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Abstract
Patients with kidney diseases continue to experience significant cardiovascular disease (CVD) morbidity and mortality. Although there are many important risk factors playing a role in the pathogenesis of CVD in chronic kidney disease (CKD) patients, dyslipidemia (elevated triglycerides, elevated oxidized LDL and low/dysfunctional HDL) represents one of the modifiable risk factors. Renal failure patients have unique lipid abnormalities which not only have complex role in pathogenesis of CVD but also cause relative resistance to usual interventions. Most of the randomized trials have been in hemodialysis population and data from CKD non-dialysis, peritoneal dialysis and renal transplant populations is extremely limited. Compared to general population, evidence of mortality benefit of lipid lowering medications in CKD population is scarce. Future research should be directed towards establishing long term benefits and side effects of lipid lowering medications, through randomized trials, in CKD population. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Burden of cardiovascular disease and dyslipidemia continues to be high among patients with kidney diseases. Our review includes unique lipid abnormalities specifically affecting patients with kidney diseases. We have included comprehensive review of the latest evidence of the dyslipidemia treatment for each sub-group [i.e., chronic kidney disease (CKD) Not on dialysis, CKD on dialysis and Kidney transplant recipients] and current guidelines from Kidney Diseases: Improving Global Outcomes. 
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INTRODUCTION
Chronic kidney disease (CKD) has become a public health problem with a global prevalence of around 8%-16%[1] and with an estimate of more than 10% (i.e., > 20 million) prevalence in the adult US population[2]. Data from National Health and Nutrition Examination Survey (NHANES) showed that CKD prevalence among ages 60 and above increased from 18.8% in 1988-1994 to 24.5% in 2003-2006[3]. According to United States Renal Data System (USRDS) a total of 112788 patients initiated dialysis in 2011[4]. Cardio vascular diseases (CVD) remain the number one cause of death among patients with kidney diseases[5,6]. USRDS 2013 Annual Data Report indicates that CKD patients not only have higher rates of congestive heart failure (CHF), acute myocardial infarction (MI) and cerebral vascular accident (CVA) compared to non-CKD patients, but they also have lower survival rates compared to non-CKD patients. This survival further decreases with severity of CKD[7]. Similarly, renal transplant recipients (RTR) have elevated CVD mortality with estimated 10-year risk of 21.5%, due to effect of CKD, post-transplant allograft function and effects of various immunosuppressant medications[8,9]. 
Dyslipidemia is a well-established risk factor for CVD in the general population but this relationship is not straightforward in CKD population. While dyslipidemia is associated with CVD in pre-dialysis CKD[10] and hemodialysis population[11], data regarding its association in peritoneal dialysis patients is lacking[12]. With an ever increasing CKD burden worldwide, providing treatments for modifiable risk factors, like dyslipidemia, becomes an essential component for improving outcomes. In this review, we will examine various lipid abnormalities associated with kidney diseases and current evidence regarding various treatments. 

Reverse epidemiology
Relationship between dyslipidemia and survival has not been consistent among patients with kidney disease. “Reverse epidemiology”, terminology first coined in 2003, refers to the findings of increase survival among dialysis patients with high BMI, obesity and hypercholesterolemia[13]. Authors suggested that survival bias, presence of malnutrition and inflammation and time discrepancies of risk factors possibly explain these findings[13]. While some studies have shown that lower cholesterol was associated with an increase in mortality[13,14], other studies have concluded that among dialysis patients without malnutrition/inflammation and among black dialysis patients, hypercholesterolemia is associated with an increase in cardiovascular mortality[15,16].  Chawla et al reported data from the cohort of non-diabetic CKD (non-dialysis) patients, cholesterol levels were not associated with CVD mortality[17]. 

Lipid profile in kidney diseases
There are both qualitative and quantitative abnormalities seen in the lipid profile of patients with kidney disease[18]. Some of these abnormalities also differ between spectrums of kidney diseases. With impaired renal function and reduced clearance, abnormal removal is major contributor of lipid abnormalities. Common initial abnormalities include hypertriglyceridemia and low high-density (HDL) cholesterol. Elevated triglyceride levels (TG) can be attributed to increased concentration of Apolipoprotein C-III[19] and also to the reduced activity of lipoprotein lipase[18]. 
HDL cholesterol, generally considered as “good” cholesterol, usually plays a role in anti-inflammatory, anti-oxidation and reverse cholesterol transport processes in normal individuals. In CKD patients, these activities are severely affected due to variety of factors[20]. With advanced renal failure, there is decreased production of apolipoprotein A-1 (which leads to decreased HDL levels) and decreased production and activity of LCAT (lecithin-cholesterol acyltransferase) which further decreases HDL levels and maturation of HDL cholesterol[21]. There are functional changes noted in HDL cholesterol in patients with renal failure. Anti-oxidant and anti-inflammatory properties of HDL cholesterol are compromised due to reduced activities of paraoxonase and glutathione peroxidase in renal failure patients[20,21]. Furthermore, oxidative stress can result in dysfunctional HDL which has rather pro-inflammatory effects[22]. Studies in hemodialysis patients have shown that dysfunction of HDL is not only associated with multiple co-morbidities and poor quality of life[23], but also with an increased risk of CVD events and CVD mortality[24]. In summary, patients with renal failure develop certain functional and structural abnormalities in HDL cholesterol which makes them prone to develop atherosclerosis and thus contributing to their CVD burden. 
CKD patients also have reduced levels of lipoprotein lipase, hepatic lipase and defective VLDL and LDL receptors. This leads to accumulation of VLDL, IDL and chylomicron remnants which are susceptible to oxidization. These oxidized products are usually atherogenic and play a role in CVD pathogenesis in this population[20]. CKD patients frequently develop secondary hyperparathyoridism which also has an impact on lipid abnormalities[25]. It has been postulated that this usually occurs due to an increase of intracellular calcium concentration in hepatocytes by elevated parathyroid hormone (PTH) in CKD patients[26]. Studies have shown a role of parathyroidectomy in reducing triglyceride levels in CKD patients[26,27]. 
Among renal transplant recipients, it has been seen that lipids and lipoprotein profile ratios were more beneficial when the TG levels were less than 150 mg/dL and apoA1 was greater than 150 mg/dL when compared to the opposite[28]. They are also on immunosuppressive medications, many of which affect the lipid profile adversely. In most renal transplant centers in the United States , kidney transplant patients receive induction immunosuppression followed by ongoing use of various combination of immunosuppression class of medications including corticosteroids, calcineurin inhibitors (tacrolimus, cyclosporine) and mTOR antagonists (sirolimus, everolimus)[29].  Steroids commonly cause insulin resistance and hyperinsulinemia which is associated with hypercholesterolemia[30]. Cyclosporine has been noted to decrease hepatic clearance of LDL as well as increase the synthesis of VLDL and decrease the secretion of bile salts causing increase in cholesterol levels. Tacrolimus increases the incidence of new onset diabetes after transplant (NODAT) which in turn is associated with an increased risk of atherosclerotic cardiovascular events[31]. mTOR inhibitors inhibit the activity of lipases, thereby increasing the circulating lipoproteins;  they also decrease the fatty acid uptake into the adipose tissue leading to a decrease in plasma lipid clearance adding to the dyslipidemia[32].
Broadly, common lipid abnormalities among the patients with kidney diseases can be summarized in Table 1.  

MANAGEMENT STRATEGIES
CKD patients NOT on dialysis
Statins: In general population, statins are clearly associated with decreasing CVD events and mortality, however results in CKD population have been variable. Most of the data regarding statins in CKD (not on dialysis) comes from subgroup/post hoc analysis and meta-analysis. Only one randomized trial, Study of Heart and Renal Protection (SHARP) trial, evaluated statin therapy with major cardiovascular events[35].  SHARP trial included 6247 patients with CKD not on dialysis, with mean GFR of 26.6 mL/min per 1.73 m2. Patients were randomly assigned to simvastatin 20 mg daily plus ezetimibe 10 mg daily versus placebo. The primary outcome was first major atherosclerotic event with median follow up of 4.9 years. Final results were available for the entire study group (both non-dialysis and dialysis), and it showed a significant reduction in the risk of major atherosclerotic event (RR – 0.83, P-value 0.0021); non-hemorrhagic stroke (RR – 0.75, P-value 0.01) and reduction for the need for revascularization procedure (RR – 0.79, P -value 0.0036) in simvastatin/ezetimibe group. There was no significant difference between the two groups for major coronary events and it did not show any significant difference in progression to ESRD among non-dialysis patients (Table 3). 
A 2014 meta-analysis by Palmer et al[36], which included 50 studies and 45285 patients, showed that statins consistently reduced CVD events and death rates in CKD patients not on dialysis. It showed that, when compared to placebo, statins reduced overall mortality (RR 0.79 with 95%CI: 0.69-0.91 in 10 studies and 28276 patients), cardiovascular (CV) mortality (RR 0.77, 95%CI: 0.69-0.87 in 7 studies and 19059 patients), CV events (RR 0.72, 95%CI: 0.66-0.79 in 13 studies and 36033 patients), and myocardial infarction (RR 0.55, 95%CI: 0.42-0.72 in 8 studies and 9018 patients). This meta-analysis did not show any consistent effect of statin on progression of CKD. 
Post hoc analyses of three randomized trials (CARE, LIPID and WOSCOPS) have also shown that pravastatin reduced cardiovascular event rates (HR 0.77, 95%CI: 0.68-0.86) in patients with moderate CKD; and this was similar to the patients without CKD[37]. Interestingly, subgroup analysis of JUPITER trial showed that rosuvastatin decreased cardiovascular event rates as well as overall mortality in patients with moderate CKD even in the absence of hyperlipidemia (LDL < 130). However, this study originally excluded patients with diabetes and advanced CKD[38]. Other meta-analyses of trials (randomized trials in CKD population plus sub-group analysis of trials of general population) have persistently shown the beneficial effect of statins[39-41]. 
There has been a suggestion that statins might have been associated with decreased decline in renal function[42]. However, not only majority of data is from secondary analysis; the results have been contradictory as well[43]. As stated above, SHARP trial (only randomized trial in this population) did not show any effect of stain on renal progression. Recent meta-analysis by Nikolic et al[44] showed improvement in GFR with statin use with the most benefit observed between year 1 and year 3 of statin therapy[44]. 

Recommendations for use: Kidney Diseases: Improving Global Outcomes (KDIGO) 2013 guidelines[45] recommend treatment with statins for CKD patients (not on chronic dialysis or had transplantation) ≥ 50 years of age who have eGFR below or above 60 mL/min per 1.73 m2. For patients between ages of 18-49, KDIGO currently recommends statin therapy if they have known coronary disease, diabetes, prior history of ischemic stroke and if their cumulative 10-year risk of coronary death or non-fatal MI is greater than 10%. Statins are generally well tolerated; main side effects include hepatotoxicity and muscle toxicity including myopathy, myalgia and rhabdomyolysis. The incidence of these side effects has not been higher in CKD population compared to general population. For patients with eGFR ≥ 60 mL/min per 1.73 m2, there is no dose adjustments required for CKD patients. KDIGO recommends using doses, used in randomized trials for particular statins, for the patients with eGFR below 60 (Table 2).

Fibrates: Fibrates mainly have effects on reducing triglyceride levels and increasing HDL cholesterol levels. Fibrates can decrease triglyceride levels by 18%-45%[48] and increase HDL cholesterol by 10%[49]. However in patients with CKD, their overall effect on cardiovascular risk has not been proven consistently.  K/DOQI guidelines in 2003 recommended use of fibrates for the prevention of pancreatitis in patients with hypertriglyceridemia but in their latest 2013 guidelines, this recommendation has been removed[50]. 
In post-hoc subgroup analysis of VA-HIT trial, gemfibrozil was evaluated for secondary prevention of cardiovascular events in patients with CKD[51]. Gemfibrozil therapy reduced the composite outcome of coronary death, non-fatal MI and stroke but overall mortality was unchanged. Gemfibrozil group had higher incidence of increase in serum creatinine compared to placebo. Other major trials, evaluating effects of fibrates on cardiovascular risk, either had a very small proportion of patients with kidney disease[52] or CKD patients were entirely excluded[53]. At present KDIGO recommends against use of combination of statin and fibrates in CKD patients due to increased adverse events. 
KDIGO recommends therapeutic life style changes in patients with hypertriglyceridemia, although the evidence for this is weak. These include weight reduction, dietary modification, increase physical activity, reduced alcohol intake and treatment of hyperglycemia. KDIGO recommends that fibrates can be considered in patients with triglycerides > 1000 mg/dL[50]. 

CKD patients on dialysis
 Statins: There have been three major randomized clinical trials evaluating effect of statins in dialysis population. First one to be reported was Die Deutsche Diabetes Dialyse study, commonly known as 4D study. In this study, effect of atorvastatin on cardiovascular disease and death was evaluated among 1255 diabetic patients who were receiving maintenance hemodialysis[47]. Groups were assigned to receive atorvastatin 20 mg or matching placebo. At median follow-up of 4 years, despite decrease in LDL cholesterol by 42% within first four weeks, atorvastatin use did not significantly impact the primary endpoints of cardiovascular death, non-fatal MI and non-fatal stroke. Interestingly, atorvastatin group had higher incidence of fatal stroke. Atorvastatin also did not have significant effect on all-cause mortality. Various factors have been attributed to these findings, including the fact that the entire patient population was diabetic, had significant cardiovascular disease burden at baseline, relatively lower dose of atorvastatin, and probable limited role of statin once ESRD occurs. Subsequent post hoc analysis of 4D trial by Marz et al[54] showed that atorvastatin reduced fatal and non-fatal cardiac event and all-cause mortality in the particular group when pre-treatment LDL is > 145 mg/dL[54].  
A Study to Evaluate the Use of Rosuvastatin in Subjects on Regular Hemodialysis: An Assessment of Survival and Cardiovascular Events (AURORA) trial tried to investigate effects of rosuvastatin in hemodialysis patients[46]. This trial included 2776 hemodialysis patients randomly assigned to rosuvastatin 10 mg daily or matching placebo. Primary end-point was composite of death from cardiovascular cause, non-fatal MI and non-fatal stroke. At median follow up of 3.8 years, rosuvastatin did not have any significant association with primary end-point [Hazard ratio (HR) 0.96, 95%CI: 0.84-1.11, P-value 0.59]. As seen in the 4D study, rosuvastatin group in this study had a 43% reduction in their LDL levels from baseline at 3 mo. No significant effect on all-cause mortality was seen either. Authors suggested several possibilities contributing to these findings which include exclusion of patients < 50 years of age and those who have been on statin, high percentage of patients leaving the study, and lower than expected yearly cardiovascular event rates. In post hoc analysis of this trial among diabetics (n = 731), rosuvastatin did not have significant effect on primary end-point although rosuvastatin group had significant decrease in cardiovascular events (HR 0.68, 95%CI: 0.51-0.90)[55]. 
SHARP trial[35] included CKD patients on dialysis as well as not on dialysis. It also included patients on both hemodialysis and peritoneal dialysis. Out of 9270 patients, 3023 were on dialysis and among them 2527 were on hemodialysis AND 496 were on peritoneal dialysis. As mentioned earlier, there was a 17% reduction in major atherosclerotic event with the use of simvastatin and ezetimibe but the data on individual components of primary endpoints were only available for whole (dialysis + non-dialysis) population, and not separately. The authors suggested that proportional effect on major atherosclerotic event did not differ between dialysis and non-dialysis patients. The results showed that simvastatin and ezetimibe did not have any significant effect on cardiovascular mortality and all-cause mortality. In sub-group of dialysis patients, there were similar numbers of major atherosclerotic events in simvastatin plus ezetimibe group (15%) as in the placebo group (16.5%) with RR – 0.9 with 95%CI 0.75-1.08, although this trial did not have sufficient power to see any effect in subgroup analysis. Interestingly, lesser number of dialysis patients used lipid lowering therapy and had lower LDL cholesterol levels at baseline compared to non-dialysis patients (Table 3). 
Palmer et al[56] presented review of statins in dialysis population in 2013. Their review included 25 studies and 8289 patients. Authors reported that at the dose of simvastatin 20 mg/d or equivalent, statin reduced total cholesterol by 46 mg/dL. But they had no significant effect on major cardiovascular events (RR 0.95 with CI – 0.88-1.03 in 4 studies with n = 7084), cardiovascular mortality (RR 0.94 with CI 0.84-1.06 in 13 studies with n = 4627), and all-cause mortality (RR 0.96 with CI 0.90-1.02 in 13 studies with n = 4705). They further noted that the data regarding risk of adverse events were not conclusive and there was not enough information to evaluate difference between hemodialysis and peritoneal dialysis population. It was concluded that statins could not be recommended for the prevention of cardiovascular events among dialysis patients. 

Recommendations for use: KDIGO 2013 guidelines[45] recommend not to initiate statin or statin plus ezetimibe in dialysis population based on the results of the above mentioned clinical trials. For the patients who are already on statin or statin plus ezetimibe at the initiation of dialysis, there is no conclusive data available. Nevertheless, at this time, KDIGO recommends to continue these agents and periodically review them (Table 4). 

Fibrates: There are no specific randomized trials of the use of fibrates in dialysis population. At present, KDIGO recommendations for hypertriglyceridemia and use of fibrates remain same for both non-dialysis and dialysis populations. 

Kidney transplant patients
Kidney transplant patients are unique in that they are not only on multiple long term immunosuppressive medications but are also prone for infections and malignancy therefore one need to be extremely cautious in adding medications in this unique population. Use of any combination of medication in RTR entails one to be vigilant of the side effect profile as well as the drug interactions. Guidelines are developed based on input from several landmark trials; however paucity of trials in managing lipid abnormalities in RTR does pose a challenge.
Assessment of LEscol in Renal Transplantation (ALERT) Study was a well conducted multicenter randomized double-blind, placebo controlled trial which included 2102 renal transplant recipient who were treated with fluvastatin or placebo and followed for 5-6 years. At the end of the study Fluvastatin group had a significant lowering of their mean LDL cholesterol, total cholesterol and triglyceride levels compared to placebo, with no significant change in the HDL cholesterol level. Even though the study showed a reduction in the primary endpoint of major adverse cardiac events, it was not statistically significant. However the treatment with fluvastatin led to a reduction in the risk of cardiac death by about 38% and non-fatal Myocardial Infarction by about 32% without any significant difference in the adverse events related to the medication dose. Of note, the power of the trial (to achieve its primary end point) was low; along with that there was increased use of statin in the placebo arm towards the end of the study, both of which could have limited the evidence of the full benefits of the statin drug[9,57-59]. An Extension of the ALERT study reinforced the effective reduction of LDL-Cholesterol as well as the major adverse cardiac events (MACE) without any safety or tolerability issues even in the cyclosporine treated patients[58]. 
Another multicenter randomized trial looking into the effect of fluvastatin on acute rejection involved 364 RTR who were given fluvastatin 40mg and were compared to placebo. Individuals receiving fluvastatin had a reduction in LDL cholesterol level by 18%, total cholesterol (TC) by 10% and an augmented increase in the HDL cholesterol by 6%. There was no increase in adverse events from the use of statin and no reduction in the acute rejection rates in RTR[60]. A recent meta-analysis of statin use in RTR included 22 studies and found the inconclusive effects of statin on all-cause mortality and kidney function. However it did show the significant reduction of TC, LDL cholesterol and concluded the possible benefit of statin in reducing cardiovascular events[61]. 
As mentioned above, various immunosuppressive combinations are used in RTR and fluvastatin appears to have a less lipid lowering effect in everolimus treated patients which is an mTOR antagonist. Given this information alternative statin therapy or a combination of medication may have to be instituted to better optimize the dyslipidemia. A small study involving 12 RTR on everolimus, when switched from fluvastatin to rosuvastatin showed an additional significant improvement in the lipid panel without affecting the safety and tolerability[62]. 
Smaller trials have assessed the safety and tolerability of various statins in RTR and some have highlighted the pleiotropic effects of statin on graft survival and improving endothelial dysfunction. Atorvastatin and Simvastatin in spite of their involvement in the cytochrome P450 pathway have been shown to be relatively safe overall in RTR[63].  
Based on available data, KDIGO recommends (weak recommendation with moderate quality of evidence) use of statin in renal transplant recipients[45].  

CONCLUSION
In summary, patients with kidney diseases have unique lipid abnormalities when compared to general population and they have different clinical implications associated with these abnormalities. Over the time, our understanding has evolved regarding dyslipidemia in CKD patients. Statins remain the first line of treatment for dyslipidemia. Majority of current evidence comes from subgroup/post hoc analysis and meta-analysis, especially in CKD (pre-dialysis), peritoneal dialysis and renal transplant population. Prospective interventional studies are needed in this population to identify subsets of patients who will benefit most and also to assess long term toxicity of statins. KDIGO recommendations provide general principles regarding treatment of dyslipidemia but it should be individualized for each patient.
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Table 1 Common lipid profile in patients with kidney disease[18,33,34]
	 
	CKD NOT on dialysis
	Hemodialysis
	Peritoneal dialysis
	Transplant patients

	Total Cholesterol 
	Normal or Elevated
	Normal or low
	Elevated
	Elevated

	Triglycerides
	Elevated
	Elevated
	Elevated
	Elevated

	LDL Cholesterol
	Normal or Elevated or Low
	Normal or low
	Elevated
	Elevated

	HDL Cholesterol
	Low
	Low
	Low
	Normal


CKD: Chronic kidney disease.

Table 2 KDIGO recommended doses of commonly used statins, based on doses used in trials, in patients with eGFR < 60[9,35,45-47]
	 
	 
Dose (mg/d)

	
	 

	
	
80

	Fluvastatin
	

	Atorvastatin
	20

	Rosuvastatin
	10

	Simvastatin/Ezetimibe
	20/10

	Pravastatin
	40

	Simvastatin
Pitavastatin

	40
2

	
	




Table 3 Brief summary of randomized clinical trials in patients with kidney diseases[9,35,46,47]
	Trial
	Study population
	Intervention
	Follow-up
	Major findings

	ALERT
(2003) 
	Renal transplant recipients
 (n = 2102)
 
	Fluvastatin (40 mg/d) 
vs placebo
 
	Mean 5.1 yr
	Fluvastatin group had reduced major cardiac events and cardiac death but this was not statistically significant 
No effect seen on all-cause mortality

	4 D (2005) 
	Hemodialysis patients with 
DM type II          (n = 1255)
	Atorvastatin (20 mg/d)
vs placebo
	Median 4 yr 
	Atorvastatin did not have significant effect on CV death, non-fatal MI, non-fatal stroke and all-cause mortality

	AURORA (2009) 
	Hemodialysis patients aged
50-80 yr
 (n = 2776)
	Rosuvastatin (10 mg/d)
vs placebo
	Median 3.8 yr 
	Rosuvastatin had no significant effect on CV mortality, non-fatal MI, non-fatal stroke and all-cause mortality

	SHARP (2011)
	CKD not on dialysis (n = 6247)

Hemodialysis
 (n = 2527) 

Peritoneal dialysis (n = 496) 
	Simvastatin 20 mg/d plus
ezetimibe 10 mg/d vs placebo
 
	Median 4.9 yr
	Simvastatin plus ezetimibe significantly decreased major atherosclerotic event but had no major effect on CV mortality or all-cause mortality. Results were available for only entire population (both dialysis and non-dialysis)


Table 4 Kidney Disease: Developing Global Guidelines (KDIGO) recommendations for dyslipidemia treatment among chronic kidney disease groups
	CKD groups
	KDIGO recommendations for dyslipidemi

	


CKD patients NOT on dialysis
	(1) In adults ≥ 50 yr with eGFR ≥ 60 mL/min per 1.73 m2, treatment with statins is recommended
(2) In adults ≥ 50 yr with eGFR ≤ 60 mL/min per 1.73 m2, treatment with statins or statins/ezetimibe combination is recommended
(3) In adults 18-49 yr, treatment with statins is recommended if they have one or more of the following risk factors:
Known coronary disease
Diabetes Mellitus
Prior ischemic stroke
Estimated 10-yr incidence of coronary death or non-fatal myocardial infarction > 10% 

	
CKD patients ON dialysis
	(1) In adult CKD patients on dialysis, initiation of statin or statin/ezetimibe combination is not recommended
(2) In adult dialysis patients who are already on statin or statin/ezetimibe combination at the initiation of dialysis, these agents should be continued 

	Kidney transplant patients
	In adult patients with kidney transplant, treatment with statin is recommended


Adapted from Tonnelli et al[45] Ann Int Medicine 2014. CKD: Chronic kidney disease.





24

