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ABSTRACT

The recent 4D study failed to provide definitive evidence for benefit of statin use
in type 2 diabetics on dialysis. This finding stands in stark contrast to a number of
other observations in patients with early stages of chronic kidney disease where
substantial benefit of statins had been documented. Here we discuss some poten-
tial explanations for the unexpected finding of the 4D study and for the negative
association between below average total cholesterol and vascular mortality among
dialysis patients. Admittedly, in the absence of definite evidence in dialysis pa-
tients, we still conclude that the administration of statins is appropriate in patients

with manifest coronary disease.
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Unless a nephrotic syndrome is present,’
lipid abnormalities captured by routine
measurements are not impressive in pa-
tients with kidney disease; high-density
lipoprotein (HDL) cholesterol concen-
trations tend to be low and triglycerides
levels tend to be elevated. More impor-
tantly, the lipid parameters convention-
ally used to assess the indication for st-
atins (total cholesterol and low-density
lipoprotein [LDL] cholesterol) tend to be
normal or even low.?

As shown in Table 1, however, more
sophisticated analyses point to profound
disturbances in lipid metabolism.
Mainly as a result of decreased catabo-
lism? of chylomicrons* and endogenous
lipoprotein particles,® remnants of chy-
lomicron and very-low-density lipopro-
tein* as well as LDL¢ accumulate, and in
parallel so does small dense LDL.7# An-
other typical disturbance is post-transla-
tional modification of apolipoproteins,®
particularly apolipoprotein B100 by gly-
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cation,'® oxidation,!' and carbamyla-
tion.'? Such modifications of lipids'? in-
terfere with uptake of LDL by the
classical LDL receptor, favoring uptake
by the scavenger receptor LOX1, which
plays an important role in atherogenesis.

Of particular interest are abnormali-
ties of lipoprotein(a) (Lp(a)). Many con-
troversial findings in the literature are
explained by the impact of Lp(a) concen-
trations on cardiovascular endpoints,
depending strongly on a gene polymor-
phism: low molecular weight and high
molecular weight phenotypes.® In hemo-
dialysis patients, the apo(a) phenotype is
an independent and even stronger pre-
dictor of coronary events than the abso-
lute Lp(a) concentration,'* patients with
low molecular weight phenotype being at
greater risk. In uremia, the catabolism of
Lp(a) is diminished.!® It has also been
known for some time that, in acute in-
flammation, HDL particles incorporate
serum amyloid A and act not as protec-

tive, but paradoxically as pro-athero-
genic particles.'¢ Such transformation of
HDL into “inflammatory,” acute phase
HDL has also been documented in ure-
mic patients.

CORRELATIONS BETWEEN
DYSLIPIDEMIA AND
CARDIOVASCULAR EVENTS

In 1982, Degoulet ef al. made the some-
what paradoxical observation in hemo-
dialysis patients that low cholesterol is
associated with increased mortality.!”
This finding has been confirmed by nu-
merous authors.'® Many studies have
also evaluated the correlation between
cardiovascular outcome and differences
in other lipid parameters (LDL choles-
terol, HDL cholesterol, and triglycer-
ides).’” None of these routinely mea-
sured parameters consistently predicts
cardiovascular events, with one notable
exception. Nishizawa proposed to mea-
sure non-HDL cholesterol,2° which is
mainly a reflection of the accumulation
of incompletely catabolized lipid parti-
cles. This parameter predicts cardiovas-
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Table 1. Dyslipidemia in chronic kidney disease

Lipids

Lipoproteins

Abnormal
low HDL cholesterol
high triglyceride

Normal
total cholesterol
LDL cholesterol

VLDL remnants/IDL

Chylomicron remnants

Small dense LDL

Apolipoprotein modifications (glycation,

oxidation, carbamylation)

AGE-ApoB
high Lp(a)
acute-phase HDL

cular events in Japanese patients with
end-stage renal disease.

The original observation by Degoulet et
al. of an inverse relation between total cho-
lesterol and survival is currently inter-
preted to be the result of confounding by
comorbid conditions, particularly an acti-
vated acute-phase response.?! This inter-
pretation gained credence with the obser-
vation of Liu ef al.,*? in an large cohort of
dialysis patients, and in patients with high
C-reactive protein (CRP), that an inverse
relationship exists between total choles-
terol and mortality, while in patients with
low CRP (pointing to the absence of mi-
cro-inflammation), the relationship is
continuous and positive as it is in the gen-
eral population. Against this background,
it is obvious that classical guidelines, such
as the national cholesterol education pro-
gram adult treatment panel III (www.nhl-
bi.nih.gov/guidelines/cholesterol) cannot
be used to establish indications for lipid-
lowering therapy, at least in patients with
advanced renal disease. It is also argued
that chronic kidney disease (CKD) should,
on the basis of the high overall risk, be
treated as a coronary equivalent similar to
diabetes mellitus, thus lowering the deci-
sion threshold.®> A reliable database to
support this notion is still lacking.?*

STATINS IN PATIENTS WITH
EARLY RENAL DISEASE

Although the pattern of dyslipidemia
with low HDL and elevated triglycerides
would a priori seem a classic indication
for fibrates, fibrates have not been popu-
lar in the renal community. This is

mainly because most fibrates or their ac-
tive metabolites accumulate in renal fail-
ure and occasionally cause rhabdomyol-
ysis. Alternative interventions, such as
dietary changes?® or switching to polyun-
saturated fatty acids,?® carry a consider-
able risk of malnutrition or are difficult
to implement. The nephrologist is thus
left with cholesterol-lowering drugs,
such as statins or ezetimibe. Potential in-
dications for statins in patients with renal
disease might be to assist in the reduction
of proteinuria or to reduce the rate of loss
of glomerular filtration (progression)
apart from the goal to reduce cardiovas-
cular events.

Statins are highly effective in inhibit-
ing progression of renal damage in nu-
merous experimental models,?” mainly
through their pleiotropic effects. In con-
trast, only some suggestion of efficacy,
but no definite information, has been
provided by observational?® and isolated,
prospective controlled trials in hu-
mans.?® Nevertheless, meta-analyses of
participants with cardiovascular disease
in randomized controlled studies with
statins who had impaired renal function
and/or proteinuria show a modest,
though statistically significant reduction
in the loss of eGFR with statins (except in
patients with diabetic nephropathy or
glomerulonephritis) as well as a modest,
significant reduction of proteinuria or
albuminuria.?® The data on reduction of
proteinuria are currently not sufficient
or compelling, however, to justify rec-
ommendations to use statins with the ra-
tionale of attenuating the rate of loss of
renal function.

More convincing are findings con-
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cerning the effect of statins on cardiovas-
cular endpoints in patients with the ini-
tial stages of CKD (CKD stage 2 or early
CKD stage 3). The effect of statins has
been analyzed in several subgroups of
patients with elevated serum creatinine
who participated in prospective inter-
vention trials on the effect of statins in
patients with high cardiovascular risk.
Post hoc analyses in these subgroups with
impaired GFR suggest that the benefit is
at least as high, if not higher, in patients
with CKD compared with patients with-
out CKD.3!' A similar effect was observed
in the subgroup of patients with diabetic
kidney disease.?? Significant benefit with
respect to lowering cardiovascular events
is seen in patients with CKD (stage 2 and
stage 3) based on serum creatinine con-
centration and eGFR. In the Cholesterol
and Recurrent Events (CARE) study, this
was restricted to patients with GFR <40
ml/min with or without proteinuria.>?

In the Assessment of Lescol in Renal
Transplantation (ALERT) study, Hold-
aas et al.?® demonstrated a trend for, and
in a recent long-term follow-up, signifi-
cant benefit>* with respect to cardiovas-
cular outcome from statins in kidney
graft recipients. One has to consider,
however, that in transplant patients nu-
merous potential confounders are oper-
ating. More compelling for the indica-
tion to use statins are analyses of
subgroups of patients with elevated se-
rum creatinine in trials such as the An-
glo-Scandinavian Cardiac Outcomes
Trial,>> Medical Research Council/Brit-
ish Heart Foundation Heart Protection
Study,?¢ and the meta-analyses on the ef-
fect of simvastatin on all-cause mortality
and coronary events in the patient with
mild CKD in the 4D study (Die Deutsche
Diabetes Dialyse Studie).?”

These controlled trials also suggested
benefit with respect to loss of renal func-
tion and reduction of proteinuria. In
meta-analyses of intervention trials with
statins in patients with coronary heart
disease treated with Pravasin, a modest
although significant lower rate of loss of
GFR was found,3? with some modest re-
duction in proteinuria as well. It is re-
markable that in the Physicians Health
Study high cholesterol was predictive of a
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late rise in serum creatinine.?® Neverthe-
less, there is consensus that these effects
on GFR loss in and by themselves also do
not justify the use of statins.>®

STATINS IN PATIENTS WITH
ADVANCED RENAL DISEASE

Currently, there is a complete lack of
controlled information on the effects of
statin treatment on outcome in patients
with advanced CKD (stage 4). In the
past, information on use of statins in di-
alysis patients had also not been uni-
form. In an observational study, based
on U.S. Renal Data System data, Seliger
et al. found better survival in a small sub-
group of statin users (n = 362) com-
pared with nonstatin users (n = 3354).%0
More recently, in an open prospective
randomized study of a small group of pa-
tients (n = 143) followed over 20 mo,
Holmberg et al.#! found that Atorvasta-
tin had no significant effect on primary
cardiac endpoint in patients on dialysis
whereas an effect was seen in individuals
with pre-end-stage renal disease, poten-
tially suggesting that one may be too late
when starting statin treatment if the pa-
tient is ready for dialysis.

More definite evidence has mean-
while been provided, at least for diabetic
patients, by the randomized prospective
controlled 4D study.*? In this study, a to-
tal of 1255 dialysis patients with type 2
diabetes were randomized to receive
Atorvastatin (20 mg/d) or placebo. The
LDL cholesterol concentration was low-
ered from a median of 121 mg/dl to 72
mg/dl in the Atorvastatin group; in the
placebo group, LDL cholesterol values
remained significantly higher through-
out the study, although there was a ten-
dency for LDL cholesterol to decrease in
the course of the study, presumably be-
cause of progressive malnutrition. Pa-
tients with fasting LDL cholesterol >190
mg/dl had been excluded, so the study
results cannot necessarily be extrapo-
lated to diabetic dialysis patients with
cholesterol values above this level.

The cumulative incidence of primary
composite cardiovascular endpoints
comprising death from cardiac causes,
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fatal stroke, nonfatal myocardial infarc-
tion, or nonfatal stroke was not signifi-
cantly lower over an average observation
period of 4 yr (relative risk reduction 8%,
0.77 to 1.10, not significant). There was a
positive result, however, for the second-
ary endpoint of all combined cardiovas-
cular events (205 versus 246 cases in
Atorvastatin versus placebo-treated pa-
tients, relative risk = 0.82, P = 0.03). It
remains unclear whether these data in di-
abetic patients can be generalized or ex-
trapolated to nondiabetic patients. This
will be clarified by two ongoing trials (a
study to evaluate the use of Rosuvastatin
in subjects on regular dialysis: an assess-
ment of survival and cardiovascular
events [AURORA] and Study of Heart
and Renal Protection [SHARP]).

The negative outcome of the 4D study
came as a surprise, but several explana-
tions have been advanced. Experimental
studies suggest that, as originally postu-
lated by Lindner et al.,** atherogenesis is
accelerated by even minor reductions in
renal function.#* It is likely that in pa-
tients on dialysis the mechanisms of pro-
gression of coronary heart disease differ
from those operating in the general pop-
ulation. A clinical pointer in this direc-
tion may be the observation of Fathi et
al*3; in a small prospective study, they as-
sessed the effect of aggressively lowering
of LDL cholesterol with Atorvastatin,
comparing patients with primary coro-
nary artery disease without renal dys-
function against patients with advanced
renal failure. In nonrenal patients with
coronary artery disease, the maximum
intima/media thickness of the carotid ar-
tery (as an index of vascular damage) de-
creased significantly by this intervention

Other
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Figure 1.
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during a 2-yr observation period; it re-
mained unchanged, however, in patients
with CKD. This observation is compati-
ble with the assumption that the benefi-
cial effect of statins is counteracted or ab-
rogated by uremic-specific mechanisms.
Anatomical studies of the coronary ar-
teries point in the same direction. When
we compared the coronaries of patients
with coronary heart disease who either
had no kidney disease or advanced CKD,
the coronaries of CKD patients had a
dramatically 5-fold higher prevalence of
coronary calcification.*® More recently,
we also found in uremic patients signifi-
cantly more intense pro-inflammatory
changes (increased deposition of CRP,
C5b9, or macrophage infiltration), higher
expression of TGF-B and endothelin, as
well as evidence of more intense postin-
traplaque hemorrhage, indicated by more
frequent and intense deposits of the eryth-
rocyte membrane protein, glycophorin.*”
An alternative or complementary
possibility must also be considered. Ac-
cording to the U.S. Renal Data System
registry (www.usrds.org) and confirmed
by the 4D study (Figure 1), coronary
heart disease accounted for only a small
proportion of adjudicated cardiovascu-
lar deaths, approximately 9%. A greater
proportion of patients, approximately
33%, died of sudden death or congestive
heart failure. This is drastically different
from the percentages observed in the
background population without CKD. It
is therefore likely that a statistically sig-
nificant change in the primary endpoint
was missed because the power of the
study to find a significant overall differ-
ence of the primary composite endpoint
was insufficient, particularly in view of

Acute MI
S Other CHD

2%

Sudden
death
26%

Stroke C7I;2F

6%

Causes of death in the 4D (Die Deutsche Diabetes Dialyse) study. MI,

myocardial infarction; CHF, congestive heart failure; CHD, coronary heart disease.
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the relatively low frequency of death
from coronary heart disease. It is of note
that in the past, as well as in the planning
stage of the 4D study, it had been as-
sumed that sudden death in dialysis pa-
tients was a consequence of ischemic
heart disease, which is indeed found in
the majority of individuals without renal
disease who succumb to sudden death.*8
This negative finding in the 4D study is
remarkably reminiscent of “The dog that
did not bark” by Sherlock Holmes, nee
Conan Doyle. It is perhaps a pointer to
prompt investigators to study the patho-
physiologic mechanisms underlying
sudden death and to determine in con-
trolled trials, whether alternative inter-
ventions such as reduction of sympa-
thetic overactivity by B-blockers are
effective against this outcome.

The side-effect profile of statin ther-
apy in 4D dialysis patients who were dia-
betic was extremely favorable: 3- to
5-fold elevation of CPK (11 cases on
Atorvastatin versus 3 cases on placebo);
>5 to 10 times elevation (1 patient in
each treatment arm). No cases of rhab-
domyolysis were observed. One point
deserves attention, however. Although
the absolute figures were small, an excess
number of fatal strokes were observed in
the Atorvastatin arm (27 versus 13 cases),
while the number of nonfatal strokes was
similar (33 in the Atorvastatin versus 32
in the placebo arm). This problem had
not been noted in other statin trials
where, to the contrary, even a reduction
in stroke rate was found in patients with-
out CKD.#%0 A statistical fluke cannot
be excluded. Definite information will
certainly be provided by the combined
results of the 4D and the ongoing AU-
RORAS! and SHARP>? trials.

USE OF STATINS IN RENAL
PATIENTS

Even in early stages of CKD, the cardio-
vascular risk is dramatically in-
creased.>>>* In our opinion, the data
from post hoc analyses of past statin trials
on subcohorts of patients in the early
stages of CKD (CKD stage 2 or early
CKD stage 3) are sufficiently suggestive

to justify administration of statins. It is
our opinion that statins are indicated in
these patients based on these above post
hoc analyses. It has even been argued that
CKD should be considered a coronary
heart disease equivalent,?® although the
magnitude of excess cardiovascular risk
in early CKD undoubtedly needs further
assessment.?*

Certainly, the 4D study does not pro-
vide a rationale to start statin treatment
in dialyzed diabetic patients, and by ex-
trapolation, presumably also in nondia-
betic dialysis patients or patients with
CKD stage 4. One presumably comes in
too late when starting statins with the
aim of primary prevention in the absence
of signs and symptoms of coronary heart
disease once the patient has advanced to
CKD stage 4 or 5. In agreement with cur-
rent recommendations, however, it is
our opinion that patients who are al-
ready on statins when entering a dialysis
program should be left on statins.

The 4D study, which in retrospect was
probably underpowered, showed sug-
gestive benefit (although not statistically
significant) in hemodialysis diabetic pa-
tients for adjudicated cardiovascular
death, nonfatal myocardial infarction,
coronary bypass, or percutaneous coro-
nary angiography. The magnitude of re-
duction (approximately 19% per 1 mmol
lowering of LDL cholesterol) was exactly
identical to what had been observed pre-
viously in patients without CKD.5> Con-
sequently, in our opinion, it is accept-
able, although currently not proven by
controlled, prospective evidence, to ad-
minister statins to diabetic patients on
dialysis who have established coronary
heart disease. This argument can pre-
sumably be extrapolated to nondiabetic
patients as well. Because patients with
LDL cholesterol >190 mg/dl had been
excluded from the 4D study, administra-
tion of statins may also be justified in
such rare patients, admittedly in the ab-
sence of definite information.

In the future, the results of the ongo-
ing trials, AURORA>! and SHARP,>? will
hopefully put an end to current uncer-
tainties and place recommendations on
statin use on more solid footing, for renal
patients with CKD in general and hemo-
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dialysis patients more specific. If samples
sizes in these trials are still too small to
show the evidence, the meta-analyses
from all patients combined (n = 7100;
including 4D) will prove or disprove the
benefit of statin treatment in hemodialy-
sis patients by the year 2012.

DISCLOSURES

None.

REFERENCES

1. Kaysen GA, de Sain-van der Velden MG:
New insights into lipid metabolism in the
nephrotic syndrome. Kidney Int 71[Suppl]:
$18-S21, 1999

2. Krane V, Wanner C: The metabolic burden
of diabetes and dyslipidaemia in chronic kid-
ney disease. Nephrol Dial Transplant
17[Suppl 11]: S23-527, 2002

3. lkewaki K, Schaefer JR, Frischmann ME,
Okubo K, Hosoya T, Mochizuki S, Dieplinger
B, Trenkwalder E, Schweer H, Kronenberg F,
Koenig P, Dieplinger H: Delayed in vivo ca-
tabolism of intermediate-density lipoprotein
and low-density lipoprotein in hemodialysis
patients as potential cause of premature
atherosclerosis. Arterioscler Thromb Vasc
Biol 25: 2615-2622, 2005

4. Weintraub M, Burstein A, Rassin T, Liron M,
Ringel Y, Cabili S, Blum M, Peer G, laina A:
Severe defect in clearing postprandial chy-
lomicron remnants in dialysis patients. Kid-
ney Int 42: 1247-1252, 1992

5. Lee DM, Knight-Gibson C, Samuelsson O,
Attman PO, Wang CS, Alaupovic P: Lipopro-
tein particle abnormalities and the impaired
lipolysis in renal insufficiency. Kidney Int 61:
209-218, 2002

6. Shoji T, Nishizawa Y, Kawagishi T, Kawasaki
K, Taniwaki H, Tabata T, Inoue T, Morii H:
Intermediate-density lipoprotein as an inde-
pendent risk factor for aortic atherosclerosis
in hemodialysis patients. J Am Soc Nephrol
9: 1277-1284, 1998

7. Quaschning T, Schémig M, Keller M, Thiery
J, Nauck M, Schollmeyer P, Wanner C,
Kramer-Guth A: Non-insulin-dependent dia-
betes mellitus and hypertriglyceridemia im-
pair lipoprotein metabolism in chronic he-
modialysis patients. J Am Soc Nephrol 10:
332-341, 1999

8. Rajman |, Harper L, McPake D, Kendall MJ,
Wheeler DC: Low-density lipoprotein sub-
fraction profiles in chronic renal failure.
Nephrol Dial Transplant 13: 2281-2287,
1998

9. Kronenberg F, Kuen E, Ritz E, Junker R,
Kénig P, Kraatz G, Lhotta K, Mann JF, Mller
GA, Neyer U, Riegel W, Reigler P, Sch-

J Am Soc Nephrol ee : —, 2008



20.

21.

J Am Soc Nephrol ee

wenger V, Von Eckardstein A: Lipoprotein(a)
serum concentrations and apolipoprotein(a)
phenotypes in mild and moderate renal fail-
ure. J Am Soc Nephrol 11: 105-115, 2000

. Fishbane S, Bucala R, Pereira BJ, Founds H,

Vlassara H: Reduction of plasma apolipopro-
tein-B by effective removal of circulating gly-
cation derivatives in uremia. Kidney Int 52:
1645-1650, 1997

. Karabina SA, Pappas H, Miltiadous G,

Bairaktari E, Christides D, Tselepis A, Elisaf
M, Siamopoulos K: Compositional lipopro-
tein changes and low-density lipoprotein
susceptibility to oxidation in chronic renal
failure patients with heavy proteinuria.
Nephron Clin Pract 95: 77-83, 2003

. Horkko S, Savolainen MJ, Kervinen K, Ke-

saniemi YA: Carbamylation-induced alter-
ations in low-density lipoprotein metabo-
lism. Kidney Int 41: 1175-1181, 1992

. Kéniger M, Quaschning T, Wanner C,

Schollmeyer P, Kramer-Guth A: Abnormali-
ties in lipoprotein metabolism in hemodial-
ysis patients. Kidney Int 71[Suppl]: S248-
$250, 1999

. Kronenberg F, Never U, Lhotta K, Trenk-

walder E, Auinger M, Pribasnig A, Meisl T,
Koénig P, Dieplinger H: The low molecular
weight apo(a) phenotype is an independent
predictor for coronary artery disease in he-
modialysis patients: a prospective follow-up.
J Am Soc Nephrol 10: 1027-1036, 1999

. Frischmann ME, Kronenberg F, Trenkwalder

E, Schaefer JR, Schweer H, Dieplinger B,
Koenig P, lkewaki K, Dieplinger H: In vivo
turnover study demonstrates diminished
clearance of lipoprotein(a) in hemodialysis
patients. Kidney Int 71: 1036-1043, 2007

. Wanner C, Krane V: Uremia-specific alter-

ations in lipid metabolism. Blood Purif 20:
451-453, 2002

. Degoulet P, Legrain M, Réach |, Aimé F,

Devriés C, Rojas P, Jacobs C: Mortality risk
factors in patients treated by chronic hemo-
dialysis: report of the Diaphane collabora-
tive study. Nephron 31: 103-110, 1982

. Lowrie EG, Lew NL: Death risk in hemodial-

ysis patients: the predictive value of com-
monly measured variables and an evaluation
of death rate differences between facilities.
Am J Kidney Dis 15: 458-482, 1990

. Kwan BC, Kronenberg F, Beddhu S, Cheung

AK: Lipoprotein metabolism and lipid man-
agement in chronic kidney disease. J Am
Soc Nephrol 18: 1246-1261, 2007
Nishizawa Y, Shoji T, Kakiya R, Tsujimoto Y,
Tabata T, Ishimura E, Nakatani T, Miki T,
Inaba M: Non-high-density lipoprotein cho-
lesterol (non-HDL-C) as a predictor of car-
diovascular mortality in patients with end-
stage renal disease. Kidney Int 75[Suppl],
$117-5120, 2003

Kalantar-Zadeh K, Stenvinkel P, Pillon L, Ko-
pple JD: Inflammation and nutrition in renal
insufficiency. Adv Ren Replace Ther 10:
155-169, 2003

1 —, 2008

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Liu Y, Coresh J, Eustace JA, Longenecker
JC, Jaar B, Fink NE, Tracy RP, Powe NR,
Klag MJ: Association between cholesterol
level and mortality in dialysis patients: role
of inflammation and malnutrition. JAMA
291: 451-459, 2004

Hyre AD, Fox CS, Astor BC, Cohen AJ,
Muntner P: The impact of reclassifying mod-
erate CKD as a coronary heart disease risk
equivalent on the number of US adults rec-
ommended lipid-lowering treatment. Am J
Kidney Dis 49: 37-45, 2007

Tonelli M. Should CKD be a coronary heart
disease risk equivalent? Am J Kidney Dis 49:
8-11, 2007

Sanfelippo ML, Swenson RS, Reaven GM:
Reduction of plasma triglycerides by diet in
subjects with chronic renal failure. Kidney Int
11: 54-61, 1977

Ando M, Sanaka T, Nihei H: Eicosapentanoic
acid reduces plasma levels of remnant li-
poproteins and prevents in vivo peroxida-
tion of LDL in dialysis patients. J Am Soc
Nephrol 10: 2177-2184, 1999

Keane WF, Kasiske BL, O'Donnell MP, Kim
Y: The role of altered lipid metabolism in the
progression of renal disease: experimental
evidence. Am J Kidney Dis 17[Suppl 1]:
$38-542, 1991

Wheeler DC: Lipids: what is the evidence for
their role in progressive renal disease?
Nephrol Dial Transplant 10: 14-16, 1995
Olbricht CJ, Wanner C, Thiery J, Basten A:
Simvastatin in nephrotic syndrome: Simva-
statin in Nephrotic Syndrome Study Group.
Kidney Int 71[Suppl]: S113-S116, 1999
Sandhu S, Wiebe N, Fried LF, Tonelli M:
Statins for improving renal outcomes: a
meta-analysis. J Am Soc Nephrol 17: 2006 -
2016, 2006

Tonelli M, Isles C, Curhan GC, Tonkin A,
Pfeffer MA, Shepherd J, Sacks FM, Furberg
C, Cobbe SM, Simes J, Craven T, West M:
Effect of pravastatin on cardiovascular
events in people with chronic kidney dis-
ease. Circulation 110: 1557-1563, 2004
Tonelli M, Isles C, Curhan GC, Tonkin A,
Pfeffer MA, Sheperd J, Sacks FM, Furberg C,
Cobbe SM, Simes J, Craven T, West M: Ef-
fect of pravastatin on rate of kidney function
loss in people with or at risk for coronary
disease. Circulation 112: 171-178, 2005
Holdaas H, Fellstrom B, Jardine AG, Holme
I, Nyberg G, Fauchald P, Grénhagen-Riska
C, Madsen S, Neumayer HH, Cole E, Maes
B, Ambuhl P, Olsson AG, Hartmann A, Solbu
DO, Pedersen TR; Assessment of LEscol in
Renal Transplantation (ALERT) Study Inves-
tigators: Effect of fluvastatin on cardiac out-
comes in renal transplant recipients: a mul-
ticentre, randomised, placebo-controlled
trial. Lancet 361: 2024-2031, 2003
Holdaas H, Fellstrom B, Cole E, Nyberg G,
Olsson AG, Pedersen TR, Madsen S, Gron-
hagen-Riska C, Neumayer HH, Maes B, Am-
bihl P, Hartmann A, Staffler B, Jardine AG;

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

www.jasn.org | BRIEF REVIEW

Assessment of LEscol in Renal Transplanta-
tion (ALERT) Study Investigators: Long-term
cardiac outcomes in renal transplant recipi-
ents receiving fluvastatin: the ALERT exten-
sion study. Am J Transplant 5: 2929-2936,
2005

Sever PS, Dahlof B, Poulter NR, Wedel H,
Beevers G, Caulfield M, Collins R, Kjeldsen
SE, Kristinsson A, Mclnnes GT, Mehlsen J,
Nieminen M, O'Brien E, Ostergren J; AS-
COT investigators: Prevention of coronary
and stroke events with atorvastatin in hyper-
tensive patients who have average or lower-
than-average cholesterol concentrations, in
the Anglo-Scandinavian Cardiac Outcomes
Trial-Lipid Lowering Arm (ASCOT-LLA): a
multicentre randomised controlled trial. Lan-
cet 361: 1149-1158, 2003

Heart Protection Study Collaborative Group:
MRC/BHF Heart Protection Study of choles-
terol lowering with simvastatin in 20,536
high-risk individuals: a randomised placebo-
controlled trial. Lancet 360: 7-22, 2002
Chonchol M, Cook T, Kjekshus J, Pedersen
TR, Lindenfeld J: Simvastatin for secondary
prevention of all-cause mortality and major
coronary events in patients with mild chronic
renal insufficiency. Am J Kidney Dis 49: 373—
382, 2007

Schaeffner ES, Kurth T, Curhan GC, Glynn
RJ, Rexrode KM, Baigent C, Buring JE, Ga-
ziano JM: Cholesterol and the risk of renal
dysfunction in apparently healthy men. J Am
Soc Nephrol 14: 2084-2091, 2003

Tonelli M: Do statins protect the kidney as
well as the heart? Nephrol Dial Transplant
21: 3005-3006, 2006

Seliger SL, Weiss NS, Gillen DL, Kesten-
baum B, Ball A, Sherrard DJ, Stehman-Breen
CO: HMG-CoA reductase inhibitors are as-
sociated with reduced mortality in ESRD pa-
tients. Kidney Int 61: 297-304, 2002
Holmberg B, Brannstrém M, Bucht B,
Crougneau V, Dimeny E, Ekspong A, Gran-
roth B, Gréntoft KC, Hadimeri H, Ingman B,
Isaksson B, Johansson G, Lindberger K, Lun-
dberg L, Mikaelsson L, Olausson E, Persson
B, Welin D, Wikdahl AM, Stegmayr BG:
Safety and efficacy of atorvastatin in patients
with severe renal dysfunction. Scand J Urol
Nephrol 39: 503-510, 2005

Wanner C, Krane V, Marz W, Olschewski M,
Mann JF, Ruf G, Ritz E; German Diabetes
and Dialysis Study Investigators: Atorvasta-
tin in patients with type 2 diabetes mellitus
undergoing hemodialysis. N Engl J Med
353: 238-248, 2005

Lindner A, Charra B, Sherrard DJ, Scribner
BH: Accelerated atherosclerosis in pro-
longed maintenance hemodialysis. N Engl
J Med 290: 697-701, 1974

Buzello M, Tornig J, Faulhaber J, Ehmke H,
Ritz E, Amann K: The apolipoprotein e
knockout mouse: a model documenting ac-
celerated atherogenesis in uremia. J Am Soc
Nephrol 14: 311-316, 2003

Lipid Abnormalities 5



BRIEF REVIEW | www.jasn.org

45.

46.

47.

48.

Fathi R, Isbel N, Short L, Haluska B, Johnson
D, Marwick TH: The effect of long-term ag-
gressive lipid lowering on ischemic and ath-
erosclerotic burden in patients with chronic
kidney disease. Am J Kidney Dis 43: 45-52,
2004

Schwarz U, Buzello M, Ritz E, Stein G, Raabe
G, Wiest G, Mall G, Amann K: Morphology
of coronary atherosclerotic lesions in pa-
tients with end-stage renal failure. Nephrol
Dial Transplant 15: 218-223, 2000

Gross ML, Meyer HP, Ziebart H, Rieger P,
Wenzel U, Amann K, Berger |, Adamczak M,
Schirmacher P, Ritz E: Calcification of coro-
nary intima and media: immunohistochem-
istry, backscatter imaging, and x-ray analysis
in renal and nonrenal patients. Clin J Am Soc
Nephrol 2: 121-134, 2007

Burke AP, Farb A, Malcom GT, Liang YH,
Smialek J, Virmani R: Coronary risk factors

Journal of the American Society of Nephrology

49.

50.

51

52.

and plague morphology in men with coro-
nary disease who died suddenly. N Engl
J Med 336: 1276-1282, 1997

Roberts CG, E. Guallar, A. Rodriguez: Effi-
cacy and safety of statin monotherapy in
older adults: a meta-analysis. J Gerontol A
Biol Sci Med Sci 62: 879-887, 2007
Colivicchi F, Bassi A, Santini M, Caltagirone
C: Discontinuation of statin therapy and clin-
ical outcome after ischemic stroke. Stroke
38: 2652-2657, 2007

. Fellstrom B, Zannad F, Schmieder R, Holdaas

H, Jardine A, Rose H, Wilpshaar W; AURORA
Study Group: Effect of rosuvastatin on out-
comes in chronic haemodialysis patients: de-
sign and rationale of the AURORA study. Curr
Control Trials Cardiovasc Med 6: 9, 2005
Baigent C, Landry M: Study of Heart and
Renal Protection (SHARP). Kidney Int
84[Suppl]: $207-5210, 2004

53.

54.

55.

Go AS, Chertow GM, Fan D, McCulloch CE,
Hsu CY: Chronic kidney disease and the risks
of death, cardiovascular events, and hospi-
talization. N Engl J Med 351: 1296-1305,
2004

Van Biesen W, De Bacquer D, Verbeke F,
Delanghe J, Lameire N, Vanholder R: The
glomerular filtration rate in an apparently
healthy population and its relation with car-
diovascular mortality during 10 years. Eur
Heart J 28: 478-483, 2007

Baigent C, Keech A, Kearney PM, Blackwell
L, Buck G, Pollicino C, Kirby A, Sourjina T,
Peto R, Collins R, Simes R; Cholesterol
Treatment Trialists’ (CTT) Collaborators: Ef-
ficacy and safety of cholesterol-lowering
treatment: prospective meta-analysis of
data from 90,056 participants in 14 ran-
domised trials of statins. Lancet 366: 1267-
1278, 2005

J Am Soc Nephrol ee : —, 2008



