with the placebo group.  

   Table 4.3    Pleiotropic effects of statins   

 Anti-infl ammatory  ↓ CRP 
 ↓ Proinfl ammatory cytokines 

 Immunomodulatory  ↓ Monocyte activation 
 ↓ T cell proliferation 
 ↓ TNF-α, IL-6, IL-8 

 Anti-atherogenic  ↓ LDL-cholesterol oxidation 
 ↓ Superoxide formation 
 ↓ NAD(P)H oxidase 
 ↑ Free radical scavenging 

 Antithrombotic  ↓ Tissue factor activation 
 ↓ Platelet activation 
 ↑ Fibrinolysis activity 

 Endothelial function improvement  ↓ Endothelin-1 expression 
 ↓ Complement-mediated injury 
 ↑ eNOS expression 

 Plaque stability  ↓ Infl ammatory cell infi ltrate 
 ↑ Collagen synthesis 
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    CKD Progression 

 Growing evidence indicates that impaired lipid metabolism in CKD patients may 
contribute to the progression of kidney disease [ 31 – 33 ]. In the same line, a possible 
role of high LDL-cholesterol levels is defi ned in the progression of CKD, particu-
larly in subjects with already reduced kidney function [ 34 ]. 

 The effect of statins on CKD progression in mild-to-moderate renal failure is 
unclear, lying somewhere between minor benefi t and equivalence to placebo. Most 
data on the effects of statins on renal function emerged from secondary/post hoc 
analyses of major statin trials. Some analyses suggested that statins had a benefi cial 
effect on the rate of CKD progression [ 22 ,  35 – 37 ]. However, others failed to detect 
such a benefi cial effect of statins on GFR [ 23 ,  38 ,  39 ]. 

 Recent studies specifi cally designed in CKD patients revealed that rosuvastatin 
was associated with a statistically signifi cant decrease in eGFR over 52 weeks of 
use. However, patients allocated to atorvastatin showed no signifi cant change in 
eGFR in both studies [ 40 ]. Furthermore, the only randomized controlled study 
directly assessing renal outcomes in CKD patients is the recently published SHARP 
study. Treatment with simvastatin plus ezetimibe did not signifi cantly reduce CKD 
progression in this study [ 24 ].  

    Proteinuria 

 Proteinuria is an indicator of kidney disease and is associated with faster loss of 
GFR. A number of studies have evaluated the effect of statin therapy on proteinuria. 
Initial analyses suggested that proteinuria can occur with statins, especially with 
rosuvastatin [ 41 ,  42 ]. However, later trials that specifi cally evaluated the effect of 
statin therapy on protein excretion yielded confl icting results, some studies demon-
strating proteinuria reduction [ 26 ,  43 ], others showing no effect [ 38 ,  44 ]. Of note, 
some of these studies enrolled relatively small number of patients with a short study 
duration and some of them had no control arm. Similarly, a randomized controlled 
trial showed statins have no effect on renal outcomes in patients treated with ade-
quate angiotensin blockade and blood pressure control [ 25 ]. In PLANET I and II 
studies, patients treated with atorvastatin showed a signifi cant decrease in protein-
uria, whereas patients treated with rosuvastatin did not show such an effect [ 40 ]. 

 Overall, most of the available data investigating the effects of statins on cardio-
vascular and renal outcomes are derived from subgroup or post hoc analyses from 
studies primarily designed to assess cardiovascular outcomes. Therefore, these fi nd-
ings derived from post hoc analyses might be misleading. Different statins, used at 
different doses, in different renal or non-renal populations make things more com-
plex. Treatment of dyslipidemia in patients with early stage CKD clearly reduces 
cardiovascular risk; however, available data do not support a strong nephroprotec-
tive role for statins in CKD population. 
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    Statins in Dialysis Patients 

 The benefi ts of LDL-cholesterol reduction by using statin might not be translated 
from the general population to all patients undergoing dialysis. Therefore, studies 
evaluating the effect    of statin therapy in dialysis patients on cardiovascular out-
comes were designed. Observational studies in hemodialysis patients reported that 
statins reduce total mortality [ 45 ,  46 ]. However, the 4D trial (Die Deutsche Diabetes 
Dialyse Study) is one of the largest randomized trials about statins and mortality in 
diabetic hemodialysis patients comparing atorvastatin 20 mg/daily to placebo [ 47 ]. 
After 4 years of follow-up, there was no difference between atorvastatin 20 mg and 
placebo on the primary endpoint or all-cause mortality despite an effective LDL 
reduction within 4 weeks at 125 to 75 mg/dL. There was also an increase in fatal 
strokes in the atorvastatin group, although this was likely to be a chance fi nding, and 
no effect on any individual component of the primary endpoint. Moreover, the larg-
est trial on statins and cardiovascular events in patients on dialysis is the AURORA 
trial, in which rosuvastatin signifi cantly lowered LDL-cholesterol concentrations 
and achieved the targeted levels; however, no signifi cant changes were observed in 
major cardiovascular events and mortality in the active treatment arm compared 
with the placebo group [ 48 ]. Recently, SHARP was the fi rst randomized controlled 
trial specifi cally evaluating the effect of statins on cardiovascular events, defi ned as 
the combination of myocardial infarction, coronary death, ischemic stroke, or any 
revascularization procedure, in predialysis CKD and dialysis patients [ 24 ]. The 
results were presented only for the entire study population, combining dialysis and 
non-dialysis patients. Mean LDL-cholesterol reductions were equivalent in predi-
alysis and dialysis patients. In apparent contrast to previous studies, simvastatin/
ezetimibe combination was associated with a trend towards benefi t in lowering the 
incidence of the atherosclerotic cardiovascular events in the patients on dialysis at 
the start of the study. 

 In contrast to the predialysis patient population, statins do not seem to have sub-
stantial improvement in cardiovascular outcomes in dialysis patients. SHARP is the 
key RCT in this fi eld to date and clearly demonstrates a role for statins in preventing 
cardiovascular events in all stages of CKD patients, however, its fi ndings of a ben-
efi cial effect of statins in dialysis patients cannot currently be fully accepted.   

    Satins in Renal Transplant Patients 

 Dyslipidemia is frequently encountered after renal transplantation even with normal 
or near normal renal function [ 49 ]. The NKF-K/DOQI clinical practice guidelines 
recommend treating renal transplant recipients with LDL-cholesterol levels that are 
greater than 100 mg/dL to a goal LDL cholesterol of less than 100 mg/dL [ 50 ]. 

 The Assessment of LEscol in Renal Transplantation (ALERT) is the only ran-
domized controlled trial on the effect of statin therapy on cardiovascular outcomes 
after renal transplantation [ 51 ]. After a mean follow-up of 5.1 years, LDL cholesterol 
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reduced 32 % in the statin group compared with placebo group. Fluvastatin was 
superior to placebo in reducing cardiac deaths or nonfatal myocardial infarction, but 
there was no effect on the renal endpoints of graft loss, doubling of serum creatinine, 
or decline in GFR in the ALERT trial. Furthermore, signifi cant long- term benefi ts in 
the primary composite outcome with statin therapy were observed in an extension of 
the ALERT study [ 52 ]. 

 A Cochrane meta-analysis of 16 studies including 3,229 kidney transplant recipi-
ents compared statins with placebo [ 53 ]. There were nonsignifi cant trends towards 
a benefi t of statins in terms of cardiovascular mortality and nonfatal cardiovascular 
events in this meta-analysis. A recent meta-analysis showed an uncertain impact of 
statin use versus placebo or no treatment on overall mortality but a possible reduc-
tion in cardiovascular mortality [ 54 ]. 

 In summary, the available data shows a benefi t of statin therapy on cardiovascu-
lar events in kidney transplant patients.   

    Tolerability and Safety of Statins 

 In general, statins are well tolerated, with minor adverse reactions such as gastroin-
testinal upset and headache. However, statins carry with them rare, but well-known, 
side effects, including liver and muscle toxicity. There are no clear data that the side 
effects profi le differs signifi cantly among statins. Pravastatin and fl uvastatin appear 
less likely to cause muscle toxicity than other statins. 

 Statins are also well tolerated in predialysis CKD, dialysis, and post-renal trans-
plant patients in clinical trials. However, the incidence of side effects in clinical 
practice likely exceeds that reported in clinical trials where patients are carefully 
selected and have a lower chance of potentially experiencing side effects. Statin 
adverse events are often dose related, and statins that are more dependent on renal 
excretion are more likely to need dose adjustments in CKD patients. Atorvastatin 
has less than 2 % renal excretion and does not require a dose adjustment in advanced 
CKD patients. 

 Muscle toxicity associated with statins spans a spectrum of complaints ranging 
from myalgias to myositis to overt rhabdomyolysis [ 55 ]. Muscle toxicity is uncom-
mon with statin therapy alone, with a frequency of 2–11 % for myalgias, 0.5 % for 
myositis, and less than 0.1 % for rhabdomyolysis [ 56 ]. The risk of myopathy/rhab-
domyolysis may increase with co-administration of some drugs and in some clinical 
situations (Table  4.4 ). Patients should be alerted to report the new onset of myalgias 
or weakness. Patients may have myalgias without an elevation in serum creatine 
kinase concentrations. Pravastatin and fl uvastatin appear to have less muscle toxic-
ity. Thus, if a patient using a statin other than pravastatin and fl uvastatin experiences 
muscle toxicity (other than rhabdomyolysis), once symptoms have resolved off 
statin therapy, it is recommended to consider a trial of pravastatin or fl uvastatin with 
careful monitoring.
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   Liver toxicity is another serious adverse reaction of statins. Asymptomatic 
hepatic transaminase elevation (less than three times the upper limit of normal) may 
occur in 0.5–3 % of patients receiving statins. This is dose dependent and occurs 
primarily during the fi rst 3 months of therapy. All statins appear to have similar liver 
toxicity [ 57 ]. In most patients, elevation of transaminase is resolved spontaneously 
with continued therapy. Rare episodes of more severe liver injury have also been 
reported [ 58 ]. 

 All of the statins should be used with caution in CKD patients. Starting with a 
low-dose statin may decrease the risk of muscle toxicity. The risk of clinically sig-
nifi cant myopathy is relatively high in renal transplant patients receiving cyclospo-
rine. Attention should be paid to muscle pain and weakness, which can be sign of 
rhabdomyolysis. Routine monitoring of serum creatine kinase levels is not recom-
mended in patients on statins. However, it is important to obtain a baseline creatine 
kinase level and then repeat the test for any complaint of muscle pain and weakness. 
In the absence of clinical symptoms, a creatine kinase level more than ten times the 
upper limit of normal that is felt to be due to a statin is an indication for discontinu-
ing the medication. 

 At the start of treatment, baseline liver tests also should be drawn, and it is not rec-
ommended to monitor transaminase levels routinely. Discontinuation or lowering the 
statin dose is generally recommended if transaminase levels are higher than three times 
the upper level of normal that is confi rmed on a second occasion [ 57 ]. Transaminase 
levels typically return to normal after 2–3 months after discontinuation.  

    Fibric Acid Derivatives 

 Fibric acid derivatives, also known as fi brates, are another group of antihyperlipid-
emic agents, widely used in the treatment of different forms of hyperlipidemia. 
Fibrates are 2-phenoxy-2-methyl propanoic acid derivatives. This group includes 
bezafi brate, ciprofi brate, clofi brate, clofi bric acid, fenofi brate, and gemfi brozil. 
Currently, gemfi brozil and fenofi brate, due to their milder adverse effect, are being 
used as lipid-lowering drugs in humans. 

  Table 4.4    Factors that may 
increase the risk of 
myopathy/rhabdomyolysis 
with statins  

 Higher doses 
 Combination with other myotoxic 

drugs (niacin or fi brates) 
 Increased age 
 Hypothyroidism 
 Surgery or trauma 
 Heavy exercise 
 Excessive alcohol intake 
 Renal or liver impairment 
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    Mechanism of Action 

 Fibrates do not block cholesterol synthesis but are most noted for their ability to 
lower triglycerides. In fact, these drugs stimulate beta-oxidation of fatty acids 
mostly in peroxisomes and partially in mitochondria. Fibrates also activate peroxi-
some proliferator-activated receptors (PPARs). Although these drugs activate 
PPARs, there is no direct binding with PPARs. In addition to stimulating fatty acid 
oxidation-associated molecules, fi brates also increase lipolysis. 

 Fibrates are metabolized in the kidney and predominantly eliminated via the 
renal route [ 59 ]. Fenofi brate excretion is reduced in patients with moderate CKD 
(GFR < 50 mL/min/1.73 m 2 ) and accumulation of the drug with persistent usage is 
likely in CKD patients [ 59 ]. Therefore, fi brates should be used cautiously in CKD 
patients. Among the group of fi brates, blood levels of gemfi brozil appear to be not 
altered with kidney function deterioration, unlike other fi brates. Therefore, gemfi -
brozil should be the preferred agent in CKD patients without dose adjustment [ 21 ]. 
Gemfi brozil may increase serum statin concentrations by inhibiting the P-450 
enzyme system. Thus, if a combination therapy with gemfi brozil is likely, then fl u-
vastatin may be the safest choice of statin.  

    Effects of Fibrates 

 Hypertriglyceridemia is one of the most common quantitative lipid abnormalities in 
CKD patients [ 60 ]. Although triglyceride level in CKD patients may not be high 
enough to enhance cardiovascular disease alone, the combination of other alteration 
in lipid metabolism may facilitate atherosclerosis. Mixed dyslipidemia associated 
with CKD is characterized by hypertriglyceridemia and low serum HDL choles-
terol, which make this population of patients good candidates for fi brates therapy. 

 Studies assessing the effects of fi brates on cardiovascular events in non-renal 
population have reported overall benefi t [ 61 ,  62 ]. Animal studies showed that 
fi brates may attenuate lipotoxicity-induced glomerular and tubulointerstitial inju-
ries, with enhancement of renal lipolysis [ 63 ,  64 ]   . However, no adequately powered 
outcome study of fi brate therapy has been reported to date, particularly in CKD 
patients. 

 In the VA-HIT (Veterans’ Affairs High-Density Lipoprotein Intervention Trial) 
study, a subgroup of 1,000 men with a creatinine clearance <75 mL/min was iden-
tifi ed. In post hoc analysis, these patients with mild to moderate CKD were found 
to have risk reduction in fatal and nonfatal myocardial infarction with gemfi brozil 
therapy [ 65 ]. Moreover, in post hoc analysis of the same study, gemfi brozil did 
not exert a clinically relevant effect on rates of kidney function loss in CKD 
patients [ 66 ]. 

 A recent study evaluating the effects of long-term therapy with fenofi brate in type 
2 diabetic patients with eGFR ≥ 30 mL/min/1.73 m 2  reported that fenofi brate reduces 
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total cardiovascular events compared with placebo without excess drug- related 
safety concerns [ 67 ]. 

 Small studies showed that reduced-dose fi brates is effective in reducing serum 
triglycerides and cholesterol in dialysis patients [ 69 ]. In the US Renal Data System 
Dialysis Morbidity and Mortality Study, the hemodialysis patients using statin had 
a 32 % risk reduction in total mortality, but the patients using fi brate had no reduc-
tion cardiovascular or total mortality [ 45 ]. A recent meta-analysis of studies assessing 
the effi cacy and safety of fi brates therapy in CKD patients has reported that these 
drugs improve lipid profi le and prevent cardiovascular events in patients with CKD 
at least as much as the effects in subjects with normal kidney function [ 69 ]. In the 
same analysis, fi brates were found to reduce albuminuria and reversibly increase 
serum creatinine level. 

 Available data suggest that fi brates may have a place in reducing cardiovascular 
risk in patients with mild to moderate CKD. K/DOQI guidelines recommend that a 
triglyceride-lowering agent should be considered for adult patients with stage 5 
CKD and markedly increased fasting triglyceride levels (serum triglycerides 
≥500 mg/dL) that cannot be corrected by removing an underlying cause, treatment 
with lifestyle changes without causing malnutrition [ 21 ]. Gemfi brozil may be the 
fi brate of choice for the treatment of high triglycerides in patients with CKD.   

    Tolerability and Safety of Fibrates 

 Fibrates are well tolerated with very few side effects in the general population. The 
most common side effects are gastrointestinal disturbances, such as nausea and diar-
rhea. The most prominent side effect is myositis, which particularly occurs when 
combined with a statin, due to pharmacokinetic interaction [ 70 ]. Myopathy usually 
occurs within 2 months of the start of therapy. All fi brates may cause myositis, and 
gemfi brozil is the most frequent agent associated with rhabdomyolysis [ 71 ]. 

 Fibrates are also associated with increases in serum creatinine concentrations (up 
to 20 %). Gemfi brozil appears to have the least risk of creatinine elevation [ 72 ]. 
Although the mechanism underlying the rapid elevation is not well understood, the 
increased creatinine concentration returns to baseline within 2 months after discon-
tinuation of therapy [ 73 ]. In addition, long-term use of fenofi brate may increase the 
risk of gallstone disease in hemodialysis patient [ 74 ]. 

 Although fi brates can be used to treat mixed dyslipidemia, they need to be used 
carefully in patients with CKD. In clinical trials, fi brates are well tolerated in 
patients with renal impairment [ 67 ,  68 ]. Fibrates are usually not recommended for 
general use in patients with CKD since CKD alone is a risk factor for rhabdomyoly-
sis, especially when administered concomitantly with statins. There is still contro-
versy concerning the safety of fenofi brate in these patients, and fenofi brate is 
non-dialyzable [ 59 ]. Thus, patients on hemodialysis may be particularly susceptible 
to toxic effects of fi brates.  
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    Cholesterol Absorption Inhibitors 

 Cholesterol absorption inhibitor functions by decreasing the absorption of cholesterol 
in the small intestine. Ezetimibe is currently the only drug in this class. After oral 
administration, ezetimibe moves quickly from the intestinal lumen, through the 
intestinal wall (where it is glucuronidated rapidly), into the portal plasma and under-
goes enterohepatic recirculation. The glucuronide of ezetimibe is much more effec-
tive than the parent drug, mainly because of its localization at the brush border of 
the intestines. Ezetimibe and its metabolite are excreted 90 % in the feces. 

    Mechanism of Action 

 Ezetimibe selectively decreases the absorption of biliary and dietary cholesterol 
from the intestinal lumen into enterocytes by inhibiting the action of Neimann-Pick 
C1 like 1 protein [ 75 ]. Ezetimibe (10 mg/day) inhibits cholesterol absorption by an 
average of 54 % in hypercholesterolemic individuals. It primarily decreases LDL 
cholesterol by 15–25 % from baseline, and this effect can be seen after 12–24 weeks 
of treatment [ 76 ].  

    Effects of Ezetimibe 

 Typically, ezetimibe is coupled with a statin to ensure a powerful effect when lower-
ing LDL levels. An additional decrease in absolute LDL-cholesterol levels occurs 
with statin and ezetimibe combination. If statin therapy alone is insuffi cient to 
achieve target levels or if the patient does not tolerate statins, ezetimibe can serve as 
an alternative, either alone or as combination. 

 Ezetimibe now represents another option that seems to be safe and effective in 
CKD patients. The Second United Kingdom Heart and Renal Protection (UK-HARP-II) 
study showed that the addition of ezetimibe to simvastatin was safe and effective in 
treating dyslipidemia with CKD [ 77 ]. Again, the SHARP study demonstrated benefi t 
of ezetimibe combination with simvastatin in reducing cardiovascular events for 
patients across a spectrum of CKD stages [ 24 ]. It has also been reported that addition 
of ezetimibe to statin therapy enhances proteinuria-lowering effects of statin in non-
diabetic CKD patients [ 78 ]. 

 Ezetimibe has also been used in posttransplant patients whose hypercholesterol-
emia has been diffi cult to control on statin therapy. Several of these studies have 
shown that ezetimibe is useful in decreasing LDL-cholesterol and triglyceride levels 
as monotherapy or in combination therapy with statins [ 79 – 82 ]. There have been as 
yet no studies of cardiovascular outcomes in patients on ezetimibe alone versus 
placebo.   

F. Turgut et al.



57

    Tolerability and Safety of Ezetimibe 

 The adverse effects of ezetimibe are few and mild [ 76 ]. In most studies, ezetimibe 
does not increase myopathy or rhabdomyolysis, whether used alone or in combina-
tion with statins, although cases of myopathy have been reported with this agent [ 83 ]. 
Furthermore, there is no evidence that ezetimibe increases the frequency of statin 
myopathy when used in combination. The combination of ezetimibe and a statin is 
relatively safe and well tolerated in patients with CKD [ 77 ]. Studies in renal trans-
planted patients reported that renal function, creatine kinase, liver enzymes, and 
calcineurin inhibitor levels remained stable with ezetimibe use [ 79 ,  81 ]. 

 Although SHARP study has shown that the combination of simvastatin and ezet-
imibe is effective and safe in reducing cardiovascular events, it is not recommended 
to use ezetimibe as a fi rst-line lipid-lowering therapy in patients with CKD on the 
basis of currently available data. Ezetimibe should be reserved for patients who are 
intolerant of, or unresponsive, to statins.  

    Nicotinic Acid 

 Nicotinic acid, also known as niacin, is a naturally occurring water-soluble vitamin of 
the B complex (vitamin B 3 ). Niacin is currently available in three different formula-
tions, including immediate release (IR), sustained release (SR), and a new extended 
release (ER). Niacin is another option for the treatment of mixed dyslipidemia. 

    Mechanism of Action 

 Many of the effects of niacin are considered to result from its action on adipose tis-
sue. Niacin inhibits adipocyte lipolysis, and reduces the production of free fatty 
acids. Consequently, it reduces substrate supply for synthesis of triglyceride and 
VLDL cholesterol by the liver [ 84 ]. The mechanism of nicotinic acid-induced 
increase in HDL-cholesterol levels is less clear.  

    Effects of Niacin 

 Niacin has profound and unique effects on lipid metabolism. Niacin decreases 
triglyceride and LDL-cholesterol levels while raising the HDL-cholesterol level. It 
is particularly useful in treating those patients who, despite statin therapy, still have 
low levels of HDL cholesterol. The ER niacin formulation has a dose-dependent 
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effect on lipid parameters and decreases LDL cholesterol by 5–25 % and triglyceride 
by 27–38 %; however, it increases HDL cholesterol by 23–29 % [ 85 ,  86 ]. 

 There are limited data on the effi cacy and safety of niacin in CKD patients. In 
animal studies, niacin administration improves renal tissue lipid metabolism, renal 
function, and proteinuria in rats with CKD [ 87 ,  88 ]. Observational studies showed 
that nicotinic acid is effi cient and well tolerated in dialysis patients [ 89 ].   

    Tolerability and Safety of Niacin 

 Administration of pharmacological doses of nicotinic acid is accompanied by 
unwanted effects including gastrointestinal effects. The most frequent side effect of 
niacin is fl ushing, which considerably restricts the use of niacin [ 84 ]. General 
recommendations to decrease the intensity of fl ushing include pretreatment with 
inhibitors of cyclooxygenase, the gradual increase of the daily dose, and use of ER 
formulation. Occasionally, oral administration of niacin may cause hepatotoxicity, 
hyperuricemia, and hyperglycemia [ 84 ]. Although niacin is associated with a high 
incidence of side effects including fl ushing, there are scant data on whether side 
effects are more common among patients with CKD [ 90 ]. 

 Pharmacokinetic studies indicate that 34 % of niacin is excreted renally and the 
dose should be lowered up to 50 % in dialysis patients. According to the K/DOQI 
guidelines, for those with GFR < 15 mL/min/1.73 m 2 , niacin dose should be 
reduced by 50 %; otherwise, no dosing changes are recommended in patients with 
CKD [ 21 ]. 

 Overall, it is possible to suggest that niacin may have the potential to be an effec-
tive drug in treating dyslipidemia associated with CKD. Moreover, niacin usage in 
the transplant population is not well evaluated but seems to be safe.  

    Bile Acid Sequestrants 

 Since bile acids synthesized from cholesterol, their removal via sequestration in the 
intestine decreases plasma LDL-cholesterol levels. Thus, bile acid sequestrants 
have been used as a strategy to treat hyperlipidemia. Three bile acid sequestrants are 
available on the market: cholestyramine, colestipol (fi rst generation), and cole-
sevelam hydrochloride (second generation). 

    Mechanism of Action 

 Bile acid sequestrants are large polymers that bind negatively charged bile salts 
in the small intestine. Binding of bile salts interrupts their enterohepatic 
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circulation and increases their fecal excretion. Consequently, bile acid synthesis 
is increased from LDL cholesterol. The cholesterol-lowering effect of bile acid 
sequestrants appears to be mainly mediated through increased bile acid excretion. 
Colesevelam has a substantially higher affi nity to bile acids than cholestyramine 
and colestipol.  

    Effect of Bile Acid Sequestrants 

 Bile acid sequestrants, either as monotherapy or in combination with other 
cholesterol- lowering drugs, have proven their effi cacy in reducing cardiovascular 
events [ 91 ]. As monotherapy, these drugs reduce LDL-cholesterol levels by 9–28 %, 
and slightly increase HDL cholesterol (0–9 %) in a dose-dependent manner. They 
can also be used in combination with other lipid-lowering drugs in order to achieve 
more LDL-cholesterol decrease [ 92 ]. In a small study, colesevelam reduced by 
20 % non-HDL cholesterol in hemodialysis patients. A substudy of the Lipid 
Research Clinics Coronary Primary Prevention Trial examined the effect of choles-
terol reduction with cholestyramine on kidney function [ 93 ]. After a follow-up 
period of 8 years, there was a signifi cant decrease in total and LDL cholesterol in 
the treatment group, and no difference in the control group. However, cholesterol 
reduction with cholestyramine treatment did not meaningfully affect renal function 
compared with placebo in this study.   

    Tolerability and Safety of Bile Acid Sequestrants 

 Bile acid sequestrants are considered safe, although they are associated with gastro-
intestinal complaints (i.e., constipation, nausea,). Bile acid sequestrants can also 
decrease the absorption of fat-soluble vitamins, which should be considered during 
long-term treatment. Bile acid sequestrants often increase triglyceride level; thus, 
they are not an option in mixed dyslipidemia [ 21 ]. 

 Bile acid sequestrants appear to be safe in patients with CKD, because they are 
not systemically absorbed; however, they can increase triglyceride levels and are 
contraindicated in patients with elevated triglycerides [ 94 ]. Although the data on 
drug interactions are limited, bile acid sequestrants may interfere with the absorp-
tion of drugs such as warfarin and immunosuppressive medications. Thus, they 
should be used carefully in renal transplant patients. 

 Limited available data suggest that bile acid sequestrants may be used in patients 
with CKD. Unfortunately, there are no randomized controlled intervention trials in 
CKD patients showing that the treatment of dyslipidemia with bile acid sequestrants 
reduces the incidence of cardiovascular morbidity and mortality.  
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    Conclusion 

 Patients with CKD have a markedly increased risk of cardiovascular events and 
death. Although many factors other than hypercholesterolemia may contribute to this 
high cardiovascular risk, it is likely that mixed dyslipidemia common in these patients 
plays a major role. Statins are the cornerstone of lipid-lowering therapy in this setting 
of CKD, except those with triglyceride >500 mg/dL, in which case fi brates, particu-
larly gemfi brozil, are the therapy of choice. Lipid-lowering therapy is generally safe 
when properly monitored in these patients. However, in some subpopulations of 
CKD patients, lipid-lowering drugs may not be as safe or as effective in reducing the 
incidence of cardiovascular disease as they are in the general population. The studies 
in patients with early stages of CKD provide evidence that cardiovascular and renal 
outcomes are favorably affected by lipid-lowering drugs. Once patients reach ESRD 
and started to receive dialysis, the underlying pathogenesis of increased cardiovascu-
lar mortality may be less related to atherosclerosis and vascular occlusion and, there-
fore, less amenable to modifi cation by lipid-lowering therapy.     
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           Introduction 

 Recent data indicate that the burden of chronic kidney disease (CKD) is steadily 
increasing in the United States [ 1 ]. Cardiovascular (CV) disease (CVD) is the lead-
ing cause of morbidity and mortality in patients with CKD [ 2 ]. Both decreased 
glomerular fi ltration rate (GFR) and increased proteinuria are independent CV risk 
factors in community-based populations as well as in patients at high CV risk [ 3 – 5 ]. 
Notably, CVD-associated mortality rates increase progressively with increasing 
CKD stages and are extremely high in end-stage renal disease (ESRD) patients 
receiving dialysis (10–30 times higher than age-adjusted CV mortality in the gen-
eral population) [ 5 – 7 ]. It has been reported that 39 % of incident dialysis patients 
have ischemic heart disease [ 8 ], whereas the annual rate of myocardial infarction 
and/or angina is approximately 10 % [ 9 ]. It is well established that dyslipidemias 
play a pivotal role in the pathogenesis of CVD in the general population [ 10 ]. 
However, the association of dyslipidemia and CVD in CKD patients is confounded 
by the presence of the so-called non-traditional CV risk factors (infl ammation, vas-
cular calcifi cation, anemia, increased oxidative stress, and endothelial dysfunction), 
rendering the answer to the question of whether and which CKD patients might 
benefi t from lipid-lowering treatments of major importance [ 11 ].  
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    Defi nition and Classifi cation of CKD 

 CKD is defi ned based on the presence of either kidney damage (structural or func-
tional abnormalities other than decreased GFR) or decreased kidney function (GFR 
<60 mL/min/1.73 m 2 ) for 3 or more months, irrespective of cause. Kidney damage 
refers to pathologic abnormalities detected by a renal biopsy or imaging studies, 
urinary albumin excretion >30 mg/day, urinary sediment abnormalities, or renal 
transplant status. Decreased kidney function refers to a decreased GFR, which is 
usually estimated (eGFR) using serum creatinine and one of several available equa-
tions such as the Modifi cation of Diet in Renal Disease (MDRD) and, more recently, 
the CKD-Epi formula [ 12 ]. The defi nition and classifi cation of CKD were intro-
duced by the National Kidney Foundation (NKF) Kidney Disease Outcomes 
Initiative (KDOQI) in 2002 [ 13 ] and adopted with minor changes by the interna-
tional guideline group Kidney Disease Improving Global Outcomes (KDIGO) in 
2004 [ 14 ]. Until recently, staging of CKD was based on eGFR and a fi ve-stage clas-
sifi cation was used (Table  5.1 ). This classifi cation has been recently modifi ed to an 
18-stage classifi cation by adding albuminuria stage, subdivision of stage 3, and the 
cause of CKD (Table  5.2 ) [ 5 ,  15 ]. By using this modifi ed 18-stage classifi cation, an 
improved stratifi cation of CKD progression and its major complications has been 
achieved, thus providing a better guidance    for the monitoring and management of 
CKD patients. However, as most studies have been based on the original classifi ca-
tion, we will refer to this one in this chapter.

        Association Between CKD and CVD-Epidemiological Data 

 It is well established that CV mortality rates increase dramatically with advanced 
CKD stages. In fact, individuals with CKD are more likely to die of CVD than to 
develop ESRD [ 6 ,  16 ]. Intriguingly, younger ESRD patients (25–34 years old) 
exhibit 500-fold greater CV mortality rates than age-matched controls with normal 
renal function [ 6 ]. Accumulating evidence suggests that the link between CKD and 
increased CV morbidity and mortality holds across populations with various degrees 
of baseline renal function or CV status. 

   Table 5.1    The fi ve stages of CKD as defi ned by the National Kidney Foundation   

 Stage  Description  GFR (mL/min/1.73 m 2 ) 

 1  Kidney damage with normal or ↑GFR  ≥90 
 2  Kidney damage with mildly ↓GFR  60–89 
 3  Moderately ↓GFR  30–59 
 4  Severely ↓GFR  15–29 
 5  Kidney failure  <15 or dialysis 

  Reprinted from the American Journal of Kidney Diseases, 39/2 (Suppl 1), K/DOQI clinical prac-
tice guidelines for chronic kidney disease: evaluation, classifi cation, and stratifi cation, S1–266, 
Copyright 2002, with permission from Elsevier  
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    In the General Population 

 There are plenty of observations that demonstrate an independent association 
between diminished GFR or proteinuria and major adverse CV events (MACE) in 
the general population [ 17 – 21 ]. 

 In a high-quality meta-analysis of general population cohorts including 105,872 
participants with urine albumin-to-creatinine ratio (ACR) measurements and 
1,128,310 participants with urine protein dipstick measurements, followed for 7.9 
years, Matsushita et al. concluded that eGFR less than 60 mL/min/1.73 m 2  and ACR 
1.1 mg/mmol (10 mg/g) or more independently predict all cause and CV mortality 
risk in the general population. In studies with dipstick measurement of proteinuria, 
a trace urine-positive dipstick was also associated with increased all-cause and CV 
mortality independently of the level of kidney function [ 19 ]. 

 Go et al. evaluated 1,120,295 subjects for the risk of death, CV events, and hos-
pitalization relative to various levels of GFR over 2.84 years [ 22 ]. The adjusted 
hazard ratio for death was 1.2 with an eGFR of 45–59 mL/min/1.73 m 2  (95 % CI, 
1.1–1.2), 1.8 with an eGFR of 30–44 mL/min/1.73 m 2  (95 % CI, 1.7–1.9), 3.2 with 
an eGFR of 15–29 mL/min/1.73 m 2  (95 % CI, 3.1–3.4), and 5.9 with an estimated 
GFR of less than 15 mL/min/1.73 m 2  (95 % CI, 5.4–6.5). The adjusted hazard ratio 
for CV events also increased inversely with the estimated GFR: 1.4 (95 % CI, 1.4–
1.5), 2.0 (95 % CI, 1.9–2.1), 2.8 (95 % CI, 2.6–2.9), and 3.4 (95 % CI, 3.1–3.8), 
respectively. This large study demonstrated effectively the inverse association 
between GFR and rates of CV morbidity and mortality in patients without a prior 
history of CVD. 

 Weiner at al. pooled data from community-based trials including the 
Atherosclerosis Risk in Communities Study, CV Health Study, Framingham Heart 

   Table 5.2    Revised chronic kidney disease staging      

 GFR categories  GFR (mL/min/1.73 m 2 )  Terms 

 G1  >90  Normal or high 
 G2  60–89  Mildly decreased 
 G3a  45–59  Mildly to moderately decreased 
 G3b  30–44  Moderately to severely decreased 
 G4  15–29  Severely decreased 
 G5  <15  Kidney failure 

 Albuminuria 
categories 

 AER 
(mg/24 h) 

 ACR (approximate 
equivalent) 

 Terms  (mg/mmol)  (mg/g) 

 A1  <30  <3  <30  Normal to mildly increased 
 A2  30–300  3–30  30–300  Moderately increased 
 A3  >300  >30  >300  Severely increased 

(including nephrotic syndrome) 

  Adapted from [ 15 ]. KDIGO revised classifi cation also includes CKD cause 
  GFR  glomerular fi ltration rate,  AER  albumin excretion rate,  ACR  albumin-to-creatinine ratio  
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Study, and Framingham Offspring Study; 22,634 subjects were followed for 10 
years. CKD was defi ned by a GFR between 15 and 60 mL/min/1.73 m 2 . A composite 
of myocardial infarction, fatal coronary heart disease (CHD), stroke, and death was 
the primary study outcome. In adjusted analyses, CKD was an independent risk fac-
tor for the composite study outcome (hazard ratio, 1.19; 95 % CI, 1.07–1.32) [ 21 ].  

    In Patients with CV Risk Factors or Preexistent CVD 

 A growing number of studies have shown an association between the decrease in GFR 
and CV events among patients with known risk factors for CVD or preexistent CVD 
[ 2 ,  4 ,  23 – 28 ]. Van der Velde et al. performed a collaborative meta-analysis of ten 
cohorts with 266,975 patients with a history of hypertension, diabetes, or CV disease. 
Hazard ratios for CV mortality at eGFRs of 60, 45, and 15 mL/min/1.73 m 2  were 1.11, 
1.73, and 3.08, respectively, compared to an eGFR of 95 mL/min/1.73 m 2 , whereas 
similar fi ndings were noted for all-cause mortality. There was also an association 
between albuminuria and risk for overall and CV mortality. The authors concluded 
that decreased eGFR and higher albuminuria are risk factors for all-cause and CV 
mortality in high-risk populations, independent of each other and of CV risk factors. 

 Mann et al. performed a post hoc analysis of the Heart Outcomes and Prevention 
Evaluation (HOPE) study [ 29 ]. The HOPE study included individuals with an 
objective evidence of vascular disease or diabetes combined with another CV risk 
factor and was designed to test the benefi t of add-on ramipril vs. placebo. Nine 
hundred and eighty subjects with mild renal insuffi ciency (serum creatinine ≥ 1.4 mg/
dL) and 8,307 subjects with normal renal function (serum creatinine < 1.4 mg/dL) 
were followed for ≈5 years. The cumulative incidence of the primary outcome 
(composite of CV death, myocardial infarction, or stroke) was signifi cantly higher 
in individuals with mild renal insuffi ciency compared to those with normal renal 
function ( P  < 0.001). 

 Perkovic et al. in the Perindopril Protection against Recurrent Stroke Study 
(PROGRESS) randomly allocated 6,105 participants with cerebrovascular disease 
to perindopril-based blood pressure-lowering therapy or placebo. Individuals with 
CKD were at approximately 1.5-fold greater risk of major vascular events, stroke, 
and CHD, and were more than twice as likely to die (all  P  ≤ 0.002). 

 With respect to the relationship between albuminuria and CKD in patients with 
CV risk factors or preexistent CKD, Anavekar et al. [ 30 ] in a post hoc analysis of 
the Irbesartan Diabetic Nephropathy Trial (IDNT) showed that the proportion of 
patients who exhibited the CV composite endpoint (CV death, nonfatal MI, hospi-
talization for heart failure, stroke, amputation, and coronary and peripheral revascu-
larization) increased progressively with increasing quartiles of baseline urine ACR. 
This result was confi rmed by a multivariate analysis in which albuminuria was an 
independent risk factor for CV events with a 1.3-fold increased relative risk for each 
natural log increase of 1 U in urine ACR. In the IDNT study 1,715 subjects with 
type-2 diabetes, hypertension, and macroalbuminuria were randomized to 
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irbesartan, amlodipine, or placebo for a mean period of 2.6 years. The patients had 
mean urine ACR of 1,416.2 mg/g. Moreover, the HOPE study investigators evalu-
ated the risk of CV events associated with baseline microalbuminuria (defi ned as 
ACR > 2.0 mg/mmol (equivalent to 17.7 mg/g)). In the overall population, microal-
buminuria at baseline approximately doubled the relative risk of the primary com-
posite outcome (myocardial infarction, stroke, or CV death), and this effect was 
signifi cant in both diabetics (relative risk, 1.97) and nondiabetics (relative risk, 
1.61) [ 31 ]. Moreover, albuminuria was a continuous risk factor for CV events even 
below the level of microalbuminuria. 

 Future CV risk in the general population can be modeled in various ways, one 
typical approach being the Framingham score (though QRISK and other algorithms 
may be much superior especially for diverse populations). It has been shown that 
the Framingham score demonstrates poor overall accuracy in predicting cardiac 
events in individuals with CKD [ 32 ], and this might be due to the increased CV and 
overall mortality rates in these patients. Modifi cation of the Framingham equations 
might improve their predictive accuracy, yet new models evaluating CV risk in this 
population should be developed.   

    Cardiovascular Risk Factors in CKD: 
The Role of Dyslipidemia 

 Evidence that reduced GFR and increased albuminuria independently and continu-
ously predict higher CV event rates in CKD patients with or without preexistent 
CVD, prompts for the early detection and abrogation of the responsible factors that 
predispose these patients to the development of CVD. Apart from the traditional CV 
risk factors that are defi ned by epidemiological studies such as the Framingham 
study and are present in the general population, CKD patients also exhibit a variety 
of non-traditional risk factors that accelerate and aggravate the development of 
CVD in this population. 

 Traditional risk factors include smoking, diabetes, hypertension, left ventricular 
hypertrophy (LVH), older age, and hyperlipidemia. These factors are highly preva-
lent in the CKD setting [ 33 ], and they tend to increase the risk of CVD in early CKD 
stages [ 34 ]. Moreover, metabolic syndrome, a condition characterized by insulin 
resistance, elevated serum glucose, hypertension, abdominal obesity, and dyslipid-
emia, might also play a role in the development of CVD. This syndrome is also 
frequently detected in patients with CKD [ 35 ]. 

 Although hypercholesterolemia is one of the most widely recognized CV risk 
factors in the general population as well as in patients with preexistent CVD [ 10 , 
 36 – 39 ], this association in CKD has been diffi cult to establish. In fact, some studies 
have shown that low cholesterol levels associate with increased mortality in dialysis 
patients [ 11 ,  40 ,  41 ], whereas another study failed to detect any association between 
hyperlipidemia and mortality in nondiabetic stage 3–4 CKD patients [ 42 ]. However, 
this reverse epidemiology of lower cholesterol predicting a higher mortality is likely 
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due to cholesterol-lowering effect of malnutrition and systemic infl ammation, both 
present in CKD patients [ 11 ,  43 ]. Furthermore, the presence of numerous non- 
traditional risk factors in the CKD setting further confounds the association of CKD 
and CVD, thus increasing the prevalence of CVD even in patients with mild to 
moderate CKD [ 44 ]. These factors include increased oxidative stress, amplifi ed 
infl ammatory status, anemia, abnormalities in mineral-bone metabolism, endothe-
lial dysfunction, and reduced nitric oxide (NO) activity [ 45 – 48 ]. 

 The role of oxidative stress and infl ammation in the development of CVD in 
CKD has recently been increasingly supported. In patients with CKD the balance 
between the production of reactive oxygen species (ROS)/free radicals (FR) and 
antioxidant defenses is shifted towards amplifi ed oxidative stress. The increase in 
ROS/FR is caused by numerous factors such as uremic toxins, diabetes mellitus, 
chronic infl ammation, and the dialysis treatments per se [ 49 ,  50 ]. Oxidative stress in 
uremia can be increased through activation of various ROS-producing enzymatic 
systems such as the reduced nicotinamide adenine dinucleotide (NAD(P)H) oxi-
dase, xanthine oxidase, uncoupled endothelial NO synthase, and myeloperoxidase 
(MPO) [ 51 ,  52 ]. Among them, NAD(P)H oxidase seems to be the most important 
source of oxidative stress in vessels [ 53 ], whereas MPO, an enzymatic constituent 
of neutrophils and macrophages, is also highly expressed in atheromatic lesions 
[ 54 ]. MPO might also play a role in accelerated atherosclerosis in dialysis patients 
as it has been reported to be released from white blood cells during hemodialysis. 
Oxidative modifi cation of macromolecules such as lipids, proteins, and nucleic 
acids results in structural and functional changes and accelerates atherosclerosis. In 
this regard, elevated plasma levels of oxidized low-density lipoprotein (LDL) have 
been shown to correlate with CHD [ 55 ]. Patients with CKD have increased levels of 
oxidized LDL [ 56 ]. 

 Increased oxidative stress also induces the expression of infl ammatory biomarkers. 
In this regard, both CKD and ESRD are characterized by elevated levels of infl am-
matory markers such as C-reactive protein (CRP), an acute phase protein reactant, 
TNF-α, IL-6, fi brinogen, factors VIIc and VIIIc, and the adhesion molecules 
VCAM-1 and ICAM-1 [ 57 – 59 ]. In the MDRD study elevated levels of CRP [ 60 ] 
were associated with an increased risk of all-cause and CV mortality in stage 3 and 
4 CKD patients. Moreover, in dialysis patients increased levels of CRP and IL-6 
have been associated with a signifi cant increased risk of sudden cardiac death inde-
pendently of traditional CVD risk factors [ 47 ,  61 ]. 

 Endothelial dysfunction, which is present in CKD, is an important early event 
in the pathogenesis of atherosclerosis, contributing to plaque initiation and pro-
gression [ 62 ]. Microalbuminuria might be a manifestation of impaired endothelial 
function [ 63 ], thus explaining the link between microalbuminuria and increased 
CV morbidity and mortality reported in many epidemiology studies (see section 
on “Association Between CKD and CVD-Epidemiological Data”). Reduced NO 
production seems to be the main culprit for the endothelial dysfunction observed 
in CKD [ 64 ,  65 ]. In hemodialysis patients, increased levels of asymmetrical 
dimethylarginine (ADMA), an endogenous inhibitor of NO synthase, have been 
reported and independently predict overall mortality and CV outcomes [ 66 ]. 
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Moreover, in patients with mild to advanced CKD, ADMA level is inversely related 
to GFR and represents an independent risk factor for progression to ESRD and 
mortality [ 67 ]. ADMA, now considered one of the strongest markers of atheroscle-
rosis [ 68 ], is increased under infl ammatory conditions and might serve as a link 
between infl ammation and endothelial dysfunction [ 69 ]. Finally, the term protein-
energy wasting (PEW) has been recently introduced to describe the role of malnutri-
tion, infl ammation, and atherosclerosis on the increased mortality observed in 
patients with ESRD [ 46 ,  70 ]. 

 Yet, it should be noted that the exact pathomechanisms by which these nontradi-
tional risk factors contribute to the development of CVD are still unclear, and vari-
ous studies report contradictory results. In this regard, although the aforementioned 
studies demonstrated a positive association between elevated levels of CRP [ 60 ] and 
adverse CV outcomes, no such relationship was detected in the Irbesartan for 
Diabetic nephropathy trial [ 71 ]. Similarly, although coronary artery calcifi cation, 
which is a frequent fi nding in CKD patients, has been linked to abnormalities in 
mineral-bone metabolism [ 72 ], studies evaluating the associations between parathy-
roid hormone, calcium, and phosphorus with coronary artery calcifi cation report 
confl icting results [ 73 ,  74 ].  

    Characteristics of Dyslipidemia in CKD 

 Multiple lipoprotein abnormalities are detected in CKD patients caused by a pro-
found dysregulation in their metabolism (Table  5.3 ). The primary characteristic of 
dyslipidemia in CKD is hypertriglyceridemia, with 40–50 % of CKD patients having 
fasting triglyceride levels greater than 200 mg/dL. Of note, the lipid profi le of 

       Table 5.3    Features of lipid fractions and the enzymes implicated in their metabolism in CKD   

 Predialysis CKD 
(stages I–IV)  Hemodialysis 

 Nephrotic 
syndrome 

 Peritoneal 
dialysis 

 Triglycerides  ↔ or ↑  ↑  ↑  ↑ 
 Total cholesterol  ↓ or ↔ or ↑  ↔ or ↓  ↑  ↑ 
 LDL cholesterol  ↓ or ↔ or ↑  ↔ or ↓  ↑  ↑ 
 HDL cholesterol  ↓ or ↔  ↓  ↓ or ↔ or ↑  ↓ 
 Small dense LDL  ↑  ↑  ↑  ↑ 
 Lipoprotein a  ↑  ↑  ↑  ↑ 
 LPL activity  ↓  ↓  ↓  ↓ 
 Hepatic lipase activity  ↓  ↓  ↓  ↓ 
 LCAT activity  ↓  ↓  ↓  ↓ 

   CKD  chronic kidney disease,  LDL  low-density lipoprotein,  HDL  high-density lipoprotein,  LPL  
lipoprotein lipase,  LCAT  lecithin cholesterol acyltransferase, ↓ decrease, ↔ no change, ↑ increase  
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patients with CKD depends on CKD stage, the presence or not of nephrotic syn-
drome, and the dialysis modality for ESRD patients [ 75 ]. In this regard, apart from 
the increased triglycerides, in patients with stage 5 CKD total serum cholesterol and 
LDL are normal or low, whereas high-density lipoprotein (HDL) is decreased [ 76 , 
 77 ]. Patients with stage 1–4 CKD might exhibit increased total cholesterol and LDL 
cholesterol, whereas nephrotic patients are usually characterized by a marked 
increase in total cholesterol and LDL levels with cholesterol being directly corre-
lated with the degree of albuminuria and indirectly with serum albumin level [ 78 ]. 
Finally, peritoneal dialysis patients are characterized by increased protein losses in 
the peritoneal fl uid effl uent, a condition mimicking the nephrotic syndrome [ 79 ]. 
These losses might induce the hepatic production of albumin and lipoproteins, 
resulting in elevated concentrations of total cholesterol, LDL, and a modifi ed highly 
atherogenic form of LDL, lipoprotein (a) (Lp(a)) [ 80 ,  81 ]. Moreover, increased 
insulin levels, which is a consequence of the absorption of glucose from the dialysis 
fl uid, may induce the hepatic synthesis of very low-density lipoprotein (VLDL) and 
possibly Lp(a) [ 82 ].

   It should be noted that in CKD, apart from lipoproteins assessed in every day 
clinical practice, a variety of not routinely measured highly atherogenic lipoprotein 
fragments accumulate. These include chylomicron remnants, VLDL remnants or 
intermediate-density lipoproteins (IDL), oxidized LDL, small dense-LDL (sd- 
LDL), and Lp(a) [ 75 ]. The former two are products of chylomicron and VLDL 
metabolism whose clearance is impaired in CKD. These lipoproteins are prone to 
oxidization, a process that further increases their atherogenic potential. In fact, 
Shoji et al. showed that among LDL, HDL, VLDL, IDL, and Lp(a), IDL was the 
lipoprotein fraction more closely associated with aortic sclerosis in hemodialysis 
patients [ 83 ]. Moreover, chylomicron remnants potentiated endothelium-dependent 
arterial contraction [ 84 ], whereas oxidized VLDL remnants signifi cantly enhanced 
macrophage cholesterol ester accumulation compared to either VLDL remnants, or 
oxidized LDL in experimental models of atherosclerosis [ 85 ]. It is well known that 
most clinical trials evaluating the role of lipid-lowering treatments in CKD patients 
do not assess these lipoprotein fractions, and this might be an explanation for the 
reported negative results. 

 In CKD there is an impairment in the distribution of LDL subclasses favoring the 
predominance of sd-LDL particles [ 86 ,  87 ] (see Table  5.3 ). These electronegative 
particles penetrate the endothelial barrier easier than large LDL particles and inter-
act with electropositive intimal proteoglycans [ 88 ]. This interaction prolongs their 
retention in the arterial wall, thus rendering them more susceptible to oxidization by 
ROS. Indeed, sd-LDL particles appear to be more atherogenic than larger LDL frag-
ments [ 89 ,  90 ]. The effect of the routinely administered    lipid-lowering agents, 
statins on sd-LDL in CKD patients, remains unclear. Of note, a recent study reported 
that statins decrease sd-LDL in peritoneal dialysis patients but not in hemodialysis 
patients [ 91 ]. Apart from oxidization, under the uremic milieu, LDL also undergoes 
protein carbamylation. This process has been reported to increase the atherogenic 
potential of LDL through multiple mechanisms, including the proliferation of 
smooth muscle cells [ 92 ]. 
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 Elevated plasma levels of Lp(a) have been detected in patients with CKD [ 93 ] 
(see Table  5.3 ). Moreover, Lp(a) is now recognized as a risk factor for CV morbidity 
and mortality in hemodialysis patients [ 94 ,  95 ]. Lp(a) is a modifi ed form of LDL 
emerging from the covalent binding of apolipoprotein(a) to apolipoprotein B 
through disulfi de linkage [ 96 ]. In the general population, elevated serum Lp(a), has 
been recognized as a risk factor for CVD, whereas the association between Lp(a) 
and CHD risk seem to be continuous [ 97 ,  98 ]. Lp(a) excess is frequently detected in 
patients with premature CHD [ 99 ], and its levels are also associated with cerebro-
vascular disease, especially in men [ 100 ]. Because of its structural similarity to 
plasminogen, it has been proposed that Lp(a) may promote thrombogenesis by 
inhibiting fi brinolysis [ 101 ]. Moreover, Lp(a) is capable of binding to macrophage 
receptors, thus promoting foam cell formation and accelerating atherosclerosis 
[ 102 ]. Lp(a) also enhances LDL susceptibility to oxidization [ 55 ] and promotes 
monocyte attachment to vascular endothelial cells by increasing endothelial ICAM-1 
expression [ 103 ]. Serum Lp(a) levels are genetically determined and are mostly due 
to polymorphisms at the apo(a) gene (LPA gene) [ 104 ]. These polymorphisms 
account for a variety of sizes of apo(a) isoforms. An inverse association of the size 
of apo(a) isoforms and Lp(a) levels has been detected (i.e., subjects with low molec-
ular weight isoforms have higher levels of Lp(a)) [ 104 ,  105 ]. Intriguingly, in dialysis 
patients, small apo(a) isoform size but not Lp(a) level has been identifi ed as an 
independent predictor of total and CV mortality [ 106 ,  107 ]. There are no clinical 
trials evaluating the effects of therapeutic regimes targeting the reduction of Lp(a) 
on CV morbidity and mortality in the general population or in patients with CKD.  

    Disorders of VLDL and Chylomicron Metabolism in CKD 

 Hypertriglyceridemia in CKD is a consequence of impaired VLDL and chylomicron 
metabolism, which leads to diminished triglyceride clearance [ 108 ] (Fig.  5.1a ,  b ). 
VLDL and chylomicrons are triglyceride-rich lipoproteins that deliver lipids to mus-
cle and adipose tissue for energy production and storage, respectively. Nascent VLDL 
consists of a apoB100 lipoprotein core, to which cholesterol ester, triglycerides, and 
phospholipids are bound. Similarly, in nascent chylomicrons, these lipid fractions are 
packed in apo48. Both nascent VLDL and chylomicrons mature by receiving apoE 
and apoC from HDL-2. Endothelium-bound lipoprotein lipase (LPL) in the capillar-
ies of skeletal muscle and adipose tissue is responsible for the hydrolysis of triglyc-
erides of VLDL and chylomicron and the disposal of fatty acids to the adjacent 
myocytes and adipocytes. This process leads to the formation of VLDL remnants 
(IDL) and chylomicron remnants, which are subsequently cleared by the liver via 
LDL receptor-related protein (LRP) [ 109 ]. However, the bulk of IDL is converted 
to LDL after being enriched in cholesterol esters by cholesterol ester transfer 
protein (CETP) and then lysed by hepatic lipase. LDL is then removed by LDL 
receptor in the hepatic cells. Finally, the fraction of VLDL that has not been lysed by 
LPL is cleared entirely by VLDL receptor in adipocytes and myocytes [ 110 ]. 
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Impaired metabolism of VLDL in CKD is characterized by the downregulation of 
LPL, hepatic lipase, LPR, and VLDL receptor, leading to the accumulation of tri-
glycerides, VLDL, and IDL and the triglyceride enrichment of LDL (see Fig.  5.1a , 
b and Table  5.3 ). In CKD an increase in plasma Apolipoprotein C-III (apoCIII), a 
potent inhibitor of LPL, has been reported [ 75 ]. ApoCIII and apo CII are important 
components of VLDL and chylomicrons, and apoCIII/apoCII ratio determines the 
ability of these lipoproteins to activate LPL. Moreover, in CKD- increased plasma 
levels of pre-β-HDL, an inhibitor of LPL has been reported [ 111 ]. Regular heparin-
ization that occurs in dialysis patients might also result in the degradation of tissue-
bound LPL [ 75 ].
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   Another mechanism involved in the impaired lipoprotein metabolism in CKD 
setting is the reduced expression and activity of hepatic lipase [ 112 ,  113 ]. As dis-
cussed earlier, hepatic lipase is responsible for the removal of almost all of the 
remaining triglycerides from IDL, a process crucial for its conversion to LDL. 
Therefore, hepatic lipase downregulation leads to the accumulation of IDL, triglyc-
eride enrichment of LDL, and hypertriglyceridemia. Hepatic lipase as well as LPL 
activity might be diminished by calcium accumulation within liver and adipose tis-
sue cells caused by secondary hyperparathyroidism, a common complication of 
CKD. Of note, parathyroidectomy can restore both hepatic lipase and LPL activity 
and plasma triglyceride levels in experimental animals and humans with CKD [ 114 , 
 115 ]. Moreover, verapamil administration to rats with CKD prevented the develop-
ment of hypertriglyceridemia and the reduction of hepatic lipase and LPL activity 
by reducing basal levels of cytosolic calcium [ 112 ]. 

 CKD has also been reported to downregulate LRP, thus leading to the athero-
genic chylomicron remnants and IDL accumulation [ 116 ]. The downregulation of 
VLDL receptors in the skeletal muscle, heart, and adipose tissue has also been 
reported in experimental animals with CKD, a condition leading to elevated VLDL 
and triglycerides [ 115 ,  117 ]. Finally, increased triglyceride synthesis might contrib-
ute to the hypertriglyceridemia observed in nephrotic patients and peritoneal dialy-
sis patients but not in the remainder CKD population [ 118 ]. This is due to the 
upregulation of Acyl-CoA:diglycerol acyltransferase, an enzyme that catalyzes the 
conversion of diglyceride to triglyceride [ 119 ]. 

 As discussed earlier, CKD is characterized by increased oxidative stress. In this 
environment chylomicron remnants, IDL, LDL, sd-LDL, and Lp(a) might undergo 
oxidization. These oxidized lipoproteins can bind to receptors on macrophages and 
trigger the release of pro-infl ammatory cytokines thus amplifying the infl ammatory 
status of CKD. The uptake of these lipoproteins by the scavenger receptors of arte-
rial wall macrophages results in their transformation to foam cells, the hallmark of 
the atherosclerotic lesion. In this regard, increased scavenger receptor expression 
has been reported in CKD patients [ 120 ]. The formation of foam cells is also a con-
sequence of impaired cholesterol export mechanisms (see section on “Disorders of 
HDL Metabolism in CKD”). LDL has also been reported to activate the renin–
angiotensin system [ 121 ], leading to increased angiotensin II levels and the upregu-
lation of the angiotensin type-I (AT1) receptor. Angiotensin II, in turn, acting 
through AT1 receptor, stimulates NAD(P)H oxidase and other enzymes, augment-
ing synthesis of the superoxide anion and proinfl ammatory mediators that result in 
endothelial dysfunction and atherosclerosis aggravation.  

    Disorders of HDL Metabolism in CKD 

 In CKD, impaired functionality and reduced levels of HDL have been reported [ 75 ]. 
Normally, HDL prevents atherosclerosis by various mechanisms [ 108 ,  122 – 125 ] 
(Fig.  5.2 ): (1) inhibits and reverses the oxidization of lipoproteins by its antioxidant 
enzyme constituents, paraoxonase-1 (PON-1) and glutathione peroxidase (GPX); (2) 
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removes oxidized phospholipids and endotoxins and disposes them to the liver via 
apoA1 and lecithin:cholesterol acyltransferase (LCAT); (3) improves endothelial 
function by inhibiting cellular adhesion molecule expression [ 126 ] and increasing 
eNOS production [ 127 ]; (4) reduces infl ammation by alleviating oxidative stress and 
inhibiting cellular adhesion molecule expression; (5) transfers surplus cholesterol 
and phospholipids from the periphery to the liver (reverse cholesterol transport 
[RCT]); (6) contributes apoC and apoE to nascent VLDL and chylomicrons, thus 
facilitating their proper metabolism and removal; (7) facilitates the conversion of 
highly atherogenic oxidization-prone IDL to LDL via CETP-mediated exchange of 
cholesterol esters for triglycerides (indirect RCT); (8) exerts antithrombotic effects 
through its constituent platelet-activating factor (PAF) acetylhydrolase, which inac-
tivates PAF, thus preventing platelet activation and thrombus formation.

   RCT is a multiorgan, multistep process via which excess cholesterol is retrieved 
from lipid-laden macrophages in the peripheral tissue and then is transported to the 
liver, where it is processed and excreted in bile and intestine [ 108 ,  123 ,  128 ,  129 ] 
(see Fig.  5.2 ). Oxidized LDL and other atherogenic lipid fractions are internalized 
by vascular macrophages through scavenger receptors (SRA1 and LOX1). This 
leads to their transformation into foam cells and the acceleration of atherosclerosis. 
In RCT nascent (lipid-poor) HDL binds to ATP-binding cassette transporter type 
A1 (ABCA1) and ABCG1 on the macrophage cell membrane [ 123 ,  130 ]. Then free 
cholesterol is actively transferred to the surface of HDL where it is rapidly esterifi ed 
by LCAT and then sequestered in the core of HDL (mature HDL). Of note, albumin 
has also been shown to play a role in transferring cellular-free cholesterol from 
peripheral tissues to the circulating nascent HDL via passive transportation [ 131 ]. 
Thereafter, mature HDL moves to the liver, where it binds to the HDL docking 
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receptor SRB-1. SRB-1 facilitates the unloading of HDL’s lipid content (cholesterol 
esters, triglycerides, and phospholipids) and subsequently HDL is released to the 
circulation as lipid-poor HDL to repeat the cycle [ 132 ]. 

 CKD is associated with a reduction in serum apoA-I and apoA-II, which are 
mandatory components of the HDL particle [ 133 ,  134 ]. This mechanism might play 
a crucial role in the reduction of HDL levels detected in CKD patients. 
Hypoalbuminemia, which is a result of chronic infl ammation, in CKD patients 
might also contribute to reduced HDL levels [ 77 ]. However, the main reason for the 
impaired HDL cholesterol enrichment and maturation in CKD is LCAT defi ciency 
(see Fig.  5.2  and Table  5.3 ). LCAT defi ciency is a result of decreased production by 
the liver [ 135 ]. LCAT defi ciency, apart from preventing the maturation of HDL 
through the esterifi cation of free cholesterol on its surface, also facilitates HDL 
degradation by the hepatic endocytic receptor (β-chain of ATP synthase). This 
receptor has higher affi nity for the nascent HDL than the mature one, whereas 
SRB-1 has higher affi nity for mature HDL and, as noted above, facilitates HDL 
cycle from the liver to peripheral tissues and does not degrade it. Apart from the 
reduced levels of HDL in CKD, there also seems to exist a decreased affi nity to its 
ABCA-1 macrophage receptors due to its oxidization in the uremic milieu [ 136 , 
 137 ]. Accumulating evidence also suggests that HDL under systemic oxidative and 
infl ammatory conditions (as in CKD) might also transform and promote oxidative 
stress and infl ammation [ 138 ,  139 ]. Thus, HDL oxidization might impair the matu-
ration of HDL and RCT in general. As discussed earlier, by inhibiting the formation 
and increasing the disposal of oxidized lipids, HDL exerts both antioxidant and 
anti-infl ammatory effects. It has been reported that in dialysis patients there is a 
signifi cant reduction in paraoxonase and GPX [ 136 ]. Moreover, the expression of 
macrophage scavenger receptors SRA1 and LOX1 is upregulated in both experi-
mental models and in patients with CKD, a process that seems to be induced by 
infl ammatory cytokines and oxidized LDL [ 120 ,  140 ]. This, combined with apoA-1 
reduction, limits the ability of HDL to prevent or reverse the oxidization of LDL and 
phospholipids, thus promoting an infl ux of oxidized LDL in macrophages in the 
artery wall and facilitating foam cell formation and atherosclerosis. In this context, 
HDL anti-infl ammatory activity has been reported to decrease in the uremic plasma 
of dialysis patients [ 141 ]. Thus, it seems that HDL impaired anti-oxidant and anti- 
infl ammatory properties are both a consequence and a cause of increased oxidative 
stress and infl ammation observed in CKD. 

 Based on the evidence that HDL level is reduced in CKD patients, the design of 
treatment strategies targeted to increase HDL levels seems plausible. However, 
efforts to raise HDL in the clinical setting have unexpectedly resulted in unfavorable 
CV outcomes. CETP inhibitors are a novel class of compounds that are very effec-
tive in increasing plasma HDL [ 142 ]. However, despite a meaningful increase of 
plasma HDL, the administration of the CETP inhibitor torcetrapib was early termi-
nated in patients at high risk of coronary events due to increased CV events and 
overall mortality [ 143 ]. This negative outcome was probably related to an off-target 
effect indicated by increased arterial blood pressure in the treatment group, although 
a possible torcetrapib adverse effect could not be ruled out. Moreover, in another 
RCT, torcetrapib failed to halt the progression of coronary atherosclerosis or 
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improve carotid intimal thickness [ 144 ]. These discouragingly negative outcomes 
might be a result of the accumulation of the highly atherogenic IDL [ 145 ]. As dis-
cussed earlier, CETP plays a crucial role in the conversion of IDL to LDL by pro-
moting the transfer of cholesterol esters from IDL to LDL in exchange of 
triglycerides [ 108 ]. Therefore, CETP inhibition might result in the accumulation of 
IDL and the acceleration of atherosclerosis, especially in CKD patients in whom 
IDL clearance is impaired due to LRP-1 and hepatic lipase defi ciency. Moreover, 
neither low HDL nor high CETP activity was associated with CV events in hemodi-
alysis patients over a 48-month observation period [ 146 ], implying that functional 
changes in HDL might play a more important role in atherosclerosis progression. 
Thus, in CKD, the absolute increase in HDL levels might not be enough to prevent 
CVD, as there also exist qualitative changes in the HDL molecule impairing its 
composition, maturation process, as well as its antioxidant and anti-infl ammatory 
properties [ 136 ,  139 ,  147 ].  

    Pathophysiology of CVD in the General Population 
and in the CKD Setting 

 Atherosclerosis is a chronic, complex, and progressive infl ammatory process of the 
vascular wall of large and medium-sized arteries. Although the exact pathomecha-
nism of this process remains unclear, dyslipidemia and abnormal immune response 
to endothelial damage with infl ammatory recruitment of monocytes and the forma-
tion of foam cells seem to play a central role in the development of the atheroscle-
rotic lesions [ 148 ,  149 ]. The chronic infl ammation of the vascular wall results in 
multifocal plaque development. Furthermore, intraplaque hemorrhage, lipid deposi-
tion, proliferation of neovessels, and plaque remodeling all contribute to atheroscle-
rotic plaque formation [ 149 ,  150 ]. Although most plaques remain asymptomatic, 
some progress to luminal obstruction, whereas a few are vulnerable to thrombosis, 
leading to acute atherothrombotic events such as acute myocardial infarction and 
stroke [ 149 ,  151 ]. 

 Intriguingly, the pathogenesis and, consequently, the pathologic fi ndings of arte-
rial lesions in CKD patients differ substantially from patients with preserved renal 
function with classic atherosclerotic disease. In the latter, arterial lesions consist of 
lipid-laden atheromatous or fi broatheromatous plaques, whereas in the former, ath-
erosclerotic plaques are rich in calcium deposits and fi brous tissue and exhibit a 
prominent thickening of the intima and media of the vessel wall, resulting in lumen 
narrowing [ 152 ,  153 ]. Calcium deposition in CKD may occur in the intima (as in 
classic atherosclerotic plaques) or in the medial layer, where it increases vascular 
stiffness as well as in cardiac valves [ 154 ]. In fact, coronary artery calcifi cation has 
been reported to be signifi cantly more frequent in predialysis patients compared 
with matched control subjects with no renal impairment (40 % vs. 13 %) [ 155 ]. 
The calcium content of atherosclerotic lesions in advanced CKD stages is in some 
occasions so high that many of these patients’ vessels can be readily delineated 
on simple plain radiograms. The most devastating demonstration of vascular 
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calcifi cation presented in dialysis patients is calciphylaxis or calcifi c uremic arteri-
opathy. This life-threatening condition is characterized by extensive microvascular 
calcifi cation accompanied by intimal proliferation and thrombosis leading to non-
healing skin ulcers, necrosis, secondary infection, and sepsis [ 156 ]. Although the 
exact pathomechanisms contributing to vascular calcifi cation remain unclear, ele-
vated calcium (Ca) × phosphate (P) product facilitating the precipitation of Ca and P 
along with the induction of calcifi cation promoters and the reduction of calcifi cation 
inhibitors seem to play a major role in this process [ 157 ,  158 ]. Under these condi-
tions, vascular smooth muscle cells acquire an osteoblast phenotype, thus promot-
ing hydroxyapatite formation in the media resulting in vascular calcifi cation. 
Vascular calcifi cation promotes vascular stiffening. Aortic stiffening combined with 
anemia and hypertension, which are common in CKD patients, result in the devel-
opment of LVH. The combination of LVH and tissue calcifi cation may result in 
myocardial fi brosis and conduction abnormalities that predispose to potentially 
lethal arrhythmias [ 152 ,  153 ,  159 ]. Indeed, arrhythmias or cardiac arrest seem to be 
more common death causes in CKD patients (they account for approximately 60 % 
of all cardiac deaths in dialysis patients) than myocardial infarction or stroke, which 
represent typical atherosclerotic diseases [ 160 ].  

    Conclusion 

 It is well established that reduced GFR and albuminuria predict CV event rates in a 
continuous and independent manner. This relation between CVD and CKD, apart 
from the presence of non-traditional CV risk factors such as oxidative stress and 
infl ammation, which are prominent in CKD, has also been attributed to the substan-
tial variations of lipid abnormalities and dyslipidemia characteristics in CKD. 
Indeed, hypertriglyceridemia is the hallmark of CKD dyslipidemia, whereas total 
and LDL cholesterol are normal or low. Moreover, a variety of highly atherogenic 
lipoprotein fragments, which are minimally affected by classic lipid-lowering treat-
ments, such as chylomicron remnants, IDL, sd-LDL, oxidized LDL, and Lp(α), are 
present in CKD, further aggravating atherosclerotic lesions. Finally, the pathogen-
esis of arterial lesions in CKD differs substantially from the pathogenesis of classi-
cal atherosclerotic disease. In this regard, calcium-rich atherosclerotic plaques with 
prominent thickening of the intima and media of the vessel wall are the pathologic 
hallmarks of CKD atherosclerotic lesions, whereas lipid-laden atheromatous or 
fi broatheromatous plaques are detected in classic atherosclerotic disease. Therefore, 
it is not surprising that lipid-lowering strategies alone seem to have no meaningful 
effect in ameliorating CVD in CKD patients, especially in those with advanced 
renal failure [ 161 ,  162 ]. Thus, an adequately designed therapeutic regime apart 
from modifying lipoprotein levels (i.e., by the use of a statin) should also probably 
include agents that reduce oxidative stress, infl ammation, and vascular calcifi cation. 
Therefore, combined treatments targeted at inhibiting or reversing multilevel patho-
genetic mechanisms responsible for CVD in CKD will pave the way for the effec-
tive management of dyslipidemia and CVD in this fragile population.     
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           Introduction 

 Dyslipidemia in patients with CKD shows a unique profi le, different from general 
population. All stages of CKD are involved [ 1 – 3 ], with signifi cant variations 
depending on worsening of renal function [ 4 ,  5 ], dialysis dependency, and on asso-
ciated diseases such as diabetes [ 6 ] and nephrotic syndrome [ 7 ], and, fi nally, on 
whether the patient is a kidney transplant patient [ 8 ]. 

 This chapter will review the pathogenesis and epidemiology of lipid abnormali-
ties in CKD stages 1–5 not requiring dialysis and without nephrotic syndrome. In 
order to understand alterations of dyslipidemia in CKD a concise overview of lipid 
metabolism is necessary.  

    Lipoproteins 

 Human plasma contains nucleic acids, proteins, carbohydrates, and lipids. While 
much is known about the fi rst three biological molecules, efforts are being made to 
perform a wide-scale lipid profi ling analysis hosted by their structural diversities 
and the utter number of molecular species, apparently in an order of hundreds of 
thousands [ 9 ]. A fi rst human plasma lipidome has been recently lined out by the 
LIPID MAPS consortium (  www.lipidmaps.org    ) [ 10 ], which quantifi ed almost 600 
molecular species. 
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 Most of the fat found in food is in the form of triglycerides, cholesterol, and 
phospholipids. Lipids, such as cholesterol and triglycerides, are insoluble in plasma 
and, in order to be able to circulate in plasma, they need a proteic carrier, so forming 
lipoproteins that, through various functions, choreograph the transport of lipid from 
sites of absorption or synthesis to sites of utilization or storage. More precisely, this 
system cycles tryglicerides for distribution to muscles for energy use, or to adipose 
tissue, for storage; and cycles cholesterol for distribution throughout the body for 
cell membranes, bile acids, and steroid hormone synthesis. A complementary cycle, 
called “reverse cholesterol transport,” completes the system. 

 The lipoprotein consists of esterifi ed and unesterifi ed cholesterol, triglycerides, 
phospholipids, and proteins. The protein components of the lipoprotein are known 
as apolipoproteins or apoproteins. The different apolipoproteins serve as cofactors 
for enzymes and ligands for receptors. 

 The lipoprotein’s core is composed of lipid, primarily triacylglycerol and choles-
terol ester. The envelope (plasma membrane) is composed of phospholipids, a small 
amount of free cholesterol, and apolipoproteins (Fig.  6.1 ). The apolipoproteins may 
be integral components of the plasma membrane, or they may be peripheral to the 
plasma membrane.

   The density of a lipoprotein particle is determined by the relative amounts of 
lipid and protein contained in the particle (Table  6.1 ). Lipoproteins not only change 
the density of each particle throughout the metabolic pathway but also interact with 
lipid transfer proteins and receptor molecules, therefore controlling lipid structure 
and metabolism. These properties are on behalf of the protein component, the apo-
lipoprotein. Therefore, ideally, the lipoprotein aggregates should be described in 
terms of the different apoproteins.

  Fig. 6.1    Representation of the typical structure of apolipoprotein       
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   However, the practical methods that have been used to segregate different lipo-
protein classes have determined the nomenclature. So the main groups are classifi ed 
as chylomicrons, very low-density lipoproteins (VLDLs), low-density lipoproteins 
(LDLs), and high-density lipoproteins (HDLs), based on the relative densities of the 
aggregates on ultracentrifugation. Moreover, these classes can be further refi ned by 
improved separation procedures, defi ning intermediate-density lipoproteins (IDLs) 
and subdivisions of the HDL (e.g., HDL1, HDL2, HDL3). 

 Based on the apolipoprotein compositions, there are two major groups of lipo-
protein subclasses. One group consists of apoA-containing lipoprotein subclasses 
and the other group of apoB-containing lipoprotein subclasses. The individual 
apoA-containing lipoproteins are almost exclusively found in HDL as Lp-A-I, 
Lp-A-I:A-II, and Lp-A-II. The apoB-containing lipoproteins, also called non-HDL, 
are distributed throughout VLDL, IDL, and LDL ranges. The fi ve distinct apoB- 
containing lipoprotein subclasses are Lp-B, Lp-B:E, Lp-B:C:E, Lp-B:C, and 
Lp-A-II:B:C:D:E. 

 Several studies in patients without renal disease have clearly shown that apoB- 
containing lipoproteins are atherogenic [ 11 – 13 ]. Recent studies strongly indicate 
that lipoproteins, that in addition to apoB also contain apoC-III, could be particu-
larly damaging [ 14 ,  15 ]. 

 ApoB-containing lipoproteins comprise the lipid delivery pathway, while apoA1-
containing lipoproteins participate in reverse cholesterol transport. 

 ApoB-containing lipoproteins originate from two sources: an intestinal apoB-48 
lineage (see exogenous pathway) and hepatic apoB-100 lineage (see endogenous 
pathway). Travelling along similar pathways, apoB particles are remodelled into 
smaller and smaller cholesterol-rich remnants as triglycerides are released in the 
form of fatty acids to peripheral tissues.  

   Table 6.1    Different types of circulating lipoproteins in normal plasma   

 Lipoprotein  Function 

 Relative content (%) 
in plasma lipoproteins 

 Apolipoproteins  TG  Chol  Pl  Pr 

 Chylomicron  Carry dietary TG to liver 
or peripheral tissues 

 90  5  3  2  B-48, C-II, C-III, A-IV, E 

 VLDL  Carry endogenous TG from liver 
to peripheral tissues 

 60  20  14  6  B-100, C-II, C-III, E 

 IDL  Intermediate metabolite of VLDL, 
among the most atherogenous 
(↑ in CKD) 

 20  40  22  18  B-100, E 

 LDL  Carry cholesterol from liver to 
peripheral tissue 

 7  50  22  21  B-100 

 HDL  Reverse cholesterol transport from 
peripheral tissues to liver 

 5  25  26  44  A-I, A-II, A-IV 

 Lp(a)  Unknown  5  45  20  26  apo(a), B-100 

  Modifi ed from [ 3 ] 
  Chol  cholesterol,  TG  triglycerides,  Pl  phospholipids,  Pr  proteins,  CKD  chronic kidney disease,  VLDL  
very low-density lipoprotein,  IDL  intermediate-density lipoprotein,  LDL  low-density lipoprotein,  HDL  
high-density lipoprotein,  Lp ( a ) lipoprotein (a)  
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     Lipoprotein Metabolic Pathways 

 There are two main pathways involved in lipoproteins metabolism depending 
mainly on the source of lipoproteins: the exogenous pathway (dietary lipids) and the 
endogenous one (lipids originate in the liver) (Fig.  6.2 ).

   In the exogenous pathway, lipids (triglycerides and cholesterol) are absorbed 
from the diet in the small intestine and assembled with apolipoproteins B-48 into 
chylomicrons, which reach the systemic circulation. 

 In the bloodstream, HDL particles donate apolipoprotein C-II, C-III, and apoli-
poprotein E to the nascent chylomicrons, which become mature. With attachment to 
proteoglycans on capillary endothelium, mature chylomicrons, triglyceride-rich, 
start the lipoprotein-remodelling process. Here    apoC-II activates lipoprotein lipase 
(LPL), which hydrolyzes the lipoprotein’s core triglycerides into free fatty acids 
that diffuse through the capillaries to muscles and adipose cells for energy and stor-
age. During this catabolic process, chylomicrons shrink and become chylomicron 
remnants (CMRs), which continue circulating until they bind to CMR receptors or 
LDL receptor-related protein (LRP) entering the liver. 

  Fig. 6.2    Schematic representation of lipoprotein metabolism. See text for explanation.  Apo  apolipo-
protein,  CETP  cholesteryl ester transfer protein,  HSPG  heparan sulfate proteoglycans,  LCAT  lecithin 
cholesterol acyltransferase,  LPL  lipoprotein lipase;  open circle , cholesterol;  open square , proteins. 
Reprinted with permission from Advanced Drug Delivery Reviews, 47, Rensen PCN, de Vrueh RLA, 
Kulper J, Bijsterbosch MK, Biessen EAL, Van Berkel TJC, Recombinant lipoproteins: lipoprotein-
like lipid particles for drug targeting, 251-276, Copyright 2001, with permission from Elsevier       
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 In the endogenous pathway, the liver assembles triacylglycerol and cholesterol, 
with apolipoprotein B-100 forming VLDL particles which are then released in the 
bloodstream, transporting triglycerides from the liver to peripheral tissues. 

 Nascent VLDL get apoE and apoC from HDL2 particles, once released into the 
circulation. ApoE proteins allow attachment of VLDL particles to endothelial cells 
and lipoprotein removal by the liver. ApoC-II activates LPL; apoC-I and C-III have 
inhibitor activity. 

 Like chylomicrons, VLDL particles circulate and encounter LPL expressed on 
endothelial cells, undergoing hydrolysis and the release of glycerol and fatty acids. 
These products can be absorbed from the blood by peripheral tissues, principally 
adipose and muscle. The hydrolyzed VLDL particles are now called VLDL rem-
nants or IDLs, which can be taken up by the liver via LRP or, the majority, can be 
further hydrolyzed, through an enzyme called hepatic lipase (   HL) to IDL remnants, 
called LDL particles, which have lost most triglycerides but preserve large amounts 
of cholesterol [ 16 ]. LDL particles contain cholesterol, triglycerides, phospholipids, 
and apolipoproteins B-100 and C-III. As already mentioned, all LDL particles con-
tain one copy of apolipoproteins B-100, whereas 10–20 % of LDL particles contain 
apolipoprotein C-III. Thus, there is a direct relationship between apolipoprotein 
B-100 and LDL levels. In general, we can say that apolipoprotein B-100 is the major 
apolipoprotein component of the atherogenic lipoproteins (VLDL, LDL, IDL). 

 LDL circulates and transports cholesterol primarily to hepatocytes but also to 
peripheral tissues. Binding of LDL to its target tissue occurs through an interaction 
between the LDL receptor and apolipoprotein B-100 or E on the LDL particle, this 
way clearing approximately 60–80 % of LDL in adults. Remaining LDL can also be 
removed by other receptors, as LRP or scavenger receptors (the most important of 
these receptors being CD36, also called scavenger receptor B) [ 17 ]. Uptake by these 
receptors requires chemical modifi cation of the LDL particle including oxidation. 
Oxidation of LDL can occur in any of the cells within the artery, including the endo-
thelial cells, macrophages, smooth muscle cells, and T lymphocytes. When these 
macrophages become overloaded with cholesterol, foam cells are formed that con-
tribute to the formation of atheromatous plaques. When LDL reach its target, 
absorption occurs through endocytosis, and the internalized LDL particles are 
hydrolyzed within lysosomes, releasing lipids, chiefl y cholesterol. Once LDL 
becomes lipid-depleted, small dense LDL (sdLDL) is generated, which has lower 
affi nity for the LDL receptor but more susceptibility to oxidative modifi cation. 

 Finally, there is a pathway of reverse cholesterol transport that allows removal of 
cholesterol from the tissues and its return to the liver. HDL (or apoA1), which is the 
smallest and most dense of the lipoprotein particles, is the key lipoprotein involved 
in reverse cholesterol transport. The other major implications of HDL regard pre-
venting LDL oxidation, that together with the reverse cholesterol transport give 
HDL a fundamental atheroprotective role. 

 HDL is formed through a maturation process whereby precursor particles 
(nascent HDL) secreted by the liver and intestine proceed through a series of con-
versions (known as the “HDL cycle”) to attract cholesterol from cell membranes 
and free cholesterol to the core of the HDL particle, by interaction with numerous 
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proteins and receptors. By such changes HDL particles increase in size as they 
circulate through the bloodstream. 

 Poorly lipidated apoA1 is secreted from the liver and intestine and released into 
the plasma for circulation to peripheral cells where it removes excess cholesterol 
forming nascent HDL. HDL’s removal of cholesterol from cells comprises several 
mechanisms. Excess cholesterol in the macrophage triggers up-regulation of the 
ATP-binding cassette transporter A1 (ABCA1) and a hydrolase that converts cho-
lesteryl ester in the lipid pool to free cholesterol. The ABCA1 transporter operates 
to harvest this free cholesterol and deliver it to the cell membrane, where it is 
acquired by apoA-I to create nascent HDL. The transporter shuttles back and forth, 
transferring cholesterol from the macrophage to HDL. Next the free cholesterol on 
HDL’s surface is esterifi ed by lecithin cholesterol acyltransferase (LCAT). The cho-
lesterol ester then moves to the lipoprotein’s core, forming the more spherical 
mature HDL3. Further cholesterol removal by HDL3 occurs through scavenger 
receptor class B type 1 receptors (SRB-1 receptors) in membrane cholesterol pools. 
As HDL3 collects more cholesterol and is acted on by LCAT, it expands to HDL2. 

 ABCA1 and SRB-1 are, therefore, key devices for cholesterol effl ux. However, 
HDL also collects cholesterol from both lipid rafts and caveolae within the cell 
membrane. In these ways, HDL facilitates cholesterol effl ux from the macrophage. 

 At this point, rich in cholesteryl esters, HDL2 engages in an exchange with 
triglyceride- rich lipoproteins mediated by cholesteryl ester transfer protein (CETP). 
Cholesteryl ester from HDL2 is transferred to apoB-containing lipoproteins in a 
one-to-one exchange for triglycerides. The result is further cholesterol enrichment 
of apoB lipoproteins and triglyceride enrichment of HDL. 

 HDL may now have one of the three fates: HDL’s triglycerides may be hydro-
lyzed by hepatic lipase, converting it back to HDL3. Alternatively, HDL2 can return 
to the liver and interact with SRB-1, which removes cholesterol, converting it back 
to HDL3. Finally, HDL2 may be catabolized by the liver.  

    Lipid Abnormalities in Patients with CKD 

 CKD results in signifi cant alteration of the plasma lipid profi le and profound dys-
regulation of lipid and lipoprotein metabolism [ 18 ,  19 ]. Hallmarks of CKD-induced 
dyslipidemia are hypertriglyceridemia, increased concentrations of intact and par-
tially metabolized apolipoprotein B- and apoC-III-containing triglyceride-rich lipo-
proteins in VLDL and IDLs, accumulation of atherogenic sdLDL, CMRs, reduction 
of plasmatic HDL with impaired maturation of HDL3 to cardioprotective HDL2, 
and depressed HDL antioxidant, anti-infl ammatory, and reverse cholesterol trans-
port capacities [ 20 – 23 ]. 

 In CKD there are both quantitative and qualitative alterations of lipoproteins, the 
latter being predominant and responsible for the constitution of more atherogenic 
particles. The most common feature of dyslipidemia in CKD, among the upper 
cited, is hypertriglyceridemia, while total cholesterol is usually normal or low, 
partly due to malnutrition [ 24 ]. 
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 Such alterations, however, are typical of moderate CKD (stage III–V NKF). 
Little data are available in earlier stages. de Boer et al. examined cross-sectional 
associations of serum cystatin C with conventional lipid measurements and detailed 
nuclear magnetic resonance lipoprotein measurements in a population with esti-
mated glomerular fi ltration rate (eGFR) > 60 mL/min per 1.73 m 2 , recruited from the 
community-based Multi-Ethnic Study of Atherosclerosis Lipoprotein, and it 
resulted that abnormalities are present with milder degrees of renal impairment than 
usually recognized, and that alterations in LDL particle distribution may not be 
appreciated using conventional lipid measurements [ 25 ]. 

 Also, Attman et al. showed how renal dyslipidemia is already present at mildly 
reduced renal function. The alterations are primarily seen in a characteristic apoli-
poproteins pattern but are not necessarily manifested as hyperlipidemia [ 26 ]. In a 
recent interesting study, Attman et al. also measured individual lipoprotein sub-
classes in CKD patients and related them to the degree of renal functional impair-
ment. This study showed that reduced renal function is associated with a complex 
dyslipoproteinemia primarily characterized by increased concentrations of apoC-
III- containing triglyceride-rich lipoproteins. Main fi nding was that when GFR is 
reduced to <75 mL/min, there is an increase in atherogenic lipoprotein subclasses, 
which in addition to apoB also have apoC-III as their protein moieties [ 27 ]. 

 The main features of dyslipidemia of CKD are summarized in Table  6.2 .

       Hypertriglyceridemia 

 As described above, there are two types of lipoproteins that carry triglycerides: 
chylomicrons and VLDL. Both an increased production and reduced clearance of 
such lipoproteins lead to hypertriglyceridemia. 

   Table 6.2    Trend of changes in lipids and lipoproteins, in different stages of CKD, including those 
on renal replacement therapy   

 Parameter  CKD 1–5 
 CKD 1–5 with 
nephrotic proteinuria  Hemodialysis 

 Peritoneal 
dialysis 

 Total cholesterol  ↔↑   ↑ ↑   ↔↓  ↑  
 LDL cholesterol  ↔↑   ↑ ↑   ↔↓  ↑  
 HDL cholesterol  ↓  ↓  ↓  ↓ 
 Non-HDL cholesterol  ↔↑   ↑ ↑   ↔↓  ↑  
 TG  ↔↑   ↑ ↑   ↑   ↑  
 Lp(a)  ↔↑   ↑ ↑   ↑   ↑ ↑  
  Modifi ed from [ 3 ] 
  LDL  low-density lipoprotein,  HDL  high-density lipoprotein,  TG triglycerides ,  Lp ( a ) lipoprotein 
(a). Non-HDL cholesterol includes cholesterol in LDL, VLDL, IDL (intermediate-density lipopro-
tein), chylomicron, and its remnant. Explanation of arrows: normal or slightly increased (↔↑ ), 
normal or slightly decreased (↔↓), increased (↑ ), markedly increased (↑ ↑ ), and decreased (↓), 
compared with plasma levels of individuals without kidney disease  
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 As far as increased production is concerned, contradictory results emerge from 
humans and experimental studies conducted on triglyceride and VLDL production. 
Only some studies have shown increased triglyceride production [ 28 – 30 ], while 
others have found no such increases [ 31 ,  32 ]. 

 Hypotheses that stand for increased production correlate it to impaired carbohy-
drate tolerance, which induces increased hepatic synthesis of VLDL [ 1 ]. 

 It is of note that fatty acid production and expression of the relative enzymes 
implied are reportedly increased in the adipose tissues of rats with chronic renal 
failure [ 33 – 35 ]. This fact may represent a compensatory response to diminished 
fatty acid entry into the adipose tissue consequent to LPL and VLDL receptor defi -
ciencies, as demonstrated in LPL-defi cient mice [ 36 ]. 

 In this context, the diacylglycerol acyltransferase (DGAT) enzyme deserves to be 
mentioned. 

 DGAT is the fi nal step in triglyceride biosynthesis. In an elegant study, Vaziri 
et al. found down-regulation of hepatic DGAT expression and activity in rats with 
chronic renal failure and minimal proteinuria induced by 5/6 nephrectomy, suggest-
ing decreased hepatic triglyceride biosynthetic capacity in this model [ 37 ]. This 
study excludes increased production as a contributing factor to uremic hypertriglyc-
eridemia and explains the reduction in VLDL triglyceride content in CKD. It should 
be pointed out that, on the contrary, heavy proteinuria results in signifi cant 
up- regulation of hepatic DGAT and, hence, triglyceride synthetic capacity [ 38 ]. 
Thus, nephrotic proteinuria, when associated with CKD, can produce opposite 
results in the affected animals and, presumably, humans. 

 The diminished catabolism is attributed, in the fi rst place, to decreased activity of 
LPL and hepatic triglyceride lipase, which are involved in triglyceride removal 
[ 39 – 41 ]. Several studies have shown that LPL activity is reduced in end-stage renal 
disease (ESRD) patients [ 20 ,  42 ,  43 ]. This glycoprotein enzyme is a member of the 
lipase gene family that includes pancreatic and hepatic lipases. It is copiously 
secreted as an inactive enzyme mainly by myocytes and adipocytes, after which it is 
translocated through the extracellular matrix and across endothelial cells to the cap-
illary lumen. After translation, the inactive enzyme undergoes sequential glycation 
and cleavage of a 27-amino acid peptide, so becoming catalytically active. Once 
secreted, the enzyme binds to the heparan sulfate proteoglycans on the surface of 
the original cell and, eventually, the adjacent capillary endothelium. The 
endothelium- bound pool of LPL is relevant to lipolysis of VLDL and chylomicrons. 
Soluble heparin can displace and release LPL from binding sites on endothelial 
cells. Accordingly, measurement of lipolytic activity in plasma obtained after intra-
venous injection of soluble heparin can be used to assess LPL activity in humans 
and animals [ 20 ]. 

 The main reason why lipase activity is decreased is thought to be an enhanced 
inhibitor activity [ 40 ] due to increase in the plasma apoC-III/apoC-II ratio [ 39 ] 
(apoC-II being an activator of LPL and apoC-III an inhibitor) and retention of other 
circulating inhibitors such as pre-β-HDL [ 44 ], which is a form of apolipoprotein 
A-I. The fi rst abnormality seems to be primarily caused by the defective maturation 
of HDL3 to HDL2, which serves as an apoC and apoE donor to the nascent VLDL 
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and chylomicrons. Animal studies demonstrated that the reduction in LPL activity 
is associated with marked down-regulation of both LPL gene expression and protein 
abundance in adipose tissue, skeletal muscle, as well as myocardium [ 45 ]. These 
observations clearly demonstrated that in addition to limiting LPL activity, CKD 
causes a true LPL defi ciency [ 20 ]. 

 Moreover, other factors, such as insulin depletion and secondary hyperparathy-
roidism, seem to play important role in inhibiting LPL activity; the latter may be 
mediated by intracellular accumulation of calcium in liver and adipose cells. Studies 
in humans and experimental animals demonstrated that parathyroidectomy can nor-
malize serum triglyceride and hepatic lipase activity [ 46 ,  47 ]. Also verapamil has 
been showed to have similar effects on experimental animals sharing analogous 
mechanism [ 48 ], but there are no data on humans. 

 As far as hepatic lipase is concerned, this is another member of the lipase gene 
family with structural similarity with LPL. 

 Hepatic lipase is a lipolytic enzyme, synthesized by hepatocytes and found local-
ized at the surface of liver sinusoid capillaries. In humans, the enzyme is mostly 
bound onto heparan sulfate proteoglycans at the surface of hepatocytes and also of 
sinusoid endothelial cells. Hepatic lipase plays a major role in lipoprotein metabo-
lism. Unlike LPL, hepatic lipase activity is independent of apoC-II and as such can 
catalyze hydrolysis of triglycerides in IDL particles (which normally do not contain 
apoC-II) and their conversion to LDL. Moreover, hepatic lipase is responsible for 
hydrolysis of triglycerides and phospholipids in HDL and CMRs. CKD is associ-
ated with impaired clearance and elevated plasma concentration of IDL as well as 
the triglyceride enrichment of IDL, LDL, CMRs, and HDL, events that are indica-
tive of hepatic lipase defi ciency. 

 In CKD, studies conducted in experimental animals demonstrated a marked 
down-regulation of hepatic lipase expression and activity. It has been postulated that 
the CKD-associated hepatic lipase defi ciency may be caused, in part, by secondary 
hyperparathyroidism and dysregulation of cytosolic calcium [ 49 ]. 

 In addition to LPL and hepatic lipase abnormalities, decreased LRP, LDL, and 
VLDL receptor activities demonstrated in animal studies may contribute to reduced 
removal of these lipoproteins. In nephrectomized rats with CKD, expression of LRP 
is down-regulated [ 50 ] as well as VLDL receptor mRNA in adipose tissue, skeletal 
muscle, and myocardium of rats with CKD [ 47 ,  51 ]. 

 Defi cient catabolism results in accumulation of CMRs and IDL, predisposing to 
atherogenesis. It has also been suggested that such accumulation may limit the 
delivery of energy-derived lipid, to adipocytes and myocytes, predisposing ESRD 
patients to cachexia and decreased exercise capacity [ 43 ].  

    High-Density Lipoprotein 

 Plasma HDL cholesterol is reduced in patients affected by CKD, and the HDL cycle 
is impaired in these patients. Numerous mechanisms are implied. 
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 HDL fails to mature normally as a result of reduced apoA1 level and, thereby, 
reduced activity of the enzyme LCAT, normally activated by the apoA1. 
Consequently, the packaging of the cholesterol for reverse transport is spoiled. 
Cholesterol cannot get back to the liver and so loads the circulation, promoting 
atherosclerosis. Such evidence is also shown in animal models: in 5/6 nephrectomy 
rats, hepatic apoA1 synthesis is reduced and its catabolism increased [ 52 ]. 

 Apart from the indirect lack of activity of LCAT induced by diminished apoA1, 
LCAT is also defi cient itself in CKD, which contributes to diminished plasma HDL 
cholesterol and impaired HDL maturation. It is demonstrated that plasma LCAT 
activity is consistently diminished in patients with ESRD [ 53 – 55 ]. This leads to a 
signifi cant rise of plasma free cholesterol and to a marked reduction in plasma ester-
ifi ed cholesterol concentration, providing functional evidence for diminished LCAT- 
dependent cholesterol esterifi cation. Doubts were addressed as to whether such 
defi ciency was attributable to reduction in its hepatic production and plasma con-
centration or to its inhibition by an unknown uremic toxin. Only recently a series of 
studies demonstrated that the reduction in plasma LCAT activity in uremic rats is 
associated with a parallel reduction in plasma concentration of immunodetectable 
LCAT and down-regulation of hepatic LCAT gene expression [ 56 – 58 ]. 

 As detailed in section “ Lipoprotein Metabolic Pathways ,” apoA1 serves not only 
as LCAT activator but also as ligand for the SRB-1 and HDL binding protein 
(ABCA1 transporter), whereas apoA-II (the other major structural component of 
HDL together with apoA1) serves as hepatic lipase activator. Hepatic SRB-1 is a 
key device for HDL transport into the liver. Therefore, potential dysregulation of 
this protein can impact HDL metabolism. Heavy glomerular proteinuria has been 
shown to signifi cantly reduce hepatic SRB-1 protein expression in experimental 
animals [ 59 ]. In contrast, CKD per se, without heavy proteinuria, induced by 5/6 
nephrectomy, does not signifi cantly change SRB-1 mRNA or protein abundance in 
the liver [ 52 ]. However, concomitant heavy proteinuria and renal insuffi ciency may 
affect SRB-1 expression and, hence, HDL-mediated reverse cholesterol transport. 

 Reviewing HDL dysregulation in CKD, it is of importance to cite a few interest-
ing studies which have investigated the role of acyl-CoA:cholesterol acyltransferase 
(ACAT). To more effi ciently transport both dietary and synthesized cholesterol, this 
has to be converted to cholesteryl esters. Free cholesterol can be taken up by lipo-
proteins, but is confi ned to the outer surface of the particle. By converting choles-
terol to cholesteryl esters, more cholesterol can be packaged into the interior of 
lipoproteins. This vastly increases the capacity of lipoproteins, allowing for more 
effi cient cholesterol transport through the blood stream. 

 While in the peripheral tissue LCAT is responsible for esterifi cation of choles-
terol to cholesteryl ester, in the lumen, dietary cholesterol absorbed by enterocytes 
is esterifi ed by ACAT2, which is found in both the intestine and liver. ACAT1 is 
found in all tissues. 

 In the reverse cholesterol transport system, cholesterol esters contained in the 
intracellular vesicles must undergo deesterifi cation to free cholesterol in order to be 
uptaken by HDL from extrahepatic tissues. This process is opposed by ACAT. 
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Therefore, a relative increase in ACAT activity can potentially limit HDL-mediated 
cholesterol uptake and, hence, contribute to the reduction in plasma HDL choles-
terol and impaired maturation of HDL. Although the effect of CKD on ACAT 
expression and activity in the extrahepatic tissues is not known, CKD has been 
recently shown to up-regulate hepatic ACAT2 mRNA with consequent protein 
abundance, as well as total ACAT activity [ 60 ]. A subsequent interesting study con-
fi rmed the potential contribution of ACAT to the CRF-induced dysregulation of 
HDL metabolism, by demonstrating that inhibition of ACAT results in a dramatic 
shift in plasma cholesterol from apoB-containing lipoproteins to HDL with virtually 
no change in plasma total cholesterol in CKD animals [ 61 ]. It also revealed that the 
improvement in the lipid profi le with an ACAT inhibitor was accompanied by a 
signifi cantly higher creatinine clearance both in the treated than in the untreated 
animals. This phenomenon may be due to amelioration of dyslipidemia and 
enhanced HDL-mediated reverse cholesterol transport, leading to attenuation of 
glomerulosclerosis. 

 Also, as noted earlier, CKD results in pronounced hepatic lipase defi ciency in 
humans and experimental animals [ 49 ]. Hepatic lipase, as already said, catalyzes 
hydrolysis and removal of the triglyceride content of HDL. Thus, hepatic lipase 
defi ciency can potentially contribute to increased HDL triglyceride content. 

 The role of HDL in CKD goes beyond traffi cking of lipids. It is well known that 
mortality in CKD is highly associated with chronic infl ammation. Normal HDL 
possesses potent antioxidant, anti-infl ammatory, and antithrombotic properties that 
are critical for the protection against atherosclerosis. 

 Such properties are mediated by its constituent antioxidant enzymes, paraox-
onase and glutathione peroxidase, which help reverse or prevent peroxidation of 
lipids and/or lipoproteins. Much evidence, however, suggests that systemic oxida-
tive stress and infl ammation, as it happens in patients and animals with CKD, reduce 
the antioxidant and anti-infl ammatory capabilities of HDL and even convert HDL 
into a prooxidant and proinfl ammatory agent [ 62 ,  63 ]. Vaziri et al. conducted many 
studies on impairment of HDL antioxidant activity. They also demonstrated how the 
reduction in antioxidant activity of HDL induced by CKD is associated with a 
reduction of HDL anti-infl ammatory activity, as measured by a monocyte chemo-
tactic activity assay in cultured human aortic endothelial cells [ 23 ]. 

 Given that systemic infl ammation is known to reduce HDL antioxidant and anti- 
infl ammatory activity, and that oxidative stress and infl ammation are prevalent fea-
tures of advanced CKD, it is not surprising that HDL anti-infl ammatory activity is 
reduced in patients with ESRD. This phenomenon creates a vicious cycle in which 
the underlying infl ammation and oxidative stress promote HDL dysfunction, which 
consequently aggravates the oxidative stress and infl ammation. This is also under-
lined by an intrigant study of Meier et al. that demonstrated that oxidized LDL 
modulates apoptosis of regulatory T cells mediated by proteosome inhibition in 
patients with CKD that is both dialysis-dependent and not dialysis-dependent. Such 
effects block the cellular defense system against micro-infl ammation, atherogene-
sis, and immune dysfunction [ 64 ]. 
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 Moreover, increase in plasma CETP, which mediates transfer of cholesterol ester 
from HDL to IDL, has been demonstrated in dialysis-dependent CKD patients [ 65 ] 
and, therefore, postulated in CKD late stages. The effect seems to be amplifi ed by 
proteinuria, which has been shown to increase synthesis and markedly raise plasma 
concentration of CETP [ 66 ]. The mechanism responsible for the reported elevation 
of CETP in patients with ESRD is unknown and requires future investigation. Such 
alteration can contribute to the reduction in HDL cholesterol ester and the rise in 
HDL triglycerides found in ESRD.  

    Low-Density Lipoprotein 

 Plasma total cholesterol is usually normal or reduced in CKD patients, when mea-
sured with conventional methods. 

 Plasma cholesterol concentration is the result of its synthesis, catabolism, and 
tissue uptake. A paucity of studies have investigated the effect of CKD on these 
pathways. 

 CKD in the absence of heavy proteinuria does not signifi cantly affect gene expres-
sions of either hydroxyl-3-methylglutaryl-CoA reductase (HMG-CoA reductase), 
which is the rate-limiting enzyme for cholesterol biosynthesis, or that of cholesterol 
7a-hydroxylase, which is the rate-limiting enzyme for cholesterol catabolism and 
conversion to bile acids [ 67 ]. Also, hepatic LDL receptor gene expression, which 
controls cholesterol uptake, is not altered in CKD without heavy proteinuria [ 67 ,  68 ]. 

 The levels of LDL cholesterol remain normal or are only slightly elevated in 
uremic dyslipidemia [ 69 ,  70 ]. Kastarinen et al., in a recent study, assessed LDL 
clearance in non-dialyzed patients with various degrees of CKD. The major fi nding 
of the study was that LDL clearance is related to the renal function. LDL clearance 
was shown to be signifi cantly decreased in severe renal impairment, whereas in 
patients with mild to moderate kidney failure, LDL metabolism remained compa-
rable to that of control subjects [ 71 ]. Studies regarding LDL metabolism, conducted 
in experimental animal models with CKD, lead to analogue conclusions [ 72 ,  73 ]. 
All these fi ndings suggest that in CKD both LDL receptor and LDL particle itself 
are defective. 

 There are, however, important qualitative changes in LDL of patients with CKD. 
The proportions of sdLDL and IDL, which are among the most atherogenic particles, 
are increased [ 74 ,  75 ]. sdLDL is a subtype of LDL that has high propensity to pen-
etrate the vessel wall, becomes oxidized, and triggers the atherosclerotic process. 

 IDL is an intermediate metabolite of VLDL that undergoes further triglyceride 
hydrolysis by lipases. Especially in HD patients, but also in predialysis ones, hepatic 
triglyceride lipase activities are reduced, which limits IDL conversion to LDL with 
accumulation of plasmatic IDL [ 76 ]. 

 IDL and sdLDL promote the growth of atheroma by inducing macrophages to 
become foam cells, while LDL requires oxidation in order to do so.  
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    Lipoprotein (a) 

 Increased levels of lipoprotein (a) [Lp(a)] are a risk factor for cardiovascular disease 
(CVD) [ 77 ,  78 ]. Lp(a) is an LDL-like particle made of an apolipoprotein (a) [apo(a)] 
attached to the LDL by a disulfi de linkage [ 79 ]. 

 Studies in healthy individuals and in patients with CKD have shown that serum 
Lp(a) levels are strongly and negatively associated with apo(a) isoform size [ 80 ]. 
The molecular weight is inversely related to the plasma Lp(a) concentration. So 
individuals with small apo(a) isoforms have on average higher Lp(a) concentrations 
and vice versa [ 81 ]. This explains the high variability in plasma Lp(a) levels. 

 In patients with renal disease, GFR also contributes to change in plasma Lp(a) 
levels. In patients with high molecular weight (HMW) Lp(a) isoforms, but not those 
with low molecular weight (LMW) apo(a) isoforms, plasma Lp(a) levels start rising 
in stage 1 CKD even when GFR is still in normal range. Thus, predialysis CKD 
patients with HMW apo(a) isoforms tend to have much higher Lp(a) values than 
apo(a) phenotype-matched healthy controls, whereas patients with kidney diseases 
and LMW apo(a) isoforms have similar Lp(a) concentrations with phenotype- 
matched healthy individuals, who already have high Lp(a) levels [ 4 ,  79 ]. Prospective 
studies identifi ed small apo(a) isoform size and not Lp(a) level as an independent 
predictor of total and cardiovascular mortality in patients with CKD [ 82 ,  83 ].  

    Apolipoprotein A-IV 

 ApolipoproteinA-IV (apoA-IV) is a 46-kDa glycoprotein mainly synthesized in 
intestinal enterocytes and incorporated in the nascent chylomicrons [ 84 ]. In vitro 
studies show that apoA-IV plays an important role in reverse cholesterol transport 
[ 85 – 88 ] and, thus, in protecting against arteriosclerosis. Because the reverse choles-
terol transport is notoriously altered in patients with CKD [ 89 ], apoA-IV was inves-
tigated and found to be markedly increased in hemodialysis and peritoneal dialysis 
patients [ 90 ,  91 ]. It was identifi ed as a marker of kidney impairment that starts 
increasing in the earliest stages of kidney disease [ 5 ], and high apoA-IV concentra-
tions predict the progression of primary nondiabetic kidney disease [ 92 ]. Finally, 
some data demonstrate that the increase in apoA-IV caused by renal impairment is 
signifi cantly modulated by low levels of serum albumin as a measure for the sever-
ity of the nephrotic syndrome [ 93 ].  

    Conclusion 

 CKD is a clinical condition characterized, in all stages of the natural history of the 
disease, by profound and complex alteration of lipid and lipoprotein metabolism. 
These abnormalities include both quantitative and qualitative modifi cations of the 
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circulating lipoproteins. The main quantitative alterations are represented by an 
increase of triglycerides, apolipoprotein B- and apoC-III, VLDL, CMRs, and reduc-
tion of plasmatic HDL. The main qualitative alterations regard LDL with accumula-
tion of its proportions of sdLDL and IDL and alterations in HDL cholesterol 
subfractions. The overall result is a complex unique alteration of the lipid profi le 
compared to that normally described in healthy individuals, with accumulation of 
atherogenic particles and lack of the atheroprotective fractions, resulting in a notori-
ous very high risk of CVD in CKD. However, the ideal target for plasma lipid in 
CKD is unknown, so as poorly described are the abnormalities present with milder 
degrees of renal impairment, since the conventional lipid measurements do not 
allow to appreciate them. Further investigations are, therefore, required in order to 
unmask the underworld of dyslipidemia in CKD stages I–V.     
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           Introduction 

 Patients with early stages of chronic kidney disease (CKD) are already at high risk 
for cardiovascular (CV) events, such as myocardial infarction or stroke. This risk is 
similar in magnitude to the risk in subjects who have established coronary artery 
disease [ 1 ]. In patients with advanced, dialysis-dependent CKD, the risk of a CV 
event is 40–50 times greater than the risk in the general population [ 2 ]. In part, this 
increased CV risk is due to the high prevalence of “classical” cardiovascular risk 
factors in this patient cohort, such as arterial hypertension and diabetes mellitus. In 
addition, a number of risk factors are of particular relevance to patients with CKD. 
This includes derangements in electrolyte and mineral metabolism (e.g., hyperphos-
phatemia), oxidative stress, chronic infl ammation, nitric oxide defi ciency/endothe-
lial dysfunction, vascular calcifi cations, left ventricular hypertrophy, and chronic 
hemodynamic stress (e.g., due to high fi stula blood fl ows and the hemodialysis pro-
cedure itself). 

 There are also profound disturbances in the lipid profi le of patients with CKD. 
The alterations in lipids are complex, and a more precise description of these altera-
tions is beyond the scope of this chapter. In the context of clinical decision making, 
it is important to note, however, that a standard lipid profi le in a CKD patient often 
shows only a mild increase in triglyceride levels and a decrease in high density 
lipoprotein (HDL) cholesterol levels, while low density lipoprotein (LDL) and total 
cholesterol levels are commonly within the normal range. The more complex altera-
tions associated with CKD (e.g., in the specifi c lipoprotein content, or the increase 
in small dense LDL particles, which is strongly linked with atherosclerosis) are not 
detected by standard clinical chemistry. 
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 In patients on dialysis and in patients with a kidney transplant, this dyslipidemia, 
in particular the increase in non-HDL cholesterol, has been associated with increased 
CV mortality [ 3 ,  4 ]. However, the relationship between altered lipid levels and out-
come is strongly confounded by the presence of infl ammation and malnutrition in 
CKD. Statin therapy has been demonstrated to reduce cardiovascular events and 
lower mortality in a number of diverse patient populations at increased cardiovascu-
lar risk [ 5 ,  6 ]. Statin therapy can safely reduce major coronary events, coronary 
revascularization, and stroke by about one-fi fth per millimole per liter reduction in 
LDL cholesterol [ 5 ]. Of note, a meta-analysis has shown that the absolute benefi t of 
statin therapy relates chiefl y to an individual’s absolute CV risk, and to the absolute 
reduction in LDL cholesterol achieved, while it is largely independent of the initial 
lipid profi le [ 5 ]. 

 Most patients with CKD stages 1–2 have proteinuria and normal or only slightly 
reduced glomerular fi ltration rate (GFR), and a substantial number of these patients 
have been included in statin trials of the “general” population (e.g., because protein-
uria was not assessed at baseline). The available evidence from these trials suggests 
that the subset of patients with CKD stages 1–2 have a similar benefi t from statin 
therapy compared to subjects without CKD [ 7 ,  8 ]. 

 In patients with more advanced forms of CKD (≥stage 3), observational studies 
[ 9 ,  10 ] and post hoc analyses of large-scale intervention trials [ 11 ,  12 ] have also 
suggested that statin therapy may improve survival. Until a few years ago, there was 
consequently great enthusiasm for the use of statins in all stages of CKD [ 13 ], even 
though evidence for this recommendation was very limited. It is only recently that 
large-scale randomized controlled trials have become available in patients with 
more advanced CKD. 

 In part because of the overall “negative” outcomes of some of these studies, and 
because of the fi nancial risks involved, we consider it rather unlikely that more 
resources will be allocated in the future to lipid-lowering trials in patients with 
CKD. A critical review of the available studies is therefore particularly important. 
In this chapter, we will review the design and the results of the few large-scale stud-
ies that are available in this area, aiming to highlight similarities and discrepancies 
between these trials, and trying to identify those patients who are likely to benefi t 
from this therapy. For a brief overview of the trials to be discussed in the following, 
please see Table  7.1 .

       The 4D Study 

 The “Deutsche Diabetes Dialyse Studie” (4D) was a multicenter, randomized, 
double- blind prospective trial comparing the effects of treatment with 20 mg of ator-
vastatin per day versus matching placebo [ 14 ]. A total number of 1,255 subjects 
were enrolled at 178 participating centers between March 1998 and October 2002 
and were followed until their fi nal visit in March 2004. The primary endpoint was a 
composite of death from cardiac causes, nonfatal myocardial infarction, and fatal or 
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nonfatal stroke. Death from cardiac causes comprised fatal myocardial infarction 
(death within 28 days after a myocardial infarction), sudden death, death due to 
congestive heart failure, death due to coronary heart disease during or within 28 days 
after an intervention, and all other deaths ascribed to coronary heart disease. Those 
patients who died unexpectedly and did not present with a potassium level greater 
than 7.5 mmol/L before the start of the three most recent hemodialysis sessions were 
considered to have died from sudden cardiac death. Myocardial infarction was diag-
nosed when two of the following three criteria were met: typical symptoms, elevated 
levels of cardiac enzymes, or diagnostic changes on the electrocardiogram. A resting 
electrocardiogram was recorded every 6 months and evaluated by independent car-
diologists from the electrocardiographic monitoring board. An electrocardiogram 
that documented silent myocardial infarction was considered evidence of a primary 
endpoint. Stroke was defi ned as a neurologic defi cit lasting longer than 24 h, and 
computed-tomographic or magnetic resonance imaging of the brain was recom-
mended to confi rm the diagnosis. Secondary endpoints included death from all 
causes, all cardiac events combined, and all cerebrovascular events combined. 

 The choice of the primary composite endpoint in such studies is to some extent 
arbitrary. In order to demonstrate effi cacy of an intervention, a suffi cient number of 
endpoints must be reached. To increase the number of events, clinical endpoints that 
presumably share similar pathogenic mechanisms are often included into a single 
 composite  endpoint. It is interesting to note that stroke was included in the primary 
composite endpoint by the steering committee of 4D only just before the trial was 
unblinded (i.e., before treatment allocation was revealed and the study analyzed). 
Presumably, the investigators had concerns that there may not be a suffi ciently large 
number of cardiac events to demonstrate signifi cant differences in event rates 
between the two treatment groups. 

 The results of the trial were published in July 2005. The median level of LDL 
cholesterol was 121 mg/dL (3.13 mmol/L) in the atorvastatin group and 125 mg/dL 
(3.23 mmol/L) in the placebo group at the time of randomization. Four weeks after 
randomization, the median level of LDL cholesterol fell to 72 mg/dL in the atorvas-
tatin group (1.86 mmol/L; median change from baseline, −42 %), while there was 
no signifi cant change in the placebo group. There is no good evidence for a particu-
lar target level of LDL cholesterol in maintenance hemodialysis patients. However, 
the degree of LDL cholesterol lowering with atorvastatin in 4D would be well in 
keeping with the National Cholesterol Education Program Adult Treatment Panel 
(ATP) III guidelines from the American National Heart, Lung and Blood Institute, 
where an LDL cholesterol target of <100 mg/dL has been recommended for sub-
jects with established coronary artery disease (≈30 % of subjects included in 4D 
had a history of coronary artery disease). A substantial number of subjects in the 
active treatment arm in 4D even reached the lower LDL cholesterol target of 
<70 mg/dL, recommended for subjects with a risk for a cardiovascular event rate of 
>20 % over the next 10 years [ 15 ]. 

 During a median follow-up period of 4 years, a total of 469 patients (37 %) 
reached the primary composite endpoint, of which 226 were assigned to atorvastatin 
and 243 to placebo (relative risk [RR], 0.92; 95 % confi dence interval [CI], 
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0.77–1.10;  P  = 0.37). In addition to the primary composite endpoint, there were also 
no signifi cant differences in the components of the primary endpoint, except for the 
relative risk of fatal stroke among those receiving atorvastatin, which was increased 
to 2.03 compared to the placebo group (95 % confi dence interval, 1.05–3.93; 
 P  = 0.04). However, the overall number of fatal strokes was low (13 in the placebo 
versus 27 in the atorvastatin group,  P  = 0.04), and the apparent excess of fatal strokes 
in the atorvastatin groups was considered a chance fi nding. 

 Among the predefi ned secondary endpoints, atorvastatin had no effect on all 
cerebrovascular events combined (relative risk, 1.12; 95 % confi dence interval, 
0.81–1.55;  P  = 0.49) or on total mortality (relative risk, 0.93; 95 % confi dence inter-
val, 0.79–1.08;  P  = 0.33). The only “positive” fi nding for atorvastatin treatment in 
4D, which was based on a predefi ned secondary endpoint, was that atorvastatin 
reduced cardiac events (205 in the atorvastatin group versus 246 in the placebo 
group; relative risk, 0.82; 95 % confi dence interval, 0.68–0.99;  P  = 0.03). Although 
the 4D study is widely perceived as a “negative” outcome trial, it was the fi rst ran-
domized controlled study to demonstrate some benefi t of statin treatment in mainte-
nance hemodialysis patients. Of note, 4D was also the fi rst larger study providing 
information about the safety profi le of statins in patients on hemodialysis. Prior to 
this study, some concerns were raised in view of potential safety issues with statin 
treatment in hemodialysis patients. In particular, there was concern of an increased 
rate of severe cases of rhabdomyolysis [ 16 ]. However, no cases of rhabdomyolysis 
or serious liver abnormalities were noted in 4D, providing reassurance that statin 
treatment should be safe in this patient population.  

    The AURORA Study 

 “A Study to Evaluate the Use of Rosuvastatin in Subjects on Regular Hemodialysis: 
An Assessment of Survival and Cardiovascular Events” (AURORA) included sub-
jects on maintenance hemodialysis with diabetes mellitus and, in contrast to 4D, also 
hemodialysis patients without diabetes mellitus [ 17 ]. Recruitment took place from 
January 2003 through December 2004, and a total of 2,776 patients were randomly 
assigned to double-blind treatment with rosuvastatin at a dose of 10 mg or matched 
placebo. AURORA included more than twice as many subjects as the 4D study. 

 The primary endpoint was time to a major cardiovascular event, defi ned as a non-
fatal myocardial infarction, nonfatal stroke, or death from cardiovascular causes. All 
myocardial infarctions, strokes, and deaths were reviewed and adjudicated by a clini-
cal endpoint committee whose members were unaware of the randomized treatment 
assignments. Secondary endpoints included all-cause mortality, cardiovascular event-
free survival (i.e., freedom from nonfatal myocardial infarction, nonfatal stroke, 
death from cardiovascular causes, and death from any other cause), procedures per-
formed for stenosis or thrombosis of the vascular access for long-term hemodialysis 
(arteriovenous fi stulas and grafts only), and coronary or peripheral revascularization, 
death from cardiovascular causes, and death from non- cardiovascular causes. 

7 Review of Clinical Trials Pertaining to Dyslipidemias in CKD



116

A 19.5 % decrease in major cardiovascular events was predicted with active 
treatment. It was estimated that at least 805 major cardiovascular events would occur, 
yielding a power of 87 % to demonstrate the predicted difference in events (at a 
 P -value of <0.05). 

 The results of the trial were published in April 2009. Baseline LDL cholesterol 
levels were even lower than in the 4D study: 100 ± 35 mg/dL (2.59 ± 0.9 mmol/L) in 
subjects randomized to rosuvastatin and 99 ± 34 mg/dL (2.56 ± 0.9 mmol/L) in sub-
jects randomized to placebo (n.s. between the groups). Three months after random-
ization, the LDL cholesterol level in the rosuvastatin group was 42.9 % lower than 
the baseline level, as compared with a 1.9 % reduction in the placebo group 
( P  < 0.001 for the between-group comparison). Total cholesterol levels were reduced 
by 27 %, and HDL cholesterol levels showed an increase of 2 % with active treat-
ment. Again, LDL cholesterol levels were reached by many subjects in the active 
treatment group that would be in line with even stringent treatment goals in subjects 
with coronary artery disease [ 15 ]. Furthermore, after 3 months, high-sensitivity 
C-reactive protein (CRP) levels decreased by 14 % with active treatment compared 
with a 4 % increase in subjects allocated to placebo. 

 During a median follow-up period of 3.8 years, 396 patients in the rosuvastatin 
group and 408 patients in the placebo group reached the primary endpoint (hazard 
ratio [HR] for the combined endpoint in the rosuvastatin group versus the placebo 
group, 0.96; 95 % confi dence interval, 0.84–1.11;  P  = 0.59) by intention-to-treat 
analysis. Results were similar for the per-protocol analysis. Rosuvastatin also had 
no effect on individual components of the primary endpoint, and there was no sig-
nifi cant effect on all-cause mortality (13.5 versus 14.0 events per 100 patient-years; 
hazard ratio, 0.96; 95 % confi dence interval, 0.86–1.07;  P  = 0.51). The lack of an 
effect of rosuvastatin therapy on the primary endpoint was consistent in all pre- 
specifi ed subgroups, including patients with diabetes, preexisting cardiovascular 
disease, hypertension, a high baseline LDL cholesterol level, or an elevated baseline 
high-sensitivity CRP level. Further, there was no relationship between the primary 
cardiovascular endpoint and baseline LDL cholesterol levels or LDL cholesterol 
levels at 3 months. 

 In terms of safety, a few cases of rhabdomyolysis were noted in this larger study, 
but there was no difference in the incidence between subjects randomized to rosuv-
astatin versus those randomized to placebo (3 out of 1,389 in the atorvastatin group 
versus 2 out of 1,378 in the placebo group,  P  = 0.66). Again, statin therapy appears 
to be safe in hemodialysis patients.  

    Post Hoc Analysis of AURORA Limited to the Diabetic 
Subpopulation 

 More recently, a further analysis of the AURORA database was published, limited 
to the 731 subjects with type 2 diabetes mellitus that were included in the trial [ 18 ]. 
For the primary endpoint chosen in the overall AURORA trial (cardiac death, 
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nonfatal myocardial infarction, fatal or nonfatal stroke), there was no reduction for 
rosuvastatin compared to placebo in the diabetes subpopulation (HR, 0.838; 95 % 
confi dence interval, 0.654–1.074;  P  = 0.163). However, a post hoc defi ned (i.e., not 
pre-specifi ed), composite cardiac endpoint of cardiac death or nonfatal myocardial 
infarction occurred in 85 diabetic patients allocated to rosuvastatin and in 104 dia-
betic patients allocated to placebo (hazard ratio, 0.68; 95 % confi dence interval, 
0.51–0.90;  P  = 0.008). The number needed to treat for this composite cardiac end-
point was 11.9 per 100 treated patients for 2.8 years. A key similarity between 4D 
and AURORA, therefore, is that both trials appear to suggest that statins are able to 
lower the risk of cardiac events in diabetic patients on maintenance hemodialysis 
(reduction of 32 % in AURORA and reduction of 18 % in 4D). 

 There was no difference in overall stroke rate in the diabetes subpopulation of 
AURORA, but subjects allocated to rosuvastatin had more hemorrhagic strokes than 
those allocated to placebo (12 versus two strokes, respectively; hazard ratio, 5.21; 
95 % confi dence interval, 1.17–23.27). Similar to 4D, which reported a small 
increase in the number of fatal stroke (but mostly of the ischemic subtype), it was 
argued by the authors that this may also have been a chance fi nding, considering the 
small number of fatal stroke events. 

 Although this analysis of AURORA suggests some benefi t of statins on cardiac 
outcomes in diabetic hemodialysis patients, it needs to be emphasized that this 
was a post hoc analysis with an endpoint that was not pre-specifi ed. We believe 
that the results of this post hoc analysis should therefore only be regarded as 
hypothesis-generating.  

    Potential Reasons for the Overall Negative Outcomes 
of 4D and AURORA 

 Table  7.2  shows a list of potential reasons for the overall negative outcomes of 4D 
and AURORA. LDL cholesterol levels were already low at baseline (≈120 mg/dL 
in 4D, ≈100 mg/dL in AURORA). In 4D, subjects with elevated LDL cholesterol 
levels (>4.9 mmol/L, corresponding to >189 mg/dL) were excluded from the trial, 
whereas in AURORA, subjects were included irrespective of their baseline LDL 
cholesterol levels. The low baseline LDL cholesterol levels may be related with the 
lack of effect of statin treatment in these trials, although meta-analysis (in subjects 
not on hemodialysis) suggests that the benefi t of statin treatment mainly relates to 
the overall cardiovascular risk of the patient and the absolute reduction in LDL 
cholesterol level achieved during treatment, but does not relate to baseline LDL 
cholesterol levels [ 5 ].

   Further, relatively few patients had coronary artery disease at baseline: less than 
one-third had coronary artery disease at baseline in 4D, and only ≈40 % had cardio-
vascular disease at baseline in AURORA. In AURORA, patients who had received 
a statin within the previous 6 months were excluded from participation. As a conse-
quence, those subjects who had been deemed to benefi t from statin therapy by the 
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treating physician were not eligible for randomization, whereas those not deemed to 
benefi t were more likely to be randomized. Thus, the low baseline LDL cholesterol 
levels, the inclusion of a large number of subjects without clinical evidence of car-
diovascular disease, and the exclusion of subjects pretreated with statins might have 
introduced a bias to include subjects with lower cardiovascular risk. 

 Perhaps more important for the interpretation of these two studies are the specifi c 
endpoints that were chosen in 4D and AURORA. These included a number of clini-
cal events that are not thought to be due to atherosclerotic disease, and therefore 
unlikely to be affected by statin therapy. In particular this should be the case for 
sudden cardiac death, which in 4D constituted 13 % of deaths in the placebo group 
and 12 % of deaths in the atorvastatin group. In contrast, coronary artery disease as 
an endpoint was less likely to occur in 4D: fatal myocardial infarctions occurred in 
5 % in the placebo group versus in 4 % in the atorvastatin group. Further, deaths 
after interventions to treat coronary artery disease occurred in 0.6 % in the placebo 
group versus in 0.5 % in the atorvastatin group. Other deaths due to coronary artery 
disease were 0.8 % in the placebo versus 0.2 % in the atorvastatin group. Adding up 
all coronary events, there were a total of 6.4 % in the placebo versus 4.7 % in the 
atorvastatin group, signifi cantly less than the rates of sudden cardiac death (13 and 
12 %). In AURORA, sudden cardiac death was part of the endpoint “death from 
cardiovascular causes,” which occurred in 324 subjects in the atorvastatin group 
compared with 324 subjects in the placebo group. Numbers for sudden cardiac death 
alone were not reported. Nonetheless, coronary events were also much less common 
in AURORA: defi nite death from coronary artery disease occurred in 143 patients in 
the atorvastatin group compared with 156 patients in the placebo group, and sus-
pected death from coronary artery disease in 61 patients in the atorvastatin group 
compared with 53 patients in the placebo group. Thus, by including sudden cardiac 

   Table 7.2    Potential reasons for the overall negative outcome of 4D and AURORA   

 Low baseline LDL cholesterol levels in both studies 
 In AURORA, exclusion of subjects who were treated with a statin in the previous 6 

months → potential selection bias to include subjects which have been deemed NOT to benefi t 
from statin therapy by their treating physician prior to the study 

 Relatively few patients with coronary artery disease at baseline (less than one-third in 4D and 
only ≈40 % of patients had cardiovascular disease at baseline in AURORA) 

 Deaths in hemodialysis patients largely due to non-atherosclerotic events (sepsis, sudden cardiac 
death, cancer) 

 Choice of primary composite endpoints included events not amenable to statin therapy 
(in particular sudden cardiac death) 

 Too small sample sizes to detect smaller effects of statins on atherosclerotic events in the 
hemodialysis population 

 Large number of drop-outs in active treatment arms (in 4D: 17 % of patients discontinued their 
statin after 2 years; in AURORA: 50 % discontinued their statin treatment) 

 Large number of “drop-ins” of non-study statin treatment (in 4D: 15 % of patients in the 
placebo-assigned group; not reported in AURORA) 

 Small difference in LDL cholesterol levels towards end of study (in 4D: −0.78 mmol/L, in 
AURORA: −0.5 mmol/L) 
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death in their primary composite endpoints, the power to detect signifi cant effects on 
atherosclerotic events was diminished in 4D and AURORA. The inclusion of stroke 
into the primary composite endpoint (in 4D just before the trial was unblinded) also 
contributed to the overall lack of an effect of statins in these two trials. 

 Last but not least, in 4D about 17 % of patients and in AURORA even 50 % of 
patients in each treatment arm discontinued their study medication before study 
completion. This occurred after an adverse event, after receiving a kidney trans-
plant, or for other reasons. Furthermore, in addition to the drop-out of active treat-
ment, a large number of “drop-ins” of non-study statin treatment occurred: in 4D, 
15 % of patients assigned to placebo took a statin towards the end of the study. 
Numbers for drop-ins were not reported in AURORA, but were probably substantial 
as well. As a consequence, the difference in LDL cholesterol values between active 
treatment and placebo treatment arms diminished during the course of the study: 
LDL cholesterol levels towards the end of 4D and the AURORA study differed only 
by 0.78 and 0.5 mmol/L, respectively. It is likely that this affected the ability of 
these studies to demonstrate a benefi cial effect of active treatment. 

 Of further interest is the comparison of the results of AURORA with those of the 
non-CKD studies JUPITER (Justifi cation for the Use of Statins in Prevention: an 
Intervention Trial Evaluating Rosuvastatin) [ 19 ] and CORONA (Controlled 
Rosuvastatin Multinational Trial in Heart Failure) [ 20 ], in particular since all three 
studies measured CRP levels as a marker of infl ammation. 

 In JUPITER, the rational was that rosuvastatin would reduce infl ammation and 
cardiovascular events in subjects with normal cholesterol levels and without clini-
cally apparent cardiovascular disease, but increased infl ammatory burden (high sen-
sitive CRP level of 2.0 mg/L or more was a key inclusion criterion). The primary 
endpoint was the occurrence of a fi rst major cardiovascular event, defi ned as nonfa-
tal myocardial infarction, nonfatal stroke, hospitalization for unstable angina, an 
arterial revascularization procedure, or confi rmed death from cardiovascular causes. 
Rosuvastatin reduced CRP levels and reduced the primary endpoint in these appar-
ently healthy subjects and, in contrast to AURORA, there was a signifi cant reduc-
tion of coronary events and revascularization procedures. 

 CORONA (Controlled Rosuvastatin Multinational Trial in Heart Failure) ran-
domly allocated patients with heart failure, but without kidney disease, to treatment 
with 10 mg rosuvastatin versus placebo [ 20 ]. The results were strikingly similar to 
those of AURORA. There was no reduction in deaths from cardiovascular disease, 
nonfatal myocardial infarctions, or strokes despite a decrease in LDL cholesterol of 
45 %. Statin treatment did reduce the risk of coronary events, but similar to AURORA, 
these events accounted for the minority of the combined primary outcome (only 
10 % of patients in CORONA had a coronary event and only 2 % of deaths were due 
to myocardial infarction). Similar to the situation in hemodialysis patients, a sub-
stantial number of patients with heart failure succumb to clinical events not directly 
related to atherosclerosis, and in particular to sudden cardiac death. This lack of 
effect of rosuvastatin on mortality in heart failure patients was also shown in the 
Italian GISSI-HF (Gruppo Italiano per lo Studio della Sopravvivenza nell’Infarto 
miocardico) trial [ 21 ], although CRP levels were not reported in this study.  
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    The SHARP Study 

 The Study of Heart and Renal Protection (SHARP) is the largest of all available 
randomized controlled intervention trials in the CKD population [ 22 ]. A total of 
9,270 patients with CKD, of which 3,023 were on dialysis (>80 % hemodialysis, 
<20 % peritoneal dialysis) and 6,247 were not, with no known history of myocardial 
infarction or coronary revascularization were randomized to treatment with simvas-
tatin 20 mg plus ezetimibe 10 mg daily versus matching placebo. 

 Patients were eligible to participate if they were 40 years or older and if they had 
CKD with plasma creatinine of at least 150 μmol/L (1.7 mg/dL) in men or 130 μmol/L 
(1.5 mg/dL) in women or were receiving dialysis treatment. Randomization took 
place between August 2003 and August 2006. 

    The study was initially designed with the pre-specifi ed primary endpoint being 
fi rst major  vascular  event, i.e., cardiovascular death (including presumed sudden car-
diac death), nonfatal myocardial infarction, hemorrhagic and non-hemorrhagic stroke, 
and any arterial revascularization procedure, but excluding dialysis access procedures. 
Before unblinding of SHARP, the results of 4D and AURORA were available. These 
studies, as discussed, have demonstrated that the majority of deaths in patients with 
advanced CKD are caused by non-atherosclerotic events such as sudden cardiac 
death, endpoints not considered amenable to cholesterol-lowering therapy. On the 
other hand, 4D and AURORA did suggest to some degree that statins might be effec-
tive in reducing atherosclerotic events. Thus, before unblinding of SHARP, hemor-
rhagic strokes and presumed sudden cardiac death were removed from the composite 
primary endpoint to increase the power of the study to detect a signifi cant effect of 
active treatment on atherosclerotic events. Therefore, the primary endpoint of the 
study was changed from fi rst major  vascular  event to fi rst major  atherosclerotic  event, 
including nonfatal myocardial infarction or coronary death, non-hemorrhagic stroke, 
or any arterial revascularization procedure, but excluding dialysis access procedures 
[ 23 ]. SHARP also included pre-specifi ed secondary endpoints related to the progres-
sion of kidney disease in the non-dialysis subpopulation of the study. 

 The results of the trial were published in June 2011. The publication provides a 
relatively detailed description on the number of drop-ins and drop-outs of therapy. As 
in the other trials, compliance with statin therapy in the active treatment group 
declined over the study duration such that at the midpoint of the study after 2.5 years, 
71 % of the active treatment group took the study statin or a non-study statin. 
Conversely, in subjects allocated to placebo, the average use of a non-study statin was 
9 % at study midpoint. This means that the intention-to-treat analysis actually assessed 
the effects of a difference in statin use of two-thirds of the subjects (rather than 100 % 
versus 0 %). LDL cholesterol at baseline was 2.77 ± 0.88 mmol/L (107 ± 34 mg/dL) in 
those randomized to simvastatin and ezetimibe versus 2.78 ± 0.87 mmol/L 
(108 ± 34 mg/dL) in those randomized to placebo. The average reduction of LDL 
cholesterol during the study with active treatment compared to placebo was 
0.85 mmol/L (33 mg/dL). Again, this is less than expected if there were no drop-outs 
and drop-ins. Statin use was even lower in the subpopulation on dialysis, yielding an 
average reduction of LDL cholesterol of 0.6 mmol/L. The proportion of subjects with 
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diabetes mellitus was 23 %, which was similar to AURORA with 26 % and much less 
of course than in 4D (100 %). The mean estimated GFR of the subjects not on dialysis 
was 26.6 mL/min, with 79 % of these subjects in CKD stage 3 or 4. 

 There were 526 (11.3 %) fi rst major atherosclerotic events (nonfatal myocardial 
infarction or coronary death, non-hemorrhagic stroke, or arterial revascularization) 
among the 4,650 participants allocated to simvastatin plus ezetimibe compared with 
619 (13.4 %) among the 4,620 allocated to placebo. This corresponded to a 17 % 
reduction in the primary endpoint with active treatment (RR 0.83, 95 % confi dence 
interval, 0.74–0.94;  P  = 0.0021). Allocation to simvastatin plus ezetimibe was not 
associated with a difference in fi rst major coronary events (213 [4.6 %] versus 230 
[5.0 %]; RR 0.92, 95 % confi dence interval, 0.76–1.11;  P  = 0.37), but there was a 
slight trend towards fewer nonfatal myocardial infarctions (134 [2.9 %] versus 159 
[3.4 %]; RR 0.84, 0.66–1.05;  P  = 0.12). Death from a coronary event was not signifi -
cantly affected by active treatment (91 [2.0 %] versus 90 [1.9 %]; RR 1.01, 0.75–
1.35;  P  = 0.95). The authors of SHARP pointed out that the trial lacked power for 
separate assessment of components of the primary endpoint, but the confi dence 
intervals (e.g., for nonfatal myocardial infarction or coronary death [RR 0.92, 95 % 
confi dence interval, 0.76–1.11]) were consistent with the results of the Cholesterol 
Treatment Trialists’ (CTT) Collaboration meta-analysis, and suggest a reduction in 
these endpoints of a similar magnitude as in non-CKD patients [ 5 ]. 

 Further, simvastatin plus ezetimibe signifi cantly reduced the incidence of any 
arterial revascularization (284 [6.1 %] versus 352 [7.6 %]; RR 0.79, 95 % confi -
dence interval, 0.68–0.93;  P  = 0.0036), including both coronary and non-coronary 
revascularization procedures (i.e., carotid, aortic, or leg, but not hemodialysis access 
procedures). The signifi cant one-quarter reduction in coronary revascularization 
procedures ( P  = 0.0027) in SHARP would also be in keeping with a reduction in 
coronary disease. 

 In SHARP, allocation to simvastatin plus ezetimibe produced a signifi cant reduc-
tion in non-hemorrhagic stroke (131 [2.8 %] versus 174 [3.8 %]; RR 0.75, 95 % 
confi dence interval, 0.60–0.94;  P  = 0.01), mainly due to a reduction in strokes that 
were defi nitely ischemic (114 [2.5 %] versus 157 [3.4 %]; RR 0.72, 0.57–0.92; 
 P  = 0.0073). Of note, the signifi cant one-quarter reduction in ischemic strokes was 
consistent with the one-fi fth reduction reported in previous statin trials [ 24 ]. There 
was no difference in hemorrhagic strokes between the two groups (45 [1.0 %] ver-
sus 37 [0.8 %]; RR 1.21, 95 % CI 0.78–1.86;  P  = 0.4). 

 The authors emphasize in their publication that SHARP was not expected to have 
suffi cient power for subgroup analyses (e.g., separate analyses in the dialysis or the 
non-dialysis subgroups of the study population). However, a statement was included 
that there was “no good evidence” that the effects on major atherosclerotic events 
differed between patients on dialysis and those not on dialysis ( P  = 0.25), nor were 
there trends towards smaller reductions in patients not on dialysis with lower versus 
higher estimated GFR ( P  = 0.73) or higher versus lower urinary albumin excretion 
rates ( P  = 0.54). 

 Similar to 4D and AURORA, active treatment was safe. There were very few 
cases of myopathy of any severity, of more severe cases with rhabdomyolysis or 
cases with severe liver abnormalities. Among the 6,247 patients not on dialysis at 
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randomization, allocation to active treatment did not produce reductions in any of the 
pre-specifi ed measures of renal disease progression: end-stage renal disease defi ned 
as commencement of maintenance dialysis or transplantation (1,057 [33.9 %] versus 
1,084 [34.6 %]; RR 0.97, 95 % confi dence interval, 0.89–1.05;  P  = 0.41); end-stage 
renal disease or death (1,477 [47.4 %] versus 1,513 [48.3 %]; RR 0.97, 0.90–1.04; 
 P  = 0.34); and end-stage renal disease or doubling of baseline serum creatinine 
(1,190 [38.2 %] versus 1,257 [40.2 %]; RR 0.93, 0.86–1.01;  P  = 0.09). 

 In summary, the SHARP trial was able to demonstrate that lowering of LDL 
cholesterol with simvastatin plus ezetimibe safely reduces the risk of major athero-
sclerotic events in a wide range of patients with CKD. Again, only about 8 % of 
deaths were defi nitely attributable to coronary artery disease, and although SHARP 
was much larger than AURORA and 4D, it was also not able to detect effects on 
coronary mortality. The authors argue that SHARP was still too small, since the 
confi dence interval of the reduction of myocardial infarction fi ts with the effect size 
in patients without kidney disease as shown in the CTT meta-analysis, and that the 
profound reduction in coronary revascularization procedures strongly suggests 
effects on coronary disease. Perhaps the exclusion of subjects with prior myocardial 
infarction or coronary revascularization, resulting in the inclusion of subjects with 
relatively low CV risk, and making SHARP in this regard a primary prevention trial, 
also contributed to the lack of demonstrable effects on coronary events. SHARP did 
however demonstrate clearly that there is a signifi cant reduction in ischemic strokes 
with statin therapy in patients with CKD. This is particularly reassuring, consider-
ing the uncertainty created by 4D and AURORA showing trends towards higher 
stroke rates. In view of the high morbidity and severe quality of life implications of 
stroke, treatment with a statin therefore seems worthwhile, independent of whether 
there is an additional reduction in coronary events. 

 Considering the results of 4D and AURORA, and even after SHARP, there is still 
some uncertainty regarding the effects of statins in patients on dialysis. There was 
no evidence for statistical heterogeneity between the non-dialysis and dialysis sub-
groups, but a separate analysis of the dialysis-dependent subgroups revealed no 
benefi t, whereas an analysis in the non-dialysis subgroups did. It should be empha-
sized again, however, that the study was not powered to analyze these subgroups 
separately. It might be helpful in this context to remember that approximately one- 
third of the subjects in the initially non-dialysis subgroup progressed to end-stage 
kidney disease during the trial. It could be therefore argued that patients with CKD, 
including those who will progress to end-stage renal disease, should receive a statin 
to prevent atherosclerotic events. Whether statin treatment should be started in those 
patients already on dialysis remains uncertain.  

    ALERT 

 “The Assessment of Lescol in Renal Transplantation” (ALERT) study is the largest 
randomized study on outcomes of statin therapy in patients with a kidney transplant 
[ 25 ]. Subjects who had received a renal, or a combined renal and pancreas 
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transplant more than 6 months ago, and who had stable renal graft function, were 
randomized to treatment with fl uvastatin 40 mg or matching placebo. After around 
2 years, and if the individual study participant consented, the dose of study drug 
could be doubled by the investigator. All patients received a cyclosporine-based 
immunosuppressive regime. 

 The primary endpoint was the fi rst occurrence of a major adverse cardiac event, 
defi ned as cardiac death, nonfatal myocardial infarction verifi ed by hospital records, 
or a coronary revascularization procedure, including coronary artery bypass graft or 
percutaneous coronary intervention. It is important to emphasize that both  defi nite  
and  probable  myocardial infarctions were originally included, since it was argued 
that the occurrence of myocardial infarction is diffi cult to establish in renal trans-
plant recipients in view of the high prevalence of resting electrocardiographic 
abnormalities and potentially spurious increases in creatinine kinase levels in this 
patient population. A myocardial infarction was adjudicated as  defi nite  if a new 
Q-wave developed in the presence of abnormal cardiac markers plus symptoms, or 
pathological ST elevations and T-wave changes developed in the presence of abnor-
mal cardiac markers  plus  symptoms. A myocardial infarction was classifi ed as  prob-
able  in case of pathological ST elevations and T-wave changes with the presence of 
abnormal cardiac markers  or  symptoms consistent with myocardial infarction. 

 Predefi ned secondary endpoints were individual cardiac events, combined car-
diac death or nonfatal myocardial infarction, combined cerebrovascular events, 
non-cardiovascular death, all-cause mortality, and the composite renal endpoint of 
graft loss or doubling of serum creatinine. 

 The results of the study were published in June 2003. One thousand and fi fty 
subjects were randomized to fl uvastatin and 1,052 to placebo. The dose of study 
medication was doubled in 65 % of patients in both groups. In terms of “drop-in” of 
non-study lipid-lowering therapy, 77 (7 %) patients in the fl uvastatin and 145 (14 %) 
in the placebo group started taking other lipid-lowering treatments, mainly statins, 
in the course of the study. Subjects randomized to fl uvastatin had an LDL choles-
terol that was on average 32 % lower than in subjects randomized to placebo at the 
end of the study, with an average difference of 1.0 mmol/L (39 mg/dL) between 
groups throughout the study. 

 The occurrence of the primary endpoint, total major adverse cardiac event, was 
not signifi cantly different between the two groups despite a slightly favorable result 
for those randomized to fl uvastatin (risk ratio 0.83 [95 % confi dence interval, 
0.64–1.06],  P  = 0.139). Treatment with fl uvastatin also reduced the risk of two sec-
ondary endpoints: cardiac death by 38 % (0.62 [0.40–0.96],  P  = 0.031) and defi nite 
nonfatal myocardial infarction by 32 % (0.68 [0.47–1.00],  P  = 0.050). The com-
bined endpoint of cardiac death or defi nite nonfatal myocardial infarction was 
reduced by 35 % (0.65 [0.48–0.88],  P  = 0.005). Rates of probable nonfatal myocar-
dial infarction or coronary interventions did not differ signifi cantly between groups. 
Further, there was no difference in cerebrovascular events, non-cardiovascular 
death, all- cause mortality, and the renal composite endpoint of graft loss or doubling 
of serum creatinine. 

 Of note, in ALERT, there was a relationship between LDL cholesterol levels and 
occurrence of the primary endpoint, such that an increase in 1 mmol/L in LDL 
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cholesterol was associated with a 41 % increase in risk for the primary endpoint and 
the composite endpoint of cardiac death and nonfatal myocardial infarction. No 
association was noted between LDL cholesterol and non-cardiovascular death or 
any renal endpoint. In terms of safety, 155 (15 %) patients randomized to fl uvastatin 
and 172 (17 %) patients randomized to placebo discontinued their study medication 
because of laboratory or clinical adverse events. One patient in each group devel-
oped nonfatal rhabdomyolysis, which in both cases was due to severe trauma. 

 In the discussion, the authors argued that the cardiac event rate in the placebo 
group was lower than expected, and therefore the trial lacked power to detect a 
reduction in the primary combined endpoint. The reduction in the secondary end-
point of cardiac death and nonfatal myocardial infarction was consisted with reduc-
tions observed in other populations. However, the authors pointed out that since the 
combined primary endpoint did not reach statistical signifi cance, these secondary 
analyses should to be treated with caution. Similar to SHARP, ALERT was essen-
tially a primary prevention study since subjects with recent myocardial infarction 
were excluded from randomization.  

    ALERT Secondary Analysis 

 Subsequently, a further analysis of the ALERT database was published [ 26 ]. As 
discussed, the original combined primary endpoint in ALERT did not reach statis-
tical signifi cance, and therefore analysis of secondary endpoints needed to be 
interpreted cautiously. The authors therefore reanalyzed the study using a different 
post hoc-defi ned primary endpoint, consisting of cardiac death or  defi nite  nonfatal 
myocardial infarction. Probable myocardial infarction was excluded from the pri-
mary endpoint in this post hoc analysis. This new primary endpoint was reached in 
signifi cantly less subjects randomized to fl uvastatin compared to those random-
ized to placebo (70 versus 104; RR 0.65; 95 % confi dence interval, 0.48, 0.88; 
 P  = 0.005). This permitted analyses in a variety of subgroups. In most subgroups 
(e.g., subjects with lower or higher cardiovascular risk, in those who were younger 
or older, had or had not diabetes), the results were similar to the analysis in the 
overall study population, meaning that the reduction in the risk for the primary 
endpoint was of a similar magnitude. Further, it was estimated that 31 patients 
would need to be treated with fl uvastatin for a duration of 5 years to prevent the 
occurrence of one cardiac death or nonfatal myocardial infarction. Therefore, a 
“narrower” endpoint, by excluding probable myocardial infarctions, led to a statis-
tically signifi cant difference in outcomes between fl uvastatin and placebo. Similar 
to 4D and AURORA, this is likely because  probable  myocardial infarctions con-
sisted of a larger number of subjects that experienced sudden cardiac death, which 
is not amenable to statin therapy.  
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    ALERT Extension Trial 

 After completion of the blinded study, subjects were followed in an extension trial 
for the duration of 2 years [ 27 ]. All subjects were offered active statin therapy in this 
extension phase of ALERT. Since the clinical effects of statins usually take 1–2 
years to become apparent, it was argued that any differences in clinical outcomes 
observed 2 years after the end of the core study should be the result of randomiza-
tion  during  the core study. The original primary outcome of ALERT, major adverse 
cardiac event defi ned as cardiac death, nonfatal myocardial infarction ( defi nite  or 
 probable ), or coronary revascularization procedure, occurred in signifi cantly less 
subjects originally randomized to fl uvastatin compared to those originally random-
ized to placebo (HR 0.79, 95 % confi dence interval, 0.63–0.99;  P  = 0.036). The 
reduction of cardiac death or defi nite myocardial infarction was similar in magni-
tude to the aforementioned  post hoc  analysis of the ALERT core study (HR 0.71, 
95 % confi dence interval, 0.55–0.93;  P  = 0.014). A further conclusion from the 
ALERT extension trial could be that longer follow-up durations are required to 
detect benefi ts of statin treatment. Unfortunately, this manuscript does not report the 
results for the endpoint  probable  myocardial infarctions (i.e., whether longer treat-
ment duration has any noticeable effects on sudden cardiac death rates). 

 In summary, the ALERT trial, the largest randomized study on the effects of 
statin therapy in kidney transplant recipients, was able to show that statin treatment 
signifi cantly reduces cardiac death and  defi nite  cases of nonfatal myocardial infarc-
tion. The magnitude in the benefi t of statin therapy on these outcomes in kidney 
transplant recipients appears similar to that in non-CKD populations.  

    Conclusion 

 Many subjects with CKD stages 1–2 were included in large-scale non-CKD studies, 
and post hoc analyses of these trials suggest that the benefi t of statin therapy in patients 
with these milder forms of CKD is comparable to the benefi t achieved in non-CKD 
populations. In CKD stages 3–5, the SHARP trial strongly suggests that statin therapy 
should be initiated in the majority of patients, in particular when there are additional 
CV risk factors present such as diabetes mellitus, or established CV disease as docu-
mented by a history of myocardial infarction or stroke. We have also good evidence 
from SHARP that CKD patients already taking a statin do not need to stop this ther-
apy once dialysis has been commenced (i.e., when progressing to dialysis-dependent 
renal failure). The area of greatest uncertainty is whether to initiate statin treatment in 
patients who are already on dialysis. Current evidence (4D, AURORA) does not sug-
gest that substantial benefi t can generally be derived from statin therapy in this patient 
population, although decisions should be tailored to the individual patient. Although 
statin therapy is not of general benefi t it may have a positive impact in those at particu-
larly high risk for atherosclerotic events. Finally, the ALERT trial has demonstrated 
that patients with a kidney transplant clearly benefi t from statin therapy.     
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           Introduction 

 Coronary heart disease (CHD) and other forms of cardiovascular disease (CVD) are 
among the leading causes of death in the Western world, including the United States 
and Europe [ 1 ] Hyperlipidemia is a well-established contributor to the formation of 
atherosclerotic plaques and a known risk for CVD in the general population [ 2 ,  3 ]. 
However, in patients with advanced stages of chronic kidney disease (CKD) and 
those on dialysis, the relationship between lipid abnormalities and CVD are less 
clear and require further study, although there have been several well-done studies 
recently which do shed some light on this issue [ 4 – 7 ]. The goal of this chapter is to 
discuss the pharmacokinetic and pharmacodynamic properties of lipid-lowering 
drugs in patients with advanced CKD (stage IIIb, IV, and V), those on dialysis, and 
patients following renal transplantation. This chapter will also discuss the safety, 
drug dosing, and drug interactions that are important in this group of patients.  

    Chapter 8   
 Pharmacokinetics of Lipid-Lowering 
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    Chronic Kidney Disease Staging 

 The Kidney Disease Outcomes Quality Initiative (K/DOQI) developed a system of 
staging of CKD in 2002 [ 8 ,  9 ]. The staging system is based on estimated glomerular 
fi ltration rate (eGFR or GFR) and is divided into stages 1–5 (Table  8.1 ). Many of the 
deleterious effects of CKD are seen as patients progress into stage 3b CKD (eGFR 
30–44 mL/min), and drug dosing becomes more important with increasing impair-
ment of GFR. Not many studies have been done in the advanced CKD population, 
and even fewer in the stage 5D (dialysis) population. Our chapter will discuss the 
studies that have been done looking at lipid management in patients with advanced 
CKD and on dialysis.

       Pharmacology 

 The fi rst HMG-CoA reductase inhibitor, mevastatin, was isolated from Penicillium 
citrinum and P. brevicompactum by Japanese and British researchers in 1976 [ 10 ]. 
It served as the lead compound from which lovastatin was later synthesized. The 
choice of a specifi c lipid-lowering agents depends on the individual patient’s clinical 
presentation, the LDL predicted response, the potential for drug interactions of spe-
cifi c lipid-lowering agent, and, fi nally, side-effect profi le of the agent. Bile acid 
sequestrants represent the fi rst generation of lipid-lowering agent with acceptable 
clinical outcome but signifi cant risk of drug interactions. The use of niacin was asso-
ciated with high risk of adverse drug reactions such as fl ushing, diabetes, gout, or 
peptic ulcer disease. This led to the development and introduction of a new class of 
drugs, HMG-CoA reductase inhibitors [statins], that have excellent clinical outcome, 
are better tolerated, and have a lower potential risk of drug interactions. In contrast to 
other lipid-lowering agents, statins are easier to initiate, monitor, and do not require 
careful dose escalation when starting the treatment. Statins competitively inhibit the 
activity of HMG-CoA reductase, the rate-limiting enzyme and step in cholesterol 

   Table 8.1    Classifi cation of chronic kidney disease   

 Chronic kidney disease: a clinical action plan 

 Stage  Description  GFR (mL/min/1.73 m 2 )  Action 

 At increased risk  ≥90 (with CKD risk 
factors) 

 Screening CKD risk reduction 

 1.  Kidney damage with 
normal or ↑ GFR 

 ≥90   Diagnosis and treatment 
 Treatment of comorbid conditions, slowing 

progression, CVD risk reduction 
 2.  Kidney damage 

with mild ↓ GFR 
 60–89  Estimating progression 

 3.  Moderate ↓ GFR  30–59  Evaluating and treating complications 
 4.  Severe ↓ GFR  15–29  Preparation for kidney replacement therapy 
 5.  Kidney failure  <15 (or dialysis)  Replacement (if uremia present) 
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 biosynthesis. Inhibition of this enzyme results in both reduction in cholesterol 
biosynthesis and a signifi cant reduction on plasma LDL levels [ 11 ,  12 ]. Statins 
inhibit HMG-CoA reductase, the enzyme that converts HMG-CoA into mevalonic 
acid, a cholesterol precursor in the liver. The liver plays a vital role in LDL receptor 
expression and hemostases of LDL receptors. Approximately 70 % of LDL recep-
tors are expressed by hepatocytes. A reduction of intracellular cholesterol activates 
a protease enzyme cascade of sterol regulatory element-binding protein (SREBP), 
which regulates binding proteins from the endoplasmic reticulum [ 13 ]. These pro-
teins increase the gene expression for LDL receptors and, as a result, decrease 
plasma LDL-cholesterol concentration. Compared to other lipid-lowering agents, 
the absolute risk reduction for CVD cannot be explained solely relative to the abso-
lute reduction in cholesterol level [ 14 ,  15 ]. The other explanation is that statins are 
also involved in the alteration of the isoprenoid pathway, which accounts for their 
pleiotropic effects [ 16 – 18 ]. Currently, the drugs of this class that are available in the 
US market are atorvastatin, fl uvastatin, lovastatin, pitavastatin, pravastatin, rosuvas-
tatin, and simvastatin. Lovastatin, pravastatin, and simvastatin are derived from fun-
gal precursors; the other statins are fully synthetic [ 19 ].  

    Molecular Structure and Chemical Properties (Fig.  8.1 ) 

    To understand the pharmacokinetic differences between the various statins, it is 
necessary to examine the structural differences. In general, the structure of a statin 
can be reduced to three constituents: an HMG-CoA analog; a central, aromatic ring 
structure; and one or more side chains. Modifi cations to these components are 
responsible for changes in solubility, potency, and metabolism [ 20 ]. 

 The majority of statins are lipophilic; however, pravastatin and rosuvastatin are 
relatively hydrophilic due to the addition of polar side groups. Lipophilicity 
(in decreasing order): simvastatin > lovastatin ≈ fl uvastatin ≈ atorvastatin ≈ pitavas-
tatin >> rosuvastatin ≈ pravastatin. Simvastatin and lovastatin are administered as 
highly lipophilic lactone prodrugs, while the other statins are administered as the 
active, hydroxy-acid forms [ 21 – 24 ].  

    Pharmacokinetics 

 All statins are rapidly absorbed following oral administration, with peak plasma 
concentrations (Tmax) occurring within 4 h. The effect of food on statin absorption 
is variable and, with the exception of lovastatin, not clinically signifi cant. 
Co-administration with food decreases the rate (Cmax) and/or extent (AUC) of 
absorption for atorvastatin, fl uvastatin instant-release (IR), lovastatin extended- 
release (ER), and pitavastatin [ 25 ]. Conversely, food increases the AUC for lovas-
tatin IR and fl uvastatin ER [ 20 ]. Simvastatin and rosuvastatin are not affected [ 21 ]. 
It is recommended to administer lovastatin IR with food; other statins may be given 
without regard to meals (Table  8.2 ) [ 26 ,  27 ].
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   With the exception of pravastatin, the statins are highly bound to plasma  proteins, 
further limiting extrahepatic tissue exposure. The hydrophilic nature of pravastatin 
prevents extensive tissue uptake, despite decreased protein binding [ 28 ]. 

 Following absorption, simvastatin and lovastatin are rapidly metabolized via 
ester hydrolysis to their active hydroxy-acid form. In general, the statins exhibit low 
systemic bioavailability due to signifi cant hepatic extraction and fi rst-pass metabo-
lism. Pitavastatin exhibits the highest bioavailability at ~51 %. Because the liver is 
the target organ, however, a high fi rst-pass extraction is likely more relevant than 
absolute systemic bioavailability [ 12 ]. 
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 The lipophilic statins are primarily metabolized via the hepatic cytochrome P450 
(CYP) enzyme system. Atorvastatin, lovastatin, and simvastatin are extensively 
metabolized via CYP 3A4 and 2C8. Signifi cant metabolism by 3A4 in the gastroin-
testinal tract prior to absorption contributes to the low bioavailability of these agents 
[ 29 ]. Fluvastatin is chiefl y metabolized by CYP 2C9, with minor CYP 3A4 metabo-
lism [ 24 ]. Pitavastatin undergoes moderate CYP 2C9 metabolism. The hydrophilic 
statins, pravastatin and rosuvastatin, are not appreciably metabolized via the CYP 
enzyme [ 12 ]. 

 The statins have been identifi ed as substrates for p-glycoprotein and organic 
anion-transporting polypeptide (OATP) [ 30 ]. Active effl ux by multidrug-resistant 
protein 1 (MDR1) and multidrug-resistant associated protein 2 (MRP2) occurs in 
the intestines and bile canaliculi, reducing statin absorption and increasing excre-
tion, respectively [ 31 ]. OATP assists in the hepatic uptake of most statins; however, 
the effect is most signifi cant for the hydrophilic statins [ 32 ] (Fig.  8.2 ).

   The hydrophilic statins have a lower incidence of myopathy and myalgia. It has 
been speculated that this may be due to decreased tissue penetration; however, it is 
more likely a result of non-CYP-dependent metabolism. The ubiquity of CYP 
metabolism, particularly 3A4, results in a multitude of potential drug–drug and 
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  Fig. 8.2    Enzymes involved in the metabolism or transport of the statins and potential drug 
 inhibitors. Reprinted by permission from Macmillan Publishers Ltd: Clinical Pharmacology & 
Therapeutics, Neuvonen PJ, Niemi M, Backman JT. Drug interactions with lipid-lowering drugs: 
mechanisms and clinical relevance, 80(6), copyright 2006       
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drug–food interactions that can occur with atorvastatin, lovastatin, and simvastatin 
[ 33 ,  34 ]. Potent 3A4 inhibitors such as cyclosporine, diltiazem, verapamil, protease 
inhibitors, azole antifungals, grapefruit, and the macrolide antibiotics can increase 
statin AUC by 5- to 20-fold [ 34 ]. Additional interactions via inhibition of MDR1 
and OATP likely contribute. The increased risk of myopathy and rhabdomyolysis 
associated with concomitant administration of gemfi brozil may be due to OATP and 
CYP 2C8 inhibition [ 35 – 38 ]. 

 Fluvastatin, lovastatin, pravastatin, and simvastatin are rapidly eliminated, with 
half-lives of ≤3 h [ 29 ]. As such, evening or bedtime dosing results in a clinically 
signifi cant increase in effi cacy due to greater inhibition of nocturnal steroid synthesis. 
Rosuvastatin, atorvastatin, and pitavastatin exhibit elimination half-lives of 19, 14, 
and 11 h, respectively [ 28 ]. Active metabolites further extend the duration of action 
of atorvastatin to approximately 20 h. These agents may be administered at any time 
of day with no decrease in effi cacy [ 39 ]. 

 The primary route of excretion for both parent compounds and metabolites is in 
the feces via the bile. Renal excretion varies by drug and but remains low at 2–20 %. 
In patients with severe renal impairment, it is recommended to start at the lowest 
statin dose, with the exception of atorvastatin, which is minimally excreted in the 
urine (<2 %) and does not require dosage adjustment [ 40 ]. Signifi cant increases in 
AUC and Cmax are seen in patients with mild-moderate hepatic impairment [ 21 ]. 
The statins are contraindicated in patients with active liver disease or unexplained 
increases in serum transaminases [ 41 ,  42 ]. 

 Gemfi brozil decreases serum triglycerides and very low-density lipoprotein 
(VLDL) cholesterol by enhancing lipoprotein lipase activities and VLDL catabo-
lism [ 43 ]. In addition, gemfi brozil increases high-density lipoprotein (HDL) cho-
lesterol with modest decreases in total and low-density lipoprotein (LDL). 
Following oral administration, gemfi brozil is completely absorbed, reaching peak 
plasma concentrations 1–2 h after single-dose administration [ 44 ]. Gemfi brozil 
pharmacokinetics properties are affected by the present of meals; both the rate and 
extent of absorption of the drug are signifi cantly decreased when given with meals. 
Average AUC was reduced by 14–44 % when gemfi brozil was given 30 min after 
meals [ 43 ]. Gemfi brozil-like statins metabolize through the CYP IIIA oxidation 
pathway and can signifi cantly alter metabolism of statins [ 45 ]. In addition, gemfi bro-
zil may inhibit OATP2 transport pathway, which further may increase plasma 
 concentration of statins. The co-administration of stains and gemfi brozil caused a 
4- to 20-fold increase in plasma concentration of statins [ 46 ]. Gemfi brozil may 
increase the risk of myopathy and rhabdomyolysis when used concomitantly with 
statins. Therefore, the combination of stains and gemfi brozil should be avoided [ 47 ]. 
Renal impairment has less effect on gemfi brozil elimination compared to fi brates. 
Finally,  gemfi brozil has no effect on serum creatinine compared to fenofi brate [ 48 ]. 

 Like other fi brates, fenofi brate is indicated for the treatment of hypercholester-
olemia to reduce low-density lipoprotein cholesterol (LDL), total cholesterol 
(TC), triglycerides (TG), and apolipoprotein B (apo B) and to increase HDL cho-
lesterol in patients with primary hypercholesterolemia or mixed dyslipidemia. 
Fenofi brate is a prodrug. Following oral administration, fenofi brate hydrolyzes in 
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the tissues and plasma to fenofi bric acid. Depending on individual formulation, 
and absorption rate varies from 60 to 90 %, fenofi brate should be taken with meals 
to improve bioavailability [ 49 ]. Fenofi brate is highly protein bound and greater 
than 90 % bound to serum albumin [ 50 ]. Unlike gemfi brozil, fenofi brate is rapidly 
hydrolyzed by esterases to fenofi bric acid and is primarily conjugated with gluc-
uronic acid. Neither fenofi brate nor fenofi bric acid utilize CYP–450 enzymes sig-
nifi cantly for elimination [ 51 ]. However, dosage adjustment is required in patients 
with CKD and, if possible, should be avoided in patients with advanced renal 
impairment. (estimated CLcr < 30 mL/min). Treatment with fenofi brate may cause 
elevations in serum creatinine as well as in serum transaminases. Abnormal labo-
ratory test results caused by fenofi brate are infrequent and transient. Routine 
 monitoring of serum creatinine is not recommended.  

    Statins in Chronic Kidney Disease 

 The subject of dyslipidemia’s contribution toward CHD morbidity and mortality in 
the predialysis advanced CKD population has not been well studied, nor has the 
effi cacy of statins in preventing CHD events been well demonstrated in this popula-
tion. Risk factors for development of CHD in the general population include ele-
vated levels of total cholesterol and triglycerides as well as low levels of HDL 
cholesterol. While its pathophysiology is not well understood, dyslipidemia in CKD 
tends to worsen as eGFR declines [ 52 ]. Lipid profi les change along the spectrum of 
CKD to end-stage renal disease (ESRD) to renal transplant recipients (Table  8.3 ) 
[ 4 ,  5 ,  53 ]. Once a patient reaches ESRD, cardiovascular risk seemingly paradoxi-
cally increases with lower levels of cholesterol. The explanation for this is that 
lower cholesterol in these patients correlates with malnutrition and increased infl am-
matory markers [ 5 ]. It has been shown that in a subset of dialysis patients without 
evidence of systemic infl ammation or malnutrition, elevated cholesterol is an inde-
pendent risk factor for cardiovascular mortality [ 6 ]. Lipid profi les are dynamic 
along the spectrum of CKD to ESRD and kidney transplant recipients (see Table  8.3 ). 

    Table 8.3    Dyslipidemia in CKD patients (relative to the general population) a    

 Predialysis  Nephrotic syndrome  Hemodialysis 
 Kidney 
transplant 

 Total cholesterol  Normal  Increased  Normal or 
decreased 

 Increased 

 HDL  Decreased  Decreased or normal  Decreased  Decreased 
 LDL  Normal or 

decreased 
 Increased (increased 

Lp (a) ) 
 Normal or 

decreased 
 Increased 

 VLDL  Increased  Increased  Increased  Increased 
 triglycerides  Increased  Increased  Increased  increased 

   a Adapted from [ 6 ]  

A. Olyaei et al.



137

Increasing triglycerides seems to correlate with decreasing renal function, but once 
a patient reaches ESRD greater cardiovascular risk exists in the patients with lower 
cholesterol levels, presumably as there is coexisting malnutrition and low-grade 
infl ammation [ 7 ,  53 ]. It is unlikely that high cholesterol levels confer a protective 
effect in ESRD patients, and the mechanism by which infl ammation and malnutri-
tion confound the association between total cholesterol and cardiovascular out-
comes is unclear [ 54 ]. In contrast, the renal transplant recipient typically shows a 
progressive relationship between lipid levels and CHD events, mirroring the pattern 
seen in the general population [ 55 ,  56 ]. It is for these reasons that assessment of 
cardiovascular risk in CKD, ESRD, and renal transplant recipients can be diffi cult 
[ 56 ]. The NCEP and National Kidney Foundation have established guidelines for 
cholesterol management based on patient risk factors. Patients at greatest risk 
include those with preexisting CHD or a CHD risk equivalent and individuals with 
multiple risk factors (Table  8.4 ) [ 3 ,  57 ]. One guideline suggests that renal insuffi -
ciency be considered a CHD risk equivalent [ 58 ]. In addition to the traditional risk 
factors associated with the development and progression of CHD, the prevalence of 
hypertension and left ventricular hypertrophy increases as GFR declines [ 59 ]. The 
National Kidney Foundation has published guidelines for managing dyslipidemias 
in adults with CKD (Table  8.5 ).

   Table 8.4    National kidney foundation guidelines for managing dyslipidemias in adults with 
CKD a    

 Dyslipidemia  Goal  Initiate  Increase  Alternative 

 TG ≥500 mg/dL  TG <500 mg/dL  TLC  TCL + fi brate 
or niacin 

 Fibrate or niacin 

 LDL-C 100–
129 mg/dL 

 LDL-C 
<100 mg/dL 

 TLC  TCL + low 
dose statin 

 Bile acid sequestrant 
or niacin 

 LDL-C ≥130 mg/dL  LDL-C 
<100 mg/dL 

 TCL + low 
dose statin 

 TCL + max 
dose statin 

 Bile acid sequestrant 
or niacin 

 TG ≥200 mg/dL 
and non-HDL-C 
≥130 mg/dL 

 Non-HDL-C 
<130 mg/dL 

 TLC + low 
dose statin 

 TCL + max 
dose statin 

 Fibrate or niacin 

   CKD  chronic kidney disease,  HDL-C  high-density lipoprotein cholesterol,  LDL-C  low-density 
lipoprotein cholesterol,  TG  triglycerides,  TCL  therapeutic lifestyle changes 
  a Adapted from [ 9 ]  

   Table 8.5    Cholesterol targets based on patient risk category   

 Risk category  LDL goal  Drug therapy should be considered 

 CHD or CHD risk 
equivalent 

 <100 mg/
dL(2.60 mmol/L) 

 ≥130 mg/dL (at 100–129 mg/dL, drug 
optional) 

 2 or more risk factors  <130 mg/dL 
(3.35 mmol/L) 

 ≥130 mg/dL for 10-year risk of 10–20 %; 
160 mg/dL for 10-year risk of <10 % 

 0 to 1 risk factor  <160 mg/dL 
(4.15 mmol/L) 

 ≥190 mg/dL (at 160–189 mg/dL, 
LDL- lowering drug optional) 
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     In addition to signifi cant cholesterol-lowering effects, statins may also reduce 
urinary protein excretion, infl ammation, and fi brosis of tubular cells, thereby poten-
tially improving renal function [ 14 ,  60 ,  61 ]. Blood pressure control and reduction of 
proteinuria reduce the rate of decline of eGFR as evidenced by the GUARD study 
[ 62 ]. Statin therapy has been shown to reduce proteinuria in rat experimental mod-
els, which may have implications on progression of renal disease in humans. Two 
studies demonstrated that in rats fed high-cholesterol diets the severity of hypercho-
lesterolemia was correlated with proteinuria and the number of glomeruli with lipid 
deposits [ 61 ]. A study by Bianchi et al. suggested that statin therapy may reduce 
proteinuria in humans [ 63 ]. In this randomized trial of patients with proteinuria 
without evidence of systemic disease known to cause glomerulonephritis, atorvas-
tatin provided a signifi cant reduction in urinary protein excretion and a slower 
decline in creatinine clearance as compared to patients not on statin therapy [ 64 ]. 
In a separate study of patients with well-controlled hypertension and proteinuria 
without hyperlipidemia, pravastatin signifi cantly reduced proteinuria compared to 
placebo [ 65 ]. There was no difference in serum creatinine or creatinine clearance 
between groups, and reduction of proteinuria was independent of co-treatment with 
an angiotensin receptor blocker (ARB). Total and LDL cholesterol levels are higher 
in patients with nephrotic-range proteinuria as compared to those patients with 
lower levels of proteinuria. For these reasons, it would be logical to aggressively 
treat dyslipidemia early in the CKD patient as the benefi ts of statin therapy on the 
spectrum to advanced CKD and ESRD are decreased, if at all present. It should be 
noted that some statins (particularly rosuvastatin) at high doses have been shown to 
increase proteinuria; however, this effect is transient and mild, of tubular origin 
[ 66 ], and not associated with negative effects on renal function [ 66 ,  67 ]. The Lipid- 
lowering and Onset of Renal Disease (LORD) study might help to clarify the ben-
efi ts of statins on slowing the progression of kidney disease in patients along the 
continuum of CKD [ 57 ]. 

 The Treating to New Targets (TNT) study suggested that atorvastatin reduced 
progression of renal disease as well as cardiovascular risk [ 68 ]. This study showed 
a slower rate of decline in renal function that was dose related in patients with an 
eGFR of >60 mL/min. The Pravastatin Pooling Project combined data from a sub-
group of patients with eGFR between 30 and 90 mL/min from three randomized 
trials (CARE, LIPID, WOSCOPS) that were initially conducted on the general 
population [ 54 ]. The study showed an increased risk of myocardial infarction, coro-
nary death, or coronary revascularization in the subgroup with moderate CKD. 
Among those CKD patients on statin therapy, there was an associated risk reduction 
of 20 % in the composite outcome over 5 years, similar to the effect seen in patients 
without CKD. 

 Statins have been proven to be safe and well tolerated by the majority of patients, 
but this class of drugs is not entirely free of adverse drug reactions. Patients with 
CKD are at increased risk of these adverse effects and should be monitored care-
fully for tolerability and toxicity. Though there is little published data, KDOQI, in 
accordance with Adult Treatment Panel III, recommend dosage reductions of sev-
eral of the statins by approximately 50 % in patients with stage IV or V CKD. 
Dosage recommendations are outlined in Table  8.6  [ 69 ].
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   Two recent studies, the Prospective Evaluation of Proteinuria and Renal Function 
in Diabetic Patients With Progressive Renal Disease (PLANET I  n  = 325) and 
(PLANET II  n  = 220) enrolled patients with urinary protein/creatinine ratios of 500–
5,000 mg/g, and a fasting LDL of 90 mg/dL or higher. Patients were stable on and 
had used angiotensin-converting enzyme (ACE) inhibitors or ARBs for at least 
3 months before enrollment. Patients were randomized to atorvastatin 80 mg, rosu-
vastatin 10 mg, and rosuvastatin 40 mg per day. In PLANET I, atorvastatin was 
associated with a signifi cant reduction in proteinuria by approximately 20 % and no 
effect on GFR, while rosuvastatin was associated with a decline in GFR by 8 mL/
min per year and had no effect on proteinuria [ 70 ]. Similar results were noted in the 
PLANET II study [ 71 ]. The incidence of renal adverse reactions was higher with the 
use of rosuvastatin compared to atorvastatin. 

 A recent Cochrane Review of statin therapy in non-dialysis CKD patients found 
that among 26 studies, statins signifi cantly reduced total cholesterol, LDL, and 
triglyceride levels compared to placebo, though no signifi cant change HDL choles-
terol was noted [ 72 ,  73 ]. Overall there was a signifi cant reduction in all-cause and 
cardiovascular mortality, as well as nonfatal cardiovascular events with statin use in 
comparison to placebo. There were no signifi cant differences in adverse effects, 
withdrawal rates, rhabdomyolysis, or abnormal liver function in the CKD patients 
on statins compared to those on placebo. The renoprotective effects of statins could 
not be confi rmed, as there was no signifi cant difference in the change in creatinine 
clearance compared to placebo. 

 The Study of Heart and Renal Protection (SHARP) aimed to assess the effects 
of lowering LDL on the time to a fi rst major vascular event among patients with 
moderate to severe kidney disease [ 74 ]. The SHARP study was a prospective, 
randomized, multinational, double-blind placebo-controlled trial comparing the 
effi cacy and safety of ezetimibe/simvastatin daily versus placebo. For the fi rst 
year, the study randomized 9,270 patients with CKD (3,023 on dialysis) and simi-
lar baseline characteristics in a ratio of 4:4:1 to placebo, ezetimibe/simvastatin 
10/20 mg, and simvastatin 20 mg. After 1 year, those receiving simvastatin mono-
therapy were randomly assigned 1:1 to placebo or ezetimibe/simvastatin. The pri-
mary effi cacy outcome was the occurrence of a major atherosclerotic event, 
defi ned as coronary death, myocardial infarction, non-hemorrhagic stroke, or need 
for revascularization. In addition, this trial was designed to test the secondary 
hypothesis that cholesterol reduction slows progression to ESRD among predialy-
sis patients. Inclusion criteria consisted of documentation of CKD defi ned as 
serum creatinine greater than or equal to 1.7 mg/dL in men, or greater than or 
equal to 1.5 mg/dL in women or patients whom were receiving dialysis (hemodi-
alysis or peritoneal dialysis), aged greater than or equal to 40 years. Exclusion 
criteria were defi nite history of myocardial infarction or coronary revasculariza-
tion procedure, renal transplantation, past medical history signifi cant for chronic 
liver disease, or abnormal liver function, clinical evidence of active muscle dis-
ease, or previous history of adverse drug reaction to a statin or to ezetimibe. 
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Patients were assessed at 2 months, 6 months, and every 6 months thereafter. 
Results of the study showed that in patients with moderate to severe CKD and no 
history of myocardial infarction or coronary revascularization, treatment with 
ezetimibe/simvastatin after a median follow-up of 4.9 years resulted in fewer 
major atherosclerotic events (13.4 % in the placebo arm and 11.3 % in the treat-
ment arm) with a relative risk reduction of 17 % (95 % CI 0.74–0.94;  p  = 0.0021). 
The results are similar whether or not one includes the approximate 10 % of 
patients initially assigned to simvastatin monotherapy during the fi rst year. In sec-
ondary and exploratory analyses, nonfatal myocardial infarction, ischemic stroke, 
and coronary revascularization contribute substantially to the composite endpoint, 
although reductions in nonfatal myocardial infarctions or coronary mortality did 
not reach statistical signifi cance. In the pre-specifi ed subgroup analysis, among 
the patients not on dialysis at randomization, treatment reduced the relative risk of 
the primary composite endpoint by 20 % compared with placebo. Among the 
patients on dialysis at randomization, treatment did not result in a statistically 
signifi cant reduction in the primary endpoint. The SHARP study was not able to 
provide evidence for an effect of ezetimibe/simvastatin on reducing the risk for 
progressing to ESRD; 33.9 % of predialysis patients assigned to the treatment 
group and 34.6 % assigned to placebo developed ESRD. It was determined that 
after the fourth year of follow-up 68 % of patients allocated to ezetimibe/simvas-
tatin remained compliant (80 % of doses) or were taking a non-study statin, and 
14 % of patients assigned placebo were taking a non-study statin. As a result, the 
intention-to- treat comparisons exclude the approximate one-third of participants 
not taking lipid-lowering treatment daily. With regard to safety outcomes, there 
was no signifi cant increase in the occurrence of any incident cancer (9.4 % vs. 
9.5 %), elevated transaminases (0.7 % vs. 0.6 %), hepatitis (0.5 % vs. 0.4 %), 
myopathy (9 vs. 5 patients), or rhabdomyolysis (4 vs. 1 patient) in the treatment 
arm compared to placebo, respectively. 

 The SHARP study provides evidence that lowering LDL cholesterol with ezeti-
mibe/simvastatin in patients with CKD reduces cardiovascular risk. However, the 
treatment effect appears to be largely driven by the effect in predialysis patients and 
very small overall reduction. In addition, the re-randomization of the simvastatin 
monotherapy group to ezetimibe/simvastatin or placebo after 1 year does not allow 
for direct comparison to determine if the combination therapy is clinically more 
effective than simvastatin alone in reducing cardiovascular risk. The Effect of 
Ezetimibe Plus Simvastatin Versus Simvastatin Alone on Atherosclerosis in the 
Carotid Artery (ENHANCE) study provides some data with regard to ezetimibe/
simvastatin combination therapy compared to simvastatin monotherapy [ 75 ]. 
Despite decreases in levels of LDL cholesterol and C-reactive protein (CRP), com-
bined therapy with ezetimibe/simvastatin did not show clinically or statistically 
signifi cant differences in intima-media thickness as compared with simvastatin 
alone. It was also reported in the Arterial Biology for the Investigation of the 
Treatment Effects of Reducing Cholesterol 6–HDL and LDL Treatment Strategies 
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(ARBITER 6–HALTS) trial that addition of ezetimibe was no more effective than 
niacin in decreasing the progression of carotid intima-media thickness in patients 
receiving statin therapy [ 76 ]. 

 Finally, two randomized clinical studies and subset analysis of SHARP study 
have shown no statistically signifi cant effect on the composite primary endpoint of 
cardiovascular death, nonfatal myocardial infarction, and stroke in patients on 
hemodialysis [ 77 ,  78 ].  

    Safety of Lipid-Lowering Agents in Advanced CKD 

 In general, cumulative data from both primary and secondary prevention studies of 
statins indicate that the HMG-CoA reductase inhibitors have an excellent safety 
record and a favorable risk-benefi t profi le, with a low risk of signifi cant adverse 
events (<1 % incidence) [ 79 ]. However, epidemiological studies indicate the dis-
continuation rates for lovastatin and simvastatin were 3 % and 6 %, respectively, and 
there was a much higher incidence of myopathy at high doses (80 mg daily) [ 80 ,  81 ]. 
In another cohort study, the high-potency statins group was associated with high 
risk of relative hospitalization rates for acute kidney injury compared to the low-
potency statin group within the fi rst 120 days post-exposure to high-potency statins 
compared with low-potency statins. The effect seems to be strongest in the fi rst 120 
days after initiation of statin treatment [ 67 ]. 

    Myopathy 

 Myopathy is the major adverse effect of the statins and is defi ned as muscle pain 
or weakness associated without elevation of creatine kinase (CK) levels, while 
myositis is defi ned as muscle pain with elevation of CK levels greater than ten 
times the upper limit of normal. For all statins, the overall risk of rhabdomyolysis 
is less than 0.5 % in the general population [ 82 ]. This risk may be higher in patients 
with CKD, the elderly, and in patients taking other drugs or food that inhibit CYP 
3A4, specifi cally grapefruit, cyclosporine, azole antifungals, macrolide antibiot-
ics, and fi brates (Table  8.7 ) [ 47 ]. Although the exact pathogenesis of myopathy has 
not been determined, numbers of mechanisms have been postulated. The etiology 
of myopathy is most likely related to mitochondrial dysfunction and muscle pro-
tein degradation. It has become clear that SLCO1B1 is among the strongest PK 
predictors of myopathy risk [ 83 ]. Rhabdomyolysis and acute renal failure may 
result if myopathy is not recognized and the drug is continued. For most cases, 
statins should be discontinued promptly and alternative class of lipid-lowering 
therapy should be considered.
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       Hepatotoxicity 

 Previously, hepatocellular necrosis and hepatotoxicity induced by statins were 
considered a myth [ 84 ]. A recent study has concluded that idiosyncratic hepato-
toxicity may be associated with the use of statins [ 41 ]. Asymptomatic hepatic 

   Table 8.7    Profi le of reports of rhabdomyolysis associated with statins a    

 Statin 
 Frequency of reports/
unique cases 

 No. of cases associated 
with potentially interacting drugs ( n ) 

 Simvastatin  321/215  Mibefradil (48)  Azole antifungals (4) 
 Fibrates (33)  Chlorzoxazone (2) 
 Cyclosporine (31)  Nefazodone (2) 
 Warfarin (12)  Niacin (2) 
 Macrolide antibiotics (10)  Tacrolimus (1) 
 Digoxin (9)  Fusidic acid (1) 

 Cerivastatin  231/192  Fibrates (22) 
 Digoxin (7) 
 Warfarin (6) 
 Macrolide antibiotics (2) 
 Cyclosporine (1) 
 Mibefradil (1) 

 Atorvastatin  105/73  Mibefradil (45) 
 Fibrates (10) 
 Macrolide antibiotics (13) 
 Warfarin (7) 
 Cyclosporine (5) 
 Digoxin (5) 
 Azole antifungals (2) 

 Pravastatin  98/71  Fibrates (6) 
 Macrolide antibiotics (6) 
 Warfarin (5) 
 Cyclosporine (2) 
 Digoxin (2) 
 Mibefradil (1) 
 Niacin (1) 

 Lovastatin  51/40  Cyclosporine (12)  Digoxin (2) 
 Macrolide antibiotics (11)  Nefazodone (2) 
 Azole antifungals (6)  Niacin (1) 
 Fibrates (5)  Warfarin (1) 
 Mibefradil (3) 

 Fluvastatin  11/10  Fibrates (4) 
 Warfarin (2) 
 Digoxin (1) 
 Mibefradil (1) 

   a Adapted from [ 81 ,  89 ]  
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transaminase elevation (greater than three times the upper limit of normal) may 
occur in 1–2 % of patients on an HMG-CoA reductase inhibitor and in general is 
dose related. In most patients, elevation of transaminase enzymes are resolved 
spontaneously with continued therapy, although discontinuation may be required 
in some patients.   

    Conclusion 

 For more than three decades, statins have been used in clinical practice to treat 
hyperlipidemia and play an important role in long-term management of various 
CVDs, including post-ACS, stroke, and peripheral vascular disease. These agents 
are categorized into two distinctive classes according to their hydrophobicity. 
Pravastatin and fl uvastatin are almost completely absorbed after oral administration 
and are active as such (no conversion), while oral doses of lovastatin and simvas-
tatin are 5 % absorbed and must be hydrolyzed to their acid form. Pravastatin is a 
more hydrophilic agent and required active transport into the liver. In addition, 
pravastatin is metabolized signifi cantly by the CYP family and exhibits more renal 
elimination compared to other agents. Hydrophilic compounds such as simvastatin 
and lovastatin are transported by passive diffusion. These agents are metabolized in 
the liver and are substrate CYP 3A4. After their biotransformation, the drugs’ elimi-
nation may also be infl uenced by P-glycoprotein transporter system. For example, 
both rosuvastatin and fl uvastatin are primarily metabolized via CYP 2C9 and are 
vulnerable to interactions with drugs known to inhibit CYP 3A metabolism. There 
are other mechanisms that may be responsible for altering statin pharmacokinetics 
and pharmacodynamics and are mediated by transporter proteins including 
P-glycoprotein (P-gp) and various organic anion transport polypeptides (OATPs). 
ABC and other P-glycoprotein (MDR1 gene—multiple drug resistance) are respon-
sible for the biliary effl ux of statins. This might explain, in part, some of the poten-
tial for drug accumulation, toxicity, and interactions. 

 With the increasing incidence of chronic renal disease, regular renal function 
monitoring and dosage adjustment of lipid-lowering agents according to eGFR 
and pharmacokinetic data are of major importance. Because large studies of the 
safety of these agents in patients with CKD are lacking, drug–drug interactions 
and dosage- adjustment recommendations need to be regularly updated following 
the results of epidemiological studies and long-term follow-up (Tables  8.8  
and  8.9 ) [ 85 ]. Generic low-dose statins (simvastatin 20 mg per day, or atorvas-
tatin 10 mg per day) should be considered the drug and dose of choice for most 
patients with CKD. Pravastatin and fl uvastatin are the most suitable agents for 
transplant patients to achieve target cholesterol levels due to reduced risk of drug 
interactions [ 37 ,  86 ].
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   Table 8.8    Dosing adjustment for lipid-lowering agents in chronic kidney disease [ 87 ,  88 ]   

 Drug class  Medications  Dosing in renal impairment 

 HMG-CoA reductase 
inhibitor 

 Atorvastatin (Lipitor ® )  No adjustment is necessary 
 Fluvastatin (Lescol ® )  Mild-to-moderate renal impairment: no 

dosage adjustment necessary 
 Severe renal impairment: use with caution 

(particularly at doses >40 mg/day; has 
not been studied) 

 Lovastatin (Mevacor ® )  When ClCr <30 
 Use IR >20 mg daily with caution 
 Use initial ER 20 mg QHS; (doses >20 mg 

daily with caution) 
 Pitavastatin (Livalo ® )  ClCr 15–60 (not receiving HD): initial 1 mg 

QD; max 2 mg QD 
 ESRD: initial 1 mg QD; max 2 mg QD 

 Pravastatin (Pravacho ® )  Signifi cant impairment: initial 10 mg/day 
 Rosuvastatin 

(Crestor ® ) 
 Mild-to-moderate impairment: no dosage 

adjustment required 
 ClCr <30: initial 5 mg/day; NTE 10 mg QD 

 Simvastatin (Zocor ® )  Manufacturer’s recommendations 
 Mild-to-moderate renal impairment: no 

dosage adjustment necessary 
 Severe renal impairment: ClCr <30: initial 

5 mg/day with close monitoring 
 Alternative recommendation: no dosage 

adjustment necessary for any degree of 
renal impairment 

 Bile acid sequestrants  Colesevelam 
(Welchol ® ) 

 No dosage adjustment necessary; not 
absorbed from the GI tract 

 Cholestyramine  No dosage adjustment provided in manufac-
turer’s labeling; however, use with 
caution in renal impairment; may cause 
hyperchloremic acidosis 

 Colestipol  No dosage adjustment necessary; not 
absorbed from the gastrointestinal tract 

 Nicotinic acid  Niacor ® ; Niaspan ®   No dosage adjustment recommended; use 
with caution 

 Fibric acid derivatives  Gemfi brozil  Mild-to-moderate impairment: use caution; 
deterioration of renal function has been 
reported in patients with baseline SCr >2 

 Severe impairment: contraindicated 
 HD: not removed by HD; supplemental dose 

is not necessary 
 Fenofi brate Antara ® ; 

Fenoglide ® ; 
Lipofen ® ; Lofi bra ® ; 
TriCor ® ; Triglide ®  

 ClCr ≥50: no dosage adjustment necessary 
 ClCr <50: initiate at 45 mg/day 
 Contraindicated in severe impairment 

(continued)
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Table 8.8 (continued)

 Drug class  Medications  Dosing in renal impairment 

 Cholesterol absorption 
inhibitor 

 Ezetimibe  AUC increased with severe impairment 
(ClCr <30); no dosing adjustment 
necessary 

 Omega-3 fatty acid  Lovaza ®   No dosage adjustment provided in manufac-
turer’s labeling (has not been studied) 

 Nicotinic Acia  Niacor ® ; Niaspan ®   No dosage adjustment recommended; use 
with caution 

 Fibric acid derivatives  Gemfi brozil  Mild-to-moderate impairment: use caution; 
deterioration of renal function has been 
reported in patients with baseline SCr >2 

 Severe impairment: contraindicated 
 HD: not removed by HD; supplemental dose 

is not necessary 
 Fenofi brate Antara ® ; 

Fenoglide ® ; 
Lipofen ® ; Lofi bra ® ; 
TriCor ® ; Triglide ®  

 ClCr ≥50: no dosage adjustment necessary 
 ClCr <50: initiate at 45 mg/day 
 Contraindicated in severe impairment 

 Cholesterol absorption 
inhibitor 

 Ezetimibe  AUC increased with severe impairment 
(ClCr <30); no dosing adjustment 
necessary 

 Omega-3 fatty acid  Lovaza ®   No dosage adjustment provided in manufac-
turer’s labeling (has not been studied) 

   Table 8.9    Common drug interactions of lipid-lowering agents a    

 Atorvastatin  • Avoid combining atorvastatin with telaprevir, tipranavir + ritonavir, gemfi bro-
zil, or cyclosporine 

 • Strong CYP 3A4 inhibitors (e.g., clarithromycin, itraconazole, HIV protease 
inhibitors [saquinavir + ritonavir, daruvavir + ritonavir, fosamprenavir +/− rito-
navir]): do not exceed atorvastatin 20 mg daily 

 • Lopinavir + ritonavir: use with caution and use the lowest necessary dose of 
atorvastatin 

 • Boceprevir: use lowest effective atorvastatin dose, but do not exceed 
atorvastatin 40 mg daily 

 • Nelfi navir: do not exceed atorvastatin 40 mg daily 
 • In patients taking rifampin and atorvastatin, simultaneous co- administration is 

recommended 
 • Other fi brates (e.g., fenofi brate) or lipid-lowering doses of niacin (>1 g/day): 

may increase the risk for skeletal muscle effects. Lower starting and 
maintenance doses of atorvastatin should be considered when combined with 
fi brates or niacin. In general, statin–fi brate combinations are not 
recommended 

 • Cases of myopathy, including rhabdomyolysis, have been reported with 
co-administration of atorvastatin and colchicine. Caution should be used 
when prescribing atorvastatin and colchicine 

(continued)
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Table 8.9 (continued)

 Fluvastatin  • Cyclosporine or fl uconazole: limit fl uvastatin to 20 mg daily 
 • Gemfi brozil: concomitant use with fl uvastatin should be avoided 
 • Other fi brates (e.g., fenofi brate) or lipid-lowering doses of niacin (>1 g/day): 

may increase the risk for skeletal muscle effects. Lower starting and 
maintenance doses of fl uvastatin should be considered when combined with 
niacin. In general, statin–fi brate combinations are not recommended 

 • Cases of myopathy, including rhabdomyolysis, have been reported with 
co-administration of fl uvastatin and colchicine. Caution should be used when 
prescribing fl uvastatin and colchicine 

 Lovastatin+ 1   • Lovastatin is  contraindicated  with HCV protease inhibitors (boceprevir or 
telaprevir), intraconazole, ketoconazole, posaconazole, erythromycin, 
clarithromycin, telithromycin, HIV protease inhibitors, and nefazodone 

 • Avoid combining lovastatin with gemfi brozil or cyclosporine 
 • Danazol, diltiazem, or verapamil: lovastatin 20 mg daily 
 • Amiodarone: do not exceed lovastatin 40 mg daily 
 • Other fi brates (e.g., fenofi brate) or lipid-lowering doses of niacin (>1 g/day): 

may increase the risk for skeletal muscle effects. In general, statin–fi brate 
combinations are not recommended. 

 • Avoid large quantities of grapefruit juice (>1 quart daily) 
 • Cases of myopathy, including rhabdomyolysis, have been reported with 

co-administration of lovastatin and colchicine. Caution should be used when 
prescribing lovastatin and colchicine. 

 • Risk of myopathy, including rhabdomyolysis, may be increased by concomi-
tant administration of ranolazine. Dose adjustment of lovastatin may be 
considered when combined with ranolazine. 

 • Severe renal impairment (CrCl <30 mL.min): doses >20 mg daily should be 
carefully considered and cautiously implemented. 

 Pravastatin+  • Cyclosporine: limit pravastatin to 20 mg daily 
 • Clarithromycin: limit pravastatin to 40 mg daily 
 • Boceprevir: concomitant pravastatin and boceprevir increased exposure to 

pravastatin. Treatment with pravastatin can be initiated at the recommended 
dose but close clinical monitoring is warranted 

 • Other fi brates (e.g., fenofi brate) or lipid-lowering doses of niacin (>1 g/day): 
may increase the risk for skeletal muscle effects. In general, statin–fi brate 
combinations are not recommended 

 Simvastatin+ 2   • Simvastatin is  contraindicated  with: itraconazole, ketoconazole, posacon-
azole, erythromycin, clarithromycin, telithromycin, HIV protease inhibitors, 
nefazodone, gemfi brozil, cyclosporine, danazol, and HCV protease inhibitors 
[boceprevir and telaprevir] 

 • Verapamil or diltiazem: do not exceed simvastatin 10 mg daily 
 • Amiodarone, amlodipine, or ranolazine: do not exceed simvastatin 20 mg daily 
 • Other fi brates (e.g., fenofi brate) or lipid-lowering doses of niacin (>1 g/day): 

may increase the risk for skeletal muscle effects. In general, statin–fi brate 
combinations are not recommended 

 • Cases of myopathy, including rhabdomyolysis, have been reported with 
co-administration of simvastatin and colchicine. Caution should be used when 
prescribing simvastatin and colchicine 

 • Avoid large quantities of grapefruit juice (>1 quart daily) 
 • Severe renal impairment (CrCl <30 mL/min): initiate dosing at 5 mg daily 

and be closely monitored 

(continued)
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           Introduction 

 Disorders of lipid metabolism and altered serum lipid and lipoprotein profi le 
 (dyslipidemia) are very common in patients with various stages of chronic kidney 
disease (CKD). Patients not on renal replacement therapy (RRT) and also individuals 
receiving various RRTs (including peritoneal dialysis [PD], hemodialysis [HD] or 
kidney transplantation [KTx]) usually have elevated TG, reduced HDL-C levels, with 
variable changes in LDL-C. It is likely that dyslipidemia contributes to the high risk 
of cardiovascular disease (CVD) in patients with CKD [ 1 ]. In fact, CKD is consid-
ered a coronary heart disease (CHD) risk equivalent, and it is recommended that 
patients with CKD be considered at the “highest level” of CHD risk for treatment 
decisions [ 2 ,  3 ]. These treatment considerations are usually based on measured serum 
lipid levels and also pre-specifi ed target ranges. These quantitative parameters, how-
ever, have somewhat limited value in patients with CKD, since the multitude of coex-
istent traditional and novel CV risk factors, the presence of protein- energy wasting, 
various modifi cations of lipoprotein moieties may both quantitatively and qualita-
tively alter the lipoprotein particles and the pathophysiology of dyslipidemia [ 4 – 8 ]. 
These CKD-specifi c factors and modifi cations likely modify the pathophysiological 
signifi cance and disease associations of lipoproteins substantially [ 4 ,  5 ,  8 ]. In addi-
tion these disease-specifi c characteristics and processes may, at least in part, explain 
the reverse epidemiology of dyslipidemia described in patients with various stages of 
CKD, and also may explain, to some extent, the sometimes surprising results of 
recent negative clinical trials. Therefore, it would be very important that treatment 
decisions concerning lipid lowering could be based on data specifi cally obtained in 
appropriate, well-designed RCTs that include patients with CKD. Since disease 
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associations are also likely to be signifi cantly modifi ed by the specifi c modality of 
RRT utilized, treatment recommendations should ideally be based on data obtained 
in studies enrolling individuals in the specifi c RRT modality. 

 The National Kidney Foundation–Kidney Disease Outcomes Quality Initiative 
(KDOQI) developed clinical practice guidelines that recommend aggressive therapy 
of dyslipidemia in patients who have kidney disease [ 2 ,  9 ]. The recommendations of 
the KDOQI guidelines are similar to the ones of the National Cholesterol Education 
Program Adult Treatment Panel (NCEP ATP) III [ 2 ,  10 ]. Due to the lack of published 
RCTs in patients with CKD, those treatment guidelines had to rely on evidence rele-
vant to the general population with their results extrapolated to patients with CKD. 
Specifi cally, the guidelines suggest treating patients with CKD according to their lev-
els of CHD risk and LDL-C, as recommended by the NCEP ATP III guideline [ 10 ]. 

 The results of several treatment trials, mainly focusing on the clinical effective-
ness of statins, have been published since the publication of the KDOQI guidelines. 
Evidence from those trials and from subsequent systematic reviews and meta- 
analyses [ 11 ] suggest that statin therapy is benefi cial in individuals with CKD, both 
to reduce increased LDL-C and TC levels, reduce TG levels, and also to improve 
clinical outcomes. A recent meta-analysis also supports the clinical effectiveness of 
fi brates in this patient population [ 12 ]. 

 No CKD-specifi c guidelines have been published since the KDOQI guidelines; 
the European Renal Best Practice website [ 13 ] refers to the KDOQI guidelines and 
also to the recent recommendations issued by the Canadian Cardiovascular Society 
[ 14 ]. This latter and perhaps most recent guideline considers individuals with CKD 
as “high” cardiovascular risk patients and recommends following screening and 
treatment target strategies accordingly. The KDIGO clinical practice guidelines are 
expected to be published in 2013 to support the management of dyslipidemia of indi-
viduals with CKD utilizing the best and most current available evidence. However, 
considering the paucity of published studies concerning lipid-lowering agents other 
than statins in individuals with CKD, it is expected that only limited specifi c evi-
dence will support the use of those lipid-lowering regimens in patients with CKD [ 1 ]. 

 In the absence of high-grade evidence, clinicians will still need to make deci-
sions, and those decisions concerning non-statin lipid-lowering treatments will need 
to be based on available lower-grade evidence and on clinical judgment, also con-
sidering patient views and preferences. This mainly applies to patients receiving 
maintenance dialysis and to kidney transplant recipients, for whom the available 
evidence to support the use of various lipid-lowering regimens is very limited. 

 With all the above considerations in mind, we will review data from the general 
population concerning the therapeutic interventions. We will add CKD-specifi c 
information when available. We will focus on treatment interventions (others than 
statins) that are specifi cally targeting lipid disorders, namely therapeutic lifestyle 
changes (TLC), fi brates, nicotinic acid (NA), bile acid sequestrants, omega-3 fatty 
acids (fi sh oil), and inhibitors of cholesteryl ester transfer protein (CETPi). Other, 
non-specifi c interventions (optimal treatment of diabetes, reducing proteinuria with 
the use of ACEI, optimizing medication use) will not be covered here.  
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    Therapeutic Lifestyle Changes 

 The available guidelines all support the use of TLCs as the fi rst step to reduce CV 
risk and also to improve dyslipidemias [ 2 ,  9 ,  10 ]. In fact, TLCs may be the only 
intervention needed for a signifi cant proportion of cooperating patients. TLCs 
include dietary changes, smoking cessation, regular exercise, weight loss–weight 
management, and modifi cation of alcohol consumption. Both observational data 
and intervention trials (mainly dietary interventions) have confi rmed that TLCs 
will effectively reduce serum lipid levels and also substantially reduce CV risk. 
The magnitude of the effect of TLCs on clinical outcome likely exceeds that of 
pharmacotherapy [ 15 – 17 ]. Changing lifestyle, modifying dietary habits and activity 
pattern, however, is quite diffi cult and requires a concerted multidisciplinary 
approach [ 18 – 21 ]. 

    Polyunsaturated Fatty Acids 

 A large body of evidence links nutritional factors to serum lipid levels in the general 
population [ 10 ,  22 ]. The effects of dietary cholesterol intake on cholesterol absorp-
tion and serum cholesterol levels show marked inter-individual variability [ 23 ,  24 ]. 
Perhaps the strongest effect on serum TC and LDL-C levels is attributed to dietary 
saturated fatty acids (SFAs) [ 25 ]. Trans fatty acids (found in diary products, red 
meat and “partially hydrogenated fatty acids”) increase LDL-C similar to SFAs 
[ 26 ]. These factors have only limited effect on HDL-C [ 25 ]. Replacing SFAs by 
monounsaturated fatty acids (MUFAs), omega-6 polyunsaturated fatty acids 
(PUFAs), or by carbohydrate will reduce LDL-C [ 25 ]. MUFAs will also improve 
insulin sensitivity and reduce TG [ 27 ]. 

 Omega-3 fatty acids (eicosapentaenoic acid [EPA] and docosahexaenoic acid 
[DHA]) are components of fi sh oil and the Mediterranean diet, and have been shown 
to lower TG by about 30 %, but not LDL-C. Omega-3 fatty acids at pharmacological 
doses (2 g/day or more) affect serum lipids and lipoproteins, in particular VLDL 
concentration. The underlying mechanism may involve interactions with PPARs 
and reduced secretion of apoB [ 25 ,  27 ]. The Food and Drug Administration (FDA) 
has approved the use of omega-3 fatty acids (prescription products) as an adjunct to 
the diet if TG exceed 5.6 mmol/L, but more data on clinical outcomes are needed to 
justify the use of prescription omega-3 fatty acids [ 28 ]. A recent Japanese study in 
patients with hypercholesterolemia reported a 19 % reduction in CV outcomes [ 29 ], 
but the data remain inconclusive and the clinical effi cacy of fi sh oil may be related 
to non-lipid effects [ 30 ]. The recommended dose of total EPA and DHA to lower 
TG is between 2 and 4 g/day. The administration of omega-3 fatty acids appears to 
be safe. They also exert antithrombotic effects that need to be considered when they 
are co-administered with aspirin/clopidogrel.  
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    Dietary Carbohydrate and Alcohol 

 Dietary carbohydrate is “cholesterol neutral,” while dietary fi ber (legumes, fruit, 
vegetables, and whole meal cereals) has a direct hypocholesterolemic effect [ 31 ]. 
High carbohydrate diet, on the other hand, especially foods with a high glycemic 
index/low fi ber content, will signifi cantly increase TG and reduce HDL-C, whereas 
fi ber-rich, low glycemic index foods will have much less such effect on TG and 
HDL-C levels [ 25 ,  32 ]. 

 Alcohol consumption (even small amounts) may substantially increase TG lev-
els, especially in individuals with high fasting TG concentrations [ 33 ]. On the other 
hand, moderate amount of alcohol consumption is associated with increased HDL-C 
compared to non-drinkers [ 34 ].  

    Weight Loss 

 Although overweight and obesity is associated with dyslipidemia, the effect of 
weight reduction on TC and LDL-C is modest. Similarly, small cholesterol- lowering 
effect was shown for regular exercise [ 35 ,  36 ]. Weight reduction improves insulin 
sensitivity and decreases TG levels and the effect is maintained as long as weight is 
not regained [ 36 ]. Weight reduction and physical exercise also have a benefi cial 
infl uence on HDL-C levels [ 37 ].   

    TLC in Patients with CKD 

 In CKD, current data regarding the relationship between dietary fat and CVD are 
unclear [ 38 ]. Similarly, there is a lack of data on which suggestions concerning the 
optimal composition of macronutrients in these patients could be based. 
Consequently, CKD patients are advised to follow a diet with nutrient composition 
similar to the general population [ 39 – 41 ]. However, it would appear advisable to 
maintain a high energy intake, to use sources of unsaturated fat rather than saturated 
or trans fats, and to maintain lower dietary intake of cholesterol [ 38 ]. 

    Polyunsaturated Fatty Acids 

 Observational studies reported an inverse association between omega-3 PUFA con-
sumption and mortality in maintenance dialysis patients [ 42 ,  43 ]; however, it was 
not possible to exclude confounding effects (e.g., socioeconomic status, overall 
nutritional intake, etc.) [ 44 ]. Data from small, randomized clinical trials suggest that 
the triglyceride-lowering effect of omega-3 PUFA extends to individuals with 
advanced CKD and end-stage renal disease (ESKD) [ 45 ,  46 ]. One clinical trial 
reported the effects of omega-3 PUFA supplementation 1.7 g daily on secondary 
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CV events over a 2-year period in 206 chronic hemodialysis patients [ 47 ]. Omega-3 
PUFA did not reduce the composite endpoint of CV events and death, although the 
rate of myocardial infarction was reduced. 

 Although the 2005 NKF-K/DOQI Clinical Practice Guidelines for Cardiovascular 
Disease in Dialysis Patients recommends further research on the use of omega-3 
PUFA in CKD [ 48 ], no intake guidelines have thus far been established. Based on 
the above, however, it is not unreasonable to suggest that the current AHA intake 
guidelines [ 49 ] be applied to patients with CKD. These guidelines suggest to con-
sume about 1 g EPA + DHA daily, preferably from fatty fi sh. Fish oil in capsule 
form can also be considered [ 49 ].  

    Aerobic Exercise 

 Several small studies looked at the effects of aerobic exercise training on blood lip-
ids in patients with CKD [ 19 ,  50 – 53 ]. Most of these studies were not able to demon-
strate signifi cant improvement of dyslipidemia with exercise training, although 
insuffi cient statistical power may have played a role [ 50 ]. However, given the benefi -
cial effects of exercise training on CV risk, physical functioning, and quality of life, 
regular, moderate intensity aerobic exercise is recommended to patients with CKD.  

    Weight Loss 

 Very little is known about the effect of weight loss on dyslipidemia in overweight or 
obese individuals with CKD. This question is also complicated by the “reverse 
epidemiology” of obesity observed in individuals with CKD and on dialysis and the 
problems surrounding the best method to estimate or measure clinically signifi cant 
adiposity [ 4 ,  54 – 56 ]. However, the few trials evaluating weight loss in CKD [ 57 ,  58 ] 
have shown a favorable outcome. It has also been suggested by studies that weight 
loss in overweight patients or obese patients with CKD may reduce albuminuria and 
improve renal outcomes [ 59 ]. Given the concerns about protein-energy wasting in 
this patient population, it is important that weight loss attempts be monitored by the 
managing team, including dieticians and also preferably done as part of a complex, 
multi-faceted risk management program.   

    Recommendations for TLCs [ 2 ,  10 ,  60 ] 

 Individuals with excessive weight (BMI > 25 kg/m 2 ) and/or abdominal adiposity 
(waist circumference >94 cm for males, >80 cm for females if Caucasians) should 
reduce caloric intake and increase energy expenditure, creating a daily defi cit of 
300–500 kcal/day. This should be achieved by following structured lifestyle educa-
tion programs and engaging in regular physical exercise. 
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 The recommended total fat intake is between 25 and 35 % of calories for adults 
depending upon individual preferences and characteristics. The type of fat intake 
should predominantly come from sources of MUFAs and both omega-6 and omega-3 
PUFAs. Available data are insuffi cient to defi ne an optimal omega-3/omega-6 fatty 
acid ratio. To achieve optimal lipid levels, saturated fat intake should be less than 
10 % of the total caloric intake. Trans fat consumption should be minimal, below 
1 % of energy consumed. Cholesterol intake should not exceed 300 mg/day. 

 Carbohydrate intake may range between 45 and 55 % of total energy. Consumption 
of vegetables and other foods rich in dietary fi ber with a low glycemic index 
(legumes, fruits, nuts, and wholegrain cereals) should be an important part of every-
day diet. Intake of sugars should not exceed 10 % of total energy intake. 

 Moderate alcohol consumption (up to 20–30 g/day for men and 10–20 g/day for 
women) is acceptable, provided that TG levels are not elevated. Smoking cessation 
should be strongly encouraged for, among other reasons, its clear benefi ts on 
HDL-C.  

    Pharmacotherapy to Lower TC and LDL-C 

 Available high-grade evidence from RCTs and systematic reviews support the 
effectiveness of using statins to reduce LDL-C and to reduce CVD event rate pro-
portional to the achieved reduction in LDL-C [ 61 ]. Recent analyses indicate that 
this association between LDL-C and CVD risk persists throughout even very low 
LDL-C concentrations, lending further support to intensive statin therapy [ 62 ,  63 ]. 
However, a review of recent RCTs revealed a substantial CVD event rate in those 
treated to achieve even the most stringent LDL-C targets [ 64 – 66 ]. Recognition of 
this sizable residual risk has intensifi ed efforts to identify alternative therapeutic 
interventions. These therapeutic alternatives are also necessary for those patients 
who cannot take statins or do not tolerate large enough dose. Below we will review 
the available pharmacotherapeutic alternatives, emphasizing that these medications 
should only be considered after TLCs and statins have been utilized or in addition 
to those interventions. 

    Cholesterol Absorption Inhibitors 

 Ezetimibe inhibits intestinal cholesterol absorption, likely interacting with the 
NPC1L1 protein of the intestinal brush border. This will result in reduced amount 
of lipoprotein cholesterol reaching the liver and a consequent up-regulation of the 
LDLR, which in turn leads to increased clearance of LDL from the blood. 

 Ezetimibe monotherapy reduces LDL-C in hypercholesterolemic patients by 
15–22 %. Combined therapy with ezetimibe and a statin provides an incremental 
reduction in LDL-C levels of 15–20 % [ 67 – 69 ]. 
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 Ezetimibe is rapidly absorbed and metabolized to the pharmacologically active 
ezetimibe glucuronide. It can be taken in the morning or evening without regard to 
food intake. There are no clinically signifi cant effects of age, sex, or race on ezeti-
mibe pharmacokinetics, and no dosage adjustment is necessary in patients with 
mild hepatic impairment or mild to severe renal insuffi ciency. Ezetimibe can be 
co-administered with any dose of any statin. No major side effects have been 
reported. Occasionally, moderate elevations of liver enzymes, and muscle pain can 
be encountered. 

 The safety and effectiveness of ezetimibe in patients with CKD has been demon-
strated in the Study of Heart and Renal Protection (SHARP) (see above) [ 69 ]. 
Unfortunately, we do not have data about the effi cacy and effectiveness of ezetimibe 
alone or combined with lipid lowering agents other than statins in patients with CKD.  

    Bile Acid Sequestrants 

 Bile acid sequestrants (cholestyramine, colestipol, and colesevelam) are bile acid- 
binding exchange resins that reduce serum LDL-C concentration by about 20 % 
[ 70 ]. No clinically signifi cant effect on TG or HDL-C levels was reported. 

 These compounds are not absorbed or altered by digestive enzymes. Bile acids 
are synthesized in the liver from cholesterol and are excreted into the intestinal 
lumen with the bile. Most of the bile acid is reabsorbed in the terminal ileum and is 
returned to the liver. Bile acid sequestrants bind the bile acids in the gut, preventing 
their entry into the circulation. The resulting increase in cholesterol catabolism 
leads to a compensatory increase in hepatic LDLR activity, which promotes clear-
ing LDL-C from the circulation and thus reducing LDL-C levels. 

 Gastrointestinal adverse effects (most commonly fl atulence, constipation, dys-
pepsia, and nausea) are relatively frequent with these drugs. To reduce these side 
effects, the dose should be increased gradually and ample amounts of fl uid should 
be ingested with the drug. Reduced absorption of fat-soluble vitamins has been 
reported. Bile acid sequestrants have important drug interactions with many com-
monly prescribed drugs and should therefore be administered either 4 h before or 
1 h after other drugs [ 71 ]. 

 No dose adjustments are needed when these medications are used in individuals 
with impaired kidney function since these drugs are not absorbed [ 72 ]. Bile acid 
sequestrants do interfere with cyclosporine absorption in kidney transplant recipi-
ents, however, and may also increase triglyceride levels. There are little data on the 
safety and cardiac outcomes of these agents in the CKD population. A recent, small 
study using colesevelam 1.5 g before meals for 6 months reported a signifi cant 20 % 
reduction in non–HDL-C and a 63 % reduction in median CRP [ 73 ]. 

 Sevelamer is a cationic polymer that binds phosphates via ion exchange. It also 
has been found to reduce TC by about 20 % and LDL-C by 30–40 % by binding bile 
acids in the intestine [ 74 ]. An open-label study involving 192 patients treated by 
hemodialysis who used sevelamer for 46 weeks showed a 36 % reduction in LDL 
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cholesterol level and an 18 % increase in HDL cholesterol level [ 75 ]. In the Treat to 
Goal Study, patients receiving sevelamer had signifi cantly lower rates of coronary 
artery calcifi cation and a reduction in LDL-C [ 76 ]. The clinical relevance of this 
effect of sevelamer, however, in improving CV outcomes in patients with CKD has 
not been clearly documented.  

    Nicotinic Acid (See Also Under TG and HDL) 

 Nicotinic acid reduces both LDL-C by 15–18 % and TG by 20–40 % at the maxi-
mum recommended dose (2 g/day). It also lowers Lp(a) levels by up to 30 %, which 
is a unique effect. It also increases HDL-C by about 25 %. Nicotinic acid may be 
used in combination with statins [ 77 ].  

    Combination Therapy to Reduce TC and LDL-C 

 Although in the majority of cases therapeutic targets can be reached using TLC and 
statin monotherapy, patients who do not tolerate high doses of statins may benefi t 
from combination therapy. 

 Adding bile acid sequestrant to statins results in an additional 15–20 % reduction 
of LDL-C. This combination reportedly reduced atherosclerotic coronary changes 
[ 78 ,  79 ], but no studies with hard clinical endpoints have been published so far 
using this combination. 

 Similarly, adding ezetimibe to statins results in an additional 15–20 % reduction 
of LDL-C [ 80 ]. This combination has been shown to signifi cantly reduce clinically 
meaningful outcome measure both in the general population [ 67 ] and in patients 
with various stages of CKD in the SHARP study [ 69 ]. 

 Co-administration of ezetimibe and bile acid sequestrants also has an additive 
effect in reducing LDL-C levels without any additional adverse effects. Similarly, 
adding ezetimibe to nicotinic acid further reduces LDL-C and does not affect nico-
tinic acid-induced HDL-C increase. Triple therapy (bile acid sequestrant, statin, and 
ezetimibe or nicotinic acid) will further reduce LDL-C, but the clinical signifi cance 
of these combinations has not been tested.   

    Pharmacotherapy to Reduce Hypertriglyceridemia 

 Although much of the available evidence points to the importance of cholesterol in 
determining CV risk, high TG levels may also contribute [ 81 ]. Hypertriglyceridemia 
(HTG) is also a signifi cant risk factor for pancreatitis, even at moderately elevated 
(5 and 10 mmol/L) levels. In spite of the uncertainties surrounding the role of TG as 
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a CV risk factor, current guidelines suggest to maintain a level of fasting TG 
1.7 mmol/L or less [ 2 ,  10 ,  60 ]. 

 After considering and addressing potential correctable underlying causes for 
HTG, the fi rst step in the management of the condition is to strongly emphasize 
TLC to reduce TG levels. Pharmacotherapy to lower TG should only be considered 
in subjects with TG >2.3 mmol/L in whom lifestyle measures are not suffi cient to 
reach the suggested target, and if the subject is at high CV risk. Statins, fi brates, 
nicotinic acid, and omega-3 PUFAs have all showed effi cacy to reduce TG levels. 
As statins were shown to reduce mortality as well as most CVD outcome parame-
ters, these drugs are the fi rst choice to reduce both total CVD risk and moderately 
elevated TG levels. 

    Fibrates 

 Fibrates are agonists of peroxisome proliferator-activated receptor-alpha (PPAR- 
alpha), and regulate lipid and lipoprotein metabolism through a complex network of 
signaling mechanisms eventually modulating gene expression. Fibrates effectively 
reduced both fasting and post-prandial TG levels and also triglyceride-rich lipopro-
tein (TRL) remnant particles in prospective clinical trials [ 82 – 85 ]. In these studies, 
fi brates have consistently reduced the rates of non-fatal MI by the fi brates studied 
(although often only in post-hoc analyses). The observed effect was the most obvi-
ous in subjects with elevated TG/low HDL-C levels. However, the data on other 
outcome measures have remained equivocal. Recent meta-analyses confi rmed that 
fi brate therapy reduced major CVD events by 13 % (95 % confi dence interval [CI] 
7–19) in the general population [ 86 ] and both MACE and CV death, but not all- 
cause mortality in patients with CKD [ 12 ]. 

 Fibrates are generally well tolerated, the side effects are usually mild and do not 
prompt discontinuation of the medication. These side effects include gastrointesti-
nal disturbance, skin rash, myopathy and CK elevation, increased liver enzymes, 
and cholelithiasis [ 87 ]. In addition, small increases in the incidence of pancreatitis, 
pulmonary embolism, and deep vein thrombosis were reported in those taking 
fi brates [ 85 ]. 

 The risk of myopathy varies if fi brates and statins were used in combination. 
Gemfi brozil inhibits the metabolism of statins via the glucuronidation pathway that 
leads to highly increased plasma concentrations of statins. As fenofi brate does not 
share the same pharmacokinetic pathways, the risk of myopathy is much less with 
the combination therapy including fenofi brate and statins [ 87 ]. 

 Fibrates have been reported to raise serum creatinine concentration in both short- 
term and long-term studies. Whether or not the increase of serum creatinine refl ects 
kidney dysfunction is a matter of ongoing debate. Monitoring serum creatinine in 
patients taking fi brates, particularly in people with type 2 diabetes, is necessary. 

 Fibrates also increase serum homocysteine level. This may blunt the increases in 
both HDL-C and apo A1, and may contribute to the smaller than estimated CV 
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benefi ts of these medications [ 88 ]. High homocysteine levels also promote thrombosis, 
and this may explain the increased incidence of thromboembolic events associated 
with fi brates. 

 Fibrates are effective in improving lipid profi les and reducing the risk of cardio-
vascular events with evidence showing greater effi cacy of fi brates in people with 
baseline HTG [ 86 ,  89 ]. The higher levels of triglycerides and the lower HDL levels 
in the CKD population therefore provide a strong rationale for expecting greater 
magnitudes of benefi t in CKD. However, in recent trials, co-administration of feno-
fi brate and niacin with simvastatin did not reduce CVD events more than simvas-
tatin alone in patients with type II diabetes and established atherosclerotic disease, 
respectively [ 90 – 92 ]. 

 A meta-analysis of studies assessing the effects of fi brates on cardiovascular 
events in the broader population has reported overall benefi t, with consistent 
evidence of greater effects for subgroups with elevated triglyceride and/or decreased 
HDL levels [ 86 ]. 

 Gemfi brozil was associated with 20 % reduction in cardiovascular events in 
patients who had mild to moderate renal insuffi ciency (GFR 30–75 mL/min/1.73 m 2  
bsa) in the VA-HIT (Veterans Affairs Cooperative HDL Cholesterol Intervention 
Trial) [ 93 ]. Fenofi brate reduced total cardiovascular events in diabetic patients with 
mild to moderate renal insuffi ciency in the FIELD (Fenofi brate Intervention and 
Event Lowering in Diabetes) trial [ 94 ]. A recently published systematic review of 
eight randomized controlled trials published in ten articles, including a total of 
16,869 patients analyzed the effects of fi brates on various CV and renal outcomes in 
patients with CKD [ 12 ]. In addition to the results described below this chapter also 
highlights the lack of data in patients with advanced kidney disease (eGFR <30 mL/
min/1.73 m 2 ). Analysis of the available data suggested that fi brate therapy reduces 
the risk of cardiovascular events in patients with CKD including protection against 
cardiovascular death [ 12 ]. The effects in people with CKD appeared at least as large 
as the effects in people with normal kidney function. No signifi cant effect was seen 
in the risk of stroke or all-cause mortality. Fibrates also reduced the progression of 
albuminuria. Another systematic review and meta-analysis of available data in 
patients with diabetes and albuminuria demonstrated that fenofi brate treatment 
increased regression from micro- to normoalbuminuria and from macro- to micro-
albuminuria compared to placebo [ 95 ]. In these systematic analyses, fi brates did not 
seem to alter the risk of ESKD. 

 The risk of myopathy may also be increased in patients with CKD, although in 
patients treated with continuous ambulatory peritoneal dialysis, gemfi brozil led to 
signifi cant reductions in triglyceride levels without myositis or liver toxicity 
[ 96 ,  97 ]. The dose used in these studies was less than that used in the general population 
(600 mg/day or 600 mg every other day). Several case reports have documented 
rhabdomyolysis associated with use of fi brates in ESKD and hypothyroidism, how-
ever [ 98 ]. Recent guidelines discourage the use of fi brates in patients who have a 
GFR of less than 15 mL/min/1.73 m 2  [ 2 ]. 

 Both uncertainty about effi cacy and longer-term renal outcomes, and concerns 
about safety related to increases in serum creatinine [ 99 – 103 ], associations with 
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increased hospitalization [ 104 ] have limited the utilization of fi brates in CKD. The 
National Kidney Foundation and the National Lipid Association have both recom-
mended cautious use of fi brates in patients with CKD based on this perceived risk [ 2 ]. 

 There have been confl icting reports regarding the impact of fi brate therapy on 
kidney function [ 105 ,  106 ]. The systematic review by Jun et al. has confi rmed that 
fi brate therapy is associated with an acute reduction in eGFR [ 12 ]. A recent post hoc 
analysis of the FIELD study, however, suggested that this is likely to be reversible; 
in fact, plasma creatinine levels in a cohort of 661 “substudy washout participants” 
were signifi cantly lower in participants who had received fenofi brate compared to 
placebo 8 weeks after withdrawal from study treatment, even suggesting longer- 
term renoprotective effects [ 105 ]. Acute increase in serum creatinine was also 
reversible in the ACCORD study, as well [ 107 ]. 

 The increase in serum creatinine with fi brate therapy may be explained by the 
interference of the drugs with the generation of vasodilatory prostaglandins due to 
the activation of peroxisome proliferator-activated receptors [ 108 ]. This would 
cause a change in renal blood fl ow and consequently increased serum creatinine and 
reduced eGFR. Hottelart and colleagues reported that serum creatinine was elevated 
with fenofi brate but mGFR as assessed by inulin clearances was unchanged [ 102 ]. 
These observations support the view that the drug-induced elevation in serum cre-
atinine does not refl ect true deterioration of renal function, and Jun et al. have con-
cluded their meta-analysis that the available data support the overall safety and 
potential benefi ts of this class of agents [ 12 ]. However, a large outcome trial con-
ducted specifi cally in this population is required to more clearly dissolve concerns 
regarding the safety of fi brates in CKD. 

 The results of the systematic review and the observations described above suggest 
that fi brate therapy does not lead to adverse effects on major clinical renal outcomes, 
and even suggest the possibility of long-term renal benefi t. This should provide 
strong rationale for an outcome trial specifi cally conducted in people with CKD.  

    Nicotinic Acid 

 Nicotinic acid (NA) is a broad-spectrum lipid-regulating agent which inhibits diac-
ylglycerol acyltransferase-2 (DGAT-2) in the liver that results in the reduced secre-
tion of VLDL particles from the liver, and consequent reductions of both IDL and 
LDL particles [ 109 ]. Nicotinic acid stimulates apo A1 production and also regulates 
the activity of hormone-sensitive lipase in the adipose tissue [ 109 ]. 

 Nicotinic acid exerts pleiotropic actions which are refl ected in multiple benefi -
cial changes in serum lipid and lipoprotein levels [ 109 ]. In addition to the men-
tioned effects of LDL-C and HDL-C, i.e., reductions in apoB and increases in 
apoA1-containing lipoproteins, NA at the daily dose of 2 g or more reduces TG by 
20–40 % [ 109 ]. 

 Only a few prospective trials have looked at the effect of NA on clinical outcomes, 
mainly surrogate angiographic outcomes [ 110 – 113 ]. The favorable effect of NA on 
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various vascular parameters reported in these prospective randomized trials have 
been challenged by the recently published results of the AIM-HIGH (Atherothrombosis 
Intervention in Metabolic Syndrome with Low HDL/High Triglycerides: Impact on 
Global Health Outcomes trial) [ 91 ], which was designed to evaluate the addition of 
extended-release NA to intensive statin therapy in patients with established CVD and 
atherogenic dyslipidemia (characterized by low HDL-C, elevated triglycerides, and 
small, dense LDL-C), compared with statin use alone. After 2 years of NA treatment 
HDL cholesterol level had increased by 25.0 % in the NA group, whereas it had 
increased by about 10 % in the placebo group. TG levels had decreased by 29 % in 
the NA group and by 8 % in the placebo group. The LDL cholesterol level had fur-
ther decreased by 12 % in the NA group and by 5 % in the placebo group (all signifi -
cant differences between the active and placebo arm). These lipid fi ndings persisted 
through 3 years of follow-up [ 91 ]. The study, however, was stopped prematurely 
after an interim analysis revealed futility with respect to the primary clinical endpoint 
and a trend toward increased stroke incidence in NA-treated subjects. A subsequent 
systematic review, meta-analysis, and meta- regression analyzed data from 11 trials 
(including the AIM-HIGH study) including 9,959 subjects. This analysis reported 
that NA use was associated with a signifi cant reduction in the composite endpoints 
of any CV event (OR: 0.66; 95 % confi dence interval [CI]: 0.49–0.89) and also 
MACE (OR: 0.75; 95 % CI: 0.59–0.96) [ 114 ]. No signifi cant association was 
observed between NA and the incidence of stroke. The results of the HPS2-THRIVE 
(Treatment of HDL to Reduce the Incidence of Vascular Events) trial have been 
announced in a recent press release [ 115 ] after the publication of the systematic 
review mentioned above. In this trial a NA/laropiprant (ERN/LRPT) combination 
has been used (laropiprant, a selective antagonist of prostaglandin D2 is added to NA 
to prevent fl ushing). This trial, which enrolled 25,000 individuals with high CV risk 
has concluded that adding ER niacin/laropiprant to current standard treatment did 
not produce worthwhile reductions in the risk of heart attack, stroke, and revascular-
ization procedures, but it did cause additional side effects [ 116 ]. These two large 
studies, both concluding that NA did not result in meaningful clinical CV benefi t, 
raise very substantial questions about the utility of this medication. 

 In clinical practice, skin reactions (fl ushing) associated with itching and tingling 
are the most frequent and troublesome side effect of NA and its derivatives, often 
preventing titration of the dose to maximal effi cacy and also leading to discontinu-
ation, even when using aspirin as a modulator of fl ushing. In various studies, at least 
20–25 % of individuals will not tolerate the drug [ 91 ,  116 ], mainly due to fl ushing. 
Recently, specifi c NA receptors in adipocytes and in skin macrophages were discov-
ered and are thought to be the link to this robust side effect of NA. The mediator is 
prostaglandin D2, which can be blocked by laropiprant, a selective antagonist of 
prostaglandin D2 action at the receptor level [ 117 ]. 

 Hyperuricemia, acanthosis nigricans, and elevation of liver enzymes have also 
been reported, although less commonly, in users of ER nicotinic acid. NA may also 
interfere with glycemic control by increasing blood glucose and this is obviously of 
concern for patients with diabetes [ 77 ,  109 ,  118 ]. In clinical practice, glucose- 
lowering medications need to be titrated to overcome this unfavorable effect. 
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 A recent review of the U.S. FDA’s Adverse Event Reporting System found that 
prescription NA was associated with a lower rate of serious adverse events (defi ned 
as resulting in hospitalization or death), hepatotoxicity, and rhabdomyolysis com-
pared with that of several other commonly used lipid-lowering drugs including 
statins and fi brates [ 118 ]. Some studies reported that the safety profi le of NA–statin 
combination therapy was comparable to that of either drug alone [ 118 ,  119 ]. The 
recently published results of the HPS2-THRIVE trial, however, suggested that the 
risk of myopathy was increased by adding ERN/LRPT to simvastatin 40 mg daily 
(with or without ezetimibe), particularly in Chinese patients who seem to be at 
higher risk of this complication [ 116 ]. 

 The National Kidney Foundation guidelines recommend nicotinic acid as an 
alternative second agent for LDL cholesterol reduction in combination with a statin 
[ 2 ]. There are limited data on the effi cacy and safety of nicotinic acid in CKD, but 
the recently announced negative results of the AIM-HIGH [ 91 ] and the HPS2- 
THRIVE [ 116 ] trials raise serious concerns about the effectiveness of NA to improve 
clinical outcomes. Pharmacokinetic studies indicate that about one-third of the drug 
is excreted via the kidneys. The NKF guidelines suggest a 50 % dose reduction for 
patients with GFR <15 mL/min/1.73 m 2 ; no dosing changes are recommended in 
patients with better renal function [ 2 ].  

    Combination Pharmacotherapy to Reduce HTG 

 Clinical trials have shown that the combination of a statin and a fi brate results in a 
signifi cantly stronger reduction in LDL-C and TG as well as a greater elevation of 
HDL-C than monotherapy with either [ 120 ]. 

 Furthermore, while in patients with type 2 diabetes combination therapy of feno-
fi brate with simvastatin did not reduce the rates of CVD as compared with simvas-
tatin alone in the Action to Control Cardiovascular Risk in Diabetes (ACCORD) 
trial [ 90 ], a subgroup analysis of patients who had both TG levels in the higher third 
(≥2.3 mmol/L) and an HDL-C level below the lower third (≤0.88 mmol/L) sug-
gested an apparent benefi t from the combination therapy. These results are similar 
to those from post hoc analyses of several other prospective randomized trials, sug-
gesting that the addition of fenofi brate to a statin may benefi t certain patients with 
type 2 diabetes with a high TG/low HDL-C dyslipidemic pattern. 

 Since both fi brate and statin monotherapy are associated with an increased risk 
of myopathy, the risk could be increased when these drugs are taken together, par-
ticularly if the doses of statin are very high. This risk is substantially increased if 
gemfi brozil is used in combination with statins. In summary, fi brates, particularly 
fenofi brate due to its lower myopathic potential, can be prescribed concomitantly 
with statins to improve achievement of lipid goals in patients with atherogenic com-
bined dyslipidemia [ 6 ,  60 ]. 

 The combination of ER nicotinic acid with moderate doses of a statin provided a 
signifi cantly better increase in HDL-C and decrease in TG than either a high dose 

9 Non-statin Therapies for CKD with Dyslipidemia



166

of a statin or the combination of a statin and ezetimibe [ 121 ]. The combination of 
statins and NA does not seem to be associated with increased incidence of adverse 
events, including fl ushing. Triple combination therapy with NA, simvastatin, and 
ezetimibe showed a greater reduction of LDL-C and a greater increase in HDL-C 
than with either drug alone or with statin/ezetimibe treatment [ 122 ]. 

 The combination of omega-3 fatty acids and simvastatin more effi ciently reduced 
TG concentrations when compared with statin alone [ 123 ]. Adding omega-3 fatty 
acids to pravastatin and fenofi brate in a triple combination further decreased TG 
concentrations and homocysteine as well in patients with diabetes and dyslipid-
emia. Inconclusive data suggest that combination of omega-3 fatty acids and low 
dose statin, compared with statin therapy alone, reduced CV events [ 29 ]. These 
effects, however, may be mediated by mechanisms other than LDL-C lowering.   

    Pharmacotherapy to Increase HDL-C 

 Several observational studies established low levels of HDL-C, a strong, indepen-
dent predictor of elevated CV risk [ 124 – 127 ], especially if HDL-C is below 
1.17 mmol/L [ 128 ]. Importantly, low plasma HDL-C is usually seen in patients with 
CKD, as well as in type 2 diabetes or hepatic insuffi ciency [ 92 ]. These conditions 
are also associated with moderate or marked HTG. Based on these observations, it 
has been postulated that interventions that increase HDL-C may lead to improved 
clinical outcomes, reduced CV events. 

 There are only a few therapeutic options to increase low HDL-C levels. TLC, 
including weight reduction, exercise, smoking cessation, and moderate alcohol con-
sumption, will increase HDL-C levels by about 5–10 % [ 129 ,  130 ]. 

 Statins produce a modest, 5–10 % elevation in HDL-C [ 123 ], and it is unclear if 
this contributes to the benefi cial effects of statins on CV outcomes. 

 Although fi brates increased HDL-C by 10–15 % in short-term trials [ 131 ], the 
long-term effects of fi brates on HDL-C is more modest. 

    Nicotinic Acid 

 NA is recognized as a potent modulator of HDL-C currently available [ 114 ]. 
It increases HDL-C by both reducing HDL catabolism and increasing apo A1 syn-
thesis by the liver [ 77 ]. A current meta-regression analysis of available data from 
intervention trials, however, failed to demonstrate an association between on-treatment 
differences in HDL-C concentration and NA-mediated improvement of outcomes 
[ 114 ]. It is possible that the clinical effi cacy of NA may result from its effects on 
lipids, but that these are not captured in the standard lipid measurements reported in 
clinical trials. For example, NA reduces lipoprotein (a) and exerts presumably favor-
able effects on both HDL-C and LDL-C particle size distribution, not refl ected by 
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typical lipoprotein analysis [ 132 ]. It is also possible that the clinical benefi ts of NA 
are independent from its effects on serum lipids. Furthermore, the recently announced 
negative results of the AIM-HIGH and the HPS2-THRIVE trials raise serious con-
cerns about the effectiveness of NA to improve clinical outcomes [ 91 ,  116 ].  

    Cholesteryl Ester Transfer Protein Inhibitors 

 To date, the most effi cacious approach to increase low HDL-C levels has been the 
direct inhibition of cholesteryl ester transfer protein (CETP) by small molecule 
inhibitors, which may induce an increase in HDL-C by ≥100 % on a dose- dependent 
basis [ 133 – 136 ]. Among three CETP inhibitors developed originally (torcetrapib, 
dalcetrapib, and anacetrapib), torcetrapib was withdrawn following an excess of 
mortality in the torcetrapib arm of the Investigation of Lipid Levels Management to 
Understand its Impact in Atherosclerotic Events (ILLUMINATE) trial [ 137 ]. 
It appears that the deleterious effects of torcetrapib arose primarily from off-target 
toxicity. The dal-OUTCOMES trial aimed to evaluate the effi cacy of dalcetrapib as 
an adjunct to existing standard of care in secondary prevention of CVD was recently 
halted due to a lack of clinically meaningful benefi t despite increasing HDL-C by 
more than 25 % during phase II clinical trials [ 138 ]. A large phase III trial with 
anacetrapib (REVEAL) in patients with a history of CV disease was started in 2011 
to enroll 30,000 individuals to be completed in 2017. In the meanwhile, however, 
available evidence does not support the clinical effectiveness of increasing HDL-C 
to reduce CV disease. 

 At the present time, the available evidence does not seem to support the viability 
of HDL-C as both a therapeutic target and surrogate marker of CVD risk. Mendelian 
randomization analyses failed to establish a relationship between genetic polymor-
phisms associated with HDL-C levels and CHD event incidence [ 139 ]. Furthermore, 
the negative results of the large NA trials and the negative CETP inhibitor trials may 
suggest that the augmentation of serum HDL-C as a therapeutic target may be mis-
directed [ 114 ].   

    Summary and Recommendations for Non-statin 
Pharmacotherapy to Improve Dyslipidemia in Patients 
with CKD 

 The fi rst step in managing dyslipidemia in patients with CKD (any stages) has to be 
a consistent multidisciplinary effort to implement TLCs with the following corner-
stones: smoking cessation; appropriate weight management using dietary changes 
and regular exercise programs; education and support to implement benefi cial dietary 
changes (reduce saturated fat and increase MUFA); and both omega-6 and omega-3 
PUFA intake. See Table  9.1  for a summary of non-statin lipid-lowering therapies.
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      CKD 1–4 (eGFR Above 15 mL/min/1.73 m 2 ) and CKD Tx 

 In patients in whom pharmacotherapy is indicated statin therapy needs to be initi-
ated (see above). 

 If additional pharmacotherapy is needed to achieve target levels ezetimibe 
(10 mg/day) should be added. 

 In patients who do not tolerate statins, the use of fi brates (gemfi brozil 600 mg 
daily; fenofi brate 48 mg daily) should be considered in patients with CKD 1–4 and 
CKD Tx, given the available evidence supporting the effi cacy and clinical effective-
ness of fi brates to reduce lipid levels and to improve at least some relevant CV and 
renal outcomes. 

 If gemfi brozil is used, it should be combined with fl uvastatin to avoid the 
increased risk of myopathy. Fenofi brate could be combined with any statins without 
increasing the risk of myopathy but needs appropriate dose reduction. 

 Ezetimibe can be combined with fi brates or statins + fi brates, as well, if 
necessary. 

 Bile acid sequestrants, fi sh oil or nicotinic acid might also be considered in addi-
tion to the combinations above; however, no very substantial concerns exist about 
the clinical effectiveness of these drugs.  

    CKD 5 (eGFR <15 mL/min/1.73 m 2  and Patients on PD or HD) 

 Ezetimibe (10 mg/day) can be added to statins if needed. 
 If target is not reached, fi sh oil, bile acid sequestrants, or nicotinic acid could be 

considered (see previous section). 
 Fibrates are contraindicated in patients on dialysis.      
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        Dyslipidemia is a well-established cardiovascular (CV) risk factor in the general 
population. However, this is not the case in patients with kidney disease, particu-
larly among end-stage renal disease (ESRD) patients (hemodialysis [HD] and peri-
toneal dialysis [PD]). HD and PD patients have increased prevalence of dyslipidemia; 
however, the so-called “ESRD dyslipidemia” shows a number of qualitative and 
quantitative differences from the dyslipidemia commonly encountered in the gen-
eral population. Traditional CV risk factors aggregate in dialysis patients [ 1 ]. When 
novel CV risk factors, which are unique to kidney disease and dialysis modalities, 
are also taken into account, it is not surprising that CV mortality risk is beyond that 
which can be explained using traditional CV risk factors alone. Actually, dialysis 
patients are 10–30 times more likely to die from CV disease than the general popu-
lation [ 2 ]. Randomized controlled trials (RCT) in the last 10 years produced disap-
pointing results, in which statin treatment did not translate into conspicuous CV 
survival advantage. Actually when one looks at the special characteristics of the 
lipid profi le of dialysis patients as well as the cumulative CV risk context in these 
patients, lack of benefi cial effects of statin trials becomes more plausible. In addi-
tion, even dialysis modalities differ in the frequency and composition of dyslipid-
emia. We review dyslipidemia prevalence, characteristics, pathophysiology, and 
relation to CV morbidity and mortality in dialysis population as well as available 
treatment choices with a particular emphasis on individual dialysis modalities. 
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    Prevalence of Dyslipidemia in HD Population 

 Depending on the defi nition, dyslipidemia may be present in up to 70 % of patients 
undergoing chronic hemodialysis [ 3 ]. In 20 % of HD patients plasma total choles-
terol levels are above 240 mg/dL. Percentage of chronic hemodialysis patients who 
have elevated levels of LDL and triglycerides, and reduced levels HDL cholesterol 
are 30, 50 and 45, respectively [ 4 ].  

    Nature of Dyslipidemia in HD Patients 

 Hemodialysis patients do in part share some of the general characteristics of dyslip-
idemia observed in predialysis patients [ 3 ]. However, HD treatment leads to an 
attenuation in predialysis dyslipidemia, which is evidenced by slightly lower con-
centrations of the triglyceride-rich lipoproteins [ 5 ]. Alterations in levels of apolipo-
proteins and lipoprotein cholesterols in patients undergoing long-term HD are 
summarized in Table  10.1 .

   The precise mechanisms that are responsible for disturbed lipid profi le in HD 
patients are yet to be elucidated. However, many abnormalities to date have been 
described in the lipoprotein metabolism in hemodialysis patients:

•    Decreased lipoprotein lipase (LPL) activity  
•   Decreased hepatic triglyceride lipase (HTGL) activity  
•   Decreased lecithin cholesterol acyltransferase (LCAT)  
•   Decreased LDL-receptor-related protein  
•   Reduced cholesterol esterifi cation in HDL  
•   Inability to form mature HDL particles  
•   Increased oxidized LDL levels due to oxidative stress and infl ammation    

 HD patients may have an atherogenic lipid profi le even in the absence of appar-
ent quantitative hyperlipidemia [ 6 ]. A number of qualitative changes in individual 
parameters of lipid profi le have been determined in recent years. These patients 
have elevated levels of small dense and oxidized LDL and Lp(a), whereas LDL 
cholesterol levels are within normal limits [ 7 ,  8 ]. 

 Recently, Yamamoto et al. [ 9 ] investigated cellular cholesterol effl ux and infl am-
matory response in macrophages that are exposed to HDL of patients undergoing 
HD and controls. HDL from HD patients was dramatically less effective in accept-
ing cholesterol from macrophages than normal HDL from controls. The authors 

   Table 10.1    Changes in levels of (apo)lipoproteins and lipoprotein cholesterols in patients 
undergoing long-term hemodialysis   

 (Apo) lipoprotein 
 Apo 
A-I 

 Apo 
A-II  Apo B  Apo E 

 Apo 
C-III  Lp(a)  VLDL  IDL 

 Change in HD patients  ↓  ↓  ↑  ↑  ↑↑  ↑  ↑  ↑ 
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also showed that in vitro activation of cellular cholesterol transporters increased 
cholesterol effl ux to both normal and uremic HDL. Notably, HDL of patients under-
going HD had reduced anti-chemotactic ability and increased macrophage cytokine 
response compared with HDL of controls. More importantly, HDL of HD patients 
on statin therapy had reduced infl ammatory response while maintaining impaired 
cholesterol acceptor function. The authors concluded that dysfunctional HDL may 
have had more important roles in the pathogenesis of atheroscleroses in uremic 
subjects than previously thought, as such uremic HDL may be related to impaired 
reverse cholesterol transport from machrophages and more pronounced infl amma-
tion. Holzer et al. [ 10 ] also reported altered composition of HDL in uremic patients 
via mass spectrometry and biochemical analyses. They found that uremic HDL con-
tained reduced phospholipid and increased triglyceride and lysophospholipid con-
tent. Mange et al. [ 11 ] studied HDL proteomics and reported differences between 
the HDL-related proteins in HD patients and normal subjects. The investigators 
found that 40 identifi ed proteins were differentially expressed between the normal 
subjects and HD patients. These proteins normally play roles in many HDL func-
tions, including lipid metabolism, acute infl ammatory response, complement acti-
vation, and regulation of lipoprotein oxidation. Among these proteins, apolipoprotein 
C-II and C-III were signifi cantly increased in the HDL fraction of HD patients, 
whereas serotransferrin was decreased. 

 In brief, these studies collectively showed numerous important qualitative altera-
tions in HDL composition and function in HD patients. Thus, it has been speculated 
that dysfunctional HDL may be responsible for increased CV death and may account 
for lack of clear-cut benefi ts of statins in this population. 

    Hemodialysis-Related Factors and Dyslipidemia 

 The blood of HD patients is routinely exposed to extracorporeal membranes and 
contacts with dialysate contents. Thus, compositions of dialysis membranes and 
dialysate in terms of purity have been investigated as to effects on infl ammation, 
oxidative stress, and dyslipidemia. Normally, a single hemodialysis session has 
some impact on lipid parameters in uremic patients. In one study, hemodialysis 
partially improved LDL infl ammatory and HDL anti-infl ammatory activities and 
enhanced HDL’s ability to suppress LDL infl ammatory activity [ 12 ]. Another study 
found that oxidized phospholipids (OxPL) on apolipoprotein B-100 (apoB) (an pre-
dictor of CV mortality) particles were signifi cantly reduced during acute hemodi-
alysis [ 13 ]. Lippi et al. [ 14 ] showed that acute hemodialysis signifi cantly decreased 
median Lp(a) concentration post-HD, whereas no signifi cant changes were observed 
for apo A, apo B, and hs-CRP. 

 Ultrapure dialysate, high-fl ux membrane, and low-molecular-weight heparin 
(LMWH) use are among the most commonly studied parameters in terms of impact 
on uremic dyslipidemia in HD patients.  
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    Ultrapure Dialysate 

 A small randomized prospective study including patients who were dialyzed with 
low-fl ux membrane but with ultrapure dialysate plasma showed that Lp(a) levels did 
not increase at 12 months in contrast to patients dialyzed with conventional dialy-
sate [ 15 ]. Several previous studies and a recent meta-analysis demonstrated benefi -
cial effects of using ultrapure dialysate on infl ammation and oxidative stress in 
hemodialysis patients compared with conventional dialysate [ 16 – 19 ]. Thus, it is 
plausible to think that reduced infl ammation and oxidative stress either by them-
selves or through reduced oxidation and carbamilation of LDL and HDL may have 
had salutary effects on atherosclerosis and subsequent cardiovascular events. 
Actually one study showed that ultrapure dialysate reduced plasma pentosidine lev-
els (a marker of carbonyl stress) and improved plasma triglyceride levels [ 20 ]. 
Another study showed that use of ultrapure dialysate led to reduction in levels of 
non-HDL cholesterol and apoB at 6 months as well as improvements in infl amma-
tion and oxidative stress [ 21 ].  

    High-Flux Dialysis 

 Several studies showed benefi cial effects of high-fl ux HD on lipid parameters in HD 
patients. Ingram et al. [ 22 ] conducted a blinded cross-over trial of two cellulose 
acetate dialysers of similar fl ux but with different clearances of larger molecules. 
The study showed that low-fl ux dialysis using a cellulose acetate membrane with a 
good clearance of higher-molecular-weight molecules may be associated with ben-
efi cial changes in plasma lipids and lipoproteins. Seres and colleagues [ 23 ] com-
pared high-fl ux cellulosic and polysulfone dialysis membranes in terms of effects 
on lipid parameters. The authors found that patients dialyzed with cellulose mem-
brane showed no alteration in serum TG, HDL, LDL, or total cholesterol when 
predialysis and postdialysis values were compared. On the other hand, patients dia-
lyzed with polysulfone membrane had a signifi cant decrease in TG concentrations 
as well as a signifi cant rise in HDL cholesterol level. Notably, LPL activity in poly-
sulfone sera was signifi cantly greater than LPL in cellulosic sera. While some stud-
ies showed reduction in total cholesterol [ 24 ], others showed reductions in LDL 
cholesterol [ 24 ] or triglycerides [ 25 ,  26 ] with use of high-fl ux membranes. High- 
fl ux HD was also shown to improve serum Lp(a) levels as well [ 27 ]. In contrast to 
the aforementioned studies, some other studies did not fi nd any difference between 
low- and high-fl ux HD in terms of effects on dyslipidemia [ 28 ]. Differences in 
quantitative and qualitative improvements in uremic dyslipidemia with high-fl ux 
membranes may be attributed to differences in membrane characteristics, baseline 
lipid profi le of studied patients, and duration of the studies.  
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    Effects of Heparin 

 A number of studies have evaluated effects of low-molecular-weight heparin 
(LMWH) and unfractionated heparin (UFH) on lipid profi les of patients on chronic 
HD. Most, but not all, studies reported improvements in lipid profi le with use of 
LMWH compared with UFH. Studies found signifi cant decreases in triglycerides 
[ 29 – 31 ], total cholesterol [ 31 – 33 ], and VLDL [ 34 ]. While some studies [ 35 ] showed 
no change in serum LDL and HDL cholesterol levels associated with LMWH use, 
one study reported increased HDL cholesterol levels in patients undergoing hemo-
dialysis with UFH rather than LMWH [ 36 ]. 

 These mixed fi ndings might be due to small sample sizes, using different LMWH 
preparations in different studies, variability in treatment durations, baseline differ-
ences in lipid profi les of studied HD patients, among others. Moreover, no prospec-
tive randomized study evaluated effects of different heparin preparations on 
dyslipidemia in HD patients to date. 

 Despite presence of evidence showing the contrary [ 37 ], it has been suggested 
that LMWHs release endothelial-bound LPL less effi ciently than UFH and thereby 
cause less impaired lipid metabolism [ 38 ].   

    Reverse Epidemiology of Total Cholesterol 
and Lipid Parameters to Predict CV Outcomes 

 In the last decade, as a component of reverse epidemiology concept, several studies 
showed that low serum total cholesterol level was associated with increased mortal-
ity in dialysis patients. Lowrie et al. [ 39 ] found that serum total cholesterol level 
was inversely correlated with the risk of death even after controlled for other bio-
chemical factors and case-mix in a cohort of 12,000 maintenance HD patients. 
Degoulet and colleagues [ 40 ] in the Diaphane Collaborative Study Group showed 
that a low plasma total cholesterol level was associated with a signifi cantly higher 
risk of CV death in a cohort of 1,400 HD patients. These observations were in sharp 
contrast with the case in general population in which high serum total cholesterol 
level was associated with adverse CV outcomes. 

 Possible explanations for this reverse association have been suggested. Among 
these are survival bias, the time discrepancy between competitive risk factors, and 
the presence of malnutrition infl ammation complex syndrome (malnutrition, infl am-
mation, atherosclerosis, MIA) [ 41 ]. The latter factor gained popularity to reveal the 
inverse correlation between total cholesterol level and CV mortality. As a modulator 
of the relation between cholesterol level and death, MIA is characterized by under-
nutrition, hypoalbuminemia, increased infl ammation, and consequent atherosclero-
sis. Infl ammation per se may lead to hypocholesterolemia in ESRD patients [ 42 , 
 43 ]. In a prospective study of maintenance HD patients, Liu et al. [ 44 ] showed that 
average serum cholesterol was lower in the presence of MIA than in its absence. 
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An increment in baseline total serum cholesterol was associated with decreased 
overall all-cause mortality. On the other hand, the authors reported that serum 
cholesterol level was associated with an increased all-cause mortality risk in the 
absence of infl ammation/malnutrition. The authors concluded that the reverse epi-
demiology of total cholesterol was due to cholesterol-lowering effects of infl amma-
tion and malnutrition. Thus, hypercholesterolemia may be a surrogate marker of a 
better nutritional status, and reduced infl ammation and oxidative stress and in turn 
is associated with better overall CV outcomes. 

 Since total serum cholesterol level is a marker of general nutritional status rather 
than a CV risk factor, individual parameters of lipid profi le were tested in terms of 
prediction of CV mortality among HD patients. Kilpatrick and colleagues [ 45 ] ana-
lyzed data of approximately 15,000 HD patients. The authors reported that both 
total and LDL hypercholesterolemia showed a paradoxic association with better 
survival. While hypertriglyceridemia (TG > 200 mg/dL) showed a similar trend, 
HDL cholesterol did not show any association with survival. In subgroup analyses, 
these trends were more pronounced among patients with hypoalbuminemia and 
lower dietary protein intake. On the other hand, some other studies did not confi rm 
these results [ 46 ]. 

 In an attempt to discover novel lipid targets that can predict mortality in dialysis 
patients, Noori et al. [ 47 ] investigated whether lipoprotein subfraction and size mea-
surement could predict mortality. They found that whereas conventional lipid pro-
fi le cannot predict mortality in maintenance HD patients, larger novel LDL particle 
diameter or higher large LDL particle concentrations were predictive of greater sur-
vival. Furthermore, higher very small LDL particle concentration was associated 
with higher death risk after 6 years of follow-up. 

 In recent years, non-HDL cholesterol attracted interest as a predictor of CV out-
comes in dialysis patients. A few prospective studies found that non-HDL choles-
terol was a signifi cant and independent predictor of CV death in HD patients [ 48 ]. 
In an observational cohort study in 45,390 HD patients, myocardial and cerebral 
infarction rates were positively correlated with non-HDL cholesterol levels [ 49 ]. On 
the other hand, death risk was associated with malnutrition/infl ammation but not 
with non-HDL cholesterol levels. Recently, de Oliveira et al. [ 50 ] found that there 
was a positive and signifi cant correlation between non-HDL cholesterol, but not 
LDL cholesterol, and the anthropometric cardiovascular risk indices. Non-HDL 
cholesterol also has the advantage of independence from fasting status. One study 
showed that fasting and nonfasting values were equivalent in HD patients [ 51 ]. 

 Given that most apoB-containing lipoproteins including intermediate density 
lipoprotein (IDL), LDL and VLDL, are atherogenic, total apoB level is considered 
to be a better predictor than LDL-C level [ 52 ]. In one study containing HD and PD 
patients, non-HDL cholesterol was found to adequately refl ect the nontraditional 
lipid pattern of patients [ 53 ]. The authors reported that non-HDL cholesterol 
>130 mg/dL independent of TG values and HDL cholesterol <40 mg/dL may 
 predict nontraditional lipoprotein risk factors (LDL particle size, LDL particle 
 concentration, small dense LDL, IDL, large HDL, large VLDL and Lp(a)) among 
dialysis patients.  
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    Treatment of Dyslipidemia in HD Patients 

 Cholesterol-lowering treatment is widely underutilized among HD patients even 
before the discouraging results of the recent RCT were published. For example, 
United States Renal Data System (USRDS) data showed that 8 % of HD patients 
were receiving cholesterol-lowering treatment [ 54 ]. In a HD patient cohort 29.4 % 
of patients with established atherosclerotic disease were on lipid-lowering treat-
ments, whereas only 9 % of patients without overt prior atherosclerotic disease were 
receiving cholesterol-lowering treatment [ 55 ]. Likely reasons for this underutiliza-
tion were polypharmacy, cost, compliance, lack of published evidence for effi cacy, 
adverse events, and relatively normal or even low serum LDL cholesterol levels in 
HD patients [ 55 ]. 

 A number of cholesterol-lowering medications and adjunctive measures are 
available for the treatment of dyslipidemia in HD patients (Table  10.2 ). However, 
treatment of dyslipidemia should be considered in a broader context that includes 
measures to reduce overall CV risk in HD patients. These measures should target 
traditional as well as novel risk factors for CV disease in HD patients.

      Exercise 

 Only a few studies investigated effects of various exercise modalities on the lipid 
profi le of HD patients. Gordon et al. [ 56 ] showed that 16 weeks of yoga exercise 
improved the lipid profi le in HD patients; total and LDL cholesterol as well as tri-
glycerides showed a signifi cant decrease with exercise compared with basal values. 
Masuda and colleagues [ 57 ] showed benefi cial effects of physical activity on HDL 
and apoA1 levels in HD patients. In contrast, Afshar et al. [ 58 ] found no change in 
lipid profi le, but a signifi cant decrease in serum CRP levels with aerobic and resis-
tance exercise in HD patients. However, the duration of the study was 8 weeks, and 
this time might have been too short to reveal the benefi cial effects of exercise on 
dyslipidemia. A recent paper reviewing this issue concluded that the most consistent 
observation with exercise on blood lipids was a noted decrease in triglycerides and 
an increase in HDL cholesterol levels as well as improved insulin sensitivity [ 59 ].  

   Table 10.2    Therapeutic options and adjunctive measures for dyslipidemia management in HD patients   

 Diet and exercise  May have limited effi cacy due to malnutrition and chronic disease 
burden in HD patients 

 Modifi cation 
of dialysis-related factors 

 Synthetic polysulfone membranes 
 High-fl ux hemodialysis 
 Ultrapure hemodialysate 
 Low-molecular-weight heparin (LMWH) 

 Pharmacologic treatment  HMG-CoA reductase inhibitors (statins) 
 Fibrates 
 Sevelamer 
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    Statin Treatment 

 Statin treatment constitutes one of the major therapeutic armamentarium for the 
treatment of dyslipidemia in HD patients, although there is a lack of evidenced- 
based benefi cial hard outcomes in terms of mortality. Three large-scale RCTs exclu-
sively conducted on HD patients (only SHARP included predialytic patients) have 
been published to answer the question of whether statin use is associated with 
improvements in hard CV endpoints in the HD population. The cumulative results 
of these RCTs were surprising. In contrast to the general population, statin treat-
ment was not found to be associated with a CV risk reduction in HD patients. 
Table  10.3  summarizes basic characteristics of these RCTs [ 60 – 62 ].

   4D trial was the fi rst large-scale trial investigating benefi cial effects of statin treat-
ment on CV outcomes in a HD population [ 60 ]. The results of this trial showed no 
difference between atorvastatin and placebo in terms of primary endpoints. Moreover, 
incidence of fatal stroke was signifi cantly higher in the atorvastatin group. Marz 
et al. [ 63 ] performed a post hoc analysis of 4D trial and showed that baseline LDL 
cholesterol level was important in predicting CV effects of atorvastatin. Patients with 
a baseline LDL cholesterol level in the highest quartile only had reduced CV event 
rate compared with placebo in contrast to patients in other quartiles. 

 Several points have been emphasized with an attempt to account for the negative 
results of the 4D trial. First, 15 % of patients receiving atorvastatin required a dose 
reduction (to 10 mg). Second, 16.6 % of patients on the atorvastatin arm who were 
free of primary events discontinued atorvastatin treatment. Third, 15 % of patients 
on the placebo arm received a nonstudy statin. Thus, the decreasing LDC difference 
between the placebo and study group may have reduced the power of study. In addi-
tion, the lack of statin effect in this trial had been attributed to the advanced athero-
sclerotic state of the patients recruited. Fifty percent of the patients had a past 
history of diabetes mellitus and had been on HD for at least 2 years [ 6 ]. 

 AURORA compared effects of 10 mg rosuvastatin with placebo on CV end-
points [ 61 ]. The randomized double-blind study recruited 2,776 patients, 50–80 
years of age, who were undergoing maintenance hemodialysis. After 3 months of 
treatment, mean LDL cholesterol levels showed a 43 % reduction from a mean 
baseline level of 100 mg/dL in patients receiving rosuvastatin. During a 3.8 years 
median follow-up period, 396 patients in the rosuvastatin group and 408 patients in 
the placebo group reached the primary endpoint. The trial showed no benefi t of 
rosuvastatin treatment on primary and secondary endpoints of the study protocol. 
Rosuvastatin showed no benefi t in any subgroup examined, including patients with 
diabetes. Similar to the results of the Jupiter trial [ 64 ], rosuvastatin treatment 
reduced serum CRP levels but not CV endpoints in contrast to Jupiter. Despite 
achieving targeted reductions in LDL levels at study planning, lack of benefi cial 
effects had been attributed to high dropout rate, lack of suffi cient statistical power 
[ 65 ], and almost statistically signifi cant predominance of diabetes as the cause of 
ESRD in the statin arm [ 66 ]. There was no increase in the incidence of rhabdomy-
olysis or liver transaminase elevation in the rosuvastatin group as compared with the 
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placebo group. Holdaas et al. [ 67 ] performed a post hoc analysis of AURORA data 
in which they evaluated effect of rosuvastatin treatment on AURORA composite 
endpoints and fatal and nonfatal cardiac events. Among the 731 patients with diabe-
tes, assignment to rosuvastatin was associated with a nonsignifi cant 16.2 % risk 
reduction for the AURORA trial’s composite primary endpoint of cardiac death, 
nonfatal MI, or fatal or nonfatal stroke. There was no difference in total stroke rate; 
however, the rosuvastatin group had more frequent hemorrhagic strokes compared 
with placebo group. Rosuvastatin treatment signifi cantly reduced the rates of car-
diac events (when stroke is excluded) by 32 % among diabetic hemodialysis patients 
(hazard ratio 0.68; 95 % confi dence interval 0.51–0.90). 

 The latest RCT, SHARP trial, had some differences from 4D and AURORA. 
SHARP included HD patients as well as predialytic CKD and PD patients [ 62 ]. 
It had a larger cohort compared with previous statin trials in HD patients and 
included patients who had no prior history of CV disease. The study included 
approximately 9,500 patients (6,245 patients with chronic kidney disease and 3,023 
patients on chronic dialysis) that were followed for a median of 4.9 years. The pri-
mary endpoint did not comprise CV or all-cause mortality; instead, rate of occur-
rence of major CV events was established as the primary endpoint of the study. 
When the whole cohort was evaluated, 20 mg simvastatin plus 10 mg ezetimibe led 
to signifi cant reductions in major atherosclerotic events, nonhemorrhagic stroke, 
and arterial revascularization. On the other hand, subgroup analysis did not demon-
strate any statistically signifi cant reduction in mortality or CV event rate in HD 
patients. In dialysis patients there was an insignifi cant reduction of relative risk in 
all cardiovascular events with the simvastatin and ezetimibe group compared with 
placebo arm (15 % versus 16.5 %). The primary limitation of the study is that one-
third of the patients were nonadherent to study drugs and there was not a group 
receiving only simvastatin, enabling comparison with placebo. SHARP trial did not 
have suffi cient power to assess the effects on major atherosclerotic events separately 
in dialysis and nondialysis patients, but the proportional effects in dialysis patients 
did not signifi cantly differ from those seen in patients not on dialysis. Furthermore, 
since about a third of the patients who were not on dialysis at baseline began dialy-
sis during the trial (about one-third of those started dialysis within the fi rst year), the 
effects of simvastatin plus ezetimibe in the dialysis subgroup are reinforced by the 
favorable results in the nondialysis subgroup (the effects of lowering LDL choles-
terol with simvastatin plus ezetimibe in patients with chronic kidney disease) [ 62 ]. 
Dialysis patients had lower baseline LDL cholesterol concentrations and average 
use of LDL cholesterol-lowering therapy was lower compared with nondialysis 
patients. Thus, these factors led to absolute reductions in LDL cholesterol that were 
about a third smaller in dialysis patients (0.60 mmol/L) compared with patients not 
on dialysis (0.96 mmol/L). The investigators found that the proportional reductions 
in major atherosclerotic events per 1 mmol/L LDL cholesterol reduction were simi-
lar in dialysis patients with nondialysis patients. 

 In sum, the results of these RCTs showed that HD patients do not apparently 
benefi t from statin treatment in terms of CV morbidity and mortality. 
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 A very recent meta-analysis [ 68 ] investigating effect of statin treatment on CV 
and renal outcomes in patients with CKD included 31 trials providing data for 
almost 48,000 patients with CKD, including 6,690 major CV events and 6,653 
deaths. Statin treatment led to a 23 % relative risk reduction for major CV events 
and 9 % reduction in CV or all-cause death. Subgroup analysis revealed that relative 
effects of statin treatment in CKD were signifi cantly reduced in patients with ESRD; 
nonetheless, absolute risk reductions were comparable. The authors concluded that 
statin treatment reduces the risk of major CV events in dialysis patients.   

    Guideline Recommendations for Statin Use 

 K/DOQI guidelines [ 69 ] had been published long before the publication of results 
of major RCTs studying various statins in HD patients. Thus, recommendations had 
been done without the knowledge of RCTs showing long-term hard outcomes of 
lowering LDL cholesterol with use of statins in HD patients. K/DOQI recommended 
treatment of patients whose serum fasting triglycerides level >500 mg/dL by remov-
ing the underlying cause, treatment with therapeutic lifestyle changes, and a 
triglyceride- lowering agent. K/DOQI also recommended that treatment should be 
considered to reduce LDL to <100 mg/dL with a statin starting with a low dose and 
titrate upward to attain target levels. For adults with stage 5 CKD and LDL <100 mg/
dL, fasting triglycerides >200 mg/dL, and non-HDL cholesterol (total cholesterol 
minus HDL) >130 mg/dL, treatment should be considered to reduce non-HDL cho-
lesterol to <130 mg/dL. The 2012 update of KDOQI Clinical Practice Guideline for 
Diabetes and CKD [ 70 ] recommended not to use statins in diabetic dialysis patients 
based on the data derived from 4D, AURORA, and SHARP trials. 

 KDIGO Clinical Practice Guideline for Lipid Management in Chronic Kidney 
Disease was still under preparation during the writing of this chapter. However, 
KDIGO 2012 Clinical Practice Guideline for the Evaluation and Management of 
Chronic Kidney Disease [ 71 ] reported that the key aspects of the draft recommenda-
tions include treating those at high risk for atherosclerotic disease with lipid- 
lowering therapies, regardless of LDL levels, in those 50 years of age and above. 

    Carnitine and Sevelamer 

 Although individual studies [ 72 ,  73 ] showed benefi cial effects of  l -carnitine sup-
plementation on lipid profi le, a systematic review found that there was no effect of 
 l -carnitine on triglycerides, total cholesterol, or any of its fractions [ 74 ]. 

 A meta-analysis [ 75 ] investigating the effect of sevelamer on mineral metabolism 
parameters and serum lipids showed that sevelamer treatment was associated with a 
signifi cant reduction in total cholesterol (30 mg/dL), LDL cholesterol (31 mg/dL), 
triglycerides (20 mg/dL), and a signifi cant increase in HDL cholesterol (4 mg/dL).  
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    Why Do Statins Seem Ineffective in HD Patients? 

 Several hypotheses have been proposed to explain the disappointing results of RCT 
that tested statins in HD patients. Some authors emphasized the different nature of 
atherosclerotic plaques as well as lipid profi le [ 76 ] in patients undergoing dialysis 
treatment. Arterial calcifi cation with prominent thickening of the intima and media 
layers of the vessel wall is the characteristic of the arterial lesions in ESRD patients 
and differs from general structure of atherosclerotic plaques [ 77 ]. Others explained 
lack of effi ciency of statins due to presence of excess CV mortality, particularly 
sudden cardiac death, in HD population. In fact most CV deaths taking place in HD 
population is due to sudden cardiac death rather than coronary artery occlusion. 
Several factors infl uence the heightened risk of sudden cardiac death including left 
ventricular hypertrophy, vascular calcifi cation, electrolyte abnormalities and rapid 
fl uctuations in electrolytes with hemodialysis treatment, and cardiomyocyte fi bro-
sis, among others [ 78 ]. Hence, even if statins were benefi cial in terms of curbing 
deaths related to coronary artery occlusion due to atherosclerotic plaques, this ben-
efi t might have been masked by the high prevalence of sudden cardiac death against 
which statins may not be that effective. It has also been argued that HD patients 
have advanced atherosclerotic disease, and in addition to traditional risk factors, 
several novel risk factors unique to ESRD population are also at work to affect CV 
mortality [ 79 ]. Thus, merely manipulating a single CV risk factor, namely dyslipid-
emia, would not suffi ce to impact CV survival in this high CV risk patient group. To 
our opinion, comprehensive risk reduction strategies that also take novel risk factors 
into account is needed to signifi cantly reduce CV risk in this special patient group.   

    Dyslipidemia in Peritoneal Dialysis 

 Compared with hemodialysis, peritoneal dialysis (PD) has been studied less in 
terms of dyslipidemia and associated cardiovascular disease burden. Patients start-
ing PD as part of the renal replacement therapy carry their “renal dyslipidemia,” 
which starts to emerge from the early stages of chronic kidney disease, with them. 
However, some alterations occur in the lipid profi le of CKD due to factors unique to 
PD modality. 

    Cardiovascular Disease in Peritoneal Dialysis 

 Cardiovascular disease is the leading cause of death in PD patients as in predialysis 
CKD and HD patients. The risk of cardiovascular mortality in patients on dialysis is 
almost ninefold higher than in the general population [ 80 ]. The overall adjusted 
probability of survival in incident PD patients at 1 year is 86.8 %, but only 11.3 % 
at 10 years [ 81 ]. Just as in the HD patients, a constellation of traditional and nontra-
ditional risk factors plays a role in these mortality rates [ 82 ].  
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    Dyslipidemia and CV Morbidity/Mortality in PD 

 Dyslipidemia is regarded as one of the nontraditional CV risk factors in PD patients. 
Most of the studies examining the association of dyslipidemia and CV events or 
death have been conducted on HD patients. The reverse epidemiologic pattern seen 
in the HD population has also been demonstrated in PD patients, as low serum cho-
lesterol and malnutrition are associated with increased mortality [ 83 ,  84 ]. Habib 
et al. [ 85 ] evaluated the relationship between lipid levels and mortality on data of 
1,053 PD patients from the USRDS prospective Dialysis Morbidity and Mortality 
Study Wave 2. Patients with total cholesterol levels ≤125 mg/dL had a statistically 
signifi cant increased risk of all-cause mortality, including those on or not on lipid- 
modifying medications, compared with the reference value of 176–225 mg/dL. On 
the other hand, some other studies showed positive correlation between dyslipid-
emia and CV mortality in PD patients [ 86 ,  87 ]. There exists observational data 
showing the association between elevated serum lipoprotein a (Lp(a)) with increased 
CV disease or mortality in PD patients [ 88 ].  

    Prevalence of Dyslipidemia in PD 

 Dyslipidemia is common among PD patients. One study examining 168 Continuous 
Ambulatory Peritoneal Dialysis (CAPD) patients found that elevated total choles-
terol, triglycerides and Lp(a) concentrations were present in 67 %, 47 % and 37 % 
of the patients, respectively. About two-thirds of the patients LDL cholesterol was 
above 100 mg/dL and HDL cholesterol below 40 mg/dL [ 8 ]. In other studies, 
20–40 % of PD patients had elevated total cholesterol and LDL cholesterol, whereas 
25–50 % of them had elevated levels of triglycerides and low HDL cholesterol [ 55 ].  

    Lipid and Lipoprotein Profi le in PD 

 The most commonly encountered lipid profi le in PD patients includes elevated total 
cholesterol, LDL cholesterol, triglycerides, and low HDL cholesterol levels. In 
addition, these patients usually have elevated Lp(a) and apolipoprotein B (apoB) as 
well as low apolipoprotein B1 levels [ 89 ]. 

 Classic lipid profi les including total, LDL, and HDL cholesterols and triglycer-
ides have limited value in terms of risk stratifi cation in PD patients. These individ-
ual components of the classic lipid profi le are affected by fasting state. It is 
practically cumbersome to attain a true fasting state in PD patients, particularly in 
patients whose night dwell is dextrose-based solutions rather than icodextrin. 
Besides this practical diffi culty, recent studies have shown that novel parameters of 
the lipoprotein family are of better predictive ability in the general population [ 90 ]. 
Not all of these novel lipoproteins have been shown to be associated with adverse 
CV events in PD patients. However, when inert actions of statins regarding CV 
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events are taken into account in dialysis patients, as shown in recent randomized 
controlled studies, it would not be wrong to think that evaluation and targeting of 
these lipoproteins would be benefi cial in this particularly high-risk group. 

 In addition to quantitative changes, some qualitative alterations take place in the 
lipid profi le of PD patients. There is an increased concentration of small dense LDL 
particles together with the increased apoB level [ 91 ]. One study showed that small 
dense LDL percentage and concentration was increased in patients undergoing PD 
[ 7 ]. In another study, 48 % of PD patients had small LDL particle size [ 92 ]. In addi-
tion, oxidized LDL level has been reported to be increased in PD patients [ 93 ]. 
A recent study including 24 CAPD patients found that oxidized LDL was increased 
in these patients compared with control subjects [ 94 ].  

    Effects of Peritoneal Dialysis Modality on Lipid Profi le 

 While lipid profi les of ESRD patients starting hemodialysis generally do not differ 
qualitatively from renal dyslipidemia observed in CKD, patients starting on PD 
acquire a qualitatively distinct type of dyslipidemia. Thus, some factors related to 
PD modality per se have been implicated for these changes in dyslipidemia of CKD. 
The main mechanisms that are held responsible for the atherogenic lipid profi le 
observed in PD patients follow:

    1.    Insulin resistance coupled with glucose load from dextrose-based dialysis fl uids   
   2.    Peritoneal protein clearance   
   3.    Defects in lipid metabolism and micronutrient defi ciency     

 Absorption of glucose from the dialysate solution may stimulate hepatic lipopro-
tein synthesis and increase insulin levels and, consequently, triglyceride synthesis 
[ 95 ]. Peritoneal dialysis patients have insulin resistance as a typical feature of CKD 
patients. Consequently, in these patients increased delivery of free fatty acids (FFAs) 
to liver occurs [ 96 ]. Liver oxidizes or esterifi es these FFAs either to cytozolic tri-
glycerides or VLDL [ 4 ]. The abundant availability of FFAs in PD patients due to 
insulin resistance and de novo lipogenesis lead to increased production of VLDL. 
Another defect that contributes to elevated serum VLDL levels in PD patients is 
decreased catabolism of VLDL and triglycerides [ 96 ]. The high level of intermediate- 
density lipoprotein (IDL) may be due to overproduction of VLDL and dysfunctional 
LPL enzyme activity [ 89 ]. Despite the failure of demonstration of the relation 
between absorbed glucose level and the severity of dyslipidemia [ 95 ], indirect con-
fi rmation of this mechanism comes from the studies in which glucose-based dialy-
sate solutions were switched to icodextrine. After the switch, patients showed 
signifi cant decreases in total and LDL cholesterol and triglyceride levels [ 97 ,  98 ]. 

 Most PD patients lose 1–2 g of protein per liter of drained dialysate [ 96 ]. Some 
authors proposed an analogy between protein loss through urine in nephrotic syn-
drome and protein loss through peritoneal effl uents in PD patients. Thus, mecha-
nisms operative in nephrotic syndrome-related dyslipidemia may also in part be 
responsible for dyslipidemia of PD patients. Loss of apolipoproteins and 
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lipoproteins through peritoneal exchange has been well documented [ 99 ,  100 ]. In 
spite of clearance of a number of (apo)lipoproteins through peritoneal membrane, 
the impact on serum levels of these (apo)lipoproteins and clinical consequences is 
yet to be elucidated. Despite high peritoneal clearance of apoAIV, levels are compa-
rable in PD and HD patients [ 99 ]. Smaller-sized proteins, including several lipopro-
teins, are preferentially lost by means of peritoneal sieving [ 6 ]. As an example of the 
latter, HDL is lost through peritoneal exchanges at a rate equivalent to 34 % of its 
synthetic rate, whereas apoB-containing lipoprotein loss is negligible [ 100 ,  101 ]. 

 Some other defects in lipid metabolism have been identifi ed in PD patients. 
Cholesterol ester transfer protein (CETF) has been found to be increased in children 
undergoing PD [ 102 ]. Elevated levels of this enzyme have been linked with increased 
atherosclerosis risk in the general population [ 103 ]. Loss of carnitene through peri-
toneal membrane may also contribute dyslipidemia [ 104 ]. Confi rmation of this has 
been come from the studies that showed benefi cial effects of  l -carnitene supple-
mentation on lipid profi les of PD patients [ 105 ].  

    Differences in Dyslipidemias of Peritoneal Dialysis 
and Hemodialysis 

 Dyslipidemia is more prevalent in PD patients when compared with hemodialysis 
counterparts [ 5 ,  8 ,  91 ]. In addition to difference in frequency, there exist qualitative 
differences in dyslipidemia seen in HD and PD patients (Table  10.4 ). Furthermore, 
PD patients have a higher incidence of multiple dyslipidemic factors simultane-
ously [ 8 ,  91 ]. One comparative study found that the CAPD group had a markedly 
higher number of patients with three or four concurrent dyslipidemic factors than 
HD patients [ 8 ]. Generally, PD patients have a more atherogenic lipid profi le com-
pared with HD patients    [ 106 ,  107 ].

       Treatment of Dyslipidemia in PD Patients 

 Few studies evaluated treatment of dyslipidemia in PD patients. In contrast to the 
general population, diet therapy may not be reasonable or achievable because these 
patients are already under dietary restrictions. Further restriction in calories and 
protein intake parallel to dietary lipids may worsen protein energy malnutrition and 
infl ammation. Studies investigating the effects of an exercise program on individual 
lipid parameters in PD patients are lacking. One study showed that serum HDL 

   Table 10.4    Comparison of lipid profi les of PD and HD   

 Dialysis 
modality 

 Total 
cholesterol 

 LDL 
cholesterol 

 HDL 
cholesterol 

 VLDL 
cholesterol  Triglyceride 

 PD  ↑  ↑  ↓  ↑  ↑ 
 HD  ↑ ↔ ↓  ↔ ↓  ↓  ↑  ↑ 
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cholesterol level was positively correlated with physical activity, which was 
estimated as the average number of steps taken per day [ 57 ]. Again in contrast to the 
general population, strenuous exercise programs may not be feasible in the PD pop-
ulation due to increased burden of other chronic diseases. 

 Sevelamer hydrochloride (SH) is a nonabsorbed calcium and aluminum-free 
phosphate binder [ 108 ]. Several studies showed improvements in lipid profi le with 
use of SH as a phosphate binder in PD patients [ 109 – 111 ]. Evenepoel et al. [ 110 ], in 
a multi-center, open-label prospective study, randomized 143 CAPD patients to SH 
or calcium acetate treatment for 12 weeks. SH treatment was associated with 
decreases in total and LDL cholesterol levels. In all these aforementioned studies, SH 
treatment decreased serum phosphorus levels along with a neutral effect on calcium 
levels. When it is considered that hyperphosphatemia is also associated with coronary 
artery calcifi cation in uremic patients [ 112 ], SH may have a dual favorable effect on 
atherosclerosis progression in these patients, namely, improvements in both dyslipid-
emia and hyperphosphatemia while averting hypercalcemia. However, no study has 
yet evaluated effects of SH treatment on hard CV outcomes in the PD population. 

 Carnitine, 3-hydroxy-4-trimethylaminobutyrate, is a small, water-soluble mole-
cule that is essential for mitochondrial fatty acid oxidation. Levels are usually found 
to be reduced in dialysis patients [ 113 ]. A small study in PD patients [ 114 ] did not 
show a signifi cant change in lipid levels with  l -carnitine supplementation, whereas 
another study [ 105 ] found a signifi cant decrease in apolipoprotein B levels in pedi-
atric CAPD patients with oral supplementation. Considering the importance of 
apoB in atherogenesis, larger studies are warranted to investigate the effects of 
 l -carnitine supplementation in PD patients. Table  10.5  summarizes available 
 treatment modalities for treatment of dyslipidemia in PD patients.

   A few studies conducted on PD patients showed improved survival with statin 
use. Lee et al. [ 115 ] found that statins were prescribed for 37.8 % of incident PD 
patients. Cumulative survival probabilities for statin user versus nonuser were 87 % 
versus 80 % and 76 % versus 69 % at 3 and 5 years, respectively ( P  = 0.01). 

   Table 10.5    Therapeutic options and adjunctive measures for dyslipidemia management in PD patients   

 Treatment modality  Comments 

 Diet and exercise  Insuffi ciently studied 
 Exercise is diffi cult to accomplish due to physical disability 

and heavy burden of chronic diseases 
 Strict diet may worsen protein energy malnutrition 

 Statin treatment  No randomized controlled studies in PD patients 
 Generally safe and effective in PD patients 
 Additional pleiotropic effects beyond lipid lowering 

 Sevelamer hydrochloride  May be benefi cial in retarding atherosclerosis by means 
of salutary effects on serum lipids and phosphorus 

 Carbonate salt should be preferable to prevent acidosis 
  l -Carnitine supplementation  Limited data available 
 Modifi cation of dialysate types  Use of amino acid-based and icodextrine solutions instead 

of overuse of glucose-based dialysate solutions 
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Goldfarb- Rumyantzev et al. [ 116 ] evaluated data from 1,053 incident PD patients 
from the US Renal Data System prospective Dialysis Morbidity and Mortality Wave 
2 study. The authors showed that use of lipid-modifying medications was associated 
with decreased all-cause and cardiovascular mortality compared with no use of 
lipid- modifying medications. 

 Unfortunately, no large RCT has been conducted specifi cally on PD patients to 
investigate the effects of statin treatment on clinical CV outcomes and death. A few 
small RCT included PD patients to evaluate the safety and effi cacy of statin treat-
ment. While in three of these trials [ 117 – 119 ] simvastatin was used (10–20 mg/
day), one study evaluated the effi cacy of atorvastatin at doses of 10–20 mg/day 
[ 120 ]. Cumulatively, these trials recruited only 160 CAPD patients. Overall, these 
trials showed signifi cant reductions in total and LDL cholesterol and triglyceride 
concentrations. Only two trials showed modest but signifi cant increase in HDL 
cholesterol levels compared with placebo. In all these trials adverse events, mainly 
alterations in liver function tests and creatine kinase levels, were comparable 
between statin and placebo groups. 

 In a recent study, Clementi et al. [ 121 ] showed that statin treatment reduced LDL 
as well as small dense LDL, more atherogenic subtype of LDL, in chronic PD patients. 

 Two small noncontrolled trials [ 122 ,  123 ] evaluated the effi cacy and safety of 
ezetimibe in combination with low-dose simvastatin. In one of these trials, simvas-
tatin 10 mg/day plus ezetimibe 10 mg/day signifi cantly reduced levels of total cho-
lesterol (by a mean of 27 %), triglycerides (by 9 %), and LDL-C (by 33 %) and 
increased levels of high-density lipoprotein cholesterol (by 15 %). 

 Pleiotropic effects of statins beyond lipid lowering have also been evaluated in PD 
patients. Carrion et al. [ 124 ] evaluated toxic effects of high glucose (50 and 83 mmol/L) 
and its reversal by atorvastatin on cultures of rat peritoneal mesothelial cells. 
Atorvastatin blocked the increase in intracellular reactive oxygen species and pre-
vented glucose-induced increase in caspase-3 activity. In another experimental study, 
Duman and colleagues [ 125 ] showed that atorvastatin improves peritoneal sclerosis 
induced by hypertonic PD solution in rats. Another study also confi rmed benefi cial 
effects of atorvastatin on structural changes in rat peritoneal membrane [ 126 ]. Statin 
therapy in PD patients decreased serum CRP [ 127 ,  128 ] and TNF- alpha [ 129 ]. 

 In brief, despite comparable CV mortality rates in PD and HD patients, signifi -
cantly less data regarding benefi ts of statin use are present in the PD population 
compared with HD counterparts. More robust clinical trial data are needed before 
recommending use of statins in PD patients.      
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           Introduction 

 Renal transplantation (RT) is the optimal treatment for patients with end-stage renal 
disease (ESRD). Transplant recipients have signifi cantly improved all-cause and 
cardiovascular (CV) morbidity and mortality compared to patients who receive 
maintenance hemo- or peritoneal dialysis [ 1 ,  2 ], establishing transplantation as the 
most desirable method of renal replacement therapy. Over the last 40 years, short- 
and long-term survival of renal transplant recipients (RTRs) and grafts has improved 
signifi cantly due to improved surgical techniques and aggressive management of 
infections [ 3 ]. Furthermore, rejection of the transplant is more likely to be recog-
nized and treated with augmentation and optimization of immunosuppressant ther-
apy. Most recent data from the United States Renal Database System (USRDS) for 
2012 demonstrated this improved outcome of RTRs with 1-year graft and patient 
survival rates of 90.9 % and 96.6 %, respectively [ 4 ]. 

 Nonetheless, premature CV death remains the commonest cause of mortality in 
RTRs. According to USRDS data from 2006 to 2010, CV disease was the common-
est cause of death (30 % of cases) in patients with a functioning renal transplant 
(Fig.  11.1 ) [ 4 ]. This greater prevalence of CV disease compared to the general pop-
ulation has been attributed to greater burden of preexisting morbidities (e.g., diabe-
tes mellitus, peripheral vascular and coronary artery disease), and higher prevalence 
of traditional and novel CV risk factors [ 5 ].
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   Dyslipidemia is common in RTRs, even when transplant function is normal or 
reduced, and a result of multiple factors. Moreover, there is good evidence demon-
strating an association between dyslipidemia and CV disease in RTRs. Although 
lipid-lowering agents have been shown to signifi cantly improve all-cause and CV 
survival in primary and secondary interventional studies of the general population, 
there is a paucity of studies investigating the effect of treating dyslipidemias in RTRs.  

    Dyslipidemia in Renal Transplant Recipients 

 Abnormalities of lipoprotein profi les are common in RTRs. The causes are multi-
factorial (Fig.  11.2 ) and the commonest patterns detected are elevated total choles-
terol (TC), low-density lipoprotein cholesterol (LDL-C), and triglyceride (TG) 
levels. Most observational studies have estimated TC levels above 200 mg/dL 
(5.2 mmol/L) at 12 months after transplantation in 60–90 % of patients. TC levels 
reach their peak at 3–6 months after transplantation and remain elevated after 12 
months. Similarly, LDL-C levels are commonly high (above 100 mg/dL) in greater 
than 90 % of RTRs after 12 months from their operation. These levels have reduced 
considerably with the use of newer immunosuppressive regimens and statin ther-
apy.    High-density lipoprotein cholesterol (HDL-C) levels vary, and observational 
studies have demonstrated increased, unchanged, and reduced levels after trans-
plantation. Other changes observed include elevated lipoprotein (a) and apolipopro-
tein B levels, and altered oxidation of LDL [ 6 ].

   The causes of dyslipidemia in RTRs can be categorized according to patient and 
pharmacological features (see Fig.  11.2 ). Recipient characteristics associated with 

  Fig. 11.1    Main causes 
of death of renal transplant 
recipients between 2006 and 
2010. Data from USRDS [ 4 ]       
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elevated TC and LDL-C include obesity, African ethnicity, and male sex. Common 
comorbidities in RTRs, including diabetes mellitus, hypothyroidism, nephrotic 
syndrome, and chronic liver disease, are also associated with dyslipidemia. 
Immunosuppressive agents linked with lipid abnormalities include corticosteroids 
(CS), calcineurin inhibitors (CNIs), and rapamycin. 

    Corticosteroids 

 CS induce secondary hyperinsulinemia as a result of impaired insulin sensitivity, 
which in turn causes reduced lipoprotein lipase (LPL) activity, elevated very low- 
density lipoprotein (VLDL) synthesis and secretion, and excess TG production. 
In a number of observational studies, there are signifi cant associations between 
elevated CS dose and greater levels of TC and LDL-C. Furthermore, immunosup-
pressive regimens that rapidly withdraw CS therapy have demonstrated improve-
ment in TC and TG levels. In a large ( n  = 500), double-blinded study of steroid 
reduction followed by withdrawal after 12 weeks compared to normal CS dose in 
RTRs, patients in the withdrawal arm developed lower post-transplant TC (after 12 
months withdrawal group 5.60 ± 1.8 vs. control 6.27 ± 1.7,  p  < 0.01) and TG com-
pared to the normal CS treatment arm (12 months withdrawal group 1.88 ± 1.1 vs. 
control 2.16 ± 1.2,  p  < 0.01). Unfortunately, biopsy-proven acute rejection (BPAR) 
was more signifi cantly common in the withdrawal group (at 12 months withdrawal 
group 25 % vs. control 14 %,  p  < 0.01) [ 7 ].  

  Fig. 11.2    Causes of 
dyslipidemia and lipid 
fraction abnormalities found 
in renal transplant recipients       
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    Calcineurin Inhibitors 

 Cyclosporine and, to a lesser extent, tacrolimus therapy are associated with abnor-
malities of lipid metabolism that are not related to concomitant use of corticoste-
roid. Cyclosporine reduces LPL activity, bile salt production, and secretion, and 
increases serum TC levels as a result of reduced LDL-C receptor production. In a 
study comparing RTRs treated with azathioprine and prednisolone with or without 
cyclosporine, TC levels were 30–35 mL/dL higher in patients treated with cyclospo-
rine. In addition, elevated trough cyclosporine levels in RTRs are signifi cantly asso-
ciated with higher LDL-C and lower HDL-C levels [ 8 ]. 

 Conversion from cyclosporine to tacrolimus may improve dyslipidemia in RTRs 
with signifi cant reductions of LDL-C, apolipoprotein B, and TG levels demonstrated 
[ 9 ]. The ELITE-Symphony study compared over 1,600 RTRs randomized to four 
arms: standard-dose cyclosporine, mycophenolate, and corticosteroids, or dacli-
zumab induction, mycophenolate, and corticosteroids in combination with low-dose 
tacrolimus, low-dose sirolimus, or low-dose cyclosporine. In this study, patients in 
the low-dose tacrolimus arm demonstrated signifi cantly reduced development of 
dyslipidemia compared to low- and standard-dose cyclosporine arms [ 10 ].  

    Mammalian Targets of Rapamycin Inhibitors 

 Dyslipidemia, especially hypertriglyceridemia, is one of the signifi cant side effects of 
mammalian targets of rapamycin (mTOR) inhibitor therapy. Sirolimus causes altera-
tion in LPL activity resulting in higher serum levels of TG and VLDL. In RTRs with 
sirolimus-induced hypertriglyceridemia, there is often reduced catabolism of 
apoB100-containing lipoprotein. The effect of sirolimus on lipid levels is dose-
dependent and is usually highest early after transplantation, when trough levels 
require to be higher [ 11 ]. A number of studies comparing CNI therapy with sirolimus 
in RTRs have demonstrated signifi cant dyslipidemias that peak around 2 months 
from conversion/transplantation, with the effect lessening as trough levels fall there-
after. For example, in the CONVERT trial, which compared continuing CNI therapy 
with conversion from CNI to sirolimus in 830 RTRs with stable graft function, hyper-
lipidemia was found in 53.5 % of patients in the sirolimus arm compared to 26.4 % 
of patients who remained on CNIs [ 12 ]. Similarly, elevated TC levels were demon-
strated in 41.9 % of patients in the sirolimus arm compared to 12.1 % in the CNI one.   

    Cardiovascular Events and Dyslipidemia in Renal 
Transplant Recipients 

 Although recipients of renal transplants have signifi cantly lower rates of CV mor-
bidity and mortality compared to patients who remain on the transplant waiting list 
[ 1 ], RTRs continue to have reduced life expectancy compared to the general 
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population, despite excellent transplant function [ 2 ]. Premature CV death remains 
the leading cause of mortality in RTR, and this has been demonstrated in a number 
of observational studies from European, US, and CARI renal registries [ 4 ,  13 ]. It is 
estimated that 50–60 % of deaths with a functioning transplant are due to CV dis-
ease, and the commonest cause of graft loss is death with a functioning transplant. 
Population-based studies from the Australia and New Zealand Dialysis and 
Transplant registry have demonstrated rates of CV death of 5 per 1,000 patients, 
which increase with advancing patient age [ 14 ]. 

 Studies have attempted to determine associations between dyslipidemia and 
adverse outcome in RTRs. In a study of 403 RTRs followed for 10 years, indepen-
dent predictors of developing coronary artery disease included hypercholesterol-
emia, high LDL-C, male sex, obesity, and smoking [ 15 ]. In a similar study of 2,071 
RTRs with stable function after a year, higher TG levels were independently associ-
ated with adverse cardiac events (fatal and nonfatal; HR 1.122 per 100 mg/dL   ; 95 % 
CI 1.033–1.219;  p  = 0.007) [ 16 ]. 

 The Assessment of Lescol in Renal Transplant (ALERT) trial was a prospective 
randomized study comparing RTRs, with mean baseline cholesterol of between 154 
and 347 mg/dL, treated with fl uvastatin or placebo (see below). Post hoc analysis of 
1,052 patients recruited to the placebo arm demonstrated a rate of CV death or non-
fatal myocardial infarction (MI) of 21.5 per 1,000 patient-years. In addition, inde-
pendent predictors of myocardial infarction, cardiac death, and non-cardiac death in 
these patients included serum TC level (HR 1.55 per 50 mg/dL;  p  = 0.0045). Taken 
together, these studies indicate a signifi cant association between dyslipidemia and 
adverse CV outcome [ 17 ,  18 ].  

    Treatment of Dyslipidemia in Renal Transplant Recipients 

 Evidence from the general population has demonstrated improvement of dyslipid-
emia using lifestyle modifi cations (e.g., dietary changes, increased physical activ-
ity). However, this approach does not improve lipid abnormalities of RTRs, 
necessitating use of pharmacological agents [ 19 ]. 

    Statins 

 Current evidence suggests that lowering LDL-C can be achieved using HMG Co-A 
reductase inhibitors. In an early study investigating the effect of fl uvastatin on lipid 
profi les of RTRs, treatment with these statins was associated with an 18 % reduction of 
TC and 34 % reduction of LDL-C [ 20 ]. Similarly, in the fl uvastatin treatment arm of 
the ALERT study, mean LDL-C levels fell by 32 % (38 mg/dL) after a mean follow-up 
of 5.1 years [ 17 ]. In a recent Cochrane review of 16 studies that recruited 3,229 RTRs, 
statin therapy was signifi cantly associated with a 42.2 mg/dL reduction in TC, 46.2 mg/
dL reduction in LDL-C, and 25.5 mg/dL reduction in TGs when compared to placebo. 
Statin therapy was not associated with signifi cant alteration in HDL-C levels [ 21 ].  
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    Cholesterol Uptake Inhibitors 

 Given the results of the SHARP study, ezetimibe has also been investigated for use 
in RTRs. In a study of 40 RTRs with stable transplant function, treatment with ezeti-
mibe alone has been associated with reduction in LDL-C and TC by 33 % and 23 %, 
respectively, with a greater effect if used in combination with statins (reduction of 
LDL-C of 41 %). In a study of RTRs with poorly controlled TC levels despite 
maximum-dose statin therapy, addition of ezetimibe therapy signifi cantly reduced 
TC, LDL-C, and TG levels during 6 months of therapy. However, 14 of the 77 
(18.1 %) patients recruited withdrew from the study due to transaminitis or muscle 
pains [ 22 ,  23 ].  

    Nicotinic Acid Derivatives 

 In a small, open-labeled cross-over study of 12 RTRs already receiving lovastatin, 
16 weeks of nicotinic acid therapy was associated with a signifi cant reduction in 
TC, LDL-C, and TG levels, and elevation of HDL-C compared to control values. 
Unfortunately, these agents are not popular given the high frequency of adverse side 
effects, including fl ushing and impaired glucose tolerance [ 24 ]. 

 In general, there is a reluctance to prescribe lipid-lowering agents given the high 
prevalence of drug interactions and subsequent side effects in RTRs. For example, 
bile acid sequestrants signifi cantly alter the pharmacokinetic properties of CNIs 
(particularly cyclosporine) while fi brates are associated with an unacceptably high 
prevalence of rhabdomyolysis and myositis. Hopefully, practice will change with 
the publication of national and international guidelines directing care of kidney 
transplant recipients including reducing risk of CV events.   

    Outcomes of Lowering Lipids in Renal Transplant Recipients 

 The benefi ts of lipid-lowering therapy have been clearly demonstrated for primary 
and secondary CV morbidity and mortality in the general population and cardiac 
transplant recipients. However, the effect of treating dyslipidemia in RTRs is not 
clear [ 25 ,  26 ]. 

 Some retrospective studies have demonstrated benefi t in treating dyslipidemia in 
RTRs. In a single-center study of 1,574 RTRs, statin use was signifi cantly associated 
with patients survival (HR 0.76; CI 0.6–0.96;  p  = 0.02) after correction for patient age, 
transplant age, and serum cholesterol.    Similarly, in an observational study of 2,041 
fi rst-time RTRs, treatment with statins was independently associated with improved 
survival (HR 0.64; 95 % CI 0.48–0.86;  p  = 0.003) with a signifi cantly improved 
12-year patient survival rate (73 % statin users vs. 64 % nonusers = 0.055) [ 27 ,  28 ]. 
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 The ALERT study remains the largest ( n  = 2,012) study to date that prospectively 
evaluates the benefi t of statin therapy in RTRs. This was a randomized, double-blind 
trial investigating the effect of fl uvastatin compared to placebo on the primary end-
point of number of major adverse cardiac events (MACE, defi ned as cardiac death, 
nonfatal myocardial infarction, or coronary intervention procedure). After a mean 
follow-up of 5.1 years, there was a 17 % relative risk reduction in MACE in the 
treatment arm compared to placebo (Fig.  11.3a ; RR 0.83; 95 % CI 0.64–1.06), 
although this did not reach statistical signifi cance. However, fl uvastatin led to a 
statistically signifi cant relative reduction in the risk of cardiac death or defi nite non-
fatal myocardial infarction (see Fig.  11.3b ; HR 0.65; 95 % CI 0.48–0.88). An 
unblinded extension study demonstrated that fl uvastatin therapy was associated 
with signifi cant reduction of the primary outcome (HR 0.79; 95 % CI 0.63–0.99; 
 p  = 0.036) and cardiac death or nonfatal MI after 6.7 years [ 17 ,  18 ].

   Cochrane database review of statin therapy in RTRs included 16 studies compar-
ing treatment with placebo (15 studies) or another statin. Statin therapy did not 
decrease all-cause mortality (14 studies: RR 1.30; 95 % CI 0.54–3.12). However, 
CV mortality (13 studies: RR 0.68; 95 % CI 0.46–1.03) and nonfatal cardiovascular 
events (1 study: RR 0.70; 95 % CI 0.48–1.01) were improved after treatment com-
pared to placebo, although this did not reach statistical signifi cance [ 21 ]. 

    Other markers of CV morbidity have been shown to improve after statin therapy, 
such as carotid artery intimal thickness, brachial artery fl ow-mediated vasodilatation, 
and prevalence of transplant vasculopathy on biopsy [ 29 ,  30 ]. The time of statin com-
mencement is associated with different CV outcome. Post hoc analyses of the ALERT 
cohort demonstrated enhanced benefi t of reducing risk of cardiac death and nonfatal 
MI if statins were started up to 2 years from transplantation compared to commence-
ment greater than 6 years post-op (RR 0.41; 95 % CI 0.2–0.9;  p  = 0.03) [ 31 ]. 

 There is a weak association between dyslipidemia and adverse transplant func-
tion possibly due to development of atherosclerotic vascular disease or reduced 
acute rejection rates. There is little evidence to suggest preservation of transplant 
function with statin therapy. Data from the ALERT study did not demonstrate any 

a b20 20

15

10

5

0
0

1050 1031 1008 973 938 891
911

811 746
761820935

Time (years)

971100210301052

1 2 3 4 5 6 7

Primary endpoint
p=0.036

15

10

5

C
um

ul
at

iv
e 

in
ci

de
nc

e 
(%

)

C
um

ul
at

iv
e 

in
ci

de
nc

e 
(%

)

0
0

1050
Patients at risk
Fluvastatin
Placebo

Patients at risk
Fluvastatin
Placebo

1009 974 930 885 838 755 691
679743846878929

Time (years)

97210181052

1 2 3 4

Placebo
Fluvastatin

Placebo
Fluvastatin

Cardiac death or
definite non-fatal Ml
p=0.014

5 6 7

  Fig. 11.3    The ALERT    study [ 18 ] showing the impact of fl uvastatin therapy on major cardiac 
events (primary endpoint) and cardiac death and myocardial infarction (secondary endpoint) in a 
cohort of renal transplant recipients with stable graft function          

 

11 Dyslipidemia in the Kidney Transplant Patient



210

benefi t in statin therapy compared to placebo for graft loss or doubling of serum 
creatinine [ 32 ]. Furthermore, results from Cochrane meta-analysis (see above) did 
not demonstrate a signifi cant reduction in rates of BPAR (fi ve studies).  

    Side Effects and Drug Interactions of Statins 

 In general, administration of lipid-lowering therapy to RTRs remains low due to 
potential interactions with other medications (especially immunosuppressive 
agents) and possible poor tolerability. 

 Most statins (namely atorvastatin, simvastatin, and lovastatin) are metabolized 
solely by cytochrome P450 (CYP) 3A4 in the liver, which also metabolizes cyclo-
sporine, tacrolimus, and rapamycin. Pravastatin is also a substrate for CYP3A4 but 
is partially excreted by the kidneys, whereas rosuvastatin is metabolized by CYP2C9 
in addition to CYP3A4 [ 33 ]. When cyclosporine and statins are used concomitantly, 
statin levels tend to increase rather than CNI levels. In one study, concomitant use 
of atorvastatin and cyclosporine was associated with a near sixfold increase in ator-
vastatin plasma levels [ 34 ]. Levels of lovastatin and pravastatin have been shown to 
increase up to 20-fold when administered with cyclosporine, whereas simvastatin 
and fl uvastatin levels increase to a lesser degree [ 35 ]. Although data are limited, 
tacrolimus has not been shown to signifi cantly affect the levels of statin when they 
are used together. 

 In the general population, statin-related side effects include liver toxicity, rhab-
domyolysis, and myositis. Initial studies of statin use in RTRs suggested increased 
rates of adverse side effects, particularly muscular, neoplastic, and infective ones. 
However, data from the ALERT study demonstrated no signifi cant difference in 
rates of adverse side effects between statin treatment and placebo arms and demon-
strated good tolerability in RTRs [ 17 ,  18 ].  

    Conclusion 

 RTRs have signifi cantly poorer CV prognosis compared to the general population 
and attempts to reduce event rates have targeted traditional and novel CV risk 
factors. Lipid fractions associated with atherosclerotic cardiovascular disease are 
also associated with adverse outcome on RTRs. Statin therapy effectively lowers 
atherogenic lipid levels of RTRs with few drug interactions and good tolerability 
compared to placebo. Data from the ALERT trial demonstrate benefi t to CV sur-
vival after treatment of RTR with fl uvastatin during the long-term follow-up com-
pared to controls, and are consistent with the effects of statins in the general 
populations. In general, these agents are well tolerated by RTRs and should be 
administered to all RTRs with dyslipidemia.     
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           Introduction 

 Kidney disease causes many metabolic disturbances, including abnormal serum lipid 
levels. These alterations are both the result of the underlying disorder and a contrib-
uting factor to the progression of the renal disease (see chapter on this topic in this 
book). The mechanism and manifestations of dyslipidemia vary depending upon the 
underlying kidney problem. In this chapter, we review the characteristics, patho-
physiology, and treatment of the dyslipidemia observed in patients with nephrotic 
syndrome (NS), chronic kidney disease (CKD), and diabetic nephropathy.  

    Nephrotic Syndrome 

    Characteristics 

 Hypercholesterolemia is a key characteristic of the nephrotic syndrome. Free and 
total cholesterol, low-density lipoprotein (LDL), very low-density lipoprotein 
(VLDL), triglycerides (TG), free fatty acid, and lipoprotein A have been shown 

    Chapter 12   
 Dyslipidemia in Nephrotic Syndrome 

             Minso     Kim       and     Howard     Trachtman     

        M.   Kim ,  M.D.      
  Department of Pediatrics ,  NYU Langone Medical Center ,   New York ,  NY ,  USA   
 e-mail: Minso.Kim@med.nyu.edu   

    H.   Trachtman ,  M.D.      (*) 
  Division of Pediatric Nephrology, Department of Pediatrics ,  NYU Langone Medical Center , 
  CTSI, Room 110, 227 East 30th Street ,  New York ,  NY   10016 ,  USA   
 e-mail: Howard.Trachtman@nyumc.org  

mailto:Minso.Kim@med.nyu.edu
mailto:Howard.Trachtman@nyumc.org


214

to be elevated in animal models of nephrotic syndrome and in patients with NS. 
Serum high-density lipoprotein (HDL) concentration is decreased, and the propor-
tion of nascent HDL and mature HDL also changes with decreased level of HDL2 
and elevated HDL3. The lipid abnormalities associated with nephrotic syndrome 
can persist even after the patient achieves remission [ 1 ,  2 ] (Table  12.1 ).

       Pathophysiology 

 Total serum cholesterol concentration in patients with nephrotic syndrome is 
increased by dysregulation of enzymes and receptors of lipid metabolism pathway 
at each step of biosynthesis, traffi cking, and catabolism of cholesterol. 

    Biosynthesis of cholesterol is increased by upregulation of acyl-coenzyme A 
(CoA) cholesterol acyl transferase (ACAT) and subsequent upregulation of 
3-hydroxy-3-methylglutaryl-CoA (HMG-CoA) reductase. ACAT catalyzes free 
cholesterol esterifi cation and subsequent sequestration, which reduces the local free 
cholesterol pool. This reduction leads to upregulation of HMG-CoA reductase, 
which enhances cholesterol biosynthesis [ 3 ]. 

 The uptake of plasma cholesterol by the liver in nephrotic mice is compromised 
due to defi ciency in the hepatic LDL receptor. Instead of being taken up by the LDL 
receptors, the cholesterol-containing particles from LDL are increasingly taken up 
by macrophages. This is enabled by the upregulation of the two key enzymes in the 
macrophage uptake pathway of fatty acid and oxidized LDL—scavenger receptor 
class, A-1 (SR-A1) and CD36 [ 4 ]. 

 The catabolism of cholesterol is also closely related to the activity of ACAT 
described above. Cholesterol 7α-hydroxylase, the rate-limiting enzyme in biliary 
cholesterol secretion, is unchanged in nephrotic syndrome. However, the reduced 
local free cholesterol pool (from elevated ACAT activity—see above) leads to 
downregulation of cholesterol 7α-hydroxylase, leading to decreased clearance of 
cholesterol. 

 In addition to the overall elevation of the total serum cholesterol concentration, 
TG and LDL levels are also elevated in nephrotic syndrome. TG metabolism is 
disrupted in mice with nephrotic syndrome due to impaired clearance of chylomi-
crons and other TG-rich lipoproteins. Chylomicron and VLDL undergo lipolysis of 

     Table 12.1    Serum lipid profi le in kidney disease   

 Nephrotic syndrome  Chronic kidney disease  Diabetic nephropathy 

 Total cholesterol  ↑↑↑  ↑  ↑ 
 LDL  ↑↑↑  ↑  ±↑ 
 VLDL  ↑↑↑  ↑  ±↑ 
 HDL  ↓  ↓  ↓ 
 TG  ↑↑↑  ↑↑  ↑ 
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fatty acids, which is catalyzed by lipoprotein lipase and hepatic lipase. Both lipases 
are impaired in nephrotic syndrome [ 5 ,  6 ], leading to hypertriglyceridemia. 
Nephrotic syndrome also upregulates hepatic diacylglyceride acyl transferase 
(DGAT), which increases endogenous production of TG and compounds the distur-
bance in TG levels [ 7 ]. 

 Similarly, the conversion from intermediate-density lipoproteins (IDL) to LDL 
involves removal of TG and lipolysis by hepatic lipase. The TG in IDL are exchanged 
for cholesterol ester on mature HDL by cholesterol ester transfer protein (CETP), 
and the TG removed from IDL are hydrolyzed by the hepatic lipase. The activity of 
CETP is elevated in nephrotic syndrome, which leads to increased transformation of 
IDL to LDL. In addition to the increased production, clearance of LDL is compro-
mised in nephrotic syndrome due to the hepatic LDL receptor defi ciency. 

 The level of HDL may be normal or even slightly elevated in nephrotic syn-
drome; however, the function and composition of HDL are disrupted. Reverse cho-
lesterol transport is one of the major protective mechanisms of HDL against 
atherosclerosis and this process is impaired at multiple levels in nephrotic syndrome. 
Reverse cholesterol transport is a pathway by which cholesterol is taken up from the 
vessel wall, transported to the liver, and fi nally excreted by the hepatic cells. It 
begins with cholesterol effl ux where cholesterol is taken up from macrophages in 
the vessel wall and then collected by nascent HDL. Lecithin-cholesterol acyl trans-
ferase (LCAT) is essential in esterifi cation of the cholesterol so that it can be carried 
by HDL. Nascent HDL (HDL3), once loaded with cholesterol ester, becomes mature 
HDL (HDL2). Cholesterol ester-rich HDL2 then docks itself to the docking receptor 
of liver, scavenger receptor B-1 (SRB-1), to unload its lipid cargo [ 8 ]. 

 In nephrotic syndrome, LCAT is excreted with other proteins to urine, resulting 
in diminished concentration and activities of LCAT. This leads to impaired esterifi -
cation of cholesterol and decreased cholesterol uptake by nascent HDL. This results 
in reduced mature HDL concentration. This is evidenced by the reduced ratio of 
mature-to-nascent HDL (HDL2/HDL3) found in multiple studies of patients with 
nephrotic syndrome. This relative decrease in HDL2 leads to reduced sequestration 
of intracellular cholesterol. 

    Moreover, HDL2 is involved in transport of apolipoprotein (apo) C and apoE to 
nascent VLDL and chylomicrons so that the apolipoproteins can activate lipopro-
tein lipase and consequent catabolism of VLDL and chylomicrons. The reduction in 
HDL2 in nephrotic syndrome diminishes this conversion from nascent to mature 
VLDL, leading to overall increased VLDL level. 

 In addition, the hepatic HDL receptor SRB-1 is signifi cantly decreased in 
nephrotic syndrome, which makes it diffi cult for the remaining mature HDL to 
unload its cholesterol ester to the liver [ 8 ]. The mRNA of SRB-1 is not affected by 
the nephrotic syndrome; however, expression of PDZK1, a molecule essential for 
transport and anchoring of SRB-1 to the hepatocyte plasma membrane, is down-
regulated in nephrotic syndrome, resulting in decreased SRB-1 abundance [ 9 ]. The 
pathways involved in the pathogenesis of dyslipidemia in nephrotic syndrome are 
illustrated in Fig.  12.1 .
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       Treatment 

 Based on the pathophysiology outlined above, the treatment of dyslipidemia in 
patients with nephrotic syndrome has been largely targeted at the key enzymes of 
the lipid metabolism (Table  12.2 ).

   Statins are generally used as a fi rst line of treatment. As discussed above, 
nephrotic syndrome upregulates the hepatic HMG-CoA reductase. In normal physi-
ologic status, HMG-CoA reductase would be expected to be downregulated in 
response to hypercholesterolemia. HMG-CoA reductase inhibition improves hepatic 
LDL and HDL receptor defi ciencies documented in animals with nephrotic syn-
drome and ameliorated the associated hyperlipidemia [ 10 ]. 

 HMG-CoA reductase inhibitors have been shown to be effective in lowering the 
lipids in multiple studies, including 2-week treatment of nephrotic mice with rosu-
vastatin [ 11 ] and 6-week treatment of mice with simvastatin [ 12 ]. Statin therapy has 
been repeatedly demonstrated to lower plasma cholesterol, TG, LDL, and VLDL in 
nephrotic syndrome. Lp(a)-derived cholesterol was an exception to this therapeutic 
effect, although the mechanism of which is unclear. Thus, Valdivielso et al. showed 

↑ACAT activity
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reductase activity
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↑TRIGLYCERIDES

  Fig. 12.1    Illustration of mechanisms involved in the pathogenesis of dyslipidemia in patients with 
nephrotic syndrome.  Yellow fi ll  indicates alterations in synthesis and  blue fi ll  indicates defects in 
clearance.  ACAT  acyl-coenzyme A cholesterol acyl transferase,  HMG CoA  3-hydroxy-3- 
methylglutaryl-coenzyme A       

     Table 12.2    Treatment of dyslipidemias in kidney disease   

 Nephrotic 
syndrome  Chronic kidney disease  Diabetic nephropathy 

 Diet  +  +  + 
 Statins  +++  ++  ++ 

 Benefi t uncertain with ESKD 
 Fibrates  ?  +  + 

 Caution in advanced stages 
due to drug accumulation 
and muscle toxicity 

 May lower risk of CV events and 
slow progression of nephropathy 

 Niacin  ?  ?     ? 

  Symbols: +, mild effect; ++, moderate effect; +++, strong effect; ?, unknown effect  

 

M. Kim and H. Trachtman



217

that in a small group of ten patients with primary or secondary nephrotic syndrome, 
the addition of 10 mg atorvastatin daily for 6 months resulted in a 41 % reduction in 
LDL-cholesterol and 31 % in triglycerides (both  P  < 0.05), and a 15 % increase in 
HDL-cholesterol (NS) [ 13 ]. 

 Statins have demonstrated short-term safety and effi cacy in the pediatric patients 
with nephrotic syndrome. Implementing treatment with this class of drugs is capa-
ble of safely reducing total cholesterol up to 42 %, LDL-C up to 46 %, and triglyc-
eride levels up to 44 % [ 14 ]. Pravastatin effectively lowers LDL in adult patients 
with nephrotic syndrome who have isolated hypercholesterolemia or in combina-
tion with high triglyceride levels [ 15 ]. Extended treatment with the liver-selective 
agent, fl uvastatin, resulted in a 31 % reduction in total cholesterol and 29 % in LDL- 
cholesterol [ 16 ]. This indicates that the benefi cial effect of statins in nephrotic syn-
drome can be safely sustained for an extended period without incurring signifi cant 
side effects.    In addition, the benefi cial changes in serum lipids achieved with statin 
therapy are paralleled by improved endothelial vasodilation, assessed by post- 
ischemia brachial artery fl ow-mediated dilation [ 17 ]. 

 The pleiotropic effects of statins in patients with nephrotic syndrome are vast and 
a full review is beyond the depth of this particular chapter. In brief, statins inhibit 
proliferation of the mesangial cells, which confers protection of kidney from glomeru-
losclerosis and any renal injury secondary to infl ammation from hypercholesterol-
emia. Some of the other non-lipid effects include inhibition of renal tubular epithelial, 
smooth muscle, and mesangial cell proliferation; anti-infl ammation by reducing glu-
tathione peroxidase and superoxide dismutase; immunomodulation by inhibiting pro-
duction of tumor necrosis factor (TNF)-α and eNOS; neovascularization; reduction of 
endothelial fi brinolytic potential; improvement of endothelial vasodilation; reduction 
of arterial blood pressure; and inhibition of osteoclastic activities [ 18 ]. 

 An ACAT inhibitor may be useful in the treatment of dyslipidemia in nephrotic 
syndrome. In rats with puromycin aminonucleoside nephropathy, 2 weeks of treat-
ment with ACAT inhibitor CI-976 versus placebo yielded reduced plasma choles-
terol, TG, total cholesterol–HDL ratio, hepatic ACAT activity, near-normalized 
plasma LCAT, hepatic SRB-1, LDL receptor, and amelioration of proteinuria and 
hypoalbuminemia [ 8 ]. 

 Administration of antithrombin for 10 days resulted in a decreased TG, total 
cholesterol, LDL, and VLDL levels, improvement in tubular cast and tubular expan-
sion, suppression of tubular epithelial apoptosis, and decrease in renal cytokine in 
this same model.  l -Carnitine given orally for 15 days resulted in a partial reduction 
in serum TG and cholesterol levels without complete normalization. 

 Dietary changes are a key element in the treatment of dyslipidemia in patients 
who have normal kidney function and have been prescribed for those with nephrotic 
syndrome. In animals with nephrotic syndrome, soy protein intake reduced HMG- 
CoA reductase and LDL receptor while lowering total cholesterol, TG, VLDL-TG, 
and LDL-cholesterol in comparison to the control nephrotic mice fed with 20 % 
casein diet [ 19 ]. 

 This intervention also reduced the gene expression of SREBP-1 [ 19 ]. However, 
the effect of soy protein intake has not been evaluated in the treatment of patients 
with nephrotic syndrome and dyslipidemia. 
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 A variety of herbs and natural compounds have been prescribed to lower hyper-
lipidemia in patients with nephrotic syndrome. Macrothelypteris torresiana was 
administered for 9 weeks with modest effect [ 20 ]. Probucol is another agent used to 
treat dyslipidemia in nephrotic syndrome in a study of 14 children with nephrotic 
syndrome;    this drug yielded a decline in mean serum triglycerides (−15 %), total 
cholesterol (−25 %), VLDL-cholesterol (−27 %), LDL-cholesterol (−23 %), and 
HDL-cholesterol (−24 %), as well as apoA-1 (−19 %), apoB (−21 %), and MDA 
(−32 %) that were maintained over 24 weeks of treatment [ 21 ]. The positive effects 
of probucol on the lipoprotein profi le were not associated with any signifi cant 
change in either proteinuria or GFR. 

 Antiproteinuric therapy has been proposed to ameliorate hyperlipidemia in 
patients with nephrotic syndrome by reducing the extent of the defect in glomerular 
permselectivity. Treatment of Imai rats that develop spontaneous FSGS and 
nephrotic syndrome with the angiotensin converting enzyme inhibitor, losartan, and 
pravastatin results in complete resolution of proteinuria and hypercholesterolemia 
[ 22 ]. Similarly, a robust reduction in proteinuria with renoprotective agents, such as 
losartan, can result in a reduction in LDL-cholesterol due to a decrease in CETP 
mass [ 23 ]. In a study of 28 patients with nondiabetic kidney disease, upward titra-
tion of dose of the angiotensin converting enzyme inhibitor, lisinopril, to maximum 
tolerated doses safely ameliorated hypercholesterolemia through amelioration of 
the nephrotic syndrome, particularly in patients with more severe hypoalbuminemia 
and lowered hypertriglyceridemia in a dose-dependent manner [ 24 ]. 

 A number of miscellaneous treatments have been tried to correct the dyslipid-
emia in nephrotic syndrome. Activation of lipoprotein lipase corrects hyperlipid-
emia and preserves renal function in experimental adriamycin nephropathy [ 25 ]. 
However, this approach to therapy is unavailable in clinical practice. LDL apheresis, 
originally used for the management of familial hyperlipidemia, has been used in 
Japan for the treatment of patients with nephrotic syndrome and dyslipidemia due 
to steroid-resistant focal segmental glomerulosclerosis (FSGS) [ 26 ]. The device has 
been safely utilized and achieved complete or partial remission of disease with res-
toration of normal serum cholesterol and triglyceride concentrations in 62 % and 
87 % of patients after 2 and 5 years of follow-up, respectively [ 27 ]. 

 A wide range of alternative and complementary medications have been used to 
correct the hyperlipidemia observed in nephrotic syndrome. These include ginger 
given as a capsule 3 g/day to adults [ 28 ].   

    Chronic Kidney Disease 

    Characteristics 

 Dyslipidemia in patients with CKD shows differing patterns based on their stage 
and accompanying proteinuria [ 29 ]. However, there is no consistent pattern of lipid 
abnormalities among the different clinical strata of CKD.    With decreasing kidney 
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function there is generally a consistent rise in serum TG levels due to the accumulation 
of TG-enriched apoB particles and a decrease in serum HDL. Moreover, the lipid 
levels change if there is concomitant nephrotic-range proteinuria or if renal replace-
ment therapy is initiated (hemodialysis or peritoneal dialysis). Patients with mild to 
moderate CKD and proteinuria have elevated total cholesterol and LDL levels. 
However, total and LDL-cholesterol levels are not as uniformly elevated in patients 
with CKD as in those with nephrotic-range proteinuria. Patients with end- stage kid-
ney disease (ESKD) on peritoneal dialysis also show the same pattern, likely due to 
the large-volume protein loss similar to proteinuria. The level of LDL and total 
cholesterol normalizes in ESKD patients on hemodialysis, while TG, VLDL, small 
dense LDL, and IDL are elevated.    HDL and serum apoA-1 are signifi cantly reduced 
in all stages of CKD [ 30 ]. However, there is a poor correlation between absolute 
HDL levels and clinical outcomes in patients with CKD. This has raised the possi-
bility that alteration in HDL composition, metabolism, and function may contribute 
more to cardiovascular (CV) risk associated with CKD compared to otherwise 
healthy patients [ 31 ]. For example, HDL isolated from patients with CKD has 
reduced capacity to promote reverse cholesterol transport and effl ux from cells 
compared to the fraction obtained from healthy controls [ 32 ]. Similarly, HDL sam-
ples from CKD patients promote an infl ammatory response in macrophages with 
enhanced release of interleukin-1β, IL-6, and TNF-α [ 33 ]. These functional distur-
bances are not consistently normalized by statin treatment and may account for the 
limited therapeutic effi cacy of these agents in patients with CKD (see below) (see 
Table  12.1 ). 

 With advanced CKD, mortality is often associated with low cholesterol levels 
that may refl ect concomitant malnutrition and ongoing low-grade systemic infl am-
mation. It is unlikely that high cholesterol levels are actually protective in patients 
with advanced CKD and more work is needed to clarify the interaction between 
serum cholesterol, infl ammation, and nutritional status and mortality.  

    Pathophysiology 

 Unlike in nephrotic syndrome, where cholesterol production is increased and clear-
ance is decreased, cholesterol levels in CKD depend solely on the degree of impair-
ment of lipid clearance as cholesterol production remains unchanged [ 34 ]. The 
serum concentrations of TG, VLDL, and LDL in CKD are determined by their 
clearance rate. 

 In VLDL and chylomicron metabolism of CKD, lipoprotein lipase, hepatic 
lipase, VLDL receptor, and LDL receptor-related protein are all downregulated. 
Under physiologic conditions, lipoprotein lipase binds to capillary endothelium 
where it catalyzes lipolysis of VLDL. Glycosylphosphatidylinositol-anchored bind-
ing protein 1 (GPIHBP1) anchors lipoprotein lipase to the capillary endothelium 
and facilitates attachment of chylomicron as well. This key protein is downregu-
lated in CKD, which may contribute to lipoprotein lipase defi ciency [ 35 ]. 
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 Apolipoproteins are also disrupted in CKD, partaking in the impaired clearance. 
apoCIII is increased while apoCII is decreased in VLDL, resulting in decreased 
activation of lipoprotein lipase. apoE is also reduced in VLDL, which makes it dif-
fi cult to bind to the capillary endothelium and VLDL receptor [ 29 ]. 

 LDL metabolism in CKD is affected by the change in hepatic lipase. The expres-
sion and activity of hepatic lipase are reduced in CKD, leading to accumulation of 
IDL and triglyceride. 

 As mentioned above, the concentration and function of HDL are both severely 
impaired in CKD. The principal constituent in HDL is apoA-1, which normally 
participates in disposal of oxidized fatty acids and phospholipids in conjunction 
with LCAT. The defi ciency of apoA-1 found in CKD decreases HDL production 
[ 36 ]. LCAT activity and concentration are also decreased in CKD similar to those of 
nephrotic kidneys, where HDL maturation is impaired due to diminished esterifi ca-
tion of cholesterol by LCAT [ 29 ]. In addition to the impaired reverse cholesterol 
transport, HDL’s function as antioxidant is also compromised in CKD [ 36 ]. Key 
antioxidant components of HDL—paraoxonase and glutathione peroxidase—activ-
ities are both decreased in CKD patients. The pathophysiological pathways involved 
in the pathogenesis of dyslipidemia in CKD are illustrated in Fig.  12.2 .

   In addition to derangements caused by the underlying disease process, iatrogenic 
problems such as repeated heparinization during hemodialysis treatments can 
degrade and deplete lipoprotein lipase, worsening hypertriglyceridemia.  

    Treatment 

 Statins are generally the fi rst line of therapy for treatment of dyslipidemia in patients 
with CKD because of their confi rmed ability to lower LDL and their safety and toler-
ability in the general population [ 37 ] (see Table  12.2 ). A recent meta-analysis involv-
ing 21,295 participants in studies done between 1966 and 2013 has confi rmed that 
use of statins in patients with CKD who are not on dialysis resulted in a signifi cant 
reduction in all-cause mortality (relative risk 0.66), cardiac deaths (relative risk 
0.69), cardiovascular events (relative risk 0.55), and stroke (relative risk 0.66) [ 38 ]. 
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  Fig. 12.2    Illustration of mechanisms involved in the pathogenesis of dyslipidemia in patients with 
chronic kidney disease.  Blue fi ll  indicates defect in clearance.  LDL  low-density lipoprotein,  VLDL  
very low-density lipoprotein,  HDL  high-density lipoprotein       
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 Atorvastatin is the most widely prescribed agent in this class. Both atorvastatin 
and rosuvostatin have a longer half-life compared to other statins, which provides 
pharmacokinetic justifi cation for preferred use of these drugs [ 39 ]. Newer agents 
have also been utilized in clinical practice and pitavastatin has been administered 
safely to lower serum lipid levels. Interestingly, it also resulted in a 5 mL/min/1.73 m 2  
increase in GFR when prescribed for a 2-year period to a subgroup of 958 adults 
with initial GFR <60 mL/min/1.73 m 2  [ 40 ]. Although they are generally effective 
for this indication, the reduction in serum cholesterol and TG levels is generally 
lower in patients with renal disease compared to primary prevention in otherwise 
healthy patients [ 41 ]. The major controversy surrounding use of statins is whether 
they reduce cardiovascular (CV) and all-cause mortality in the CKD subgroup as 
effectively as in the general population and in patients with cardiovascular disease 
(CVD). In these latter two groups, clinical trials of statins have achieved a 30 % 
reduction in the relative risk of major coronary events. CV risk gradually increases 
with increasing stages of CKD and is highest in patients receiving renal replacement 
therapy. The uncertainty about statins in CKD stems from generally negative studies 
of statin use to correct hyperlipidemia and reduce the risk of CVD in patients on 
dialysis. Thus, in the 4D and AURORA studies, lipid lowering with atorvastatin or 
rosuvostatin, or simvastatin, respectively, lowered LDL levels but had no favorable 
impact on the primary cardiovascular end point in each study [ 42 ,  43 ]. 

 In the SHARP clinical trial, which evaluated the effi cacy of a combination of sim-
vastatin and ezetimibe in a broad spectrum of patients with CKD (3,023 on dialysis 
and 6,247 who were not on dialysis), there was a signifi cant decline in LDL levels and 
a 17 % reduction in major cardiovascular events. However, there was no favorable 
impact on mortality.    The protective effect against cardiovascular events was primarily 
observed in patients not yet on dialysis, but there was minimal effect on the rate of 
progression of CKD. Finally, it is unclear if the benefi t documented in the SHARP 
trial was due to the statin, ezetimibe, or the drug combination [ 44 ,  45 ]. Therefore, it 
is imperative to identify whether CKD patients benefi t from alteration of lipid frac-
tions and how to best achieve this objective. However, there is recent evidence that 
pretreatment LDL-cholesterol levels and changes in response to therapy may be less 
useful as a marker of CVD in patients with CKD than in the general population [ 46 ]. 

 In light of experimental evidence suggesting that dyslipidemia is a factor pro-
moting worsening renal function, treatment with statins may be worthwhile in 
patients with CKD for their renoprotective effects [ 47 ]. This would be consistent 
with the hypothesis that lipid nephrotoxicity contributes to the progressive decline 
in kidney function in a wide range of conditions including obesity, hypertension, 
and atherosclerosis [ 30 ]. The Lipid lowering and Onset of Renal Disease (LORD) 
study, which enrolled 132 patients, documented a trend towards a slower rate of 
progressive decline in renal function in patients with CKD who received atorvas-
tatin for 2.5 years [ 48 ]. Additional studies will be needed to clarify this important 
aspect of the optimal clinical management of CKD. 

 Fibrates have been used as an alternative to statins in patients with CKD. 
Although gemfi brozil can lower serum TG levels as effectively as atorvastatin, nei-
ther drug had a favorable effect on endothelial dysfunction and only the stain 
reduced small artery stiffness [ 49 ]. However, fi brates are eliminated by the kidney 
and some authorities suggest not using fi brates in patients with reduced GFR, 
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specifi cally those with CKD stage 4 to avoid drug accumulation and muscle toxicity 
[ 50 ]. Despite this caution, fi brates are a useful adjunctive treatment when used with 
proper precautions such as avoidance of statin–fi brate combination therapy and 
appropriate dose modifi cation as GFR declines [ 51 ]. A recent meta-analysis con-
cluded that administration of fi brates has a place in the management of patients with 
CKD (GFR <60 mL/min/1.73 m 2 ). The treatment leads to an improvement in lipid 
profi les and prevents cardiovascular events. A benefi cial effect on clinically relevant 
renal endpoints remains to be proven [ 52 ]. 

 Niacin is another alternative to treat the lipid abnormalities and to treat hyper-
phosphatemia in CKD. There is preclinical evidence to support this therapy as a 
lipid-lowering, anti-infl ammatory, and renoprotective agent [ 53 ]. However, there is 
a paucity of data and well-designed studies are needed to assess the effi cacy of nia-
cin for this indication in patients with CKD [ 54 ]. The pharmacokinetics of niacin 
are altered in patients with CKD and dose modifi cation is required to minimize the 
risk of side effects like fl ushing [ 55 ].   

    Diabetic Nephropathy 

    Characteristics 

 Hyperglycemia results in hypercholesterolemia and accentuates its subsequent 
damage to kidney [ 56 ]. Unlike nephrotic and nephritic disease, the overall level of 
LDL may be normal or slightly high; however, the proportion of small dense LDL 
is increased which hold higher risk for atherosclerosis. TG levels are also elevated 
while HDL is decreased (see Table  12.1 ).  

    Pathophysiology 

 Hyperglycemia causes glycation, namely posttranslational attachment of glucose to 
protein or lipid molecules. The resulting products of this attachment are called 
advanced glycation end-products (AGEs). When apolipoproteins and LDL undergo 
glycation, the resulting modifi ed lipids become more susceptible to oxidation [ 56 ]. 
AGE-modifi ed protein in itself exacerbates infl ammation and vascular remodeling, 
which will be further discussed in detail later in this chapter. When this is applied to 
lipids, its kinetics of clearance is signifi cantly changed as described below. 

 Glycation of LDL occurs near its receptor binding site, leading to lower affi nity 
to LDL receptor. AGE peptides also bind to LDL, further impairing LDL receptor- 
mediated clearance and resulting in elevated serum LDL concentration. Aside from 
glycation, LDL particle sizes also become smaller. These small, dense LDL parti-
cles are known to be more atherogenic [ 57 ]. A similar pattern occurs in VLDL. 
Glycated VLDL does not bind to lipoprotein lipase as well and, as a result, lipolysis 
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of triglyceride is compromised and serum VLDL and triglyceride levels increase 
[ 56 ]. This is confi rmed by human studies which showed decreased lipoprotein 
lipase activities and hypertriglyceridemia in diabetics [ 58 ]. As the TG-rich lipopro-
tein is increased, more cholesterol is required to be transferred from HDL, resulting 
in decreased HDL level. 

 For diabetic nephropathy, it is vital to understand the vicious cyclical nature of 
renal disease and dyslipidemia. We have discussed how renal disease leads to dys-
lipidemia thus far; in addition, dyslipidemia causes further renal injury via infl am-
mation and subsequent vascular remodeling. This secondary injury is particularly 
accentuated in diabetic kidneys. 

 In nephrotic syndrome or CKD, renal damage mediated by dyslipidemia occurs 
at the level of tubulointerstitial cells and mesangium [ 47 ,  59 ]. Reabsorption of the 
lipids—fatty acids, phospholipids, and cholesterol—with lipoprotein by tubuloint-
erstitial cells leads to tubulointerstitial infl ammation. Accumulation of lipoprotein 
in glomerular mesangium leads to glomerulosclerosis via matrix formation. Similar 
changes occur in diabetic kidneys at an accelerated pace. 

 Oxidized lipoproteins are abundant in diabetic nephropathy due to the impaired 
LDL clearance as discussed above. Exposure to such lipoproteins promotes cyto-
kine and chemokine secretion by mesangial cells and subsequent recruitment of 
macrophages [ 60 ]. The recruited macrophages take up oxidized LDLs and become 
foam cells, which release more cytokines such as TGF-β1 and platelet-derived 
growth factor-AB. These proliferative and prosclerotic cytokines lead to extracel-
lular matrix protein production, resulting in mesangial expansion and thickening of 
the glomerular basement membrane. The TGF-β1 and macrophage infi ltration also 
damage the tubular interstitium via infl ammation in local area. Angiotensin II con-
tributes to this process [ 60 ]. Angiotensin II increases pressure at the glomerular 
capillary level, which increases the glomerular permeability of macromolecules 
including mesangial lipids. Chemokines and cytokines, also released via angioten-
sin II-triggered pathway, help infi ltration of macrophages and accumulation of the 
 permeated lipids to macrophages. 

 AGE-receptors for AGE (RAGE) play a unique role in diabetic nephropathy by 
amplifying the renal injury. AGEs that are formed on lipids and proteins bind to 
receptors, activate growth factors and cytokines, and promote extracellular matrix 
synthesis and inhibit its degradation. The pathways involved in the pathogenesis of 
dyslipidemia in diabetic nephropathy are illustrated in Fig.  12.3 .
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  Fig. 12.3    Illustration of mechanisms involved in the pathogenesis of dyslipidemia in patients with 
diabetic nephropathy.  Blue fi ll  indicates defect in clearance.  LDL  low-density lipoprotein,  VLDL  
very low-density lipoprotein       
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       Treatment 

 In general, because of the heightened risk of CVD in patients with CKD and diabetes, 
the general recommendation is to implement lipid-lowering therapy in this cohort 
with a target LDL concentration of 70 mg/dL [ 61 ]. This guideline is reinforced 
because hyperlipidemia contributes to the microvascular complications of diabetes 
including nephropathy [ 62 ]. Similar to other patients with CKD, statins are gener-
ally the fi rst-line therapy in these patients (see Table  12.2 ). In a study of 40 patients 
with type 2 diabetes, rosuvastatin lowered serum LDL-cholesterol levels in con-
junction with a reduction in serum retinol-binding protein (RBP)-4, an insulin- 
resistant adipokine [ 63 ]. Fluvastatin is an alternative agent that is effective and well 
tolerated in patients with CKD and diabetic nephropathy [ 64 ]. Simvastatin treat-
ment reduces serum lipoprotein-phospholipase A2 and lyso-phosphatidylcholine 
content in LDL. This may be important because lipoprotein-phospholipase A2 may 
have enhanced pro-atherogenic activity in patients with diabetic nephropathy by 
promoting the production of lyso-phosphatidylcholine in circulating LDL [ 65 ]. The 
limited effi cacy of statins in patients with diabetic nephropathy may be because 
statins are unable to completely correct hypertriglyceridemia and low HDL- 
cholesterol. This has justifi ed clinical use of peroxisome proliferator-activated 
receptor (PPAR)-α agonists, which include fi brates [ 66 ]. In a study of 314 patients 
with type 2 diabetes and early nephropathy with microalbuminuria, treatment with 
fenofi brate for over 3 years reduced the rate percentage of patients who progressed 
to macroalbuminuria from 18 to 8 % [ 67 ]. The Fenofi brate Intervention and Event 
Lowering in Diabetes (FIELD) study evaluated 9,795 participants aged 50–75 years 
with type 2 diabetes who were treated with fenofi brate 200 mg daily or matching 
placebo for a median of 5 years [ 68 ]. Treatment with fenofi brate (versus placebo) 
resulted in signifi cantly fewer total cardiovascular events, the pre-specifi ed second-
ary outcome for subgroup analyses. Fenofi brate treatment also was associated with 
a signifi cant reduction in the proportion of participants who had progression of 
albuminuria, from normal to micro- or macroalbuminuria. However, patients with 
renal impairment, defi ned as a plasma creatinine level >130 μmol/L, were excluded 
from the study. The ACCORD study also examined the impact of fi brates in patients 
with type 2 diabetes but excluded patients with CKD [ 69 ]. The further addition of 
polyunsaturated n-3 fatty acids to a statin–fi brate combination yielded an incremen-
tal 28 % reduction in serum TG levels [ 70 ]. Overall, at present based on the avail-
able published information, it is not possible to confi rm the safety of fi brates in 
patients with diabetes and CKD. 

 Colestimide, a new anion exchange resin, has been used successfully to lower lipid 
levels in a 12-week study of patients with type 2 diabetes [ 63 ]. Diacylglycerol oil has 
been tested to treat dyslipidemias in patients with diabetes but the results have not 
been confi rmed [ 71 ]. A soy protein diet has been used in short-term studies (14 weeks) 
and effectively lowers total and LDL-cholesterol and TG levels [ 72 ]. Interestingly, in 
contrast to other causes of CKD, there are no published reports describing the use of 
niacin to treat hyperlipidemia in patients with diabetic nephropathy. 
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 Disordered sphingolipid metabolism has been documented in patients with 
diabetes and future interventions that target this pathway may lead to improvements 
in dyslipidemia and renal function [ 73 ].   

    Conclusion 

 Dyslipidemia is a prominent feature in the full spectrum of kidney disease. However, 
it is important to recognize the differences in pathogenesis of the lipid disturbances 
in specifi c renal conditions because this impacts on the exact phenotype of the 
abnormal serum lipid profi le and the anticipated response to treatment. Improved 
approaches to the management of dyslipidemia in kidney may be benefi cial to both 
slow the rate of progressive decline in kidney function and prevent the serous car-
diovascular consequences of chronic renal disease. 

 Hypercholesterolemia in nephrotic syndrome is associated with and largely due 
to acquired LDL receptor (LDLR) defi ciency. PCSK9 (proprotein convertase sub-
tilisin/kexin type 9) promotes degradation of LDLR, raising the possibility that 
elevation of LDL cholesterol levels in patients with nephrotic syndrome and PD 
patients may be due to increased PCSK9 levels. In a study of 15 patients with 
nephrotic syndrome, the mean serum total and LDL cholesterol levels in patients 
with nephrotic syndrome (317.9 ± 104.2 [SD] and 205.9 ± 91.1 mg/dL) were signifi -
cantly (P < 0.05) higher than in the control group (166.5 ± 26.5 and 95.9 ± 25.2 mg/
dL). This was associated with signifi cantly (P < 0.05) higher plasma PCSK9 levels 
in patients with nephrotic syndrome (15.13 ± 4.99 ng/mL) than in the control 
(9.19 ± 0.60 ng/mL) patients. Plasma PCSK9 level was directly related to total and 
LDL cholesterol concentrations in the study population (r = 0.559 [P < 0.001] and 
r = 0.497 [P < 0.001], respectively). Thus, the nephrotic syndrome is associated with 
a higher plasma PCSK9 concentration, which can contribute to elevation of LDL 
levels by promoting LDLR defi ciency [ 74 ].     
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           Dyslipidemias in Patients with Nephrotic Syndrome 

    Introduction 

 Nephrotic syndrome (NS) is among the most common types of kidney diseases seen 
in children, and its incidence varies with age, race, and geography. The annual inci-
dence in children in the United States and in Europe has been estimated to be 1–3 
per 100,000 with a cumulative prevalence of 16 per 100,000 children [ 1 ,  2 ]. It is 
characterized by massive proteinuria, hypoalbuminemia, hyperlipidemia, and 
edema. Although NS most often occurs as a primary disorder in children, it can also 
be associated with systemic illnesses. Structural and functional abnormalities in the 
glomerular fi ltration barrier resulting in severe proteinuria are responsible for the 
clinical manifestations of NS. Minimal change NS is the most common form of 
idiopathic NS, accounting for more than 90 % of cases; other types, such as focal 
segmental glomerulosclerosis (FSGS) and membranoproliferative glomerulone-
phritis, are seen rarely [ 3 ]. It is more appropriate to categorize childhood NS accord-
ing to response to steroid therapy, because renal biopsy is usually not performed in 
patients who respond to steroid therapy. Response to steroid therapy carries a greater 
prognostic weight than the histological fi ndings on initial biopsy. Thus, two types of 
NS can be defi ned in the childhood period: steroid- responsive NS, in which the 
proteinuria rapidly resolves with therapy, and steroid- resistant NS, in which steroids 
do not induce remission [ 4 ]. It is estimated that about 80 % of children with idio-
pathic NS will respond to corticosteroid treatment with complete resolution of 
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proteinuria and edema. Among this steroid-responsive group, the clinical course is 
variable, with up to 60 % having frequent relapses or becoming dependent on ste-
roid therapy to maintain them in remission. Both of these groups are at increased 
risk of developing complications of NS and complications from frequent use of 
steroid and other immunosuppressive agents. On the other hand, the steroid-resis-
tant group had signifi cantly higher risk for development of complications of the 
disease, as well as progression of the disease to chronic kidney disease (CKD) and 
end-stage renal failure [ 5 ]. 

 Hyperlipidemia is an almost universal fi nding in children with NS. In plasma, 
lipids are bound to lipoproteins, and the disturbances in lipid metabolism in NS 
result in increased levels of lipoproteins (hyperlipoproteinemia) and remodeling of 
the composition of lipoproteins (dyslipoproteinemia). The lipid profi le is character-
ized by elevations in total plasma cholesterol, very low-density lipoprotein (VLDL), 
and low-density lipoprotein (LDL) cholesterol, and often triglyceride levels, as well 
as variable alterations (more often decreased) in high-density lipoprotein (HDL) 
cholesterol [ 6 ]. In addition, signifi cant increases in plasma levels of lipoprotein   (a), 
which is known to be both atherogenic and thrombogenic, are also often seen in 
children with proteinuria [ 7 ]. 

 The defi nition of dyslipidemia differs in children and adults. The National 
Cholesterol Education Program pediatric report recommended that in order to iden-
tify children and adolescents with abnormal lipid and lipoprotein concentrations, 
total cholesterol concentrations of >200 mg/dL and LDL concentrations of >130 mg/
dL be considered elevated [ 8 ]. The American Heart Association has recommended 
that triglyceride concentrations of >150 mg/dL and HDL concentrations of <35 mg/
dL be considered abnormal for children and adolescents [ 9 ]. Owing to the concerns 
for using the same cut points for all children, percentile values for total cholesterol, 
triglycerides, LDL, and HDL cholesterol concentrations according to age and gen-
der were developed in the 1981 prevalence study of the Lipid Research Clinics 
Program from the National Institute of Health [ 10 ]. Hyperlipidemia in children is 
defi ned as lipid levels greater than the 95th percentile for age and gender. For exam-
ple, LDL concentrations greater than the 95th percentile (or HDL concentration less 
than the 5th percentile) would be considered abnormal, particularly if the abnormal-
ity was insistent. LDL concentrations between the 90th and 95th percentiles (5th–
10th for HDL concentration) would be considered borderline. Clinical effects of 
natural changes in lipid and lipoprotein concentrations with age will be reduced 
with the use of these tables and percentiles [ 11 ].  

    Epidemiology 

 Almost all patients with NS or nephrotic range proteinuria have elevated total cho-
lesterol levels, although some exceptions do occur (e.g., in glomerulonephritis). The 
plasma cholesterol concentration shows an inverse hyperbolic correlation with 
plasma albumin, accompanied by a steep rise in triglycerides in patients with severe 
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hypoalbuminemia [ 12 ]. In patients with steroid-sensitive NS, hyperlipidemia 
resolves gradually upon developing a remission, whereas children with steroid- 
resistant NS who are refractory to therapy are often exposed to prolonged hyperlip-
idemia and its associated risks [ 13 ]. Moreover, it was shown that children with 
frequently relapsing NS have prolonged periods of hypercholesterolemia, even dur-
ing clinical remission [ 14 ]. Merouani et al. [ 15 ] compared plasma lipid profi les of 
25 children with NS at remission, with or without active prednisone treatment, with 
those of an age-matched population. Plasma total and LDL cholesterol were above 
normal in 12 of the 25 patients (48 %), with 7 of them having apolipoprotein B and 
triglyceride concentrations above normal. Hyperlipidemic profi les correlated sig-
nifi cantly with number of relapse episodes.  

    Causes and Pathogenesis 

 Pathophysiology of nephrotic dyslipoproteinemia is multifactorial, including both an 
increased hepatic synthesis and a diminished plasma catabolism of lipoproteins [ 6 ]. 
Since its details have been mentioned in the “Dyslipidemia in Nephrotic Syndrome” 
chapter, herein, we do not further discuss the pertinent pathophysiology.  

    Clinical Implications 

 As early as 1969, Berlyne and Mallick reported an 85 times greater incidence of 
ischemic heart disease in adult patients with NS [ 16 ]. The question whether nephrotic 
hyperlipidemia is a cardiovascular (CV) risk factor for the patients is studied further 
exclusively in adults. In nephrotic children, there is only anecdotal evidence of myo-
cardial infarction or documented atherosclerosis [ 17 – 19 ]. Antikainen et al. [ 20 ] 
investigated the arterial pathologies in renal arteries collected at nephrectomy in 
congenital NS of Finnish-type patients. They concluded that the vascular pathology, 
together with altered lipoprotein metabolism, indicates that children with congenital 
NS might have early atherosclerotic arterial disease risk. In an autopsy study of 40 
children with NS due to mixed renal disease, a signifi cantly increased incidence of 
mild to severe atherosclerotic changes were found when compared with 29 matched 
controls who died of non-renal causes [ 21 ]. These patients frequently have addi-
tional risk factors for ischemic events besides hyperlipidemia, such as hypertension, 
steroid-induced obesity, and insulin resistance, which may act together to produce 
atherosclerotic vascular lesions. Lechner et al. [ 22 ] evaluated if relapsing childhood 
NS would predispose patients to develop cardiovascular (CV) disease as young 
adults, in 62 patients between 25 and 53 years of age who had steroid responsive-
dependent NS during childhood. They found that the occurrence of cardiovascular 
mortality is similar to that of the general population; and suggest that steroid-responsive 
NS during childhood is not a risk factor for cardiovascular events in early adulthood 
in the absence of traditional risk factors. 
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 Therapy-resistant NS almost invariably leads to progressive renal insuffi ciency, 
which is histologically characterized by progressive glomerulosclerosis and tubu-
lointersititial fi brosis. This development is driven by pathological mechanisms anal-
ogous to atherosclerosis, regarded by many investigators as an active process 
[ 23 – 25 ]. There is also evidence that hyperlipidemia contributes to the progression 
of renal insuffi ciency in nephrotic patients. This was fi rst shown in animal experi-
ments with cholesterol-rich diets that induced focal sclerosis in strains of guinea 
pigs, rats, and rabbits [ 26 ]. Lipid-lowering drugs reduced proteinuria and the devel-
opment of focal sclerosis, and retarded the progression of established glomerular 
disease in rats [ 27 ]. Muntner et al. [ 28 ] studied the relationship between plasma 
lipids and decreasing renal function in 12,728 patients in their Atherosclerosis Risk 
in Communities Study and found that HDL, HDL-2 cholesterol, and triglycerides 
appeared to be predictors of creatinine increase. Thus, experimental and clinical 
evidence demonstrates that hyperlipidemia could cause renal injury.  

    Treatment 

 Healthy-eating dietary advice is advocated in steroid-responsive NS, where the 
hyperlipidemia usually resolves as proteinuria abates. Dietary fat restriction is usu-
ally recommended in hyperlipidemic states of steroid-resistant NS. Dietary supple-
mentation with fi sh oil has some lipid-lowering effects, mainly decreasing 
triglycerides [ 29 ]. 

 There are some major classes of lipid-lowering drugs: bile acid sequestrants (cho-
lestyramine, colestipol), fi bric acid derivatives (gemfi brozil, bezafi brate), nicotinic 
acid derivatives (niacin), probucol, hydroxymethylglutaryl CoA (HMG-CoA) reduc-
tase inhibitors (lovastatin, fl uvastatin, pravastatin, simvastatin), and cholesterol 
absorption inhibitors such as ezetimibe [ 6 ,  30 ]. In general, these drugs are widely 
used in adult patients, but experience in patients with childhood NS is limited. 

 Bile acid-binding resins act by binding the cholesterol in bile acids in the intesti-
nal lumen, which prevents their reuptake as part of the enterohepatic circulation. 
Average lowering of cholesterol is 10–20 % below baseline. Although these drugs 
do not have systemic effects, the side effect of gastrointestinal discomfort and diffi -
culties in the administration of the medicines limit their use for young patients [ 11 ]. 

 Fibrates are used for elevated triglyceride concentration; however, these drugs 
have not been extensively studied in children. Fibric acid derivatives lead to a 
decrease in VLDL production by inhibiting the synthesis and increasing the clear-
ance of the VLDL apoprotein B. These medications also impede peripheral lipoly-
sis and decrease hepatic extraction of free fatty acids, which reduces hepatic 
triglyceride production. The risk of myopathy and rhabdomyolysis is markedly 
increased when fi brates are used together with statins or in patients with renal insuf-
fi ciency [ 11 ]. Büyükçelik et al. [ 31 ] evaluated the effects of gemfi brozil on hyper-
lipidemia in 12 children with persistent NS and found that at the end of the fourth 
month, gemfi brozil reduced total cholesterol by 34 %, LDL by 30 %, apolipoprotein 
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B by 21 %, and triglycerides by 53 % without any side effects. HDL cholesterol and 
apolipoprotein A levels were not signifi cantly altered. 

 Niacin or nicotinic acid lowers LDL and triglyceride concentrations while 
increasing HDL concentration. The mechanism of action is by decreasing hepatic 
production of VLDL. Niacin may also lower lipoprotein(a) levels. Niacin is a poten-
tially attractive medication for management of dyslipidemia. However, adverse 
effects, including fl ushing, hepatic failure, myopathy, glucose intolerance, and 
hyperuricemia, were impediments to recommending niacin for routine use in the 
treatment of pediatric dyslipidemia [ 11 ]. 

 Probucol is a diphenolic compound with anti-oxidant and anti-infl ammatory 
properties that reduces atherosclerosis and lipid-lowering effects [ 32 ]. Querfeld 
et al. [ 33 ], in a prospective uncontrolled multicenter study, found that probucol 
treatment decreased serum concentrations of triglycerides (15 %), total cholesterol 
(25 %), VLDL cholesterol (27 %), LDL cholesterol (23 %), and HDL cholesterol 
(24 %), as well as apolipoprotein A-I, apolipoprotein B, and malondialdehyde lev-
els after 12 weeks of treatment in persistent childhood NS. The positive effects of 
probucol on the lipoprotein profi le persisted over 24 weeks; however, there was no 
signifi cant effect on either proteinuria or glomerular fi ltration rate (GFR). The drug 
was well tolerated but had to be discontinued because of prolonged QT interval in 
some patients. 

 Statins inhibit the rate-limiting enzyme 3-hydroxy-3-methyl-glutaryl coenzyme 
A (HMG-CoA) reductase for endogenous synthesis of cholesterol, which lowers the 
intracellular cholesterol level and upregulates the LDL receptors, resulting in 
increased clearance of LDL from the circulation. The adverse effects of statins are 
increased hepatic transaminase and also creatine kinase levels, which may be asso-
ciated with rare but clinically important episodes of rhabdomyolysis. Patients 
should be instructed to report symptoms of muscle aches or cramping, and they 
should be monitored with periodic measurement of liver transaminase and creatine 
kinase levels [ 11 ]. The US Food and Drug Administration has approved the use of 
pravastatin for children with familial hypercholesterolemia who are 8 years and 
older, and lovastatin, simvastatin, fl uvastatin, atorvastatin, and rosuvastatin for chil-
dren ≥10 years, regardless of pubertal status. Coleman et al. [ 34 ] have assessed the 
effi cacy and tolerability of diet prior to and in combination with HMG-CoA reduc-
tase inhibitor, simvastatin, in seven children with steroid-resistant NS with a mean 
age of 8 years. They found that dietary advice alone had little impact on lipid levels 
of children with persistent NS, whereas simvastatin produced a signifi cant and sus-
tained reduction in lipid levels. On a median simvastatin dose of 10 mg/day, there 
was a 41 % reduction in cholesterol level and 44 % reduction in triglyceride level at 
6 months that was sustained at 12 months in fi ve patients. The drug was well toler-
ated with no clinical side effects noted. Similarly, Sanjad et al. [ 35 ] evaluated the 
effi cacy and safety of statins (lovastatin and simvastatin) in 12 children with steroid-
resistant NS followed prospectively for 1–5 years. A marked reduction in their total 
cholesterol (40 %), LDL cholesterol (44 %), and triglyceride levels (33 %) was 
observed, but there was no appreciable change in HDL cholesterol. Statin therapy 
was well tolerated without clinical and laboratory adverse effects. No changes were 
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observed in the degree of proteinuria, hypoalbuminemia, or in the rate of progres-
sion to chronic renal failure. 

 The dietary cholesterol-absorption inhibitors represent the newest class of 
cholesterol- lowering agents. However, these medications have not been extensively 
studied in children. They are assumed to act mainly on intestinal absorption; but 
these drugs are absorbed, enter the enterohepatic circulation, and may have sys-
temic effects [ 11 ]. Additional studies will be needed to evaluate their long-term 
effectiveness in young patients and patients with kidney diseases. 

 Another approach to the management of hyperlipidemia in refractory NS is the 
use of LDL apheresis. A prospective uncontrolled trial of LDL apheresis and steroid 
treatment in 17 patients with FSGS revealed rapid improvement in hyperlipidemia 
and partial or complete remission of NS in 71 % of the patients [ 36 ]. In another 
study, 11 children with steroid- and cyclosporine-resistant NS due to FSGS were 
treated with LDL apheresis, and 63 % entered into either complete or partial remis-
sion [ 37 ]. These fi ndings suggest that in addition to its ability to ameliorate the 
hyperlipidemia seen in NS, LDL apheresis may be useful in maintaining remission 
in pediatric FSGS patients. 

 In view of the available evidence, it seems logical to treat hyperlipidemia in patients 
with unremitting NS in order to prevent progression of atherosclerosis and chronic 
renal failure. However, slowing the progression of renal failure by lowering choles-
terol has not yet been demonstrated in patients with NS, and the degree of the preven-
tive effect of lowering cholesterol level in atherosclerosis prevention is presently not 
measurable exactly. Concerns about possible side effects of the medications and the 
absence of clearly defi ned therapeutic endpoints are clear limitations. Therefore, it is 
not possible to make evidence-based recommendations for treatment of hyperlipid-
emia in pediatric patients. Pharmacological therapy with statins in children with NS 
should be done cautiously until controlled studies are conducted in this population.   

    Dyslipidemias in Patients with Chronic Renal Insuffi ciency 
and End-Stage Renal Disease 

    Introduction 

 The association between CKD and dyslipidemia has long been recognized; how-
ever, compared to the adult population, data about dyslipidemia in children with 
CKD remain scarce. Findings in children largely parallel those in adults. 
Dyslipidemia in chronic renal insuffi ciency (CRI) manifests principally as increased 
triglyceride and decreased HDL with nearly normal total cholesterol. The degree of 
dyslipidemia is usually found to be parallel to the degree of renal impairment. The 
addition of hemodialysis (HD) does not seem to signifi cantly alter the pattern of 
dyslipidemia found in CRI, while peritoneal dialysis (PD) usually results in eleva-
tion of the total cholesterol level with further increases in hypertriglyceridemia [ 38 ].  
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    Epidemiology 

 In 1981, Papadopoulou et al. [ 39 ] showed for the fi rst time that alterations in serum 
triglycerides and alpha lipoproteins (HDL) occur early in CRI and before the onset 
of uremia when the GFR falls below 40 mL/min/1.73 m 2  in pediatric patients. In 
these patients, the serum triglyceride levels become signifi cantly elevated and alpha 
lipoproteins (HDL) markedly decreased as renal function deteriorates. These lipid 
abnormalities become further aggravated with the onset of hemodialysis. These 
fi ndings were further supported by Zacchello et al. [ 40 ]. Recently, dyslipidemia 
profi le of the largest number of patients ( n  = 391) with CKD was reported by Chronic 
Kidney Disease in Children (CKiD) investigators. One-third (32 %) of children had 
elevated triglyceride, 21 % had low HDL cholesterol, and 16 % had high non-HDL 
cholesterol. Overall, 45 % of the cohort had dyslipidemia, defi ned as one or more 
abnormal lipid measure; 45 % of those had combined dyslipidemia. Lower GFR 
was associated with higher triglyceride, lower HDL cholesterol, and higher non- 
HDL cholesterol. Compared to children with GFR >50 mL/min/1.73 m 2 , children 
with GFR <30 mL/min/1.73 m 2  had an OR of 2.9 for any dyslipidemia (prevalence 
65 %) and an OR of 8.58 for combined dyslipidemia (39 % prevalence). Compared 
to normal proteinuria, nephrotic proteinuria was strongly associated with dyslipid-
emia in these patients [ 41 ]. 

 Dyslipidemia in pediatric HD patients were recognized earlier than CRI patients. 
Pennisi et al. [ 42 ] in 1976 reported that 93 % of the hemodialysis patients had ele-
vated triglyceride levels and 13 % had elevated cholesterol. Then, further studies 
also showed elevated triglyceride levels and decreased HDL cholesterol in pediatric 
HD patients [ 7 ,  39 ,  40 ,  42 ,  43 ]. Papadopoulou et al. [ 39 ] showed the aggravation of 
these lipid abnormalities after onset of hemodialysis in CRI patients. Total choles-
terol levels were found to be normal in majority of the hemodialysis patients. 
Elevated triglyceride and total cholesterol levels have been reported in 63–100 % 
and 30–100 % of pediatric PD patients, respectively [ 44 – 47 ]; some studies also 
revealed decreased HDL cholesterol levels [ 7 ,  47 ].    Muller et al. [ 48 ] compared the 
lipid profi les of patients with HD and PD and found that cholesterol and triglyceride 
levels were signifi cantly higher in PD patients.  

    Pathogenesis 

 In CRI and end-stage renal disease (ESRD), lipoprotein synthesis does not appear to 
be signifi cantly exaggerated, but studies consistently demonstrate impaired catabo-
lism of triglyceride [ 38 ]. The diminished clearance of triglycerides, which can lead 
to hypertriglyceridemia, stems both from an alteration in the composition of triglyc-
erides and from reductions in the activity of lipoprotein lipase and hepatic triglycer-
ide lipase, which are involved in triglyceride removal. This results in accumulation 
of VLDL with impaired conversion to LDL, accompanied by low levels of circulat-
ing HDL. Therefore, uremic dyslipidemia is characterized by high triglyceride and 
low HDL cholesterol levels [ 49 ]. An important association is the consistent fi nding 
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of increased concentrations of apoC-III, which has been implicated as a mediator of 
increased plasma triglyceride in several studies, in patients with CRI [ 50 ,  51 ]. 

 Insulin resistance is a consistent fi nding of renal insuffi ciency [ 52 ]. The pattern 
of dyslipidemia associated with insulin resistance is similar to that found in patients 
with uremia [ 53 ]. Insulin regulates lipoprotein lipase in a tissue-specifi c manner, 
increasing its activity in adipose and decreasing it in muscle [ 54 ,  55 ]. Many indi-
viduals with uremia demonstrate a decreased insulin secretory response in addition 
to a post-receptor defect [ 56 ,  57 ]. Abnormalities of both insulin secretion and sen-
sitivity may have signifi cant roles in the development of disordered lipid metabo-
lism in uremia. 

 The concentration of triglyceride-rich lipoproteins (TRL) (chylomicrons, 
VLDLs, and their remnants) is increased among individuals with CRI [ 58 ]. This 
relative hypertriglyceridemia also manifests within individual lipoprotein classes: 
the ratio of triglyceride to cholesteryl ester (CE) is higher in LDL and HDL and 
lower in VLDL and IDL [ 49 ,  59 ,  60 ]. A pathological increase in TRL is followed by 
the cholesterol ester transfer protein (CETP)-mediated transfer of the triglyceride 
from this expanded pool of substrate into HDL and LDL in exchange for CE [ 61 ]. 
Chylomicron and VLDL remnants have prolonged circulation and are found in 
increased levels in patients with CRI. HDL and its principal apolipoprotein, apoA-I, 
are found to be signifi cantly decreased, probably as a consequence of elevated TRL, 
which induces transfer of excess triglyceride into HDL particles, increasing their 
susceptibility to serve as substrate for hepatic lipase [ 59 ,  62 ]. 

 Patients with CRI usually demonstrate total cholesterol and LDL cholesterol that 
are similar to or slightly less than that of the general population, except for those on 
chronic PD, in whom these levels are usually elevated [ 58 ,  63 ]. Despite normal or 
low concentrations of LDL cholesterol, LDL particles are small and more dense than 
normal because of increased VLDL precursor and triglyceride/CE exchange fol-
lowed by triglyceride lipolysis [ 64 ]. As small, dense LDL are prone to oxidation, and 
as oxidative stress is increased in CRI, levels of oxidized LDL are increased [ 65 ,  66 ]. 

 Non-nephrotic proteinuria also affects lipoprotein physiology, and CRI is com-
monly associated with non-nephrotic proteinuria [ 49 ]. 

 Peritoneal dialysis could aggravate dyslipidemia, since a high glucose load and 
peritoneal protein losses could stimulate hepatic production of VLDL. However, 
although most studies have observed an increase in lipoprotein lipids after the start 
of PD, reports have been inconsistent with respect to the infl uence of glucose load, 
nutrition, or protein losses on these abnormalities. Peritoneal losses of lipoproteins 
and apolipoproteins theoretically favor the loss of lower molecular weight lipopro-
teins, that is, HDL and apoA, which are protective against atherosclerosis [ 67 ].  

    Clinical Implications 

 Estimates of cardiovascular mortality rates in children and young adults who devel-
oped ESRD during childhood are 1,000 times greater than comparably aged healthy 
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individuals [ 68 ]. For children on dialysis therapy, the anticipated lifespan is reduced 
by 40–60 years, and for transplant recipients, by 20–25 years compared with an age- 
and race-matched population [ 69 ,  70 ]. The most likely cause of this reduction in 
survival is an excessive burden of CV mortality, with 30–50 % of all deaths in this 
population attributed to CV causes that are related to both accelerated ischemic heart 
disease and premature development of dilated cardiomyopathy in young adult survi-
vors of childhood-onset CKD [ 71 ]. Clinically evident CV lesions (symptomatic 
coronary artery disease, myocardial infarction, and cerebrovascular accident) luckily 
are rare in children and adolescents with CKD. However, there is increasing evidence 
showing signifi cant subclinical CV abnormalities in this population [ 72 ]. In the 2006 
American Heart Association guidelines for CV-risk reduction in high- risk pediatric 
patients, children with CKD were stratifi ed for the fi rst time as “high risk” for the 
development of CV disease, with associated “pathological and/or clinical evidence 
for manifest coronary disease before 30 years of age” [ 73 ]. As in adults, the risk fac-
tors believed to be responsible for accelerated CV disease in children with CKD can 
be divided into two primary groups: traditional risk factors for atherosclerotic dis-
ease (e.g., dyslipidemia, diabetes, hypertension, and smoking) and uremia-related 
risk factors that are unique to or far more prevalent in patients with CKD [ 72 ].  

    Treatment 

 Management of dyslipidemia is multifactorial. Therapeutic lifestyle changes (TLC) 
for children are similar to those recommended for adults. General nutritional guide-
lines on fat consumption, including lowering total, saturated, and trans fats and 
limiting cholesterol, should be carried out along with the proposals suitable for 
patients with CRI. Heart-healthy fats (margarines oils made from canola, corn, sun-
fl ower, soy, olives, peanuts) should be used. Obesity should be addressed, if present, 
and treatment of malnutrition related to CRI is essential, and increasing physical 
activity to reach and maintain a healthy body weight is recommended. Nutritional 
requirements to maintain growth should be provided. Studies in the general pediat-
ric population have shown no adverse effects of dietary fat restriction on growth, 
development, or nutritional status; diet and lifestyle recommendations should be 
used with caution or not at all in children who are malnourished [ 74 ,  75 ]. Tube feed-
ing can provide an appropriate energy intake with a balanced fat and carbohydrate 
profi le that does not adversely affect serum lipids [ 76 ]. Correction of metabolic 
acidosis, vitamin D therapy, and correction of anemia with erythropoietin are essen-
tial because each of them is associated with improvements in lipid abnormalities 
[ 77 – 79 ]. Treatments known to reduce proteinuria may improve the lipid profi le. 
Dietary fi sh oil supplementation (3–8 g/dL) was shown to reduce hypertriglyceride-
mia and improve atherogenic serum lipoprotein profi les in a small group of children 
with ESRD [ 80 ]. Dyslipidemia management should be undertaken in conjunction 
with all other available measures to reduce the overall risk of atherosclerotic CV 
disease. Modifi able, conventional risk factors (hypertension, cigarette smoking, 
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obesity, glucose intolerance) should be assessed and managed according to existing 
guidelines. The phosphate binding agent sevelamer hydrochloride also acts as a bile 
acid sequestrant, and it has been shown to lower cholesterol levels in patients with 
CKD. A multicenter study that compared the effi cacy and safety of sevelamer with 
calcium acetate in pediatric patients with CRI and ESRD showed that total choles-
terol (−27 %) and LDL cholesterol (−34 %) levels decreased signifi cantly with 
sevelamer treatment [ 81 ]. Similar results were shown by Gulati et al. [ 82 ] in pediat-
ric patients with CKD stages 3 and 4. 

 The treatment of dyslipidemia in pediatric CKD is not well studied; there is lim-
ited information in the Kidney Disease Outcomes Quality Initiative (K/DOQI) 
guidelines, and it is recommended that prepubertal children be managed according 
to existing national guidelines for children in the general population and that puber-
tal and postpubertal children and adolescents in any stage of CKD or with a kidney 
transplant be managed according to the K/DOQI guidelines for adults [ 74 ]. 
According to K/DOQI guidelines, adolescents with CKD should be considered to be 
in the highest risk category for dyslipidemias. Evaluation of dyslipidemias should 
occur after presentation with CKD, after a change in kidney failure treatment modal-
ity, and annually. Adolescents with CKD should be evaluated for dyslipidemia with 
a fasting lipid profi le for total cholesterol, LDL, HDL, and triglycerides. If LDL is 
130–159 mg/dL, start TLC diet (if nutritional status is adequate), followed in 6 
months by a statin if LDL ≥130 mg/dL. If LDL ≥160 mg/dL, start TLC plus a statin. 

 For prepubertal children, The National Cholesterol Expert Panel on Children 
(NCEP-C) recommendations exist for the management of dyslipidemia in younger 
children [ 83 ]. However, they are not specifi c for patients with CKD or kidney trans-
plant recipients. The NCEP-C recommends diet therapy as the primary approach 
for treating dyslipidemia in children. If LDL levels are more than 130 mg/dL, a step 
I diet (less than 10 % of total calories from saturated fatty acids, no more than 30 % 
of calories from total fat, less than 300 mg/day of cholesterol) is prescribed, fol-
lowed in 3 months by a step II diet (further reduction of the saturated fatty acid 
intake to less than 7 % of calories, the cholesterol intake to less than 200 mg/day) 
if the target levels are not achieved. Pharmacological treatment is recommended in 
children aged ≥10 years, after an adequate trial of diet therapy, if LDL cholesterol 
remains ≥190 mg/dL or if LDL is ≥160 mg/dL and there is a positive family history 
of CV disease or if two or more CV disease risk factors are present in the child. 
However, the American Heart Association expert panel released an updated scien-
tifi c statement addressing high-risk pediatric patients that considered pediatric 
CKD patients to be in the highest risk group [ 73 ]. In children with CKD and a fast-
ing LDL >100 mg/dL, TLC, such as reduced dietary saturated fat and cholesterol 
intake and moderate exercise, are fi rst recommended for the initial 6 months. If 
target levels (<100 mg/dL) are not reached, initiation of statin therapy is indicated. 
According to American Academy of Pediatrics (AAP) 2008 guideline, for patients 
8 years and older with an LDL concentration of ≥190 mg/dL (or ≥160 mg/dL with 
a family history of early heart disease or ≥2 additional risk factors present or 
≥130 mg/dL if diabetes mellitus is present), pharmacological intervention should 
be considered [ 11 ]. The initial goal is to lower LDL concentration to <160 mg/dL. 
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However, targets as low as 130 mg/dL or even 110 mg/dL may be warranted when 
there is a strong family history of CV disease, especially with other risk factors, 
including obesity, diabetes mellitus, the metabolic syndrome, and other higher-risk 
situations [ 11 ]. 

 It is diffi cult to develop an evidence-based approach for the specifi c age at which 
pharmacological treatment should be implemented. Statin use was limited in chil-
dren. Long-term data on effi cacy in pediatric patients are not available, and safety 
information on use of statins in children is not conclusive. The main indication was 
familial hyperlipidemia, and it was shown that they were effi cacious and safe in this 
population [ 84 ]. In contrast to adults with CKD, there have been nearly no system-
atic studies on drug-induced lowering of serum lipids in children with CKD. A 
randomized, double-blind, placebo-controlled, cross-over clinical trial in children 
with hyperlipidemia secondary to kidney disorders showed that total cholesterol 
levels were signifi cantly reduced by 23 %, LDL cholesterol levels by 34 %, and 
triglyceride levels by 21 % during the 3-month simvastatin treatment period. No 
differences were found across groups with respect to adverse events [ 85 ]. In another 
study, atorvastatin led to a decrease in total cholesterol and LDL levels in a small 
number of children with CKD stage 3–4 [ 86 ]. Thus, data on benefi ts of statin ther-
apy in children with CKD are limited. Concerning the differences between the etiol-
ogy of CKD in adults and children, adult data could not be directly interpreted in 
children [ 87 ]. Studies are needed to evaluate the benefi ts and adverse effects of 
statin and other treatment modalities in children with CKD.   

    Dyslipidemias in Patients with Renal Transplantation 

    Introduction 

 Together with improvements in the surgical techniques and immunosuppressive 
therapy, the success of pediatric renal transplantation increases and patient and 
organ survival get better. However, with the increase of long-term survivors, chronic 
complications are becoming more frequent. The expected lifespan is shortened 
compared with the age-matched population, mostly as a result of accelerated cardio-
vascular disease. The cardiovascular morbidity and mortality in renal transplant 
recipients are much lower than in dialysis patients, but still remain high. Heart dis-
ease is the second most common cause of death in children after infection, and is the 
leading cause of death in young adults who have undergone renal transplantation 
[ 68 ,  88 ,  89 ]. Post-transplant hyperlipidemia affects the majority of solid organ 
transplant recipients. Changes in serum lipid profi les reported after transplantation 
include an increase in total cholesterol, triglyceride, LDL cholesterol, and VLDL 
cholesterol and a variable effect on HDL cholesterol [ 90 ]. As a consequence, inter-
est in monitoring and attempting to prevent and treat hyperlipidemia in the post- 
transplant period has increased dramatically.  
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    Epidemiology 

 In the early reports, the incidence of hyperlipidemia in pediatric renal transplant 
recipients is reported to be 50 % on average, and as high as 66 %; increasing levels 
of cholesterol and triglyceride are also associated with higher corticosteroid dos-
ages [ 91 – 95 ]. Alterations in lipid metabolism already exist prior to transplantation 
in patients with chronic renal failure. The pattern of hyperlipidemia is known to be 
different in uremic children according to the mode of renal replacement therapy 
before transplantation, and after transplantation the pattern of hyperlipidemia rap-
idly changes during the fi rst few months. Muller et al. [ 48 ] showed that after trans-
plantation, serum cholesterol tended to increase in HD and CRI patients, but to 
decrease in the PD group; similarly, triglyceride levels decrease in the PD and CRI 
patients and increase in the HD patients. Therefore, at 9 months post-transplant, the 
serum lipid levels in all children, with different pretransplant treatment modalities, 
were indiscernible and no longer infl uenced by prior renal replacement therapy. 
Thus, serum lipids converge to a common pattern of “post-transplant hyperlipid-
emia” in pediatric renal graft recipients. 

 The prevalence of dyslipidemia in the post-transplant period is thought to 
decrease over time and may refl ect changes in immunosuppression. Sgambat et al. 
[ 96 ] evaluated the dyslipidemia profi le of 38 pediatric patients who were at least 6 
months post-transplant and receiving a lower dose of corticosteroids (0.1 mg/kg/
day), tacrolimus, and mycophenolate mofetil. They found that 26 % had high total 
cholesterol, 24 % had high LDL cholesterol, 29 % had low HDL cholesterol, and 
10 % had elevated triglyceride, although lower than the previous reports indicating 
the high prevalence of dyslipidemia even after immunosuppressive regimen change. 

 Oberholzer et al. [ 97 ] reported signifi cantly less hyperlipidemia among children 
treated with an early steroid withdrawal protocol compared with those who contin-
ued on steroids after transplantation. Sarwal et al. [ 98 ] also reported no hyperlipid-
emia in ten pediatric recipients at 6 months post-transplant that were treated with 
complete steroid avoidance protocol. All children were treated with tacrolimus in 
both studies. On the other hand, steroid-minimization protocols were also associ-
ated with lower levels of HDL cholesterol.  

    Causes and Pathogenesis 

 There are many causes for the development of post-transplant dyslipidemia. Risk 
factors for the development of hyperlipidemia include degree of renal impairment, 
pretransplant hyperlipidemia, nephrotic syndrome that can occur after transplanta-
tion, use of antihypertensive agents such as thiazide diuretics and B-adrenergic 
blockers, genetic predisposition, lifestyle factors such as obesity, high-fat diet, and 
immunosuppressive agents [ 99 ,  100 ]. However, Siirtola et al. [ 101 ] recently showed 
that high serum cholesterol and triglyceride concentrations observed in renal trans-
plant recipients were not explained by their diets, since comparable dietary intakes 
of total, saturated, and polyunsaturated fats and cholesterol were seen in their 
patients and controls. 
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 The type of post-transplant treatment immunosuppressive regimen is one of the 
most important contributors to dyslipidemia prevalence. Of the immunosuppressive 
drugs, especially prednisone, cylosporin A (CSA) and sirolimus are more likely to 
be associated with dyslipidemia; however, tacrolimus and mycophenolate mofetil 
appear to have minimal to no dyslipidemic effects [ 102 – 104 ]. 

 Corticosteroids, until recently, were used almost universally in the post- transplant 
period. A variety of mechanisms have been postulated for steroid-induced dyslipid-
emia. These include the induction of a hyperinsulinemic state that would increase 
the hepatic synthesis of TRL, inhibit the LDL receptor activity, reduce the activity 
of lipoprotein lipase and hepatic lipase, and an increase in the rate-limiting enzymes 
involved in lipogenesis (acetyl-CoA carboxylase and free fatty acid synthetase) 
[ 100 ]. On the other hand, corticosteroid therapy may raise the HDL level by increas-
ing the apolipoprotein A-1 synthase and by decreasing the activity of CETP [ 105 ]. 

 Possible mechanisms for CSA-induced hypercholesterolemia include impaired 
LDL clearance associated with interference at the LDL receptor, CSA-mediated 
impairment of steroid clearance and CSA-induced hepatic dysfunction. CSA also 
reduces bile acid synthesis by inhibiting hepatic 27-hydroxylation of cholesterol 
which is a potent suppresser of HMG-CoA reductase [ 106 – 109 ]. CSA is known to 
increase the rate of atherogenesis [ 110 ,  111 ]. The reasons for decreased incidence 
of hyperlipidemia observed on tacrolimus therapy when compared with CSA are 
not well understood. With the modern immunosuppression therapies, the incidence 
of acute rejection episodes decreases, together with the need for aggressive steroid 
therapy for the treatment of rejection. 

 Sirolimus increases serum triglycerides, LDL cholesterol, and HDL cholesterol 
levels in a dose-dependent manner. This defect in lipid metabolism is characterized 
by either a decrease in the catabolism of apoB100-containing lipoproteins or an 
increase in circulating free fatty acids leading to increased hepatic synthesis of tri-
glycerides [ 112 – 114 ]. In pediatric renal transplant recipients, hyperlipidemia has 
been reported in a range of 10–61 % [ 104 ,  115 – 117 ]. Antiatherogenic effects of 
sirolimus via inhibiting vascular smooth muscle cell proliferation may balance the 
risk of hyperlipidemia [ 112 ].  

    Clinical Implications 

 Cardiovascular disease is one of the leading causes of death in pediatric kidney 
transplant recipients and accounts for over 15 % of all deaths [ 118 ]. Post- transplant 
CV disease has a multifactorial origin and is related to a combination of adverse 
factors that are prevalent in the post-transplant period to varying degrees. Silverstein 
et al. [ 119 ] assessed 45 children who received kidney transplants, all with stages 
2–4 CKD at the time of study; two-thirds of patients had at least two risk factors for 
CVD, and one-third had at least three risk factors. A multicenter study of more than 
200 kidney transplant recipients (aged 1–21 years) showed that 37 % met at least 
three (of a possible fi ve) of the diagnostic criteria for metabolic syndrome at 1 year 
post-transplantation [ 120 ]. 
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 Dyslipidemia has been identifi ed as a major contributor to CV mortality within 
this population. Very little direct data exist on the long-term clinical signifi cance of 
lipid levels in children. Autopsy studies, such as the Pathobiological Determinants 
of Atherosclerosis in Youth (PDAY) study [ 121 ] and the Bogalusa Heart Study 
[ 122 ,  123 ], have demonstrated that the atherosclerotic process begins in childhood. 
PDAY study found that the development of fatty streaks (which are precursors of 
atherosclerotic plaques) in the coronary arteries and aorta was positively correlated 
with the elevated LDL cholesterol and low HDL cholesterol levels in young adults. 
In children, the extent of atherosclerotic lesions correlated signifi cantly with serum 
total cholesterol, LDL cholesterol, and triglyceride concentrations. The Bogalusa 
Heart Study investigators followed a cohort of children who had their risk-factor 
status measured during assessments at school. As this population became older, 
some people died of accidental causes. The investigators obtained autopsies on 
these people in order to evaluate the presence and extent of atherosclerotic lesions. 
They reported that the extent of the arterial intimal surface covered with fatty streaks 
and fi brous plaques increased with age and the prevalence was almost 70 % in 
young adulthood. They also found that the extent to which the intimal surface was 
covered with atherosclerotic lesions was signifi cantly associated with elevation of 
total cholesterol, LDL, and triglycerides concentrations, as well as a lower concen-
tration of HDL. Another important discovery was that increased coverage of athero-
sclerotic lesions was positively correlated with the number of risk factors for CV 
disease present, such as dyslipidemia, obesity, and hypertension. 

 Dyslipidemia after transplantation has been associated with allograft injury, and 
therefore may contribute to the progression of chronic allograft nephropathy and 
subsequent graft loss [ 124 ,  125 ]. The prominence of the vascular lesions and certain 
similarities with the pathological features of atherosclerosis suggest that lipids may 
be involved in the pathogenesis of chronic rejection. In the series of Massy et al. 
[ 125 ], 706 consecutive renal transplants with long-term follow-up were included, 
increased post-transplant serum triglycerides, but not total cholesterol, were strong 
predictors of graft loss due to chronic rejection. This effect was independent of 
other risk factors for chronic rejection such as age, acute rejections, proteinuria, and 
hypoalbuminemia. Data in the pediatric population are also limited in this topic. 
Valavi et al. [ 126 ] performed a cross-sectional study in 62 renal transplant recipi-
ents, aged 5–18 years, with the mean follow-up time of 48 months and found that 
hypercholesterolemia and high LDL cholesterol levels have signifi cant association 
with chronic allograft nephropathy.  

    Treatment 

 Adherence to standard practices of post-transplant care to ensure preservation of 
good renal function and education of patients regarding the benefi ts of maintaining 
a healthy lifestyle are extremely important. The fi rst therapeutic step to be taken in 
all pediatric patients with post-transplant hyperlipidemia is dietary modifi cation. 
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Despite the perception that dietary modifi cation is not achievable for the majority of 
pediatric patients, it should be tried. In a study of Obarzanek et al. [ 127 ], 663 chil-
dren, 8–10 years of age, with elevated LDL cholesterol without renal disease were 
randomized to a dietary intervention or usual care group, with a mean of 7.4 years 
follow-up, and it was shown that the intervention compared with the usual care 
group had lower LDL cholesterol. On the other hand, Delucchi et al. [ 128 ] offered 
the Step II American Heart Association diet (containing low fat and low saturated 
cholesterol content) to 22 children with hyperlipidemia after renal transplantation; 
only about half of the eligible children agreed to participate in the study. Moreover, 
none of the patients demonstrated 100 % compliance with the diet. No patient lost 
weight, nor was the mean body mass index affected, and while the total cholesterol 
and LDL cholesterol did decrease, the magnitude of the decline was small (11 % 
and 14 %, respectively, at 12 weeks). Recently, Filler et al. [ 129 ] showed that sup-
plementation of omega-3 fatty acids may be effective in reducing total cholesterol 
in pediatric renal transplant recipients. Children with adequate graft function who 
have no other disabilities should be able to assume a normal exercise regimen. 

 Avoidance of medications implicated in causing lipid abnormalities, including 
substitution of tacrolimus for cyclosporine in the medication regimen, can be an 
alternative treatment option. Filler et al. [ 130 ] performed a multicenter, 6-month, 
randomized, prospective, open, parallel group study with an open extension phase 
in 18 centers from nine European countries. In total, 196 pediatric patients were 
randomly assigned to receive either tacrolimus or CSA administered concomitantly 
with azathioprine and corticosteroids. Tacrolimus was signifi cantly more effective 
than CSA in preventing acute rejection in pediatric renal recipients. Renal function 
and graft survival were also superior with tacrolimus. Cholesterol remained signifi -
cantly higher in the CSA group throughout follow-up. Another approach may be the 
use of calcineurin inhibitor (CNI) avoidance or withdrawal protocols. Most, if not 
all, of these CNI-free regimens are steroid-based and many have also employed the 
use of sirolimus as a substitute to the CNIs, which makes them more risky for the 
development of hyperlipidemia. However, by improving long-term graft function, a 
CNI-free regimen could reduce dyslipidemia. 

 Steroid withdrawal and minimization protocols seemed to be associated with a 
reduction in lipid abnormalities. Lau et al. [ 131 ] compared 16 children that were 
receiving maintenance steroids with 13 children on a steroid-minimization regimen, 
who were also receiving preemptive pravastatin treatment. At 1 month, children 
receiving maintenance steroids had higher cholesterol compared with the steroid 
minimization group. Statistically signifi cant differences in total cholesterol were 
not seen at other time points. Similar fi ndings were noted for the LDL cholesterol, 
LDL/HDL, and cholesterol/HDL ratios. At 1 month, the serum HDL cholesterol 
was substantially lower in the steroid-minimization group. 

 The National Kidney Foundation K/DOQI Working Group created guidelines for 
the management of dyslipidemia in kidney transplant recipients in 2004 [ 132 ]. The 
working group considered that adolescents be included in the guidelines and that 
children before the onset of puberty be managed according to existing national guide-
lines for children in the general population. The K/DOQI guidelines recommend that 
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a fasting lipid profi le (total cholesterol, LDL, HDL, triglycerides) be measured dur-
ing the fi rst 6 months post-transplant, at 1 year after transplant, and annually thereaf-
ter. A lipid profi le should also be measured 2–3 months after stopping or starting an 
immunosuppressive medication known to affect lipid levels. Kidney transplant recip-
ients with dyslipidemias should be evaluated for remediable, secondary causes. For 
adolescent kidney transplant recipients with fasting triglycerides ≥500 mg/dL that 
cannot be corrected by removing an underlying cause, treatment with TLC should be 
considered. For adolescent kidney transplant recipients with LDL ≥130 mg/dL, 
treatment should be considered to reduce LDL to <130 mg/dL. Secondary causes of 
dyslipidemias should be treated fi rst. Thereafter, for LDL 130–159 mg/dL, TLC 
should be used fi rst. If, after 6 months of TLC, LDL is ≥130 mg/dL, then consider 
pharmacological management. If LDL is ≥160 mg/dL, then consider starting atro-
vastatin at the same time as TLC. For adolescent kidney transplant recipients with 
LDL < 130 mg/dL, fasting triglycerides ≥200 mg/dL, and non-HDL cholesterol (total 
cholesterol minus HDL) ≥160 mg/dL, treatment should be considered to reduce non-
HDL cholesterol to <160 mg/dL. Therefore, statins should be considered for therapy 
in adolescent kidney transplant recipients and elevated LDL, or in hypertriglyceride-
mic adolescent kidney transplant recipients and increased non-HDL cholesterol. For 
adolescents who do not achieve the desired target with a statin, addition of a bile acid 
sequestrant can be considered. For prepubertal children, the existing guidelines are 
already described in the CKD section [ 11 ,  83 ]. 

 Statins is an option in patients who remain persistently dyslipidemic in spite of 
TLC and modifi cation of their immunosuppressive regimen. There are only a lim-
ited number of studies describing the use of lipid-lowering agents in pediatric renal 
transplant patients. Penson et al. [ 133 ] showed for the fi rst time that pravastatin 
therapy is effective and safe when used in 21 pediatric and adolescent cardiac trans-
plant recipients. Patients receiving pravastatin experienced a mean 32 mg/dL 
decrease in total cholesterol and a mean 31 mg/dL decrease in LDL cholesterol, 
regardless of their immunosuppressive regimen. Krmar et al. [ 134 ] used low-dose 
atorvastatin in eight children and young adult renal transplant recipients who had 
inadequately controlled hypercholesterolemia; at the end of the study, the total 
serum cholesterol was lowered by 32 % and the LDL cholesterol by about 42 %. 
Argent et al. [ 135 ], in a prospective study, showed that atorvastatin safely reduced 
total cholesterol, LDL cholesterol, and serum triglyceride by approximately 40 %, 
60 %, and 45 %, respectively, in nine children with renal transplants who had per-
sistent hyperlipidemia. Butani et al. [ 136 ] demonstrated that the preemptive use of 
pravastatin in seven pediatric renal transplant recipients appears to be effective in 
signifi cantly reducing serum cholesterol. At 1 month only 43 % of the pravastatin 
group had hypercholesterolemia compared with 67 % of the controls; by 12 months 
this difference was even more signifi cant (0 % in the pravastatin group vs. 45 % in 
the control group). The same group further evaluated the effi cacy of the preemptive 
use of pravastatin in the post-transplant period in 17 children who were receiving 
maintenance steroids, and demonstrated it to effectively reduce total cholesterol, 
triglyceride, and LDL cholesterol after transplantation. The general linear model 
analysis showed that with time, there was a signifi cant decline in the total 
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cholesterol, serum triglyceride, LDL, and also HDL cholesterol. Compared with the 
controls, the mean serum cholesterol was lower at all time points post-transplant in 
the treated patients. However, despite treatment, the prevalence of hypercholesterol-
emia increased from 31 % pretransplant to 53 % at 1 month, but declined thereafter 
to 6 % at 3 and 6 months and 0 % at 1 year. Multivariable regression analyses 
showed the prednisone dose, pre- transplant cholesterol, and age to be the most 
important risk factors for the development of dyslipidemia. This group remarkably 
has been using a fi xed dose of pravastatin preemptively in pediatric renal allograft 
recipients since 1999 [ 137 ]. Sgambat et al. [ 96 ] also showed a signifi cant reduction 
in total cholesterol, LDL, VLDL, and triglyceride levels after 3–6 months of atro-
vastatin treatment compared with pretreatment value in fi ve children. No difference 
in HDL was observed. There are various potential side effects associated with 
statins such as myopathy, rhabdomyolysis, and elevation of liver enzymes. In addi-
tion, there appears to be interaction between statins and cyclosporine, based upon 
their similar metabolism via the P450 cytochrome pathway [ 100 ]. Thus, drug levels 
should be monitored carefully. 

 It is not possible to make evidence-based recommendations for treatment of 
hyperlipidemia in pediatric renal transplant patients. The prevalence of dyslipid-
emia in the post-transplant period seems to decrease over time, together with the 
improvements in the immunosuppression regimen. Pharmacological therapy with 
statins in children with renal transplantation must be done carefully until controlled 
studies are conducted in this population.      
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        Increased life expectancy is one of the most important successes of medicine in this 
century, and older people comprise the most rapidly growing age segment. As the 
growing older adult population constitutes a larger proportion of the general popula-
tion, the incidence of chronic diseases such as cardiovascular diseases (CVDs),  diabetes 
mellitus (DM), and chronic kidney disease (CKD) as well as dyslipidemia has increased 
over the past several decades. Metabolic changes that occur with  progressive renal 
failure and aging predispose patients to lipid abnormalities with increased atherogenic 
potential. As the incidence of kidney dysfunction increases with aging and as the risk 
for poor cardiovascular outcome increases in this population, understanding and treat-
ing abnormalities in lipid metabolism become central in the geriatric CKD patients. 

    Dyslipidemia in the Elderly 

 Epidemiological studies show that a substantial proportion of older adults are 
 dyslipidemic, including persons 80 years and older; however, controversy persists 
regarding the relative importance of specifi c dyslipidemias in this population. It has 
been established that in older adults, dyslipidemia often coexists with diabetes mel-
litus (DM), hypertension, and obesity, making its management crucial in attempting 
to decrease cardiovascular risk. The absolute risk associated with dyslipidemia rises 
substantially with advancing age [ 1 ]. 
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 Coronary artery disease (CAD) is estimated to remain the leading cause of death 
in developed countries over the next three decades due to increasing prevalence of 
older population. Dyslipidemia is an important risk factor for CAD in the elderly, 
and this association has been shown in many studies [ 2 – 8 ]. The World Health 
Organization predicts that more than half of the CAD cases in the world are associ-
ated with dyslipidemia. It has been fi rmly established that the risk of CAD increases 
with high levels of low-density lipoprotein cholesterol (LDL-C) and, inversely, the 
risk also increases with low levels of high-density lipoprotein cholesterol (HDL-C) 
[ 9 ,  10 ]. Both the Framingham Heart Study and Multiple Risk Factor Intervention 
Trial confi rmed this correlation [ 2 ,  11 ]. Systolic Hypertension in the Elderly 
Program, which is including 4,736 elderly persons with a 4.4 years follow-up, dem-
onstrated that the incidence of CAD events was increased by 30–35 % when non- 
HDL or LDL cholesterol levels increased by 1.03 mmol/L (40 mg/dL) [ 6 ]. 

 On the other hand, some studies have observed that lower cholesterol levels also 
are associated with increased cardiovascular risk, especially in patients who have no 
additional risk factors for CAD. Some reports have observed a U- or J-shaped curve 
in the elderly in which lower cholesterol levels are paradoxically associated with an 
increase in cardiovascular risk. In a longitudinal study of 4,066 elderly men and 
women, for example, death from CAD increased at serum cholesterol levels below 
160 mg/dL (4.1 mmol/L). If, however, adjustments were made for CAD risk factors 
and for serum iron and albumin (to account for comorbid disease and frailty), the 
increase in risk at lower cholesterol values disappeared [ 12 ].  

    Lipid Metabolism in the Elderly 

 Aging is associated with undesirable changes in body composition that expose older 
adults to a host of metabolic complications. It is well known that body fat increases 
with age and is preferentially accumulated in the abdominal region, thereby increas-
ing the risk of CVD and DM in older adults [ 1 ,  13 ]. 

 The lipid levels are similar in both genders before puberty [ 14 ]. LDL-C 
increases more rapidly with age after adolescence in men compared with women 
[ 15 ,  16 ]. The LDL-C levels reach a plateau in males by age 50–60 years, whereas 
in females, between the ages of 60 and 70 years. The mechanisms that result in 
this rise are not simple. The hepatic synthesis of very-low-density lipoprotein 
(VLDL) and its conversion to LDL increases with male aging. In addition, a 
decrease in lipid metabolism due to reduced functional LDL-C receptors in the 
hepatic cells and the alternations in the function of LDL-C receptors due to aging 
contribute to pathogenesis [ 17 ]. 

 Serum HDL-C levels do not vary much in women throughout their lifetime, 
whereas HDL-C concentrations decrease in males during puberty and remain lower 
than in women after that time [ 18 ]. Testosterone plays an important role in HDL 
metabolism. Testosterone stimulates the expression of genes encoding for hepatic 
lipase and scavenger receptor B1 [ 19 – 21 ]. Via this mechanism, catabolism of HDL-C 
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increases and results in lower HDL levels in males compared with females of the same 
age. HDL-C levels are higher in the elderly men than in the middle-aged men due to 
reduced androgen levels with aging [ 22 ]. However, infl ammatory diseases, hormonal 
and metabolic changes can cause no increase in HDL levels in the elderly [ 23 ]. 

 Studies have established that with aging, there is both an increase in the release 
of free fatty acids (FFA) from adipocytes and a decrease in the mass of metaboli-
cally active tissue combined with a decrease in the oxidative capacity of tissues. The 
net effect of these cellular changes is increased blood levels of FFA, which increase 
the risk of CVD, and result in hyperinsulinemia with insulin resistance and increased 
nonoxidative disposal of FFA as VLDL. These metabolic changes produce an 
atherogenic lipid profi le [ 24 – 26 ]. 

 In women triglyceride levels increase throughout their lifespan, whereas in men 
triglyceride levels peak between 40 and 50 years old and later decrease [ 27 ]. 

 Before menopause, women have lower total cholesterol levels than those of men 
of the same age. After menopause, with reducing levels of estrogen, their LDL-C 
increase and HDL-C decrease [ 18 ]. These changes in lipid metabolism play an 
important role in the increased incidence of CVD in older adults. 

 Pseudocapillarization is a novel mechanism for age-related dyslipidemia [ 28 ]. 
Morphological changes occur in the liver sinusoidal endothelial cell with aging. 
These changes include reduction of fenestrations that have been called pseudocapil-
larization. Fenestrations provide transfer of lipoproteins, and their loss alters hepatic 
lipoprotein metabolism.  

    Treatment of Dyslipidemia in the Elderly 

 The primary target for treatment of dyslipidemia is LDL-C, and statins are the well- 
known and most used therapy for management of dyslipidemic patients. Many 
kinds of studies, including primary and secondary prevention trials, demonstrated 
the benefi t of dyslipidemia treatment. National Cholesterol Education Program 
Adult Treatment Panel III recommends no age restriction for treatment of elderly 
persons with lipid-lowering drug therapy if they have CAD or higher risk factors for 
CAD [ 29 ]. This guideline also recommends similar LDL targets in the elderly indi-
viduals compared with younger patients. 

    Primary Prevention Trials 

 The Air Force/Texas Coronary Atherosclerosis Prevention Study was one of the 
earliest trials demonstrating the importance of statin usage in the elderly. Twenty- 
two percent of all patients were older than 65 years old [ 30 ]. There was a signifi cant 
risk reduction in the incidence of fi rst acute major coronary events such as myocar-
dial infarction, unstable angina, and coronary revascularization regardless of age. 
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 The Prospective Study of Pravastatin in Elderly Individuals at Risk of Vascular 
Disease randomized 5,804 men and women ages 70–82 years to placebo or pravas-
tatin [ 31 ]. The patients had a history of or risk factors for vascular disease. Pravastatin 
treatment demonstrated a signifi cant reduction with a combined endpoint of coro-
nary death, nonfatal myocardial infarction, and fatal or nonfatal stroke after 3 years 
follow-up. 

 The Anglo-Scandinavian Cardiac Outcomes Trial Lipid-Lowering Arm random-
ized 10,305 hypertensive patients with cardiovascular risk factors but no history of 
CVDs [ 32 ]. In this study, 23 % of all patients were over 70 years of age. The results 
demonstrated benefi t of atorvastatin therapy regardless of age at entry. 

 The Collaborative Atorvastatin Diabetes Study compared benefi t of statin usage 
in 1,229 diabetic patients aged 65–75 years with 1,709 younger patients [ 33 ,  34 ]. 
Atorvastatin 10 mg/day reduced fi rst major cardiovascular events by 38 % in older 
patients and by 37 % in younger patients. 

 The Cardiovascular Health Study showed that both all-cause mortality and car-
diovascular events signifi cantly decreased in the elderly patients with no known 
coronary heart diseases [ 35 ]. 

 Justifi cation for the use of statins in prevention: an intervention trial evaluating 
rosuvastatin followed up 17,802 healthy men and women with elevated high- 
sensitivity C-reactive protein between ages 60 and 71 for 1.9 years [ 36 ]. The results 
showed 44 % relative risk reduction in combined primary endpoint of myocardial 
infarction, stroke, arterial revascularization, cardiovascular death, or hospitalization 
for unstable angina.  

    Secondary Prevention Trials 

 The Scandinavian Simvastatin Survival Study included 1,021 patients older than 65 
years of age who had angina or a prior myocardial infarction [ 37 ]. A reduction by 
29 % in major cardiovascular events and 27 % in all-cause mortality was noted in 
the statin-using group in comparison to a placebo-control group. Older patients had 
twice as much absolute risk reduction compared with younger patients. 

 The Cholesterol and Recurrent Events (CARE) trial included 1,283 patients 
between the ages of 65 and 75 and showed that use of pravastatin resulted in 27 % 
reduction in major cardiovascular events in patients with known CAD and average 
cholesterol levels [ 38 ,  39 ]. It was estimated that for every 1,000 older patients 
treated, 207 cardiovascular events would be prevented compared with 150 cardio-
vascular events in 1,000 younger patients. 

 The Long-term Intervention with Pravastatin in Ischemic Disease Study 
included 3,514 patients between the ages of 65 and 75 years with a history of 
unstable angina or myocardial infarction [ 40 ,  41 ]. Statin therapy signifi cantly 
reduced total mortality, CAS-related deaths, stroke, and coronary revascularization 
in the elderly patients compared to younger patients, and the absolute benefi t was 
greater in the elderly. 
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 The Heart Protection Study (HPS) included 20,536 patients up to the age of 80 
years with documented CAD or a risk-factor profi le that conveyed CAD risk equiva-
lence [ 42 ]. Among all patients, 10,697 were over 65 years of age, and patients were 
randomly assigned to simvastatin or placebo. After the 5-year treatment period, 
all-cause mortality, coronary events, and stroke were signifi cantly reduced in the 
statin group, regardless of age and initial serum lipids.  

    Trials Including Intensive Lipid-Lowering Therapy 

 To compare effi cacy and safety of high-dose atorvastatin (80 mg/day) versus low 
(10 mg/day) in patients with CHD and a LDL level less than 130 mg/dL, the Treating 
to New Targets Study was performed [ 43 ]. High-dose statin appeared to reduce 
more major cardiovascular and neurological events without a signifi cant increase in 
adverse effects. 

 The Study Assessing Goals in the Elderly trial randomized 893 patients with 
stable CAD who were between 65 and 85 years to atorvastatin 80 mg/day or pravas-
tatin 40 mg/day [ 44 ]. In both groups a similar, signifi cant reduction in the duration 
of myocardial ischemia was observed. However, there was a trend toward a reduc-
tion in major cardiovascular events in the high-dose atorvastatin group. 

 The Myocardial Ischemia Reduction with Acute Cholesterol Lowering trial ran-
domized 3,086 patients between the ages of 18 and 80 to placebo or high-dose 
atorvastatin and resulted in a signifi cant reduction in death, nonfatal MI, or recur-
rent myocardial ischemia [ 45 ,  46 ].  

    Undertreatment of Hyperlipidemia in the Elderly 

 Although randomized, controlled, multicenter trials demonstrated that elderly 
patients with highest cardiovascular risks derive the highest benefi ts from hypolip-
idemic treatment, this group of patients lastly receives appropriate therapy. There is 
also an inverse relationship between absolute coronary risk, advancing age, and 
statin prescription. 

 A retrospective analysis including 1.4 million elderly people demonstrated that 
19 % of patients with CAD or diabetes mellitus used statins [ 47 ]. The percentage of 
patients receiving statin treatment was 37.3 % in low and 23.4 % in high cardiovas-
cular risk patients. The likelihood of statin prescription decreased 6 % for each year 
of increasing patient age. 

 Potential reasons for hypolipidemic undertreatment in the elderly were deter-
mined by researchers [ 48 ]. The main reason given was lack of an indication in the 
elderly. Many physicians believe that cholesterol level could be less predictive of 
CHD or there is an inverse relationship between serum cholesterol level and mortal-
ity in the elderly patients. Drug side effects, cost effectiveness, and patient noncom-
pliance are other important reasons for underprescription.   
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    Dyslipidemia and Chronic Kidney Disease 

 Dyslipidemia and CKD    are signifi cant public health concerns in the world among 
elderly people. Human and animal studies support that dyslipidemia plays a role in 
progression and initiation of renal diseases. In addition, CKD causes development 
of alternations in lipid metabolism that result in increased cardiovascular morbidity 
and mortality. The contribution of dyslipidemia in renal diseases was fi rst reported 
by Virchow in the middle of nineteenth century [ 49 ]. In an experimental study, 
Peric-Golia et al. demonstrated that feeding rats with a high cholesterol diet causes 
more focal glomerulosclerosis (FGS) at age 1 year than controls fed with a standard 
diet [ 50 ]. There was also a positive correlation between serum cholesterol level and 
FGS. Another study by Kasiske et al. showed that obese Zucker rats have signifi cant 
glomerulosclerosis and albuminuria and after treatment by lipid-lowering agents 
glomerular injury was reduced [ 51 ]. There was an association between hypertri-
glyceridemia and podocyte injury, proteinuria and interstitial injury without mesan-
gial changes in a rat model study [ 52 ]. 

 The results of human studies were similar to animal data. Correlation between 
triglyceride-rich apoB-containing lipoproteins and rate of decrease in renal functions 
was demonstrated by Samuelsson et al. [ 53 ]. Patients with lecithin-cholesterol acyl-
transferase defi ciency have hyperlipidemia, and this causes deposits of LDL-C in 
glomerules with developing renal failure from glomerulosclerosis [ 54 ,  55 ]. In The 
Atherosclerosis Risk in Communities Study, participants were followed up to 2.9 
years and high triglycerides with low HDL-C but LDL-C predicted an increased risk 
of renal dysfunction [ 56 ]. In addition, hypertriglyceridemia was a strong parameter in 
the initiation of mild renal insuffi ciency. The results of the Physicians Health Study 
and the Framingham Offspring Study suggested that a low HDL-C and high LDL/
HDL cholesterol ratio were risk factors for an increase in serum creatinine [ 57 – 59 ]. 

 Structural features of glomerules are similar to arteries that are involved in ath-
erosclerosis. Lipid-laden macrophages, which are thought to be important in initia-
tion of atherosclerosis, are found in both atherosclerotic lesions and glomerules of 
FGS [ 60 ]. Atchley et al. demonstrated that oxidatively modifi ed lipoproteins are 
found in diabetic patients with nephropathy and suggested they may contribute to 
pathogenesis of glomerulosclerosis [ 61 ].  

    Treatment of Dyslipidemia in Geriatric CKD Patients 

 Numerous changes in lipoprotein metabolism and serum lipids occur with increas-
ing age and with renal dysfunction. Therefore, the benefi t of lipid-lowering  treatment 
in the elderly patients with renal dysfunction is an important era of research. 
Unfortunately, there is no big randomized clinical study about outcomes of 
 dyslipidemia treatment specifi cally in this particular age group. The data on this 
issue are generally derived from the subgroup analysis of several landmark second-
ary prevention trials. 
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 According to these data, lipid-lowering agents among elderly patients with CKD 
seem to have a benefi t, but the data remain limited. Although improved cardiovas-
cular outcomes have been suggested in CKD, similar fi ndings of treatment benefi t 
have not been evident in patients with end-stage renal disease (ESRD) [ 62 ]. 
Moreover, it should always be considered that elderly patients with CKD are at 
greater risk of adverse drug reactions; therefore, the lowest possible dose of medica-
tions should be used for the treatment of dyslipidemia [ 63 ]. 

 In the treatment of dyslipidemia, lifestyle modifi cations should be considered 
fi rst, because we very well know that the treatment of dyslipidemia requires two 
approaches: therapeutic lifestyle changes and medications. Most patients need both 
approaches simultaneously to achieve target LDL cholesterol levels. Lifestyle 
changes include regular exercise and a reduced intake of saturated fat (<7 % of total 
calories) and cholesterol (<200 mg/day). Dietary calories should be derived pre-
dominantly from foods rich in complex carbohydrates, such as whole grains, fruit, 
and vegetables [ 64 ]. However, while consuming these foods, the patient should be 
careful not to exceed the limits of a kidney failure diet. Therapeutic lifestyle changes 
can achieve an almost 30 % reduction in LDL cholesterol level in highly motivated 
individuals [ 27 ]. 

 Although it was not a study specifi c to the older age group, the HPS is one of the 
largest studies from which we gained information about the endpoints of statin 
treatment in patients with CKD [ 65 ]. HPS enrollment included 20,000 British men 
and women age 40–80 years who were at increased risk of death from CVD due to 
diabetes, CAD, or other atherosclerotic disease. This 5-year study evaluated the 
benefi t of lowering cholesterol with simvastatin 40 mg/day. The primary outcomes 
were total mortality and fatal and nonfatal vascular events [ 65 ,  66 ]. A subgroup 
analysis of 1,329 CKD patients in the HPS, including patients with a creatinine 
level from 1.3 to 2.3 mg/dL over 5 years’ duration, showed a relative risk reduction 
of 28 % (95 % CI, 0.75–0.85;  p  = 0.05) with simvastatin use of 40 mg/day [ 62 ]. The 
proportional reduction in the rate of major vascular events with allocation to simv-
astatin also seemed to be about one-quarter, irrespective of the age of the partici-
pants. Indeed, even among the 1,263 individuals aged 75–80 years at entry, and so 
aged about 80–85 years by the end of the study, the reduction in the event rate was 
substantial and defi nite (142 [23.1 %] versus 209 [32.3 %];  p  = 0.0002) [ 66 ]. 

 In a large group of renal transplant recipients with mild to moderate increases in 
LDL cholesterol levels, the ALERT (Assessment of Lescol in Renal Transplant 
Trial) examined the effect of fl uvastatin 40–80 mg/day versus placebo. In this ran-
domized double-blind placebo-controlled study, the mean age was 48 ± 10 years in 
the fl uvastatin group and 49 ± 10 years in the placebo group [ 67 ]. Findings show no 
detrimental effect on renal function with the long-term use of fl uvastatin in this 
high-risk post-transplant patient population already on multiple medications, 
including immunosuppressive agents. After 4 years of fl uvastatin treatment, there 
was a statistically signifi cant risk correlation for major cardiac adverse events, car-
diac death, and non-CV death [ 63 ]. 

 In a 4-year, randomized, double-blind, placebo-controlled study of 1,255 patients 
with diabetes who required long-term hemodialysis (The Deutsche Diabetes Dialyse 
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Studie; the 4D study), no signifi cant effects on the composite primary endpoint of 
cardiovascular events were obtained. The 4D study is the only large study evaluat-
ing with a mean age over the geriatric age limit the effect of statin therapy in CKD 
patients. The mean age was 65.7 ± 8.3 years, while 42.2 % of the patients were 
65–74 years of age and 14.6 % were 75–83 years of age [ 68 ,  69 ]. Similarly, in a 
3.8-year, randomized, double-blind, placebo-controlled study of 2,776 patients 
requiring long-term hemodialysis (the AURORA study), a reduction in cardiovas-
cular events was not demonstrated from the use of rosuvastatin therapy. Mean age 
was 64.1 ± 8.6 years in the rosuvastatin group and 64.3 ± 8.7 in the placebo group in 
this study [ 70 ]. 

 From the Prevention of Renal and Vascular End-Stage Disease Intervention Trial 
(PREVEND IT), extended follow-up data to investigate the long-term effects of 
fosinopril 20 mg and pravastatin 40 mg on cardiovascular outcomes in subjects with 
microalbuminuria were obtained [ 71 ]. Pravastatin 40 mg/day resulted in a nonsig-
nifi cant 13 % reduction ( p  = 0.649) in the primary endpoint of cardiovascular mor-
tality and hospitalization for cardiovascular morbidity [ 65 ]. But again, the age of 
participants was not in the geriatric age group in PREVEND IT (52.1 ± 11.9 years in 
pravastatin group, 50.5 ± 11.7 years in placebo group) [ 71 ]. 

 Cholesterol and Recurrent Events trial (CARE Study) was conducted to deter-
mine whether pravastatin reduced rates of loss of renal function in patients (21–75 
years of age) with moderate chronic renal insuffi ciency [ 72 ]. After a median follow-
 up period of 58.9 months, the incidence of the death from coronary disease or symp-
tomatic nonfatal myocardial infarction was 28 % lower in participants receiving 
pravastatin 40 mg than in those receiving placebo [ 62 ]. The mean age was 63.2 ± 7.7 
years in the statin group and 63.7 ± 7.4 years in the placebo group [ 72 ]. 

 Study of Heart and Renal Protection (SHARP) evaluated the effi cacy and safety 
of the combination of simvastatin plus ezetimibe on major atherosclerotic events in 
patients with a serum or plasma creatinine of at least 1.7 mg/dL in men or 1.5 mg/
dL in women but no history of myocardial infarction. In this randomized, double- 
blind, placebo-controlled study with a median follow-up of 4.9 years, a 17 % pro-
portional reduction in major atherosclerotic events with simvastatin–ezetimibe 
therapy was observed. However, in the subset of patients requiring dialysis, the 
incidence of major atherosclerotic events was not signifi cantly different than the 
placebo group [ 73 ]. 

 Fibric acid derivatives and gemfi brozil are frequently used agents in lowering 
triglyceride levels in the elderly patients with severe hypertriglyceridemia who have 
failed the diet treatment. They are associated with increased risk of rhabdomyolysis 
in patients with renal insuffi ciency; therefore, they need to be monitored carefully 
because the risk may exceed the potential benefi t [ 62 ,  74 ]. Nicotinic acid, although 
very advantageous due to the effect of increased HDL, should be used cautiously in 
older adults, because of adverse effects on glycemic control [ 75 ]. 

 Dyslipidemia has a signifi cant and important role in the progression and initia-
tion of renal diseases. On the other hand, CKD causes alternations in lipid metabo-
lism that result in increased cardiovascular morbidity and mortality. Structural 
features of glomerules are also similar to arteries that are involved in atherosclero-
sis. There is no big randomized clinical study about outcomes of dyslipidemia 

Z.A. Ozturk and Z. Ulger



263

treatment specifi cally in geriatric patients with CKD. The data about this topic are 
related to subgroup analysis of several landmark secondary prevention trials that 
demonstrated that improved cardiovascular outcomes have been suggested in CKD, 
but not in patients with ESRD. It is remarkable that elderly patients with CKD are 
at greater risk of adverse drug reactions, so the lowest possible dose of medications 
should be applied for dyslipidemia treatment. Further prospective studies including 
large numbers of elderly patients with CKD are required for comments on this issue.     
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           Introduction 

 Familial hypercholesterolemia (FH) is an autosomal dominant disease that is carried 
on chromosome 19p. This would cause reduction in the synthesis of the low- density 
lipoprotein (LDL) receptor. This will lead to reduced catabolism of low-density 
lipoprotein cholesterol (LDL-C). Heterozygote FH occurs in 1 in    500 births, while 
the frequency of homozygotes FH (HFH) is 1:million [ 1 ]. More than 700 mutations 
can cause defects in LDL receptors, which are located mainly in the liver [ 2 ,  3 ]. 

 The main function of LDL receptors is removing the LDL particles from the 
plasma by endocytosis. Many studies established that the receptor-negative muta-
tions differ in various populations, leading to a variety of symptoms and severity in 
different countries [ 4 – 7 ]. The end result of all of these defects is a failure to clear 
LDL-C from the circulation. 

 Patients who are heterozygous for an abnormal low-density lipoprotein receptors 
(LDL-R) gene have lower LDL-C levels and a less severe course than the patients 
who are homozygous or who are double heterozygotes, inheriting two different 
mutations [ 8 ]. 

 Other factors that could affect the clinical course of the disorder include the pres-
ence of other inherited abnormalities in lipid metabolism (e.g., type III hyperlipid-
emia, lipoprotein lipase defi ciency), metabolic factors (e.g., variation in thyroid 
hormone and estrogen levels, factors infl uencing coagulation), and environmental 
factors (e.g., diet, behavioral factors such as smoking) [ 9 ]. Heterozygote patients for 
an LDL-R mutation have twofold increase in LDL-C (350–550 mg/dL), soft-tissue 
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deposition of cholesterol (tendon xanthoma) appearing by the second decade of life, 
premature coronary artery disease appearing in the third decade of life, and frequent 
development of aortic stenosis [ 8 ]. Unfortunately; heterozygote patients may 
respond to dietary and medical management [ 9 ]. 

 Homozygotes for an LDL-R mutation, as well as double heterozygotes, demon-
strate a fourfold increase in LDL-C (650–1,000 mg⁄dL), soft-tissue deposition of 
cholesterol (tendon xanthoma and cutaneous xanthoma) appearing during the fi rst 
decade of life, premature coronary artery disease appearing in the second decade of 
life with death in the third decade, and the common development of aortic stenosis 
[ 10 ,  11 ]. Homozygotes for FH do not respond to dietary and medical management 
[ 8 ,  9 ]. The general characteristics and clinical features of the patients with FH are 
summarized in Table  15.1 .

   The goal in the treatment of FH is the reduction of LDL-C. For the initial treat-
ment goals, inhibition of endogenous cholesterol production with hydroxymethyl-
glutaryl coenzyme A (HMG-CoA) reductase inhibitors, prevention of dietary 
cholesterol adsorption using ezetimibe, disruption of enterohepatic circulation of 
cholesterol using bile acid-binding agents, and reduction in cholesterol intake could 
be mentioned [ 9 ]. As indicated, all homozygotes and double heterozygotes and 
some heterozygotes will not respond to these therapies. This is in contrast to other 
inherited forms of hypercholesterolemia in which medical management is usually 
effective [ 12 ]. This resistance to medical management has led to the use of more 
invasive therapies in these patients. Among the treatments that have been used distal 
ileal bypass, portacaval shunting, and liver transplantation could be mentioned [ 12 ]. 
However, these treatments are associated with a high morbidity rate [ 13 – 15 ]. 

 Dietary interventions in some countries aim to reduce fat, saturated fatty acids, 
and cholesterol intake and to consider carbohydrates to compensate for the low 
energy caused by low-fat diet. Along with the positive effects of the diet, some 
problems, including lower intake of fat-soluble vitamins and lower levels of high- 
density lipoprotein (HDL) as well as an increase in triglycerides caused by high 

   Table 15.1    Symptoms and clinical characteristics of FH   

 Gene type  Characteristic 

 Heterozygotes  Twofold increase in LDL cholesterol (350–550 mg/dL) 
 Premature coronary artery disease (age <30) 
 Development of aortic stenosis 
 Dietary and medical management probability 
 Xanthomas before age 20 

 Homozygotes  Fourfold increase in LDL cholesterol (650–1,000 mg/dL) 
 Premature coronary artery disease (age <20) and death (age <30) 
 Aortic stenosis (always) 
 No response to dietary and medical management 
 Xanthomas before age 10 

  Table created with data from [ 8 ,  9 ] 
  LDL  low-density lipoprotein  
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carbohydrate intake, may occur. Use of bile acid sequestrants such as cholestyr-
amine showed that they only have minor effects on lowering cholesterol levels [ 16 ]. 

 The other category of drugs that have been used effectively in adults with hyper-
cholesterolemia are HMG-CoA reductase inhibitors [ 17 ,  18 ]. Various meta-analysis 
studies have confi rmed the role of statins on the clinical results of hyperlipidemias. 
Based on such fi ndings, they fi nally concluded that statin monotherapy is safe, well 
tolerated, and effi cacious. However, long-term safety still remains unknown [ 19 ,  20 ]. 

 As a less frequent method for FH, liver transplantation has become a treatment 
of choice for affected patients that are nonresponsive to routine pharmacologic 
treatments [ 21 ,  22 ]. The transplanted liver retains the specifi c qualities of the donor, 
so liver transplantation can transfer a rich source of functioning LDL receptors to 
the recipient, which may lead to a cure of the hypercholesterolemia and resolution 
of the symptoms. However, the success of this type of treatment depends on the total 
functional receptors transplanted and, hence, on the graft size [ 23 ]. 

 In patients with FH, an inherited abnormality    in LDL-R, plasma exchange slows 
aortic and coronary artery atherosclerosis [ 24 ,  25 ] and prolongs survival [ 26 ] in 
individuals who are homozygous for the LDL-R mutation. Plasma exchange, how-
ever, also removes HDL, which is protective against atherosclerosis. To prevent 
removal of the benefi cial HDL, selective removal techniques were developed to 
remove LDL-C while sparing other plasma proteins. 

 The American Society for Apheresis (ASFA) has determined the indications for 
therapeutic apheresis in the treatment of hyperlipidemias (Table  15.2 ). Besides this, 
the FDA approved the major indications [ 27 ] for patients with FH who have failed 
to respond to pharmacological and dietary strategies as follows:

•     Functional homozygotes with an LDL-C >500 mg/dL.  
•   Functional heterozygotes with no known cardiovascular disease but an LDL-C 

>300 mg/dL.  
•   Functional heterozygotes with known cardiovascular disease but an LDL-C 

>200 mg/dL.     

   Table 15.2    Guidelines for the methods of therapeutic apheresis applications defi ned by the committee 
of ASFA   

 Type of disease  Apheresis modality  Category  Category 
 Recommendations 
2010 (grade) 

 FH, homozygous  Selective removal methods TPE  I  I, II  1A, 1C 
 FH, heterozygous 

LDL >300 mg/dL 
 Selective removal methods TPE  II  II  1A, 1C 

 FH, heterozygous 
with CDH 

 Selective removal methods TPE  II  II  – 

 FH during pregnancy  Selective removal methods TPE  II  II  – 
 CHD and elevated Lp(a)  Selective removal methods TPE  –  –  – 
 Hypertriglyceridemic 

pancreatitis 
 –  III  III  2C 

  Table created with data from [ 11 ,  27 ]  
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    Epidemiology and Management of Hyperlipidemias 
(LDL Apheresis) 

 Plasma exchange (plasmapheresis, PE) has been used as a safe and effective technique 
of extracorporeal blood purifi cation not only for the treatment of renal diseases, but 
also for many other indications in neurological and toxicological disorders (Table  15.3 ). 
The method was considered highly effective in anti-glomerular basement membrane 
glomerulonephritis, hemolytic–uremic syndrome, and recurrence of glomerulopa-
thies in transplanted kidney. However, the method has some disadvantages, such as 
the risk for transmission of some viral infections that could be carried with the fresh 
frozen plasma used as the supplement fl uid during process. During the last decade, 
many researchers focused on more selective and effective techniques that could be 
used in renal diseases. Despite signifi cant progress in the diagnostic techniques and 
new medications for the diagnosis and treatment of coronary heart disease (CHD), it 
still remains one of the major causes of death worldwide. Plasmapheresis has been 
used as a safe and effective technique of extracorporeal blood purifi cation not only for 
the treatment of renal diseases, but also for many other indications in neurological and 
toxicological disorders. The method was considered highly effective in anti-glomeru-
lar basement membrane glomerulonephritis, hemolytic–uremic syndrome, recurrence 
of glomerulopathies in transplanted kidney. However, the method has some disadvan-
tages, such as the risk for transmission of some viral infections that could be carried 
with the fresh frozen plasma used as the supplement fl uid during process.

   During the last decade, many researchers focused on more selective and effective 
techniques that could be used in renal diseases. Despite signifi cant progress in the 
diagnostic techniques and new medications for the diagnosis and treatment of CHD, 
it still remains one of the major causes of death worldwide. 

   Table 15.3    The methods of extracorporeal LDL apheresis   

 Year  Author    
 Method of therapeutic 
apheresis  Advantages  Disadvantages 

 1967  De Gennes 
et al.   

 Plasmapheresis  Quick and 
well- tolerated  

 Not selective, infection 
risk and bleeding 

 1980  Agishi et al.    Cascade fi ltration  Semi-selective  Infection risk, less 
effective 

 1983  Borberg 
et al.   

 Immunoadsorption  Selective and effective  Expensive 

 1983  Wieland and 
Seidel   

 Heparin-induced extracorporeal 
LDL precipitation (HELP) 

 Selective and effective  Expensive 

 1985  Antwiller et al.    Dextransulfate-induced 
LDL precipitation 

 Selective and effective  Expensive, low 
availability 

 1987  Mabuchi et al.    Dextransulfate LDL 
adsorption (Liposorber) 

 Selective and effective  Expensive 

 1993  Bosch et al.    LDL hemoperfusion (DALI)  Selective and effective  Not defi ned 
 2003  Otto et al.    LDL hemoperfusion 

(Liposorber D) 
 Selective and effective  Not defi ned 

   Adapted from [ 10 ]. Courtesy of Dr. Rolf Bambauer  
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 The effective reduction in serum cholesterol levels has been achieved with the 
administration of HMG-CoA reductase inhibitors, which could be combined with 
other lipid-lowering agents. The available treatment alternatives are fenofi brate, 
β-pyridylcarbinol, nicotinic acid, probucol, colestyramin, colestipol,  d -thyroxine, 
and β-fi brates. 

 Among older treatment choices, the combination of niacin and bile acid seques-
trants should be mentioned. This was the best therapy available before the statins 
were used for FH [ 28 ]. However, this study was performed with 10 g of bile acid 
sequestrant three times a day and the administration of 3–7 g of immediate-release 
niacin and was very diffi cult to accomplish. 

 In current treatment options, statins have been tested extensively in children with 
FH. Lovastatin, simvastatin, atorvastatin, and rosuvastatin have all been studied in 
adolescents [ 29 – 32 ]. In the study, patients achieved reduction in plasma LDL levels 
of 27 %, 41 %, 40 %, and 50 %, respectively. Statins have been used effectively, and 
their effectiveness could be improved by appropriate dietary regulations. 

 Serum cholesterol levels higher than 200 mg/dL represent an increased coronary 
risk. It should be noted that the risk is double in case of serum cholesterol levels 
between 200 and 250 mg/dL and fourfold at values of 250–300 mg/dL [ 33 ]. 
Additional risk factors include familial disposition, adiposity, diabetes mellitus, 
smoking, reduced HDL, increased Lipoprotein (a) (Lp(a)), and fi brinogen. 

 Almost all forms of treatment-resistant hypercholesterolemia might be treated 
effectively after the development of semiselective extracorporeal reducing strate-
gies for hyperlipidemia [ 34 – 37 ]. 

 The major treatment principle for various forms of FH includes dietetic regula-
tions and medical therapy. The goal of the treatment was to reduce the LDL levels 
below 200 mg/dL. In case of treatment resistance to fi rst-step alternatives or the 
presence of side effects, LDL-apheresis should be planned for the patients. The 
diagnosis of FH should be supported by corresponding examinations, and it is pre-
ferred to choose the patients who are nonsmokers. All patients should be monitored 
for cardiological risk status with fi ndings in ECG under exercise, thallium sintigra-
phy, or coronary angiography. These attempts aim to reduce progression or to 
achieve the regression of the coronary heart condition. 

 In general, the basic concept of LDL-apheresis seems to reduce the LDL-C in 
treatment-resistant FH. However, this method has been considered effective in 
patients with nephrotic syndrome (NS). The current data established the potency of 
LDL-apheresis not only by reducing the plasma lipids, but also by its positive effect 
on the progress of different nephropathies. There are some disorders in which the 
effectiveness of LDL-apheresis in renal patients seems to be proven by current data. 
These disorders are lupus nephritis, primary focal glomerulosclerosis (FGS), and 
recurrence of FGS in transplanted kidney. The method of LDL-apheresis in lupus 
nephritis should be planned for patients who do not respond to other treatment strate-
gies and who do not have renal involvement. LDL-apheresis method could be a good 
alternative method for patients with NS who are resistant to immunosuppressive 
therapy, such as minimal change disease [ 38 ]. Besides the lowering effect on plasma 
lipids, LDL-apheresis might improve renal function in diabetic nephropathy [ 39 ]. 
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 The effectiveness of LDL-apheresis techniques is summarized in Table  15.4 . 
In today’s medical practice, the following LDL-apheresis strategies are the most 
 effective and common treatment options worldwide.

      Immunoadsorption 

 As an effective method for LDL-apheresis, immunoadsorption (IA) technique 
depends upon the perfusion of plasma through sepharosis columns covered with 
LDL antibodies (Fig.  15.1 ). In this way, the LDL molecules are easily adsorbed 
onto the antibodies of the columns in the system. This method was fi rst described in 
some studies [ 40 ,  41 ] in the 1980s as LDL-apheresis containing anti-LDL sepha-
rose columns. This method is mostly based on the affi nity chromatography forming 
antigen-antibody complex. The source of antibodies against the protein part in 
human LDL-C molecules (apolipoprotein B 100) are mostly derived from sheep, 
and these molecules are covalently bound to sepharose particles.

   The working procedure is that when one column is used for adsorption, the non- 
working part should be generated with neutral solutions of saline buffer, glycine 
buffer, and again with neutral buffer. This cycle should be completed after the col-
umn has been saturated with the absorbed lipoproteins (600–800 mL of plasma). 

 The immunoadsorption columns should be used for at least 40 treatment sessions. 
During the procedure, the operated plasma is mixed with the cellular part of the 
blood and then returned to the patient. This operational procedure takes approxi-
mately 3 h with a computerized apheresis monitor. At the end of the treatment, the 
columns should be rinsed and fi lled with sterilized solution after the same procedure. 

    Table 15.4    The effectiveness of LDL apheresis techniques (the values represent the reduction in percent 
of original concentration)   

 Variables 
 Cascade 
fi ltration  Immunoadsorption  HELP 

 LDL 
adsorption 

 LDL 
hemoperfusion 
(DALI) 

 LDL 
hemoperfusion 
(Liposorber) 

 Cholesterol  35–50  30  50  45  60  55 
 LDL  30–45  35  45  35–40  60–75  60–75 
 HDL  35–50  20  10–20  –  16–29  5–13 
 Lp(a)  60–70  60  46  60  60–75  60–75 
 Triglycerides  60  60  60  70  40  66 
 Fibrinogen  50  10–20  50  30  16  20–40 
 Ig M  35  10–20  –  –  21  14 
 Ig A  55  10–20  –  –  –  – 
 Factor VIII  –  10–20  10–20  20  –  – 
 C3  –  –  50  –  –  – 
 C4  –  –  50  –  –  – 
 Plasminogen  –  –  50  –  –  – 

  Adapted from [ 10 ]. Courtesy of Dr. Rolf Bambauer  
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Factors such as selectivity, effectiveness, and high regenerating ability of the 
columns are among the advantages of the method. The disadvantage of the method 
is that the treatment is very expensive. It is a great deal that the implementation of 
the system is viable on a long-term basis due to the high cost of the columns, which 
means 40 times at least per each patient. An LDL-C level that could reduce 30–40 % 
of the pretreatment level could be achieved with a perfusion volume of 4–6 L for 
each session. The other parameters that are expected to decline with this method are 
serum proteins, immunoglobulins, HDL, and fi brinogen by 15–20 %. The levels 
return to their original ranges within 24 h following the procedure. 

 Here we should mention two different systems that are currently available world-
wide, the LDL Therasorb system (Miltenyi Biotec, Germany), and the LDL and 
Lp(a)-Excorim system (Fresenius, Germany). These two systems could be consid-
ered as safe and effective methods for clinical use, even for patients requiring 

  Fig. 15.1    A photo of the 
patient and LDL-apheresis 
device with medical 
equipment used for 
LDL- apheresis procedures 
(immunoadsorption)       
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long- term treatment. Patients with primary and secondary dyslipoproteinemia 
and Lp(a) IA should undergo the procedure for the extracorporeal elimination of 
LDL-C. IA treatment had signifi cantly benefi cial effects on serum LDL levels in 
patients with atherosclerotic vascular disease [ 42 ,  43 ].  

    Cascade Filtration 

 The cascade fi ltration method was fi rst developed by Agishi et al. in Japan. It has 
been considered as the fi rst semiselective technique that could be used for the treat-
ment of hypercholesterolemia [ 44 ]. In this technique, the secondary membrane 
works with a cutoff of nearly one million daltons. We know that an LDL-C mole-
cule has a weight of 2,300,000 Da, so it is retained by this membrane. It should also 
be noted that all other molecules larger than 1,000,000 Da are also retained. 
However, some molecules in the plasma smaller than 1,000,000 Da pass through the 
membrane and then are returned to the patient. It should be mentioned that the lipid- 
lowering techniques cascade fi ltration, membrane differential fi ltration (MDF), or 
double fi ltration plasmapheresis are accepted as having advantages compared to the 
conventional plasmapheresis method. Nevertheless, adsorption or precipitation 
techniques seem superior these methods [ 45 ]. 

 Towards the development of some synthetic secondary membranes like the lipid-
fi lter EC-50 (Asahi, Japan), improved outcomes in the treatment of hypercholester-
olemia have been achieved via higher effectiveness and selectivity for the separation 
of the blood components. This cascade fi ltration system can be considered as lipid 
fi ltration. The techniques MDF and lipid fi ltration are used as safe and effective 
methods as the HELP-system. This advantage should be mentioned with respect to 
the extracorporeal removal of Lp(a), fi brinogen, LDL-C by processing similar 
amounts of plasma volumes [ 46 ]. 

 Recently, for patients with diabetes mellitus, peripheral arterial occlusive dis-
ease, coronary artery disease, cerebrovascular stroke, and age-related macular 
degeneration, a new technique has been developed for impaired microcirculation. 
This method has been named rheopheresis, which should be used as a special form 
of cascade fi ltration, which aims to reduce blood viscosity. Some studies established 
that the treatment results of rheopheresis could have promising results in patients 
with diabetic retinopathy and age-related macular degeneration [ 47 ,  48 ].  

    Dextran Sulfate Low-Density Lipoprotein (Liposorber) 

 This technique works with dextran sulfate on the basis of its high affi nity and low 
toxicity for LDL adsorbent. Low-molecular dextran sulfate (MW 4,500) can selec-
tively absorb all molecules containing apolipoprotein B. The mechanism is that 
dextran sulfate is covalently bound to cellulose particles. As a result of direct 

S. Sivgin



277

interaction between dextran sulfate and apolipoprotein B-containing lipoproteins 
(such as LDL and VLDL) that are positively charged, a binding operation is usually 
achieved (Fig.  15.2 ). It should be emphasized that the dextran sulfate structurally 
mimics the structure of LDL receptor and acts as a type of pseudoreceptor [ 49 ,  50 ]. 
All compounds containing apolipoprotein B-like cholesterol, VLDL, triglycerides, 
and LDL are absorbed within the penetrating of plasma through columns after the 
primary separation is completed. Later, the plasma is directed to the patient without 
cholesterol. In recent years, this technique has found large clinical use by physicians 
due to its high effectiveness in the elimination of serum cholesterol [ 51 ,  52 ].

   The advantage of the Liposorber system is that the technique is highly selective 
for the elimination of all apolipoprotein B-containing lipoproteins. The high effec-
tiveness of the system should not be omitted even in patients with life-threatening 
hypercholesterolemia. 

 The Liposorber LA-15 (Kaneka, Japan) system could be considered a safe and 
effective treatment modality in patients with severe hypercholesterolemia that was 
not responsive to diet and maximum drug use. There are some data regarding the 
effectiveness of LDL-apheresis on coronary arterial lesions that the method could 
not only prevent the development of CHD but also slow the regression in patients 
with hypercholesterolemia [ 53 ]. Among the side effects for the method are hypoten-
sion, hypoglycemia, nausea, and light allergic reactions. Low-molecular dextran 
sulfate could be considered to have less allergenic potential than the forms of dex-
tran that have a higher molecular weight to 80,000. The effectiveness of Liposorber 
has been experienced in various clinical studies. The data showed that the majority 
of the patients (75 %) achieved reduction of coronary atherosclerosis risk. In these 
studies, side effects were observed at very low percentage, such as 0.5–4 % [ 54 ,  55 ]. 

 The effectiveness and safety of the Liposorber system in children has been estab-
lished with some studies [ 56 ]. The experience of these authors led them to 
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  Fig. 15.2    The schematic confi guration of the principles of the LDL-apheresis method (Liposorber)       
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recommend early therapeutic intervention with extracorporeal treatment with 
LDL-apheresis in children severely affected by homozygous or double  heterozygous 
familial hypercholesterolemia.  

    Heparin-Induced Extracorporeal LDL Precipitation (HELP) 

    This method was fi rst described and experienced in 1982 for the purpose of extra-
corporeal elimination of low-density lipoproteins, or HELP [ 57 ]. The principle of 
the method is that the plasma is mixed with a ratio of 1:1 using acetate acetic acid 
buffer and then the primary separation is performed. This aims to keep the pH of 
this mixture at 5.1. It is recommended to add heparin at a dose of 100,000 U/L to the 
buffer. LDL-C precipitates in the acidic environment interfere with heparin and 
fi brinogen in order to form insoluble particles. This operation is performed follow-
ing the forming of mixture with the acetate acetic acid buffer and heparin. Later, the 
precipitates are removed from the plasma with the action of a polycarbonate mem-
brane. The operation continues with the removal of free heparin through a heparin 
absorber (DEAE cellulose). The technical part of the system seems quite confusing, 
but it is a very effective and reliable lipid-lowering strategy. The other parameters in 
the blood such as HDL reach their original levels within 24 h following operation. 
Here it should be mentioned that the amount of plasma should be limited to 3 L, as 
the fi brinogen concentration increases gradually [ 58 ]. 

 Because the treatment uses only disposable materials, the device does not need 
disinfection. 

 Besides this, no piped water supply or reverse osmosis is required for the prog-
ress of the operation. During the operation, the levels of various components in the 
blood such as C3, C4, fi brinogen, and plasminogen decline by 50 %. The system 
also reduces the levels of cholesterol, LDL, and triglycerides, so it could be sug-
gested that the technique is not specifi c. High fi brinogen levels decline during the 
HELP operation, so excess amounts of plasma units could lead to bleeding compli-
cations. The effectiveness of the system on cholesterol levels is shown in Table  15.4 . 
The risk of cardiovascular events might be prevented in an earlier period by 
using antihyperlipidemic agents in patients who undergo regular extracorporeal 
LDL-elimination. 

 The mechanism of action of the LDL apheresis procedure depends on reducing 
the shear-stress of the fl owing blood that puts stress on plaques, which form the 
viscosity of the plasma. This leads to a signifi cant reduction in the resistance of 
peripheral arteries of lower extremities. In addition to the high safety profi le and 
effectiveness of the system, serious complications have rarely been observed [ 59 ]. 
Some studies have strongly established that the HELP method has lowered the inci-
dence of cardiovascular complications in patients with high serum cholesterol [ 60 ,  61 ]. 
Another signifi cant result of LDL-apheresis is that oxidized LDL could be removed 
effectively. We should mention that oxidized LDL promotes plaque stabilization 
that could lead to atherothrombotic events. 
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 Fibrinogen is one of the major molecules that has an effect on the formation of 
blood viscosity. The removal of fi brinogen with some other molecules results in 
signifi cant improvement in the microcirculatory status of the body by which numer-
ous studies have published evidence-based data [ 62 ]. In familial hypercholesterol-
emia, ischemic heart disease, and heart transplantation, the HELP method had 
successful results as established in some studies [ 63 ,  64 ].  

    Lipoprotein (a) Apheresis 

 Today the current data show that Lp(a) has seriously negative effects on the devel-
opment of atherothrombotic complications due to its structural similarity to plas-
minogen [ 65 ]. The major similar part of Lp(a) is with LDL and also apo-B that 
represents such as a lipid molecule. There are many studies regarding the data that 
elevated levels of plasma Lp(a) are associated with an increased risk of CHD [ 66 ]. 
Lp(a) is considered to have both atherogenic and thrombogenic activity due to its 
structural potential [ 67 ]. Many drug therapies have failed to maintain reductions in 
the plasma Lp(a) levels, so these strategies have limited effectiveness. 

 LDL-apheresis methods seem to be the most effective strategy for reducing the 
elevated levels of plasma Lp(a). For approximately 20 years, some special antibod-
ies for immunoadsorption with sepharose bound anti-Lp(a) have been used for the 
treatment of patients with high Lp(a) levels [ 68 ,  69 ]. For the treatment strategy, two 
columns are required. During the process, both columns are fi lled with 400 mL of 
sorbent solution that has been tested for sterility. The columns are reusable for anti- 
Lp(a) immunoadsorption. In the time intervals between treatment sessions, the 
device columns should be stored at 4 °C. For each patient, two personal columns are 
reserved to keep the procedure on [ 70 ]. In the pathogenesis of CHD and arterioscle-
rosis, high Lp(a) levels are considered as a signifi cant risk factor. Diet or drugs do 
not have benefi cial effect on reducing the elevated levels of Lp(a). The current avail-
able device that could remove Lp(a) specifi cally from plasma is Lipopak, Pocard 
(Moscow, Russia).  

    Low-Density Lipoprotein Hemoperfusion (DALI System) 

 The fi rst defi nition and clinical administration of this system was performed in 1993 as 
low-density lipoprotein hemoperfusion (direct adsorption of lipoproteins [DALI]) [ 71 ]. 
In the DALI system, an absorber is used for perfusion (Fig.  15.3 ). These absorbers 
contain 480 mL of polyacrylate-coated polyacrylamide. The columns have a capac-
ity of more than 1.5–2.0 L blood volumes for effective adsorption. The major mol-
ecules that the operation targets are LDL, triglycerides, cholesterol, and Lp(a). In 
this method, regeneration is not required because the columns are usually used for 
only one treatment session [ 72 ]. The principle in this method is performed by 
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adsorption onto polyacrylate-coated polyacrylamide beads in order to reduce the 
elevated levels of Lp(a) molecules, LDL, and other lipoproteins.

   The adsorption of LDL and Lp(a) and other lipoproteins occurs by polyacrylate 
ligands that bind covalently to the polyacrylamide surface. The main part of the 
system, polyacrylate, consists of polyanions, which are negatively charged with car-
boxylate groups like LDL-receptor [ 73 ]. As the polyanions interact with cationic 
groups in apoprotein B, the lipoproteins are moved through the beads. We should 
mention that by fl owing, the whole blood affects only a minor interaction between 
the blood cells and small outer surface of the beads [ 74 ]. The small-size lipoproteins 
have advantages for penetrating through the inner sponge-like body of the beads by 
the pores. HDL molecules have disadvantages due to the fact that the apo AI-coated 
HDL is not attracted to the ligand. As a result, it is not affected by the adsorber and 
cannot be eliminated by the system. Heparin could be used for anticoagulation in 
the system and then anticoagulation could be maintained by continuous acid citrate 
dextrose (ACD-A) solution infusion into the blood. For adequate anticoagulation in 

  Fig. 15.3    The DALI machine that is used for lipid apheresis in patients with FH       
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extracorporeal device, the volume of ACD is calculated as approximately 5 % of 
whole blood for the majority of the patients. The DALI system can eliminate 
 calcium and magnesium as well as lipoproteins. 

 This property requires one to maintain the presence of mentioned electrolytes in 
the columns with a volume of 5 L of priming solution. This operation could prevent 
hypocalcemia and hypomagnesia during the apheresis period. The DALI system 
might be performed with three different adsorber sizes. These are DALI 500, DALI 
750, and DALI 1000 mL adsorbers. During the operation, the blood pressure in both 
afferent and efferent blood lines are measured for the monitorization of the system [ 10 ]. 
The DALI system can be considered as a safe, effective, and selective therapy for 
apheresis in hyperlipidemias. Some microparticles may release from the columns, so 
the columns should be rinsed carefully to avoid the risk. A second fi lter might be 
added after the column in order to reduce the possibility of microparticle release. 
This fi lter is recommended to maximize the safety of the system. There are some data 
regarding the safety and effectiveness of the DALI system that could be suggested to 
reduce LDL and Lp(a) at 60 % at the end of a treatment period lasting 100 min. The 
patients had rare side effects that could negatively effect the operation survey [ 75 ].   

    Conclusion 

 It should be noted that all the aforementioned techniques could be considered as 
safe and effective methods of lipid reduction. The goal of the treatment should be to 
lower the plasma LDL-C levels to 50–60 % of the original levels by performing 
weekly or biweekly apheresis sessions. The primary aim in reducing cholesterol 
concentration is to prevent the development and progression of atherosclerosis. The 
evolution of the techniques used in medicine will enable one to achieve more satis-
fying outcomes related to the hyperlipidemic status of the patients.     
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           Introduction 

 The number of patients with chronic kidney disease (CKD) is increasing. 
Unfortunately, the survival of CKD patients remains poor. Among other factors, 
cardiovascular disease (CVD) is the leading cause of death in CKD patients. Both 
traditional and nontraditional factors play a role for this increased cardiovascular 
mortality. Among traditional risk factors, diabetes, hypertension, and dyslipidemia 
are the leading causes. Anemia, infl ammation, oxidative stress, disorders of calcium 
phosphorus metabolism, arterial stiffness, and malnutrition can be stated as nontra-
ditional risk factors [ 1 – 3 ]. Thus, it is of no question that CKD patients can be con-
sidered as high-risk patients. In previous reports such as adult treatment panel (ATP) 
III, there was no specifi c interest regarding the dyslipidemia in CKD patients. Thus, 
in response to recommendations of the National Kidney Foundation (NKF) Task 
Force on CVD, the NKF Kidney Disease Outcomes Quality Initiative (K/DOQI) 
convened a work group to develop guidelines for the management of dyslipidemias, 
one of the risk factors for CVD in CKD. This section will give detailed information 
about these guidelines fi rst and the interpretation of these guidelines based on the 
recently conducted randomized prospective studies thereafter.  

    Chapter 16   
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Cholesterol Education Program and Kidney 
Disease Outcomes Quality Initiative as They 
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    Adult Treatment Panel III Guidelines 

 The Executive Summary of the Third Report of the National Cholesterol Education 
Program (NCEP) Expert Panel on Detection, Evaluation, and Treatment of High 
Blood Cholesterol in Adults (ATP III) was published in May 2001 [ 4 ]. ATP III pro-
vides evidence-based recommendations on the management of high blood choles-
terol and related disorders. For development of its recommendations, ATP III places 
primary emphasis on large, randomized, controlled clinical trials (RCTs). The clas-
sifi cation of dyslipidemias according to ATP III was given in Table  16.1 .

   According to ATP III guidelines, management of all lipid disorders begins with 
therapeutic lifestyle changes (TLCs), given the fact that TLC has the potential to 
reduce cardiovascular risk through several mechanisms beyond lowering of low- 
density lipoprotein (LDL) cholesterol. Among TLCs, diet (saturated fat <7 % of 
calories, cholesterol <200 mg/day, and increased viscous [soluble] fi ber [10–25 g/
day] and plant sterols [2 g/day] as therapeutic options to enhance LDL lowering), 
weight management, and increased physical activity are strongly recommended. 

 ATP III reports have identifi ed low-density lipoprotein cholesterol (LDL-C) as 
the primary target of cholesterol-lowering therapy. Lipoprotein levels must be 
obtained after 9–12 h of fasting. 

 According to the ATP III algorithm, persons are categorized into three risk 
categories:

    1.    Established coronary heart disease (CHD) and CHD risk equivalents   
   2.    Multiple (2+) risk factors   
   3.    Zero to one (0–1) risk factor     

   Table 16.1    Dyslipidemias as defi ned in the Adult Treatment 
Panel III guidelines   

 Level (mg/dL) a  

 Total cholesterol 
 • Desirable  <200 
 • Borderline high  200–239 
 • High  ≥240 

 Low-density lipoprotein (LDL) cholesterol 
 • Optimal  <100 
 • Near optimal  100–129 
 • Borderline  130–159 
 • High  160–189 
 • Very high  ≥190 

 Triglyceride 
 • Normal  <150 
 • Borderline high  150–199 
 • High  200–499 
 • Very high  ≥500 

 High-density lipoprotein (HDL) cholesterol 
 • Low  <40 

   a To convert mg/dL to mmol/L, multiply triglycerides by 0.01129 
and cholesterols by 0.02586  
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 CHD risk equivalents include non-coronary forms of clinical atherosclerotic 
disease and diabetes. Major risk factors other than LDL cholesterol include ciga-
rette smoking, hypertension (BP >140/90 mmHg or on antihypertensive medica-
tion), low high-density lipoprotein cholesterol (HDL-C) (<40 mg/dL), family 
history of premature CHD (CHD in male fi rst-degree relative <55 years; CHD in 
female fi rst- degree relative <65 years), age (men >45 years; women >55 years). 
HDL-C >60 mg/dL counts as a “negative” risk factor, and its presence removes one 
risk factor from the total count. All persons with CHD or CHD risk equivalents 
should be accepted as high risk. The goal for LDL-lowering therapy in high-risk 
patients is an LDL-C level <100 mg/dL. If treatment LDL-C is <100 mg/dL, no 
further LDL-lowering therapy was recommended. For all high-risk patients with 
LDL-C levels ≥100 mg/dL, LDL-lowering dietary therapy should be initiated fi rst. 
When baseline LDL-C is ≥130 mg/dL, an LDL-lowering drug should be started 
simultaneously with dietary therapy. However, LDL-lowering drugs were not man-
dated if the baseline LDL-C level is in the range of 100–129 mg/dL; in this range, 
ATP III suggested several therapeutic options. Dietary therapy should be intensi-
fi ed, whereas adding or intensifying an LDL-lowering drug was said to be optional. 
Alternatively, if the patient has elevated triglycerides or low HDL-C, a drug that 
targets these abnormalities may be added. 

 For patients with 2+ risk factors the LDL-C should be <130 mg/dL. ATP III fur-
ther recommended that Framingham risk scoring be carried out in individuals with 
2+ risk factors so as to triage them into three levels of 10-year risk for hard CHD 
events (myocardial infarction + CHD death), namely >20 % risk, 10–20 % risk, and 
<10 % risk. Persons with a 10-year risk >20 % were elevated to the high-risk cate-
gory; in these patients, the LDL-C goal is <100 mg/dL. For others with 2+ risk fac-
tors, a 10-year risk ≤20 %, the LDL-C goal is <130 mg/dL. If the 10-year risk is 
10–20 %, drug therapy should be considered if the LDL-C level is above the goal 
level (≥130 mg/dL) after a trial of dietary therapy. When 10-year risk is <10 %, an 
LDL-lowering drug can be considered if the LDL-C level is ≥160 mg/dL on maxi-
mal dietary therapy. Finally, for persons with 0–1 risk factor, the goal is to lower 
LDL-C concentrations to 160 mg/dL. If the LDL-C is ≥190 mg/dL after an ade-
quate trial of dietary therapy, consideration should be given to adding a cholesterol- 
lowering drug. When serum LDL-C ranges from 160 to 189 mg/dL, introduction of 
a cholesterol-lowering drug is a therapeutic option in appropriate circumstances, 
such as when a severe risk factor is present [ 5 ]. In the ATP III guidelines, no specifi c 
comment was made on patients with CKD, and CKD patients are not managed dif-
ferently from other patients. The ATP III only notes that nephrotic syndrome is a 
cause of secondary dyslipidemia, and suggests consideration be given to the use of 
cholesterol-lowering drugs if hyperlipidemia persists despite specifi c treatment for 
kidney disease. The ATP III also notes that various dyslipidemias have been reported 
in persons with kidney failure. However, the ATP III suggests that a cautious 
approach be taken, since these persons are prone to drug side effects, e.g., they are 
at increased risk for myopathy from both fi brates and statins. Indeed, fi brates are 
contraindicated in Stage 5 CKD patients in ATP III reports.  
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    Kidney Disease Outcomes Quality Initiative Guidelines 
for Dyslipidemia 

 One may ask why we need a specifi c guideline regarding the dyslipidemias in CKD. 
There are several answers to this question. Firstly, both the ATP III guidelines [ 4 ] 
and its older component in children (NCEP-C) [ 6 ], without excluding or including 
patients with CKD, make few specifi c recommendations for the evaluation and 
treatment of dyslipidemias in CKD. Secondly, the CKD patients were entirely dif-
ferent from other patients with their own traditional and nontraditional risk factors. 
Thirdly, CKD should be accepted as a CHD risk equivalent. Fourthly, the K/DOQI 
work group concluded that the NCEP guidelines are applicable to patients with 
stages 1–4 CKD. Therefore, these K/DOQI guidelines target adults and adolescents 
with Stage 5 CKD and kidney transplant recipients [ 7 ]. Lastly, there is also a debate 
about whether dyslipidemia is a true risk factor for CVD in CKD patients. While 
some studies showed that dyslipidemia was indeed associated with increased risk of 
incident atherosclerotic CVD and with increased risk of death after CVD events [ 8 ], 
others reported the opposite association in CKD patients [ 9 ,  10 ]—a discrepancy that 
was explained with the context of reverse epidemiology [ 11 ,  12 ]. 

 For all these reasons, the K/DOQI established a specifi c guideline regarding the 
dyslipidemias in CKD patients. The differences of the K/DOQI guidelines from 
those of the ATP III are given in Table  16.2 .

   The K/DOQI Clinical Practice Guidelines for Managing Dyslipidemias in 
Chronic Kidney Disease may be divided into three parts. First part explains the 
target population, scope, intended users, and methods. Second part was about the 
assessment of dyslipidemias and the third part was about the treatment of dyslipid-
emias. The data regarding these three parts are given below. 

   Table 16.2    Features that differ between K/DOQI guidelines and ATP III guidelines   

 K/DOQI guidelines  ATP III guidelines 

 CKD patients should be considered as CHD 
risk equivalent 

 No specifi c mention of CKD patients 

 Evaluation of dyslipidemias should be made 
annually 

 Evaluation of dyslipidemias should occur every 
5 years 

 Drug therapy should be used for LDL 
100–129 mg/dL after 3 months of TCL 
(initial drug therapy should be statin) 

 Drug therapy is optional for LDL 100–129 mg/
dL (initial drug therapy can be statin, bile 
acid sequestrant, or nicotinic acid) 

 Recommendations were made for patients 
<20 years old 

 No recommendations were made for patients 
<20 years old 

 Fibrates may be used under special conditions. 
Gemfi brozil may be the drug of choice 

 Fibrates are contraindicated in Stage 5 CKD 

   TLC  therapeutic lifestyle changes  
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    Target Population, Scope, Intended Users, and Methods 

 Due to the reasons explained above, an expert committee performed seminal work 
and the K/DOQI guidelines were published regarding the management of dyslipid-
emias in all stages of CKD and renal transplant patients. One of the most important 
issues reported by the work group was the acceptance of CKD as a CHD risk equiv-
alent. The work group also underscored the importance of other risk factors for the 
development of atherosclerotic cardiovascular disease (ACVD) and pointed out that 
dyslipidemia management should be undertaken in conjunction with all other avail-
able measures to reduce the overall risk of ACVD. It was also suggested that modifi -
able, conventional risk factors (including hypertension, cigarette smoking, glucose 
intolerance or diabetes control, and obesity) should be assessed at initial presenta-
tion and at least yearly thereafter. These guidelines are intended for use by physi-
cians, nurses, nurse practitioners, pharmacists, dietitians, and other health-care 
professionals who care for patients with CKD. The guidelines were developed using 
a scientifi cally rigorous process, and the rationale and evidentiary basis for each 
guideline are clearly explained. All the members of the working group are experts 
in the management of CKD and dyslipidemias. The experts worked independently 
from any organizational affi liations and had fi nal responsibility for determining 
guideline content. The guidelines underwent widespread critical review before 
being fi nalized.  

    Assessment of Dyslipidemias 

 The principal reason to evaluate dyslipidemias in patients with CKD is to detect 
abnormalities that may be treated to reduce the incidence of ACVD. However, there 
may be other reasons to evaluate and treat dyslipidemias in CKD. A number of 
observational studies have reported that various dyslipidemias are associated with 
decreased kidney function in the general population and in patients with CKD. 
Besides, the prevalence of dyslipidemias in patients with CKD is high. Factors such 
as proteinuria, glomerular fi ltration rate changes, and treatment of CKD may all 
alter lipoprotein levels. Lipoprotein levels may change during the fi rst 3 months of 
hemodialysis, peritoneal dialysis, and kidney transplantation. On the other hand, 
waiting 3 months to measure the fi rst lipid profi le may needlessly delay effective 
treatment for patients who present with dyslipidemia. Therefore, it is prudent to 
evaluate dyslipidemias more often than is recommended in the general population. 
Another potential concern is the effect of dialysis procedure on lipid levels. There is 
some evidence that the hemodialysis procedure acutely alters plasma lipid levels 
due to hemoconcentration and/or effects of the dialysis membrane or heparin on 
lipoprotein metabolism [ 13 ]. 
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 Based on all these data, the working group suggests that

•    All adults and adolescents with CKD should be evaluated for dyslipidemias 
(moderate evidence).  

•   For adults and adolescents with CKD, the assessment of dyslipidemias should 
include a complete fasting lipid profi le with total cholesterol, LDL-C, HDL-C, 
and triglycerides (moderate evidence).  

•   For adults and adolescents with Stage 5 CKD, dyslipidemias should be evaluated 
upon presentation (when the patient is stable), at 2–3 months after a change in 
treatment or other conditions known to cause dyslipidemias; and at least annu-
ally thereafter (moderate evidence).  

•   For adults and adolescents with Stage 5 CKD, a complete lipid profi le should be 
measured after an overnight fast whenever possible (moderate evidence).  

•   Hemodialysis patients should have lipid profi les measured either before dialysis, 
or on days not receiving dialysis (moderate evidence).  

•   Stage 5 CKD patients with dyslipidemias should be evaluated for remediable, 
secondary causes (moderate evidence).     

    Treating Dyslipidemias 

 The rationale for treating dyslipidemias is similar to the ATP III guidelines focus on 
lowering LDL-C levels. One important remark was the acceptance of CKD as a 
CHD risk equivalent. However, for the rare adult patient with markedly elevated 
serum triglyceride levels, triglyceride reduction is the principal focus of treatment 
in order to prevent pancreatitis. Based on these data, the working group 
suggests that

•    For adults with Stage 5 CKD and fasting triglycerides ≥500 mg/dL that cannot 
be corrected by removing an underlying cause, treatment with TLCs and a 
triglyceride- lowering agent should be considered (weak evidence).  

•   For adults with Stage 5 CKD and LDL ≥100 mg/dL (≥2.59 mmol/L), treatment 
should be considered to reduce LDL to <100 mg/dL (<2.59 mmol/L) (moderate 
evidence).  

•   For adults with Stage 5 CKD and LDL <100 mg/dL (<2.59 mmol/L), fasting 
triglycerides ≥200 mg/dL and non-HDL cholesterol (total cholesterol minus 
HDL) ≥130 mg/dL (≥3.36 mmol/L), treatment should be considered to reduce 
non-HDL cholesterol to <130 mg/dL (<3.36 mmol/L) (weak evidence).  

•   For adolescents with Stage 5 CKD and LDL ≥130 mg/dL, treatment should be 
considered to reduce LDL to <130 mg/dL (<3.36 mmol/L) (weak evidence).  

•   For adolescents with Stage 5 CKD and LDL <130 mg/dL (<3.36 mmol/L), fast-
ing triglycerides ≥200 mg/dL and non-HDL cholesterol (total cholesterol minus 
HDL) ≥160 mg/dL treatment should be considered to reduce non-HDL choles-
terol to <160 mg/dL (weak evidence).    
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 Until these guidelines were published by the working group, there were very few 
randomized controlled studies examining the effect of lipid-lowering therapy in 
CKD patients. However, after the report of the working group, several prospective 
studies were published regarding the use of lipid-lowering agents and cardiovascu-
lar outcomes in CKD patients including peritoneal and hemodialysis patients. Since 
these studies are very important in the fi eld of treatment of dyslipidemias in CKD 
patients, they should be mentioned.   

    Studies of Dyslipidemia Treatment in Chronic 
Kidney Disease Patients Not on Dialysis 

 Few studies have been designed primarily to investigate the effects of statins (HMG- 
CoA [3-hydroxy-3-methylglutaryl coenzyme A] reductase inhibitor) on cardiovas-
cular outcomes in patients with CKD who are not undergoing dialysis therapy. The 
pravastatin pooling project examined the effects of statin therapy on the risk of 
major cardiovascular events based on other large trials. The relative risk reduction 
in major cardiovascular events observed among patients with an estimated GFRs 
(eGFRs) of ≥30 mL/min/1.73 m 2  and <60 mL/min/1.73 m 2  was similar to that 
observed in patients with a GFR ≥60 mL/min/1.73 m 2  (23 % and 22 %, respec-
tively) [ 14 ]. A meta-analysis of randomized, placebo-controlled trials that included 
>6,500 patients with CKD demonstrated that statins signifi cantly reduced both 
serum lipid concentrations and the incidence of cardiovascular endpoints, without 
evidence of increased adverse effects [ 15 ]. These studies were primarily designed to 
assess cardiovascular outcomes in patients with cardiac disease or at high risk of 
developing cardiac disease and lacked predefi ned kidney function outcomes; conse-
quently, the renal fi ndings derived from post hoc analyses might be misleading [ 14 ]. 
Thus, to diminish these drawbacks; various trials randomly assigned participants to 
statin therapy vs. control [ 16 – 19 ], and one trial randomly assigned participants to 
high-dose vs. low-dose statin and reported relevant outcomes for patients with CKD 
[ 20 ]. These later studies varied in respect to defi nitions, patient characteristics, and 
methods. Mean baseline LDL cholesterol levels ranged from 96.3 to 140 mg/dL. 
Study duration ranged from 3.9 to 5.4 years. As a cumulative result of these studies, 
it was concluded that statins did not decrease all-cause mortality or stroke in partici-
pants with diabetes and CKD [ 21 ]. Besides, high-dose statin therapy did not 
decrease all-cause mortality, stroke, or the risk of major cardiovascular events com-
pared to lower-dose statin therapy in participants with diabetes and CKD. However, 
statin therapy increased regression of microalbuminuria to normoalbuminuria, but 
did not attenuate the decrease in eGFR in patients with baseline albuminuria [ 17 ]. 

 However, the aforementioned studies were carried out in diabetic CKD patients. 
To be more comprehensive, Navaneethan et al. evaluated the benefi ts of statins in 
patients with non-dialysis-dependent CKD, with or without cardiovascular comor-
bidities, including randomized controlled trials and comparing statins with placebo. 
The meta-analysis involved more than 18,500 patients and showed that statins reduced 
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the relative risk of all cause mortality by 19 %, the relative risk of cardiovascular 
mortality by 20 %, and the relative risk of nonfatal cardiovascular events by 25 % [ 22 ]. 
Thus, it was concluded that statin therapy is effective in reducing CVD, especially in 
early stages of CKD [ 23 – 26 ]. Based on these data, a recent review suggests more 
specifi cally that it is better for CKD patients with stages 1–3 to use statins, whereas 
the benefi cial role of statins beyond Stage 3 CKD is less clear [ 14 ]. 

 Apart from statins, there are also studies investigating the effects of fi brates in 
CKD patients. In a randomized study by Tonelli et al. that included 2,531 men 
(1,046 of them had chronic renal insuffi ciency defi ned as by creatinine clearance 
≤75 mL/min using the Cockcroft–Gault equation) to investigate the effects of gem-
fi brozil in secondary prevention of cardiovascular events. After a median follow-up 
of a 5.3 years, gemfi brozil treatment signifi cantly reduced the risk of the composite 
outcome of fatal CHD, nonfatal myocardial infarction, and stroke compared to pla-
cebo [ 27 ]. In another study by Davis et al., the effect of fenofi brate therapy on renal 
function was investigated in 9,795 type 2 diabetic patients. Patients were randomly 
assigned to fenofi brate ( n  = 4.895) or placebo ( n  = 4.900) for 5 years, following 6 
weeks of fenofi brate run-in. Although in the run-in period plasma creatinine 
increased, it quickly reversed on placebo assignment. However, eGFR had fallen 
less from baseline on fenofi brate than on placebo ( p  < 0.001). Fenofi brate reduced 
urine albumin concentrations and, hence, albumin/creatinine ratio by 24 % vs. 11 % 
( p  < 0.001; mean difference 14 % [95 % confi dence interval (CI) 9–18];  p  < 0.001), 
with 14 % less progression and 18 % more albuminuria regression ( p  < 0.001) than 
in participants on placebo. End-stage renal event frequency was similar ( n  = 21 vs. 
26,  p  = 0.48). The authors concluded that fenofi brate reduced albuminuria and 
slowed eGFR loss over 5 years, despite initially and reversibly increasing plasma 
creatinine. Fenofi brate may delay albuminuria and GFR impairment in type 2 dia-
betes patients [ 28 ].  

    Studies of Dyslipidemia Treatment in Chronic 
Kidney Disease Patients on Dialysis 

 The Deutsche Diabetes Dialyse Studie (4D) study randomly assigned participants 
with end-stage renal disease (ESRD) and diabetes to statin therapy vs. placebo [ 29 ]. 
In the 4D study, Wanner et al. recruited 1,255 diabetic patients with ESRD; 619 
were in intervention group (atorvastatin 20 mg/dL) and 636 served as controls. The 
primary endpoint was a composite of death from cardiac causes, nonfatal myocar-
dial infarction, and stroke. Secondary endpoints included death from all causes and 
all cardiac and cerebrovascular events combined. After a median of 4 years follow-
 up; 469 patients (37 %) reached the primary endpoint, of whom 226 were assigned 
to atorvastatin and 243 to placebo (relative risk, 0.92; 95 % CI, 0.77–1.10;  p  = 0.37). 
Atorvastatin had no signifi cant effect on the individual components of the primary 
endpoint, except that the relative risk of fatal stroke among those receiving the drug 
was 2.03 (95 % CI, 1.05–3.93;  p  = 0.04). Atorvastatin reduced the rate of all cardiac 
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events combined (relative risk, 0.82; 95 % CI, 0.68–0.99;  p  = 0.03, nominally 
signifi cant) but not all cerebrovascular events combined (relative risk, 1.12; 95 % 
CI, 0.81–1.55;  p  = 0.49) or total mortality (relative risk, 0.93; 95 % CI, 0.79–1.08; 
 p  = 0.33). The authors concluded that atorvastatin had no statistically signifi cant 
effect on the composite primary endpoint of cardiovascular death, nonfatal myocar-
dial infarction, and stroke in patients with diabetes receiving hemodialysis [ 29 ]. The 
authors speculated regarding the lack of effectiveness of the lipid lowering by ator-
vastatin. A possible reason for the unexpected results with regard to the primary 
endpoint might be related to the low LDL cholesterol concentrations at baseline. 
Indeed post hoc analysis of 4D study demonstrated that atorvastatin signifi cantly 
reduced the rate of adverse outcomes in patients with a baseline LDL cholesterol 
level in the highest quartile (≥3.76 mmol/L) but not in any of the other three quar-
tiles [ 30 ]. Secondly, the pathogenesis of vascular events in patients with diabetes 
mellitus who are receiving hemodialysis may, at least in part, be different from that 
in patients without ESRD. Additionally, patients with diabetic ESRD may also be 
different with respect to disease characteristics than other ESRD patients without 
diabetes. Thus, it could be possible that the absence of a signifi cant effect on mortal-
ity from cardiac causes and cardiac endpoints may be the presence of additional 
pathogenetic pathways in diabetes. Reverse epidemiology and protein energy mal-
nutrition may be another explanation. Another potential reason may be the low dose 
of atorvastatin. Lastly, the effect of lipid-lowering therapy may not be observed 
since the disease has already progressed and the lipid-lowering therapy may work in 
earlier stages of renal disease. Thus, the benefi t of atorvastatin is limited when inter-
vention with statins is postponed until patients have reached ESRD. 

 Another randomized, double-blind prospective trial with rosuvastatin in ESRD 
was recently published. The AURORA trial (A Study to Evaluate the Use of 
Rosuvastatin in Subjects on Regular Hemodialysis: An Assessment of Survival and 
Cardiovascular Events) involved 2,776 patients, 50–80 years of age, who were 
undergoing maintenance hemodialysis. Patients were randomly assigned to receive 
rosuvastatin, 10 mg daily, or placebo. The combined primary endpoint was death 
from cardiovascular causes, nonfatal myocardial infarction, or nonfatal stroke. 
Secondary endpoints included death from all causes and individual cardiac and vas-
cular events. During a median follow-up period of 3.8 years, 396 patients in the 
rosuvastatin group and 408 patients in the placebo group reached the primary end-
point (9.2 and 9.5 events per 100 patient-years, respectively; hazard ratio for the 
combined endpoint in the rosuvastatin group vs. the placebo group, 0.96; 95 % CI, 
0.84–1.11;  p  = 0.59). Rosuvastatin had no effect on individual components of the 
primary endpoint. There was also no signifi cant effect on all-cause mortality (13.5 
vs. 14.0 events per 100 patient-years; hazard ratio, 0.96; 95 % CI, 0.86–1.07; 
 p  = 0.51). Interestingly, an increased incidence of fatal hemorrhagic stroke was 
noted in patients with diabetes mellitus in the rosuvastatin group, compared to 
patients with diabetes mellitus in the placebo group ( p  = 0.03). Of note, a total of 
1,296 patients died during the follow-up period, and approximately half of these 
were deaths from cardiovascular causes. The authors concluded that undergoing 
hemodialysis, the initiation of treatment with rosuvastatin lowered the LDL 
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cholesterol level but had no signifi cant effect on the composite primary endpoint of 
death from cardiovascular causes, nonfatal myocardial infarction, or nonfatal stroke [ 31 ]. 
The lack of potential benefi t in the AURORA trial was explained by several mecha-
nisms, including lack of suffi cient statistical power, high dropout rate, and exclusion 
of patients using statins during the 6 months before enrollment [ 32 ]. 

 Lastly, it is worth mentioning the study Heart and Renal Protection (SHARP) 
trial [ 33 ]. This randomized double-blind trial included 9,270 patients both with 
CKD and ESRD on hemodialysis and peritoneal dialysis (3,023 on dialysis and 
6,247 not) with no known history of myocardial infarction or coronary revascular-
ization. Patients were randomly assigned to simvastatin 20 mg plus ezetimibe 10 mg 
daily (4,650 patients) vs. matching placebo (4,620 patients). The key pre-specifi ed 
outcome was fi rst major atherosclerotic event (nonfatal myocardial infarction or 
coronary death, non-hemorrhagic stroke, or any arterial revascularization proce-
dure). All analyses were by intention to treat. After 4.9 years follow-up, there was a 
17 % proportional reduction in major atherosclerotic events in simvastatin plus 
ezetimibe    vs. placebo; (rate ratio [RR] 0.83, 95 % CI 0.74–0.94; log-rank  p  = 0.0021) 
and there were signifi cant reductions in non-hemorrhagic stroke (131 [2.8 %] vs. 
174 [3.8 %]; RR 0.75, 95 % CI 0.60–0.94;  p  = 0.01) and arterial revascularization 
procedures (284 [6.1 %] vs. 352 [7.6 %]; RR 0.79, 95 % CI 0.68–0.93;  p  = 0.0036) 
in the simvastatin plus ezetimibe group. Of note, the authors were aware that 
SHARP did not have suffi cient power to assess the effects on major atherosclerotic 
events separately in dialysis and non-dialysis patients, but there was not good statis-
tical evidence that the proportional effects in dialysis patients differed to those seen 
in patients not on dialysis. On subgroup analysis, however, the investigators did not 
observe a clinically or statistically signifi cant reduction in either mortality or the 
cardiovascular event rate in the dialysis population given active treatment compared 
with those on placebo (15 % vs. 16.5 %, respectively). Consequently, the results of 
the SHARP study for patients on dialysis were similar to those from the AURORA 
and 4D studies. However, the results of the SHARP trial must be interpreted with 
caution. Compliance with statin therapy was worse in the dialysis cohort than for 
patients who were not undergoing dialysis, such that the reduction in LDL choles-
terol was only 0.60 mmol/L in the dialysis subgroup, whereas it was 0.84 mmol/L 
in the whole study population. Additionally, dialysis group in fact are larger given 
the fact that one-third of patients with CKD started dialysis during the study period.  

    Implications of Studies 

 In summary, three large randomized, placebo-controlled studies of three different 
statins have been conducted in the dialysis population, but two of these studies (4D, 
AURORA) did not demonstrate any benefi ts of statin therapy, and the third study 
(SHARP) showed only marginally positive results. The possible reasons for the lack 
of effectiveness of lipid-lowering therapy are given in Table  16.3 . Thus, it is obvious 
that the basic mechanisms underlying the pathogenesis of dyslipidemia in CKD and 
ESRD must be critically (re)examined. The characteristics of dyslipidemia in 
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patients with CKD not yet requiring dialysis treatment differ markedly from those 
of individuals with established ESRD and form the basis for therapeutic recommen-
dations [ 14 ]. It was also suggested that in order to detect the effectiveness of statin 
therapy in dialysis patients, a randomized controlled study should evaluate the 
causes of renal failure and the age of the subjects at the start of renal replacement 
therapy. The well-known atherosclerotic vascular damage and extensive vascular 
calcifi cation of long-term CKD patients could be the cause of competing mortality, 
thereby reducing the opportunity to show the benefi t of statin therapy [ 24 ]. It could 
be possible that the different comorbidities of CKD patients in the different stages 
of the disease hide the effectiveness of statins on the cardiovascular system.

       Conclusion 

 While preparing the dyslipidemia guidelines in CKD patients, the working group 
anticipated from the beginning that all guidelines should be updated whenever new, 
pertinent information becomes available. To anticipate when these guidelines may 
need to be updated, the Work Group discussed ongoing clinical trials in the general 
population and in patients with CKD, as those results may be pertinent to some 
recommendations. They also have reasonable doubts as to whether trial results from 
the general population are applicable to all patients with CKD. The major trials (4D, 
AURORA, SHARP) were not completed when these guidelines were published. 
Thus, in light of these new fi ndings, a new guideline incorporating the data of recent 
research is necessary. There is no question that new research is strongly warranted 
regarding the pathophysiology of dyslipidemias in CKD and ESRD patients, with 
newer treatment options, more patients, and extended follow-up.     
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