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Abstract

Dyslipidaemia is an important risk factor for the development of chronic kidney disease (CKD) and cardiovascular disease (CVD). CKD
generates an atherogenic lipid profile, characterised by high triglycerides, low high-density lipoprotein (HDL) cholesterol and accumulation
of small dense low-density lipoprotein (LDL) particles, comparable to that in the metabolic syndrome. These changes are due specifically
to the effects of CKD on key enzymes, transfer proteins and receptors involved in lipid metabolism. Dyslipidaemia is further compounded
by dialysis, immunosuppressive drugs, and concomitant diseases such as diabetes mellitus. Post hoc analyses from large intervention trials
suggest the benefit of statins in patients with early CKD, but prospective clinical trials in haemodialysis (HD) and renal transplant recipients
have not conclusively shown improvements in hard cardiovascular end-points. The lack of efficacy of statins in late-stage CKD could be a
consequence of other disease processes, such as calcific arteriopathy and insulin resistance, which are not modified by lipid-lowering agents.
Despite uncertainty and pending the results of ongoing statin trials such as Study of Heart and Renal Protection (SHARP) and AURORA
(A study to evaluate the Use of Rosuvastatin in subjects On Regular haemodialysis: an Assessment of survival and cardiovascular events),
major international guidelines continue to support statin therapy in CKD and renal transplant patients to reduce cardiovascular risk burden.
Because of increased risk of toxicity, particularly myopathy, statins and other lipid-regulating agents should be used cautiously in CKD and
renal transplant recipients.
© 2007 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction attributable to cardiac events such as myocardial infarc-

tion, heart failure and arrhythmias (http://www.anzdata.

The last decade has brought renewed interest into the
relationship between dyslipidaemia, cardiovascular disease
(CVD) and chronic kidney disease (CKD). Cardiovascu-
lar morbidity and mortality is increased in patients who
reach end-stage renal disease (ESRD) [1], as well as in
milder degrees of renal dysfunction [2—4]. In Australia and
New Zealand, 40% of deaths in dialysis patients and 23%
of deaths in those with functioning renal transplants were
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org.au/anzdata/AnzdataReport/28thReport/files/). Unlike the
general population, the risk of sudden cardiac death is dispro-
portionately increased in ESRD and renal transplant patients
presumably from arrhythmias and uraemic cardiomyopathy
[5].

The precise mechanisms for excess CVD in CKD patients
have not been fully elucidated. Atherosclerosis in CKD is
profoundly accelerated and characterised by more advanced,
heavily calcified plaques which extends to both the intima
and medial layers of the arterial wall [6]. Coronary artery ves-
sel wall undergo concentric arterial remodelling [6], which
may partly account for increased arterial stiffness reported in
this population [7-9]. Furthermore, the relative contribution
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Table 1
Stages of chronic kidney disease

Stage Description GFR (mL/min/1.73 m?)
1 Kidney damage with normal or 4 GFR >90

2 Kidney damage with mild | GFR 60-89

3 Moderate | GFR 30-59

4 Severe || GFR 15-29

5 Kidney failure <15 or dialysis

From the kidney disease outcomes quality initiative clinical practice guidelines for chronic kidney disease: evaluation, classification and stratification (GFR:

glomerular filtration rate).

of dyslipidaemia to CVD risk in CKD patients remains
unclear.

In this review, we focus on the mechanisms whereby
CKD induces dyslipidaemia and the consequences for CVD.
Within this context, we also review the clinical evidence and
recommendations for the use of lipid-regulating therapy in
patients with CKD.

2. Pathogenesis of lipoprotein abnormalities in CKD

CKD is now staged according to glomerular filtration
rate (GFR) and presence of structural damage (see Table 1).
Regardless of the aetiology of renal disease, patients with
CKD develop complex qualitative and quantitative abnor-
malities in lipid and lipoprotein metabolism. These changes
and the underlying molecular mechanism have been the
subject of a recent review [10]. In brief, classic uraemic
dyslipidaemia is characterised by raised triglyceride, low
high-density lipoprotein (HDL) and normal total cholesterol
concentration (see Table 2). These qualitative defects become
more pronounced with advancing renal failure (stages 4 and
5) and modified by renal replacement therapy, renal trans-
plantation, co-morbid conditions (e.g. diabetes mellitus) and
concurrent medications (e.g. steroids, cyclosporine).

2.1. Chronic kidney disease

Lipoprotein metabolism is a dynamic system that can be
disturbed in CKD owing to alterations in apolipoproteins,
lipid transfer proteins, lipolytic enzymes and lipoprotein
receptors (summarised in Table 3). When GFR falls below
60 mL/min (CKD stage 3), there is a fall in the ratio of
apolipoprotein Al (apoAl) to apolipoprotein CIII (apo CIII)

in spite of normal cholesterol and triglyceride concentra-
tions [11-13]. As renal function deteriorates in non-nephrotic
patients with CKD, triglyceride concentrations increase
while HDL concentrations declines [14] and there is accu-
mulation of the more atherogenic, small dense low-density
lipoprotein (LDL) particles [15].

In stages 4 and 5 of CKD, there is decreased concentration
of apoA-containing lipoproteins, increased concentrations of
triglyceride-rich apo B-containing lipoproteins and serum
lipoprotein (a). Reduced catabolism and clearance of
triglyceride-rich apoB-containing lipoproteins is a conse-
quence of: (a) decreased activity of lipolytic enzymes, such
as lipoprotein lipase (LPL) and hepatic lipase (HL); (b)
reduced receptor-mediated uptake via the hepatic LDL-
receptor related protein (LRP) and VLDL receptors [16];
(c) accumulation of certain inhibitors of LPL such as pre-f3
HDL [17]. Impaired clearance of triglyceride-rich lipopro-
teins is further compounded by reductions in apolipoprotein
CII (apo CII) and apolipoprotein E (apoE). Impaired divalent
ion metabolism arising from parathyroid gland hyperpla-
sia in CKD stage 3-5 may also adversely affect lipoprotein
metabolism by suppressing LPL and HL activities [18]. Post-
prandial lipoprotein metabolism is also impaired in CKD,
resulting in accumulation of chylomicron (CM) particles and
their remnants [19]. Reduction in the expression of HL and
downregulation of LRP in uraemia may also account for the
accumulation of remnant lipoproteins [20]. Maturation of
HDLs is impaired due to decreased plasma lecithin choles-
terol acyltransferase (LCAT) activity and gene expression
[21]. Plasma HDL concentration also falls in uraemia due to
decreased expression of both apo Al and All.

The dyslipidaemia of CKD has similar features to the
metabolic syndrome. The metabolic syndrome, including
type 2 diabetes, is known to predispose to CKD [22], which

Table 2
Changes in plasma lipid concentrations in CKD and renal replacement therapy
Nephrotic CKD stage 14 CKD stage 5 Haemodialysis Peritoneal Post renal
syndrome dialysis transplant
Total cholesterol T <~ < < ™M b
Triglyceride ™M < or?t 1 1 M < or M
LDL-cholesterol 4 <> or 1 (but 1 small <> or | (but 1 small <> or | (but 1 small 1 < or

dense particles)
HDL-cholesterol I }or N

dense particles 1)

dense particles)

1 1 <
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Alterations in plasma lipoprotein metabolism in CKD: in relation to effects on to apolipoproteins, enzymes, receptors and lipid transfer proteins

Plasma lipoprotein Apolipoproteins Enzymes Receptors Transfer proteins
changes
VLDL/IDL 4+ VLDL-C J Apo CII 1 DGAT in heavy | VLDL receptor 1 CETP levels
proteinuria (with proteinuria)
| VLDL-Tg J Apo E J LPL activity
1 IDL 4 Apo CIII J HL activity
J Apo CII/III ratio 1+ ACAT
LDL | LDL-C 1+ HMG CoA Acquired LDL-R
reductase in heavy deficiency in heavy
proteinuria proteinuria
4 LDL-Tg LDL deficiency
1T Lp(a)
4 Small dense LDL
HDL | HDL-C J Apo A-1 J LCAT activity | Hepatic HDL
1 HDL-Tg J Apo A-II 1 ACAT activity in receptor (SRB-1) in
Impaired maturation J Apo A-1/Apo CIII proteinuria heavy proteinuria
of HDL3 ratio
Chylomicrons 4 Chylomicron J HL activity | Hepatic LRP

remnants

VLDL, IDL, LDL, HDL: very low-density, intermediate density, low-density and high-density lipoprotein; Lp(a): lipoprotein a; HMG CoA reductase: 3-
hydroxy-3-methylglutaryl-coenzyme A; apo: apolipoprotein; DGAT: acyl-CoA diaglycerol acyltransferase; Tg: triglyceride; LPL: lipoprotein lipase; HL:
hepatic lipase; LCAT: lecithin cholesterol acyltransferase; ACAT: acyl-CoA cholesterol acyltransferase; CETP: cholesterol ester transfer protein; LRP: LDL

receptor-related protein; FCR: fractional catabolic rate; CM: chylomicron.

in turn aggravates insulin resistance and promotes dyslip-
idaemia. Insulin resistance increases free fatty acid (FFA)
supply from adipocytes to increase hepatic lipogenesis, and
this stimulates hepatic secretion of apo B100 containing
lipoproteins specifically large triglyceride-rich VLDL parti-
cles (S¢ 60—-100) [23]. Impaired insulin signalling in skeletal
muscles and adipose tissue also slows the catabolism of
all triglyceride-rich containing lipoproteins, including large
VLDL and CM particles. Expansion in the VLDL particle
pool size impacts on the remodelling of LDL and HDL in an
atherogenic direction.

2.2. Nephrotic syndrome

Nephrotic syndrome is a clinical entity characterised by
marked proteinuria (>3.5 g per 1.73 m? per 24 h), hypoalbu-
minaemia, peripheral oedema, hyperlipidaemia and lipiduria.
It has diverse reno-specific and systemic aetiologies that
damage the glomerular basement membrane. Patients with
nephrotic syndrome (NS) and preserved GFR exhibit a highly
atherogenic profile, with markedly elevated plasma choles-
terol and triglyceride concentrations and increased VLDL,
LDL, IDL and Lp(a) levels [24-28]. Depressed plasma HDL-
cholesterol concentrations also accompanies the increase in
triglyceride concentration [26,27].

Changes in lipoprotein concentration and composition in
NS may be due to a combination of increased synthesis and
decreased catabolism of lipoproteins. Hypercholesterolaemia
is due to upregulation of 3-hydroxy-3-methylglutaryl-
coenzyme A (HMG CoA) reductase [29] and acquired LDL
receptor deficiency [30]. Hypertriglyceridaemia arises from

increased hepatic VLDL synthesis driven by upregulation
of hepatic acyl-CoA diaglycerol acyltransferase (DGAT)
[31]. There is decreased catabolism of triglyceride-rich
lipoproteins related to reduced LPL, HL and VLDL recep-
tor activity [26,27] and impaired cycling of apo CII [26].
The secretion of both LDL and Lp(a) may be increased
in NS, and this is independent of the degree of hypoalbu-
minaemia [24]. Reduced activity of LCAT enzyme impairs
maturation of HDL by blocking one of the initial steps of
‘reverse cholesterol transport’ [27]. Elevated cholesteryl-
ester transfer protein (CETP) activity in nephrotic patients
also decreases HDL-cholesterol concentration while recip-
rocally increasing HDL-triglyceride concentration, thereby
remodelling the HDL particle [27].

However, despite the above lipoprotein changes, studies
have not shown a consistent relationship between NS, in
the absence of uraemia, and increased risk of CVD [32,33].
Although the significance of dyslipidaemia in NS alone
may be questionable, the presence of other risk factors such
as endothelial dysfunction, hypertension, hypercoagulability
and use of corticosteroids can compound the risk of CVD in
this group of patients.

2.3. Haemodialysis

With haemodialysis (HD), dyslipidaemia is typified by a
marked increase in triglyceride-rich apo B-containing parti-
cles, decreased in HDL concentration and a predominance
of small dense LDL particles [34]. LDL-cholesterol concen-
trations are often normal, but serum Lp(a) concentration is
increased [34,35]. There is a persistent disturbance in the
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apolipoprotein profile, with reduced apo Al and apo All con-
centrations and significant increases in apoB, apoCIII and
apoE concentrations [35,36].

Chronic HD increases hepatic secretion of VLDLs, which
is partly related to insulin resistance [37]. Delayed catabolism
of VLDL can also result from decrease in the ratio of apo CII
to CIII and reduction in LPL and HL activities [34]. Repeated
exposure to unfractionated heparin also depletes endothelial-
bound LPL, thereby impairing the clearance of triglyceride-
rich lipoproteins [11].

2.4. Peritoneal dialysis

Peritoneal dialysis (PD) induces a particularly athero-
genic lipid profile, with higher cholesterol, triglyceride, IDL,
VLDL, LDL and Lp(a) concentrations compared with HD
[23,35,36,38]. ApoA-containing HDL particles are however,
equally reduced in both forms of renal replacement therapy
[36].

Increased plasma concentrations of both triglyceride-rich
and cholesterol-rich apo B-containing lipoproteins in PD
patients is due to overproduction and reduced clearance
of VLDL particles, together with increased formation of
small dense LDL particles [23]. Co-existent insulin resistance
and glucose loading from peritoneal dialysate increase FFA
availability and de novo lipogenesis, key triggers to VLDL
secretion [23]. Increased clearance of apolipoproteins across
the peritoneal membrane during PD can also trigger profound
dyslipidaemia, comparable to NS.

2.5. Renal transplantation

Hyperlipidaemia with increased total cholesterol and
triglyceride concentrations has been reported in 20-80%
of renal transplant recipients [39,40]. Plasma HDL choles-
terol concentrations are usually normal, although qualitative
changes in HDL have been reported [41,42]. Serum Lp (a)
level may be normal or increased following renal transplan-
tation [43,44].

Immunosuppressive agents play a major role in post-
transplant dyslipoproteinaemia. Treatment with cyclosporine
(CsA) alone or in combination with azathioprine and
prednisolone elevates plasma triglyceride and triglyceride-
enriched VLDL, LDL and Lp (a) levels while depressing
HDL-cholesterol concentration [43,45]. Another calcineurin
inhibitor, tacrolimus, does not raise LDL-cholesterol and
blood pressure to the same extent as CsA, and may there-
fore be less atherogenic [46]. Molecular target of rapamycin
(mTOR) modulators, such as sirolimus and everolimus, are
new generation immunosuppresants that dose-dependently
exacerbate both hypercholesterolaemia and hypertriglyceri-
daemia, although there is attenuation of the effect over time
[47].

The mechanisms for the adverse effect of immunosup-
pressive medications on lipids and lipoproteins are not
clearly understood. Corticosteroids may exacerbate dyslip-

idaemia by inducing insulin resistance. While hepatic VLDL
synthesis is enhanced by increase in acetyl-coenzyme A car-
boxylase and FFA synthase activities, there is also impaired
VLDL catabolism due to inhibition of LPL activity [48].
Steroid-induced dyslipidaemia also involves downregulation
of LDL receptor from increase in HMG CoA reductase
activity [49] and iatrogenic ACTH deficiency [50]. CsA
interferes with LDL receptor activity through suppression
of hepatic cholesterol 7a-hydroxylase [51]. CsA increases
VLDL-triglyceride concentrations by inhibiting LPL activity
and impairs HDL maturation by decreasing LCAT activ-
ity [51]. Likewise, sirolimus can significantly increase the
hepatic secretion of VLDL by increasing adipocyte hormone-
sensitive lipase activity and fatty acid flux to the liver [48,52].
It can also impair the catabolism of VLDLs by decreasing
LPL activity [53] and increasing the plasma concentrations
of its inhibitor, apo CIII [54]. Hypercholesterolaemia with
sirolimus is related to decreased catabolism of LDL [53].

Other factors that exacerbate post-transplant dyslipidae-
mia include pre-transplant hyperlipidaemia, increased age at
transplantation, use of anti-hypertensive medications such as
beta-blockers and diuretics and degree of renal dysfunction
[44].

2.6. Summary

There are a plethora of defects in lipoprotein metabolism
in patients with CKD stages 3-5, as well as in dialysis
and renal transplant recipients. The defects result from a
combination of overproduction and clearance defects in apo
B-contaning lipoproteins that arise from perturbations in
lipid substrates, enzymes, lipid transfer proteins and lipopro-
tein receptor activities. Overall, CKD is characterised by an
atherogenic lipid profile, comparable but not identical, to the
metabolic syndrome. Beyond the complex metabolic seque-
lae of uraemia in CKD, the dyslipidaemia of CKD may reflect
co-existent insulin resistance, diabetes, dialysis modality, and
effects of concurrent medications.

3. Clinical consequences of dyslipidaemia in CKD
3.1. Cardiovascular consequences

3.1.1. Observational data

Unlike the general population, lower plasma cholesterol
has been associated with a higher cardiovascular mortality in
dialysis patients, generating the concept of “reverse causal-
ity” [55-57]. However, after adjusting for malnutrition and
inflammation, there is a positive correlation between ele-
vated cholesterol and death from CVD similar to non-renal
populations [56,57]. Thus, “reverse causality” more likely
reflects malnutrition and chronic inflammation rather than a
protective effect of high cholesterol on CVD [56].

Several studies linking non-HDL cholesterol [58], HDL
cholesterol [59] and IDL cholesterol [60] with surrogate
markers of cardiovascular disease such as common carotid
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artery intima media thickness (CCA-IMT) and aortic stiff-
ness lend further support for a causal role for dyslipidaemia
in uraemic CVD.

3.1.2. Interventional data

Large-scale primary and secondary prevention trials in
non-renal populations clearly show that statins decrease the
incidence of cardiovascular morbidity and mortality [61,62].
Furthermore, recent clinical trials suggest greater clinical
benefit with more intensive LDL lowering (<70 mg/dL or
1.8 mmol/L) in high risk patients with coronary artery dis-
ease [63-65]. The specific nature of atherosclerotic vascular
disease in CKD does not however, strictly allow extrapolation
of the results of the clinical statin trials to renal populations.

Table 4 summarises clinical trials (post hoc and prospec-
tive data) specifically in CKD and renal transplant patients.
Post-hoc analysis of large clinical trials [66—68] and pooled
data from The Pravastatin Pooling Project [69] show that
lipid-regulating therapy lowers all-cause mortality and CV
events in patients with stages 1-3 CKD. Disappointingly,
the benefit of statins has not been replicated in prospec-
tive trials of patients with more advanced CKD. The Die
Deutsche Diabetes Dialyse (4D) study, a randomised placebo
controlled trial of HD patients with type 2 diabetes, reported
a non-significant 8% decrease over 4 years in the primary
composite endpoint (death from cardiac causes, fatal stroke,
nonfatal myocardial infarction or nonfatal stroke) with ator-
vastatin 20 mg daily [70]. Consistent with these findings, a
small but well-conducted trial in CKD stages 4-5 and HD
patients showed that intensive multiple risk factor modifi-
cations, including a 30% reduction in LDL-cholesterol with
statins, was not associated with improvements in CCA-IMT
and endothelial function [71].

The addition of ezetimibe, a selective inhibitor of choles-
terol absorption, to simvastatin has been shown in a pilot
study of predialysis and dialysis patients to result in a
21% further reduction in LDL-cholesterol compared with
simvastatin monotherapy [72]. Whether more intensive
LDL-cholesterol lowering in CKD translates into improved
cardiovascular outcomes will hopefully be answered by the
ongoing SHARP study.

In the Assessment of Lescol in Renal Transplantation
(ALERT) trial, a randomised trial of over 2000 renal trans-
plant recipients, fluvastatin was associated with a significant
35% reduction in the incidence of myocardial infarction
(MI) and cardiac death and a non-significant 13% reduc-
tion in the primary composite endpoint of major adverse
cardiovascular event (MACE), cardiac death, MI, or coro-
nary intervention procedure [73]. Lipid levels predicted the
risk for nonfatal MI but not sudden cardiac death in a post
hoc analysis of the ALERT study [74]. In the ALERT exten-
sion study, there was a significant reduction in MACE in
the fluvastatin-treated patients after a mean follow-up of 6.7
years, suggesting a delayed cardiovascular benefit with statin
therapy post-transplantation [75]. There is also evidence for
greater reduction in cardiovascular events with early, aggres-

sive use of fluvastatin in this group [76]. However, reduction
in all-cause and cardiovascular mortality in CKD and renal
transplant recipients remains to be proven.

Hypertriglyceridaemia and low HDL concentrations
are common lipoprotein abnormalities in patients with
CKD. Fibrates effectively lower triglycerides and elevate
HDL-cholesterol concentrations which could match or
complement the cardiovascular benefits of statins. Post hoc
analysis of the Veterans’ Affairs High Density Lipoprotein
Intervention Trial (VA-HIT) demonstrated lower cardio-
vascular events with gemfibrozil in patients with creatinine
clearance (CrCl) less than 75 ml/min [68]. One specific
concern is that fenofibrate may increase serum creatinine
[77], but this may not reflect a true reduction in GFR. Further
study is required to determine the role of fibrates in patients
with renal impairment.

3.2. Progression of CKD

Slowing the progression of renal disease by lipid-
regulating agents could indirectly lead to reduction in CVD
in this population. The contribution of dyslipidaemia to
progression of CKD is supported by animal studies. Two
meta-analyses [78,79] and several post hoc analyses of
large interventional studies [66,69] provide further evidence
that statins slow decline in GFR. The Greek Atorvastatin
and Coronary Heart Disease Evalutation (GREACE) trial
reported that atorvastatin prevented decline in CrCl over 3
years in coronary patients with normal renal function at base-
line [80]. Intensive lipid lowering with 80 mg of atorvastatin
for 5 years was also associated with attenuation in decline in
renal function compared with 10 mg of atorvastatin, in a post
hoc analysis in the Treating to New Targets (TNT) Trial [81].
However, the most recent systematic review which evaluated
up to 40,000 participants revealed that statins only had a mod-
est effect on slowing decline in GFR and was significant only
in those with known CVD [79].

Statins may have a protective effect on graft survival
in hypertriglyceridaemic patients following transplantation
[82], although the ALERT study failed to show a benefi-
cial effect of fluvastatin on graft function post-transplantation
[83]. However, a recent retrospective analysis reported that
early introduction of a statin improved functional and histo-
logical graft outcome 1-year following renal transplantation
[84]. This suggests arole for early institution of statin therapy
in renal transplant recipients [76].

Fenofibrate has been shown to decrease albuminuria in
type 2 diabetes in a post-hoc analysis of a small angiographic
trial [85] and the Fenofibrate Intervention and Event Low-
ering in Diabetes (FIELD) study [77]. LDL-lowering with
cholestyramine does not benefit renal function in hyperc-
holesterolaemic subjects [86]

3.2.1. Summary
Although the post hoc analyses referred to above suggest a
benefit of statins in early stage CKD, similar results have not



Table 4

Clinical trials of lipid lowering therapy in CKD and renal transplant patients

Trial Design Population Size Intervention Duration Outcome
PPP(69) Post hoc subanalysis of Moderate CKD (CG-GFR N=4491 Pravastatin ~5 years J Risk (HR 0.77) of adjusted incidence of
WOSCOP, CARE, LIPID 30-59 ml/min per 1.73 m?) 40 mg/day primary outcome (coronary mortality,
nonfatal MI, coronary revascularisation)
Pravastatin reduced risk (HR 0.86) of total
mortality

HPS (66) Post hoc, sub analysis CKD N=1329 Simvastatin 5 years J Risk of (HR 0.72) of major vascular events
(sCr>110 pmol/L for 40 mg/d
women and
>130 wmol/L for men
but <200 pmol/L)

ASCOT-LLA(67) Post hoc, sub analysis Renal dysfunction N=6517 Atorvastatin 3.3 years J Risk (HR 0.61) of primary end-point
(microalbuminuria, 10 mg/d (combined nonfatal MI and fatal CHD)
proteinuria)

VA-HIT(68) Post hoc, sub analysis Pre dialysis CKD N=1046 Gemfibrozil 5.3 years J Risk (HR 0.73) of primary outcome
(CrCl <75 ml/min by 1200 mg/d (coronary death or nonfatal MI) and | risk
Cockgroft Gault) (HR 0.74) of combined outcome of coronary

death, nonfatal MI or stroke

ALERT(73) Prospective Renal transplant N=2102 Fluvastatin 40 mg/d 5.4 years Non-significantly | (17%) primary endpoint

placebo-controlled RCT patients (cardiac death, nonfatal MI, coronary
revascularisation including CABG and
percutaneous coronary intervention)
J (35%) combined endpoint of cardiac death
or definite MI
4D(70) Randomised Diabetic HD N=1255 Atorvastatin 20 mg 4 years Non-statistically significant 8% | in
placebo-controlled composite endpoint
Significant 18% | in cardiac events
SHARP(95) Prospective Pre dialysis 9000 (6000 pre dialysis ~ Simvastatin 20mg and At least 4 years (will Major vascular events (nonfatal MI or
double-blind RCT and 3000 dialysis) ezetimibe 10 mg report in 2008) cardiac death, nonfatal or fatal stroke, or
revascularisation)
HD Rate of progression to ESRD in pre dialysis
patients
PD Cause of death, major cardiac events
(nonfatal MI or cardiac death, stroke and
hospitalisation for angina)
AURORA (96) Prospective Chronic HD 3000 HD Rosuvastatin Until 620 Time to major CV event (CV death, fatal MI,
double-blind RCT 10 mg/d experienced or nonfatal stroke) All cause mortality, CV
major CV event free survival, CV death, non-CV death,
event procedures as a result of stenosis or

thrombosis of vascular access, and coronary
or peripheral revascularisation)

PPP: Pravastatin Pooling Project; WOSCOPS: West of Scotland Coronary Prevention Study; CARE: Cholesterol and Recurrent Events; LIPID: Long-term Intervention with Pravastatin in Ischaemic Disease;
HPS: Heart Protection Study MI: myocardial infarction; ASCOT-LLA: Anglo-Scandinavian Cardiac Outcomes Trial-Lipid Lowering Arm; VA-HIT: Veterans’ Affairs High Density Lipoprotein Intervention Trial
(VA-HIT); ALERT: Assessment of Lescol in Renal Transplantation; 4D: Die Deutsche Diabetes Dialyse; SHARP: Study of Heart and Renal Protection; AURORA: A Study to Evaluate the Use of Rosuvastatin
in subjects On Regular Haemodialysis: an Assessment of survival and cardiovascular events; RCT: randomised controlled trial; CKD: chronic kidney disease; sCr: serum creatinine; HD: haemodialysis; PD:
peritoneal dialysis; HR: hazard ratio; MI: myocardial infarction; CHD: coronary heart disease; CABG: coronary artery bypass graft; CV: cardiovascular.
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be replicated in more advanced (stages 4—5) CKD and dialysis
patients. This lack of efficacy in CKD may relate to delay in
initiating therapy in patients who already have an atypically
severe form of atherosclerosis characterised by overwhelm-
ing calcification. Lipid-regulating therapy may not correct
uraemic cardiomyopathy, an important contributor to arrhyth-
mic death [74], and other concomitant CV risk factors such
as insulin resistance, oxidative stress and hypertension.

In contrast, there is consistent evidence that statins, but
not other lipid-regulating agents, slow CKD progression
which may translate to lowering CVD risk. The cholesterol-
lowering and pleiotropic effects of statins such as reduction
in oxidative stress, inflammation and thrombogenesis and
improvement in endothelial function [87], provide multiple
mechanisms for specific improvement in renal outcomes.

4. Treatment guidelines for dyslipidaemia

There are several international guidelines for treating dys-
lipidaemia in patients with CKD and renal transplants. These
are summarised in Table 5 according to the definition of dys-
lipidaemia, treatment goals, initial approach to therapy and
pharmacotherapies.

4.1. NKF DOQI

The North American National Kidney Foundation Kidney
Disease Outcomes Quality Initiative (K/DOQI) guidelines go
beyond the standard recommendations for managing dyslipi-
daemia set in the National Cholesterol Education Program—
Third Adult Treatment Panel (NCEP-ATPIII) (http://www.
kidney.org/professionals/kdoqi/guidelines_lipids/index.
htm) [88]. The K/DOQI considers CKD stages 1-5 and
renal transplant recipients as CHD risk equivalents and
provides treatment recommendations for CKD patients aged
18-20 years. It recommends statins as the optimal drug for
those with high LDL-cholesterol and fibrates for managing
hypertriglyceridaemia (Tg>5.6 mmol/L or 500 mg/dL) in
stage 5 CKD. Although LDL-lowering remains the focus
of treatment, a markedly elevated triglyceride concentration
(>5.6 mmol/L or 500 mg/dL) should be treated regardless of
LDL concentration because of increased risk of pancreatitis.
No specific treatment goals are given for HDL-cholesterol,
although recommended targets for LDL and non-HDL
cholesterol are similar to those of the NCEP-ATPIII for high
risk subjects.

The management of dyslipidaemia in renal transplant
recipients poses a particular clinical challenge. Achieving
lipid targets with statins in this population can be difficult
[89] owing to increased toxicity and drug-drug interactions
with co-prescribed immunosuppressive drugs. The safety of
other lipid regulating agents such as fibrates, nicotinic acid
and bile acid sequestrants are also questionable and should
be avoided until further studies become available.

4.2. European guidelines

The most recent Joint European Societies Guidelines
broadened treatment recommendations to include prevention
of all forms of CVD [90], but did not specifically mention
CKD. The treatment goals for those with established CVD,
diabetes or asymptomatic patients with more than 5% 10-yr
risk for fatal CVD are given in Table 5 [91].

The European Best Practice Guidelines (EBPG) published
by the European Renal Association, however, consid-
ers ESRD as a coronary risk equivalent that requires
an appropriate management strategy [92]. It also con-
siders an urgent need for large clinical trials to assess
whether treating dyslipidaemia reduces cardiovascular out-
comes in CKD and HD patients. Until results of these
trials become available, HD patients should be treated
according to the recommendations of the Joint European
Societies or NCEP to achieve a target LDL-cholesterol of
<2.6mmol/L (100mg/dL). Similar to the NCEP-ATPIII,
the EBPG recommend treatment of high triglyceride con-
centrations (>2.0-5.6 mmol/L or 180-499 mg/dL) with a
non-HDL cholesterol set at <3.3 mmol/L (130 mg/dL). As
with K/DOQI, EBPG consider gemfibrozil of up to 600 mg
daily as relatively safe in patients with CKD. The guide-
lines, however, caution against the use of fenofibrates in
dialysis patients and the use of statins with fibrates in
CKD. Again, no recommended target for HDL-cholesterol is
provided.

4.3. Australian guidelines

The most recent National Heart Foundation of Aus-
tralia/Cardiac  Society of Australia and New Zealand
(NHFA/CSANZ) Position on Lipid Management Guidelines
considers all stages of CKD at high risk for CVD [93].
Pending the result of clinical trials, the Guidelines suggest
individualised treatment for patients with CKD and avoid-
ance of high dose statins because of risk of myopathy. Similar
to other guidelines, LDL-cholesterol lowering is the focus,
with therapeutic target set at <2.0 mmol/L (77 mg/dL). HDL-
cholesterol > 1.0 mmol/L (38.7 mg/dL) and Tg < 1.5 mmol/L
(133mg/dL) are also advised, but no specific rec-
ommendations are given for use fibrates or nicotinic
acid.

The Caring for Australians with Renal Insufficiency
(CARI) Guidelines, produced by the Australia New Zealand
Society of Nephrology (ANZSN) and Kidney Health Aus-
tralia (KHA), emphasise the lack of robust trial evidence,
which precludes specific recommendation for lipid-lowering
therapy in CKD patients [94]. However, the CARI guidelines
indicate that patients with mild CKD (stage 1 and 2) and
established CAD may benefit from lipid-lowering therapy,
while those without a history of CAD should be enrolled in
a clinical trial. Unlike other guidelines, CARI paradoxically
recommend the use of statins to retard the progression of
renal failure.
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Table 5
Comparison of guidelines for the treatment of dyslipidaemia in CKD
Recommendations North America Europe Australia
NKF KDOQI NCEP-ATPIIL Third Joint European European best practice NHFA/CSANZ CARI
societies guidelines
Overall for CKD CKD stages 1-5 and renal DM and MetS are highrisk DM and MetSyn are high ESRD is considered a CKD is a high risk group CKD stage 1-2 with established
transplant recipients are groups for CHD risk groups for CHD coronary risk equivalent for CHD IHD may benefit from treatment.
CHD risk equivalents CKD patients without IHD should
be in clinical trials.
CKD patients aged Treatment recommendation ~ No recommendation No recommendation No recommendation No recommendation No recommendation
18-20 years available
Statins Drug of choice for high Drug of choice in those at Emphasis on lifestyle No recommendation Drug of choice but high No recommendation
LDL cholesterol moderate to high risk (eg advise prior to drug therapy =~ Warned against dose must be avoided
DM with CVD) Statins not specifically combination of statin and because of risk of myositis
recommended fibrate
Fibrates Recommended for Consider adding fibrate or No recommendation Gemfibrozil (up to No recommendation No recommendation

Target LDL-C

Target triglycerides

Target
HDL-cholesterol

To retard
progression of
CKD

hyperTg > 500 mg/dL
(5.6 mmol/L) in CKD stage
5

LDL <100 mg/dL
(2.6 mmol/L) focus of
treatment

Treat isolated

Tg>500 mg/dL

(5.6 mmol/L) due to high
risk of pancreatitis

No recommendation

No recommendation

nicotinic acid if
Tg>200mg/dL

(2.3 mmol/L) or

HDL <40 g/dL

(1.03 mmol/L) after LDL
target achieved

Optional target LDL of
100 mg/dL (2.6 mmol/L) or
30-40% reduction in LDL.
Consider LDL threshold of
70 mg/dL (1.8 mmol/L) if
high risk (i.e. DM)
Non-HDL chol secondary
target if Tg>200 mg/dL
(2.2 mmol/L) and MetSyn

No recommendation

No recommendation

LDL 100 mg/dL

(2.6 mmol/L) for those
with established CVD,
DM, or more than 5% 10yr
risk of fatal CVD

No recommendation

No recommendation

No recommendation

600 mg/d) safe for use in
CKD. Caution with use of
fenofibrate in dialysis
patients

LDL < 100 mg/dL
(2.6 mmol/L)

Treat isolated high
Tg>180-499 mg/dL
(>2.0-5.6 mmol/L).
Non-HDL of 130 mg/dL
(3.7 mmol/L) secondary
target. Tg marker of
coronary disease

No recommendation

No recommendation

LDL < 100 mg/dL
(2.6 mmol/L)

Tg<132mg/dL
(1.5 mmol/L)

HDL >34 mg/dL.
(1.0 mmol/L)
No recommendation

No recommendation

No recommendation

No recommendation

Use statins
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Conversion: For total cholesterol, LDL-C, HDL-C and non-HDL: 1 mg/dL =0.2586 mmol/L; For triglyceride 1 mg/dL =0.01129 mmol/L; NKF DOQI: National Kidney Foundation Dialysis Outcomes; NCEP ATP III:
National Cholesterol Education Program Adult Treatment Panel III; NHFA/CSANZ: National Health Foundation of Australia/Cardiac Society of Australia and New Zealand; CARI: Caring for Australians with Renal
Impairment; CKD: Chronic Kidney Disease; CHD: coronary heart disease; ESRD: end-stage renal disease; MetSyn: metabolic syndrome; IHD: ischaemic heart disease; VLDL, IDL, LDL, HDL: very low-density,
intermediate-density, low-density and high-density lipoprotein; Tg: triglyceride.
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5. Clinical trials of statin therapy in CKD
populations

There is wide variation in the international recommen-
dations for the management of dyslipidaemia in CKD. This
discordance emphasises the need for good clinical trials on
the effectiveness of lipid-regulating therapy in this popula-
tion. Two double-blind, placebo-controlled randomised trials
are currently ongoing to address the question of whether
statins and cholesterol lowering can improve cardiovascular
outcomes in CKD patients.

The SHARP study is an investigator-initiated trial com-
paring simvastatin plus ezetimibe versus placebo in 9000
predialysis and haemodialysis patients [95]. It aims to exam-
ine the effectiveness of LDL-lowering on major vascular
events over a period of 4 years, and is also powered to deter-
mine benefits on progression of renal disease. The use of
ezetimibe allows for the use of a lower dose statin which may
play an important role in reducing the risk of myotoxicity in
CKD. SHARP will report in 2008.

The AURORA study aims to evaluate the effectiveness of
rosuvastatin 10 mg daily in reducing cardiovascular events
in chronic HD patients over 4 years. To date, 2750 patients
have been randomised and recruitment completed. Follow-up
of patients will continue until 620 patients achieve a major
cardiovascular event [96].

While the above trials employ agents that predominantly
regulate LDL-cholesterol, there are no trials, to our knowl-
edge, that plan to prospectively evaluate the effectiveness
of treating the atherogenic dyslipidaemia and related risk
factors, such as insulin resistance in CKD, using fibrates,
nicotinic acid or thiazolinediones.

6. Safety of lipid-regulating therapy in CKD

6.1. HMG CoA reductase inhibitors

Although statins are considered safe for use in patients
with CKD [97], the risk of complications, particularly
myopathy and rhabdomyolysis, is increased particularly
when statins metabolised by the CYP3A4 system (ie lovas-
tatin, simvastatin and atorvastatin) [98] are co-administered
with CYP3A4 inhibitors (i.e. calcineurin inhibitors, non-
dihydropyridine calcium channel blockers and antibiotics
such as macrolides). Thus, it is prudent to commence statins
at a low dose when used in combination with calcineurin
inhibitors. Fluvastatin (oxidised by CYP2C9), pravastatin
(metabolised by sulfation) and rosuvastatin (oxidised by
CYP2C9) are likely to safer and should be used preferen-
tially in renal transplant recipients due to decreased (proven
and theoretical) risk of rhabdomyolysis and myopathy.

6.2. Fibrates

Fibrates are primarily excreted via the kidney and may
also increase serum creatinine [99,100]. The rise in serum

creatinine with fenofibrate use does not appear to reflect a true
reduction in CrCl, but increased endogenous production of
creatinine from muscle creatine, a mechanism that may also
explain the increase in plasma homocysteine levels [101]. The
risk of myopathy and rhabdomyolysis is greater with fibrates
than with statins and increases particularly with gemfibrozil,
co-administration with a statin and renal impairment. The
safety of fibrates taken with statins has not been proven in
CKD and in our view this combination should be avoided.

6.3. Cholesterol absorption inhibitor

Because ezetimibe is predominantly metabolised by glu-
coronidation and excreted in the faeces, dose adjustment is
not required for patients with severe renal insufficiency [102].
In patients with CKD and stable renal transplant, ezetimibe
monotherapy or in combination with a statin is well-tolerated
and does not appear to increase the risk of hepatotoxicity,
myopathy or renal dysfunction [72,102,103]. However, there
is no room for complacency given recent reports of myopa-
thy with ezetimibe prescribed alone or in combination with
statins [104].

6.4. Other agents

Unlike statins, extended-release (ER) niacin can have a
favourable global impact on dyslipidaemia of CKD, by effec-
tively lowering triglyceride, LDL-apoB, Lp(a) and elevate
HDL-cholesterol [105]. However, experience with niacin in
patients with CKD is limited. Caution is required in this popu-
lation not only because of drug tolerability related to flushing
but also increased risk of myotoxicity, hyperuricaemia and
dysglycaemia due to its predominant renal elimination [106].

Bile acid sequestrants can lower LDL-cholesterol effec-
tively with very low risk of systemic toxicity in CKD.
However, their use is limited by their gastrointestinal side
effects and interference with the absorption of other drugs.
Although not specifically studied in CKD, plant sterols and
stanols can lower cholesterol and enhance the effect of statins
by interfering with cholesterol absorption [107]. Numerous
epidemiologic and interventional studies in non-renal popula-
tions support a cardioprotective effect for omega-3 fatty acids,
with reductions in CVD, CAD, fatal and nonfatal MI, stroke,
sudden cardiac death and all-cause mortality [108]. In addi-
tion to its anti-atherosclerotic [109], anti-inflammatory and
anti-thrombotic properties, omega-3 fatty acids lower triglyc-
erides and blood pressure and improve endothelial function
[110]. There is a need for a clinical trial on the benefit of
omega-3 fatty acid supplementation in CKD.

7. Summary and conclusions

Dyslipidaemia is common in CKD and is an important
risk factor for CVD in this population. Perturbations in
lipoprotein metabolism occur at each stage of CKD and
are reminiscent of the metabolic syndrome. Plasma lipopro-
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tein transport defects involve increased hepatic secretion
of apoB and decreased production of apo Al, as well as
decreased catabolism of triglyceride-rich lipoproteins and
with increased catabolism of HDLs. These defects are a con-
sequence of uraemic alterations in apolipoproteins, enzymes,
receptors and lipid transfer proteins, and are also the sequelae
of co-existent insulin resistance.

Pro-atherogenic, qualitative defects in lipoproteins,
typically triglyceride-enrichment of LDL and HDL with
cholesterol enrichment of VLDL and IDL, are typically seen
in CKD. These are accompanied by changes in constituent
apolipoproteins, such as increase in apoE and in apo
CIII/CII ratio. Identifying a strong relationship between
dyslipidaemia and CVD in CKD is plagued by confounding
factors such as effects of malnutrition, inflammation and
endothelial dysfunction. Another inherent problem is that
the conventional ‘lipid profile’ is a poor indicator of the true
atherosclerotic burden attributed to dyslipoproteinaemia in
the CKD population. There is some evidence that beyond
cholesterol, remnant lipoproteins, insulin resistance and
Lp(a) may predict CVD in CKD.

Post hoc analyses from large clinical trials in non-
renal populations with CVD suggest that statin therapy can
decrease cardiovascular events and progression of renal dis-
ease in subjects with early CKD (stages 1-3). However, these
positive results have not been confirmed by larger randomised
trials in renal transplant recipients and in diabetic patients
on HD. It is likely, that the effectiveness of lipid-regulating
therapy is maximal in patients with stages 1-4 CKD and
that regulation of mineral metabolism, in particular the cal-
cium phosphate product, plays a more important role in those
with more advanced disease who exhibit calcific uraemic
arteriopathy. Attention to good control of diabetes, hyper-
tension and treatment of heart failure and adequate nutrition
are equally important. However, lipoprotein changes may still
contribute significantly to increased risk of CVD in those with
early stage CKD. Furthermore, since CKD is associated with
very high risk of cardiovascular disease and lipid-lowering
therapy can be used relatively safely in CKD patients, it is
reasonable to intensively manage dyslipidaemia in CKD, as
suggested by most international guidelines. However, the lack
of consensus among expert guidelines reflects the continuing
need for further clinical trials of lipid-regulating therapy in
patients with CKD.
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