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Abstract Several studies have shown that HDL has
altered antioxidant and anti-inflammatory effects in
chronic uremia, either by the reduction in its antioxidant
enzymes or by the impairment of their activity.
Systemic oxidative stress, which is highly prevalent in
chronic kidney disease (CKD) patients, has been shown
to decrease antioxidant and anti-inflammatory effects of
HDL and even transform it into a pro-oxidant and
pro-inflammatory agent. For this reason, we believe
that the propensity for accelerated cardiovascular
disease in CKD is facilitated by a few key features of
this disease, namely, oxidative stress, inflammation,
hypertension, and disorders of lipid metabolism. In a
nutshell, oxidative stress and inflammation enhance
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atherosclerosis leading to increased cardiovascular
mortality and morbidity in this population. In this
detailed review, we highlight the current knowledge on
HDL dysfunction and impairment in chronic kidney
disease as well as the available therapy.
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Introduction

Chronic kidney disease (CKD) is one of the major
medical concerns of the health-care system today. It is
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associated with premature mortality, decreased quality
of life, and enormous health-care expenditures [1].
According to 1999-2004 National Health and Nutri-
tion Examination Survey (NHANES) data, 16.8 % of
the US population aged >20 years had CKD [2].
Interestingly, the major cause of mortality and mor-
bidity in this sizable CKD and end-stage renal disease
(ESRD) population is attributed to cardiovascular
disease.

High levels of high-density lipoprotein (HDL) are
associated with decreased risk of developing coronary
artery diseases (CAD). This is mainly attributed to its
antioxidant, anti-inflammatory, reverse cholesterol
transport, and anti-thrombotic properties which tend
to decrease atherosclerosis. The antioxidant properties
of HDL are due to its constituent enzymes paraoxon-
ase and glutathione peroxidase and lipoproproteins
mainly apolipoprotein-Al. The activity of key anti-
oxidant enzymes and lipoproteins is decreased in CKD
and ESRD, thus limiting the role of HDL in preventing
the oxidation of LDL particles [3]. Moreover, it has
been proposed that HDL plays a role in removal of the
endotoxin in the blood. Low levels of HDL in CKD are
also associated with high levels of endotoxin in the
blood. So, HDL deficiency predisposes CKD patients
to multiple infections especially by gram-negative
organisms, thus increasing mortality as infections are
the second most common cause of death in ESRD
patients [4].

The propensity for accelerated cardiovascular dis-
ease in CKD is thought to be mediated by a few key
features of this disease, namely, oxidative stress,
inflammation, hypertension, and disorders of the lipid
metabolism [5, 6]. In a nutshell, oxidative stress and
inflammation enhance atherosclerosis by three major
pathophysiologic pathways. They promote oxidation
of low-density lipoprotein (LDL) and remnant parti-
cles; they support the differentiation of monocytes into
foam cells in the arterial wall; and they impair HDL-
mediated reverse cholesterol transport [7—10]. The
oxidized LDL particles are then engulfed by macro-
phages and converted to foam cells in the vessel wall
leading to atherosclerosis.

Many of the other “unconventional” risk factors
have been identified as well, this includes hypoalbu-
minemia, elevated troponin levels, anemia, hyperhom-
ocystinemia, increased calcium phosphate product,
maintenance hemodialysis (MHD), and decreased
nitric oxide activity [10-12]. Also, most dialysis
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patients ingest atherogenic diet and do not meet the
dietary guidelines for cardiovascular disease risk
reduction as we have shown in a previous report [11].

In this article, we intend to provide a thorough
overview on the metabolism of HDL specifically in
patients with CKD. We highlight the HDL antioxidant
and anti-inflammatory protective role against athero-
sclerosis which is markedly impaired in uremic
patients. We review the current advance in lipid
therapy and potential advances in the future with a
focus on HDL-targeting medications.

HDL metabolism and reverse cholesterol transport

High-density lipoprotein is one of the five major
lipoproteins found in the plasma beside low-density
lipoprotein (LDL), very low-density lipoproteins
(VLDL), intermediate-density lipoproteins (IDLs), and
chylomicrons. Lipoproteins play an essential role in the
transport of cholesterol, cholesterol esters, and triacyl-
glycerols in the body. They are spherical like particles,
consisting of a core where the most hydrophobic
particles such as cholesterol esters and triacylglycerols
are located, and a surface where free cholesterol,
phospholipids, and proteins are arrayed [13].

Lipoproteins are substrates for several enzymes,
including lipoprotein lipase (LPL). Attached to the
surface of the endothelium, LPL plays a major role in
the hydrolysis of triacylglycerols carried by VLDL and
Chylomicrons. This leads to the release of fatty acids
(FA), phospholipids, free cholesterol, and exchange-
able apoliproteins (apo) (Fig. 1). Fatty acids are then
stored by adipocytes or used by cells for membrane cell
formation. Chylomicrons are transformed to chylomi-
crons remnants which are rich in cholesterol esters and
then taken up by the liver after binding to specific
receptors (Fig. 1). LPL is activated by apo-C2 and
heparin that is released by mast cells [13].

HDL is synthesized mainly in the liver and to a lesser
extent in the intestines. It has the individual role of
being a reservoir of apo-E and apo-C2, wich are both
activators of LPL. HDL regulates the exchange of lipids
and apoproteins between different lipoproteins in the
blood. By donating apo-C-2 and apo-E to chylomicrons
and VLDLs, HDL helps in the hydrolysis of triacyl-
glycerols, resulting in the formation of chylomicrons
remnants and LDL, respectively. This is followed by
the return of apo-E and apo-C2 to HDL [13].
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Fig. 1 An illustration showing HDL metabolism. HDL is
secreted as a poor lipid apo-Al; the transport of free cholesterol
by ABCAI from non-hepatic cells membrane leads to the
production of nascent HDL, ABCA1 also transfers phospholip-
ids to the nascent HDL and leads to the production of HDL3,
than LCAT transforms HDL3 into HDL2 by esterification of
free cholesterol. Cholesteryl esters are then transferred to LDL
and VLDL via CETP and taken up by the liver. A-I apo-Al,

HDL also plays a role in the removal of excess
cholesterol from cells and its transfer to the liver,
where it is eliminated as cholesterol and bile salts. This
phenomenon is called reverse cholesterol transport
(RCT).

HDL is secreted as apoprotein-Al (apo-Al) without
phospholipids or triacylgylcerols. The transfer of free
cholesterol from other lipoproteins or plasma mem-
brane to apo-Al leads to the production of nascent
HDL, known as pre- HDL (Fig. 1). This transport is
mediated by ATP-binding cassette transporter ABCA1.
The same membrane transporter also transfers phos-
pholipids to nascent HDL which produces HDL3
molecule (Fig. 1). This is followed by esterification of
the free cholesterol by lecithin cholesterol acyl

apo B
b
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ABCAI ATP-binding cassette transporter ABCAIl, B apo-B-
100, B-48 apo-B-48, C apo-Cs, CE cholesterol ester, CETP
cholesterol ester transfer protein, CM chylomicron, CMR
chylomicron remnant, E apo-E, HL hepatic lipase, LCAT
lecithin: cholesterol acyltransferase, LPL lipoprotein lipase,
MAS BETA Mitochondrial ATP synthase beta subunit, SR-BI
Scavenger receptor class B member 1, TG triglycerides

transferase (LCAT). LCAT, produced by the liver, is
bound to the HDL molecule and is activated by apo-A1l
in the plasma. LCAT needs phospholipids such as
phosphatidylcholine to complete this reaction; for this
purpose, phospholipid transfer protein (PLTP) cata-
lyzes the transfer of phospholipids released by LPL
hydrolysis of triacylglycerols, to HDL. Further addition
of esterified cholesterol to HDL 3 produces HDL 2
(Fig. 1). Cholesteryl ester is then transferred to VLDL
and LDL by cholesterol ester transfer protein (CETP)
which is bound to HDL particles, and then taken up by
the liver [13].

HDL is degraded in the liver through two major
pathways. The first involves the selective uptake of
cholesteryl esters by a plasma membrane protein
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called scavenger receptor-B1 (SR-B1) leading to the
re-release of apo-Al to form a new HDL molecule. Of
note, SR-B1 has a higher affinity to HDL-2 molecules
[14]. The second uses mitochondrial ATP synthase
beta subunit, a hepatic endocytic receptor, which leads
to the total internalization and intracellular degrada-
tion of the whole HDL molecule. As opposed to the
first pathway, beta chain of the mitochondrial ATP
synthase has a higher affinity to HDL-3 than to HDL-2
and does not lead to re-release of apo-Al (Fig. 1) [13].

Factors leading to low HDL levels and impaired
metabolism in uremic patients

CKD leads to accelerated atherosclerosis and
increased cardiovascular events due to a number of
nonconventional risk factors that are present in this
population [15]. Studies have shown that oxidative
stress, inflammation, endothelial dysfunction, hyper-
tension, dyslipidemia, insulin resistance and vascular
calcification contribute to the increased mortality, and
morbidity in ESRD [5, 6, 16-21]. Elevated levels of
triglycerides and decreased levels of HDL are the most
common features of dyslipidemia in this population.
Uremia leads to dysregulation in the synthesis and
activity of HDL and errors in the metabolism of
triglyceride-rich apo-B containing lipoproteins [20].
The pathophysiology of this disturbed metabolism is
still under investigation. Studies performed in exper-
imental animals have shown that plasma concentration
of apo-A1l and apo-A2 is decreased in patients with

control
HDL

renal failure due to diminished gene expression in the
liver. Since apo-Al is the primary component of HDL,
its deficiency contributes in part to the overall
reduction in HDL (Fig. 2) [22, 23].

HDL-mediated uptake and removal of surplus of
cholesterol from the peripheral tissues start by binding
of cholesterol poor-HDL to ABCA-1, a process known
as reverse cholesterol transport. It has been also shown
that HDL is oxidized in ESRD; this oxidation impairs
the binding of HDL to ABCAI1, which leads to the
accumulation of lipids in the arterial wall [24, 25]. In
addition, ABCA-1 expression in chronic kidney
disease might be altered; however, this is still under
investigation. It should be noted that the potential
under expression of ABCA-1 transporter can lead to
the reduction in HDL levels and limits the maturation
of the molecule as seen in Tangier disease [26-28].

Albumin serves as a carrier of free cholesterol from
the peripheral tissues to the freely floating HDL-3,
thus hypoalbuminemia in CKD due to malnutrition,
external losses, or inflammation can also contribute to
depressed levels of serum HDL. Of note, albumin also
plays a physiologic role in the efflux of cholesterol
outside the cells [29].

Studies conducted on patients with CKD showed a
reduction in the level of LCAT in these patients [24,
30]. Hepatic tissue LCAT mRNA and plasma LCAT
enzymatic activity were measured in male Sprague—
Dawley rats 6 weeks after partial nephrectomy. These
levels were found to be low in this animal model [31].
This implies that in CKD, there is a downregulation of

uremic
'@LQ-PLM’ HDL

Fig. 2 Illustration showing the difference between normal
HDL and uremic HDL molecule. Note that when compared to
normal molecule, uremic HDL is significantly rich in SAAIL,
albumin, and apo-C3, TG and lyso-PC (LPC) content, as well as
in the low-abundant HDL-associated proteins apo-A4, RBP4,
TTR, anti-trypsin, and Lp-PLA2. While on the contrary, it is
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poor in apo-Al and apo-A2, PL and FC. apo-C3 apoprotein-C3,
apo-A4 apoprotein 1V, FC free cholesterol, Lp-PLA2 lipopro-
tein-associated phospholipase A2, PL phospholipids, RBP4
retinol-binding protein 4, SAAI serum amyloid A protein, 7G
triglycerides, TTR transthyretin
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LCAT gene expression [31-33]. LCAT has a major
role in the maturation of HDL by esterification of free
cholesterol on the surface of HDL and its sequestration
in the core of the molecule. Esterification of free
cholesterol plays a major role in maintaining a
cholesterol gradient that facilitates cholesterol uptake
and maturation of HDL (Fig. 1). Given the important
role of LCAT in converting HDL3 to HDL2, LCAT
deficiency favors the loss of apo-A1. This is due to the
degradation of HDL3 in hepatic endocytic receptors as
opposed to the selective uptake of cholesterol on
HDL2 by SRBI receptors, and the re-release of apo-
Al by the later receptors (Fig. 1). Also, HDL?2 has an
essential role in converting VLDL remnants also
known as IDL into LDL. In this process, HDL2
exchanges with IDL part of its free cholesterol for
triglycerides and is mediated by cholesterol ester
transfer protein (CETP) and phospholipid transfer
protein (PTLP). As opposed to IDL, LDL has a higher
affinity to hepatic LDL receptors which leads to
removal of LDL from the circulation and decreased
atherogenicity (Fig. 1).

There is debate whether patients with ESRD have
an abnormal level of CETP and PTLP. Most studies
have failed to show any significant change in these
levels [34-36]. However, studies on patients with
nephrotic syndrome and nephrotic-range proteinuria
showed elevated levels of CETP in these patients [37,
38]. This novel finding leads us to the assumption that
patients on chronic peritoneal dialysis might have
elevated plasma levels of CETP due to the heavy loss
of plasma proteins in the peritoneal dialysis effluent.
As mentioned earlier, this will lead to high levels of
HDL-bound triglycerides and low levels of HDL-
bound cholesterol resulting in the accumulation of
dysfunctional HDL particles. This might explain in
part how some of these patients can have high levels of
HDL and still higher propensity to atherogenesis when
compared with the normal population.

Studies conducted on rats with puromycin-induced
nephrotic syndrome showed decreased levels of
hepatic lipase (HL) and HL mRNA [39-41]. HL
hydrolyzes triglycerides and plays an essential role in
the clearance of triglyceride contents of HDL. For this
reason, HL. deficiency leads to triglycerides enrich-
ment and dysfunction of HDL in patients with
nephrotic-range proteinuria. Thus, patients with
nephrotic syndrome have dysfunctional HDL mole-
cules due to several potential mechanisms.

Paraxonase is an enzyme that hydrolyzes paraoxon.
Although the exact role of plasma paraoxonase in
lipoprotein metabolism is still to be identified, it is
believed that paraoxon irreversibly inhibits LPL. In a
study done by Nevin et al. [42], the LPL, HL, and
arylesterase, which measure the paraoxonase mass,
were independent predictors of HDL cholesterol;
however, the paraoxonase genotype or activity was
not. Lipoprotein-associated phospholipase-A, (Lp-
PLA2) that has been recently associated with
enhanced risk of stroke, coronary artery disease, and
mortality was found to be significantly higher in the
uremic HDL molecules [43].

Binding of HDL to SRB1 receptor on the surface of
hepatocytes is the final step in the HDL-mediated
reverse cholesterol transport as described above.
These HDL receptors levels were studied in rats with
puromycin-induced nephrotic-range proteinuria. This
study showed reduction in SRBI1 proteins despite
normal mRNA levels reflecting no suppression of gene
expression [44]. Studies conducted on rats with
chronic kidney disease without heavy proteinuria
failed to prove any significant change in SRBI
proteins levels [23]. This leads us to expect a similar
reduction in SRB1 in patients on peritoneal dialysis
but not on hemodialysis. The reduction in SRBI1
proteins favors hepatic HDL total internalization and
degradation by the mitochondrial beta chain subunit of
ATP synthase on the hepatocytes plasma membrane.
As explained earlier, this pathway of degradation will
subsequently lead to decrease in the levels of apo-Al
and HDL (Fig. 1).

It has also been shown that apo-A1 and apo-A2 are
displaced from the HDL molecule by highly abundant
proteins like serum amyloid A protein (SAALl),
albumin, apo-C3 and slightly abundant proteins like
anti-trypsin, apo-A4, retinol-binding protein 4
(RBP4), transthyretin, and Lp-PLA2 were identified
to be significantly enriched in uremic HDL (Fig. 2)
[43]. This displacement leads to a decrease in HDL-
mediated cholesterol efflux potential from peripheral
cells, resulting in atherosclerosis.

HDL antioxidant and anti-inflammatory roles
In addition to its major role in the reverse cholesterol

transport, HDL has different mechanisms in prevent-
ing atherosclerosis. HDL has antioxidant, anti-
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inflammatory, and anti-thrombotic properties medi-
ated by its constituent antioxidant enzymes like
paraoxonase and glutathione peroxidase. Those
enzymes help in preventing and reversing peroxida-
tion of lipids and lipoproteins. LCAT and apo-Al are
other constituents that bind and remove oxidized
phospholipids and endotoxins. In addition, HDL has
anti-thrombotic effect through platelet activating
factor acetylhydrolase which inhibits platelet activa-
tion, adhesion, and thrombus formation.

Several studies have shown that HDL has altered
antioxidant and anti-inflammatory effects in chronic
uremia, either by the reduction in its antioxidant
enzymes or by impairment of their activity.

Systemic oxidative stress, which is highly prevalent
in CKD patients, has been shown to decrease antiox-
idant and anti-inflammatory effects of HDL and even
transform it into a pro-oxidant and pro-inflammatory
agent, and subsequently a pro-atherogenic molecule
[3, 45]. In one study, the ability of the subject’s HDL
to alter LDL-induced monocyte chemotactic activity
(MCA) in human artery wall was significantly
impaired in oxidative stress. HDL molecules are
critical components of the acute phase reaction (APR).
During an inflammatory reaction, they are enriched in
free cholesterol, triglyceride, and free fatty acids and
depleted in cholesterol ester. This will impair the
protective effect of HDL against atherosclerosis, and
their ability to remove cholesterol from macrophages
[46-48].

Morena et al. showed that in patients with ESRD on
hemodialysis, the LDL is more susceptible to oxida-
tion and the HDL ability to prevent this oxidation is
diminished [46]. These findings may explain in part
the development of early atherosclerosis in ESRD
patients. Plasma levels of paraoxonase, glutathione
peroxidase, LCAT, PAF acetyl-hydrolase, and apo-Al
in patients with ESRD were compared to healthy
controls [24]. There was 60 % reduction in LCAT,
50 % in glutathione peroxidase, 41 % in apo-Al, and
30 % in paraoxonase levels. This was accompanied by
127 % reduction in HDL antioxidant activity and its
conversion into a pro-oxidant agent. These changes
were supported by another study done by Kalantar-
Zadeh et al. [49] who looked at the reduction in HDL
anti-oxidant activity as a predictor of cardiovascular
and overall mortality in 189 patients with CKD on
dialysis at 30 months of follow-up. In this study,
patients with low HDL anti-oxidant activity had a
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significant higher adjusted risk of death than those
with high levels.

Oxidized phospholipids and lipoperoxides can
initiate lipid peroxidation chain reaction and activate
lectin-like oxidized LDL receptor and scavenger
receptor class Al leading to oxidative stress and
inflammation [50-53]. HDL carries oxidized phos-
pholipids and lipoperoxides for enzymatic processing
and disposal in the liver to decrease oxidative stress
and inflammation [54]. However, in systemic inflam-
mation, there is a great increase in the amount of
oxidized lipids. Conversely, in this state, the large
HDL load of these agents transforms HDL into a pro-
inflammatory factor [3, 55]. Also, apo-Al oxidation
diminishes its interaction with ABCA-1 and affects
HDL-mediated cholesterol transport [25, 56].

Patients with uremia often have high triglycerides
levels. Triglycerides enrichment makes LDL more
susceptible to oxidation. Oxidized LDL is highly pro-
inflammatory and abundant in patients with CKD,
leading to a reduction in HDL anti-inflammatory and
anti-oxidant potencies [5, 16, 18, 25].

Current advances and future perspective
in treatments targeting HDL

It is well known that most patients with uremia die
from cardiovascular disease before the initiation of
hemodialysis [57]. While several studies have been
done to guide the treatment of dyslipidemia in uremic
patients, the results of some studies are still under
investigation. In this section, we will discuss the
results of some studies on the current lipid-lowering
drugs and the new experimental drugs that might play
an active role in treating dyslipidemia in the near
future.

Statins

Several clinical trials assessed the efficacy of statins in
reducing the risk of cardiovascular events in patients
with CKD. The AURORA trial (A Study to Evaluate
the Use of Rosuvastatin in Subjects on Regular
Hemodialysis: An Assessment of Survival and Car-
diovascular Events) was done on 2776 patients on
maintenance hemodialysis. It showed a 43 % reduc-
tion in the LDL levels in patients taking 10 mg of
rosuvastatin when compared with the placebo group at
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3 months of follow-up. However, this reduction in
LDL levels did not reflect any benefit on the primary
end points of nonfatal myocardial infarction, nonfatal
stroke, or death from cardiovascular events (Table 1)
[58]. Also, the 4D study targeting a higher risk of
patients with diabetes on hemodialysis failed to show
any benefit of atorvastatin in reducing cardiovascular
events in this population (Table 1) [59]. It should be
noted that patients with less advanced CKD may
benefit from long-term treatment with statins in terms
of preventing the progression of their kidneys disease,
as shown by Ruan et al. [60]. In the Study of Heart and
Renal Protection (SHARP), a total of 9,438 CKD
patients including 3,056 on dialysis were randomized
to ezetimibe 10 mg plus simvastatin 20 mg versus
placebo versus simvastatin 20 mg daily. Compared
with placebo, ezetimibe 10 mg plus simvastatin
20 mg daily yielded to a significant improvement in
the LDL levels at median follow-up interval of
4.9 years. More importantly, there was 17 % propor-
tional reduction in major atherosclerotic events in the
simvastatin plus ezetimibe group when compared with
placebo. There was no difference in the primary
outcome between treatment groups for subgroups
defined by baseline HDL cholesterol [61].

Niacin

Among the current drugs in the market, niacin has
shown to be the most effective in raising the plasma
levels of HDL [62]. The AIM-HIGH clinical trial
(Atherothrombosis Intervention in Metabolic Syn-
drome with Low HDL Cholesterol/High Triglyceride
and Impact on Global Health Outcomes) was done on
a group of patients with history of the cardiovascular
disease, low HDL and high triglycerides who were all
prescribed simvastatin and randomized to either high-
dose niacin up to 2,000 mg per day or placebo.
Surprisingly, this trial did not show any superior
benefit of niacin in reducing the five-component end
points of fatal or nonfatal MI, strokes, hospitalizations
for acute coronary syndrome, or the need for revas-
cularization. Of note, all these patients had a very
well-controlled LDL level of <70 mg/dl. The authors
concluded that in this specific group of well-controlled
LDL, there is probably no room to improve outcome
by improving the HDL levels. A sub-study, in the
AIM-HIGH trial, is still investigating whether certain
patients with very low HDL levels or LDL levels

above the median would had an additional benefit
from this combination [63]. It will be interesting to
study patients with CKD and well-controlled LDL,
looking if niacin therapy has additional benefit on
decreasing cardiovascular events, as this population
often have very low levels of HDL, in addition to its
impaired metabolism. Due to its potent antioxidant
and anti-inflammatory effects, niacin slowed the
progression of renal disease in a study done on
nephrectomized rats where those not treated with
niacin exhibited more proteinuria, glomerulosclerosis,
tubulointerstitial damage, and hypertension [64, 65].

PPARo agonists

PPARo agonists increase the plasma levels of HDL,
decrease the levels of triglycerides, and to a lesser
extent that of LDL [66]. A double-blind trial done on
the PPARa agonist gemfibrozil in patients with mild to
moderate chronic kidney disease showed a 24 percent
reduction in the combined outcome of death from
coronary heart disease, nonfatal myocardial infarc-
tion, and stroke (P < 0.001); these findings were
accompanied by 6 percent increase in the HDL levels
and a non-significant decrease in LDL levels (Table 1)
[67]. Another study was done looking at the effect of
gemfibrozil on slowing the progression of renal
disease in patients with chronic kidney disease, low
HDL levels, and coronary artery disease. This study
did not show any relevant efficacy of this drug on
slowing the renal function loss [68]. However, some
patients experienced worsening in the creatinine levels
which could be due to myotoxicity. Of note, the safety
of these drugs in patients with severe renal disease
remains unclear.

Apo-Al and Apo-Al mimetics

As discussed previously, apo-Al is the cornerstone in
the reverse cholesterol transport process, as well as in
maintaining functional HDL. Studies on apo-Al
started with the intravenous administration of recom-
binant apo-Al in humans and showed decreased rates
of atherosclerosis and arterial restenosis [69]. Another
study done on mice, maintained on high lipid diet for
6 weeks, showed more than 50 percent reduction in
atherosclerosis in those treated with helper-dependent
adenoviruses containing human apo-Al gene when
compared with mice injected with normal saline [70].

@ Springer



34

Int Urol Nephrol (2014) 46:27-39

Table 1 This table summarizes the major trials on statins as well as other anti-lipids in patients with chronic kidney disease

Study

Design

Population and treatment

Outcomes

Statin trials

AURORA; Multicenter,
Fellstrom randomized,
et al. [58] double blind,

placebo
controlled
4D; Wanner Multicenter,
et al. [59] randomized,
double blind,
prospective
SHARP; Randomized,

Baigent et al.

[61]

double blind

2,773 on MHD >3 months; 1,389 patients
treated with rosuvastatin versus 1,384
with placebo; 3.8-year-median follow-up

1,255 patients with type II DM, on MHD
<2 years; 619 patients treated with
atorvastatin versus 636 patients with
placebo; 4-year-median follow-up

9,270 patients with CKD (3,023 on MHD);

treatment regimen of simvastatin plus
ezetimibe versus placebo; 4.9-year-

Non-significant difference in mortality,
primary (events per 100 patient years),
and secondary endpoints

Non-significant difference in composite
primary endpoint. Significantly higher
risk of fatal stroke in the treatment group

17 % reduction in major atherosclerotic
events (rate ratio 0.83, 95 % CI
0.74-0.94, log-rank test P = 0.002) in the

median follow-up

Non-statin trials

Post hoc Randomized, 1,046 patients had CrCl <75 and
analysis double blind, established CHD. Treatment with
of VA-HIT; multicenter Gemfibrozil. 5-year-median follow-up
Tonelli et al.

[67, 68]

OPACH; Randomized, 206 patients with CHD and on MHD.
Svensson double-blind 2-year-median follow-up. Treatment with
et al. [94] placebo n-3 PUFA

controlled

treatment arm

The incidence of coronary death or non-
fatal myocardial infarction was lower in
participants with CKD who received
gemfibrozil compared to placebo (HR
0.73; 95 % CI 0.56-0.96, P = 0.02). The
risk of sustained increases in serum
creatinine was increased in gemfibrozil
recipients compared with placebo (5.9 vs.
2.8 %, P = 0.02)

No significant effect on the primary
composite end point
of cardiovascular events and death. A
significant reduction was seen in the
number of myocardial infarctions (four
vs. 13; P = 0.036)

MHD maintenance hemodialysis, DM diabetes mellitus, CKD chronic kidney disease, CrClI creatinine clearance, CHD coronary heart
disease, HR hazard ratio, n-3 PUFA omega-3 polyunsaturated fatty acids

A similar study assessed the effect of intravenous
recombinant apo-A1 Milano/phospholipid complexes
on atheroma burden in patients with acute coronary
syndromes. Although it showed a decrease in ather-
oma area in some cases, this was not statically
significant [71]. These studies were all limited by the
high cost of the treatment and small sample size,
which limited the widespread use of apo-Al.
Currently, researches are investigating the benefit
of several synthesized short apo-A1 mimetic peptides,
instead of the human apo-A1 protein which consists of
243 amino acids. Several studies were conducted on
the bioavailability and the route of administration of
those peptides. The apo-Al mimetic peptide D-4F,
which is orally administrated, was tested in the
mice and monkey models and showed decreased
atherosclerosis and improved HDL antioxidant and
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anti-inflammatory functions [72-76]. Also treatment
with apo-Al D-4F showed a reduction in the vessel
wall thickness and improvement in the endothelial
vasodilation function [77, 78].

CETP inhibitors

CETP transfers CE from HDL to TG-rich particles
(TRL) resulting in CE-rich VLDLs, which are a
substrate for the formation of atherogenic small dense
LDL (sdLDL) [79-81]. Thus, by inhibiting CETP,
HDL levels are increased; VLDLs and sdLDL levels
are decreased which should hypothetically lower the
risk of atherosclerosis and cardiovascular disease [82].
Torcetrapib, a new CETP inhibitor, was the subject of
a large double-blind randomized study done on 15,
067 patients at high risk for coronary events. It
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compared the cardiovascular outcomes in patients
taking atorvastatin alone versus torcetrapib and ator-
vastatin [83]. This study was stopped early because of
the increased risk of cardiovascular events and all-
cause mortality in the torcetrapib group, despite a
dramatic increase in HDL levels (72 percent). In
addition, these patients had an increase in 5.4 mmHg
in the arterial blood pressure compared to the atorva-
statin single therapy group. Many theories where
elaborated to explain these unexpected results. It is
possibly that the increased size of HDL affects its
recycling and attenuates its capacity to remove
cholesterol from the arterial wall [84, 85]. Evacetra-
pib, a newer CETP inhibitor, was studied in a
randomized clinical trial conducted among 398
patients with elevated LDL or low HDL. Compared
with placebo evacetrapib as monotherapy increased
HDLlevels up to 128 % and decreased LDL levels by
13.6 to 35.9 %. Compared with evacetrapib mono-
therapy, the combination of statins and evacetrapib
resulted in greater reductions in LDL (P < 0.001) but
no greater increase in HDL [86]. Anacetrapib, another
new CETP inhibitor, showed a 39.8 % reduction in
LDL level, and 138.1 % increase in HDL levels during
the phase III DEFINE trial without the 25 % increase
in cardiovascular events seen with torcetrapib [87].
Anacetrapib and evacetrapib are still being studied for
cardiovascular outcomes in ongoing clinical trials.
Dalcetrapib enters the list of the disappointing CETP
inihibitors with torceptrapib. In dal-OUTCOMES,
patients with a recent acute coronary syndrome were
followed for a median of 31 months, dalcetrapib
raised HDL levels by 30 %, had little effect on LDL,
but did not reduce the risk of recurrent cardiovascular
events [88].

ACAT inhibitors

ACAT enzymes help in the storage of cholesterol in
the liver, intestines, and arterial macrophages. These
enzymes have different roles in the regulation of
cholesterol synthesis; they catalyze the intracellular
esterification of free cholesterol to cholesterol ester to
be incorporated in VLDL and chylomicrons. When the
intracellular concentration of free cholesterol is
decreased, the activity of SREBP (sterol regulatory
element-binding proteins) which is responsible of the
upregulation of free cholesterol biosynthesis is
enhanced. This will provide ACAT with more

substrates for esterification and facilitates foam cell
formation especially in the macrophages. This process
leads to an increase in atherosclerosis, dyslipidemia,
and glomerulosclerosis, due to the attenuation of RCT
that depends on the shift of intracellular free choles-
terol to the cell membrane in its way to be incorporated
into HDL.

Although the wide use of statins decreased the
rate of cardiovascular events, further studies on
other treatment modalities are still needed to further
decrease these events. A new treatment strategy
acting on the inhibition of the ACAT enzyme was
the subject of the A-PLUS trial (Avasimibe and
Progression of Lesions on UltraSound) [89]. This
study involved patients with chronic stable angina,
unstable angina, post-myocardial infarction, or post-
percutaneous coronary intervention with at least one
20-50 % diameter stenosis on angiography in 1
“target” coronary artery defined as more than
2.5 mm in diameter. Serial intravascular ultrasounds
(IVUS) were done at baseline to assess the mean
plaque atheroma volume and at 18 months of
follow-up to assess the regression of atherosclerosis
in patients taking either the ACAT inhibitor
avasimibe or placebo. Results of the study showed
that avasimibe did not favorably alter coronary
atherosclerosis, but increased the atherosclerotic
burden with 6 more cases of death in the group
treated with avasamibe [89]. Despite the increase in
HDL levels, ACAT inhibitors will affect the
stability of the cell membrane maintained by its
content of free cholesterol. Thus, the unfavorable
result can also be explained by the fact that ACAT
inhibition lead to an increase of intracellular levels
of free cholesterol facilitating cell membrane rup-
ture and the release of macrophages intracellular
metalloproteinases enzymes which will trigger
plaque rupture and thrombosis.

Conclusion

Cardiovascular morbidity and mortality is enormous
in patients with CKD. In point of fact, the majority of
patients with CKD die of cardiovascular events prior
to initiation or renal replacement therapy [90]. And in
those patients who do end up requiring maintenance
hemodialysis, the mortality is a staggering 10-30
times higher than the general population [91].
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The culprits behind early atherosclerosis are mul-
tifactorial, and some are exclusively related to this
population. Inflammation, oxidative stress, impaired
cholesterol and chylomicron metabolism, and HDL
dysfunction and deficiency all play an incriminating
role in this destructive saga.

In this review, we have outlined the key mecha-
nisms of HDL dysfunction in the setting of CKD and
ESRD. CKD-induced reduction in the hepatic pro-
duction and plasma concentration of apolipoprotein
Al and the resulting decrease in HDL; LCAT
deficiency (due to CKD-mediated downregulation by
the liver), which hinders the uptake and maturation of
HDL; downregulation of the SR-B1 (HDL docking
receptor in the liver) and upregulation of the HDL
endocytic receptor (mitochondrial ATP synthase sub-
unit B) impairing reverse cholesterol transport and
decrease HDL levels, and finally, a limited HDL anti-
oxidant properties along with significant reductions in
the key anti-oxidative enzymes such as glutathione
peroxidase and paraoxonase leading to an increase in
LDL and lipoprotein remnants oxidative damage and
subsequently increased adhesion and infiltration of
monocytes into arterial walls.

Effective anti-hyperlipidemic therapy for patients
with CKD and ESRD, simply put, is still not well
established. More research is still needed to specifi-
cally investigate potential therapy in this specific
population which has a significantly higher risk of
CAD. So far, the trials investigating statin usage have
not yielded a significant effect on cardiovascular or
all-cause mortality [92]. However, when combined
with ezetimibe statins might have a protective role in
CKD patients as shown in the sharp trial. The benefit
of PPARo agonists is still controversial; moreover, the
long-term safety and efficacy in patients with
advanced kidney disease remains a concerning point.
Another potential agent, niacin, did not show an
additional benefit in patients with well-controlled
LDL levels; in addition, poor tolerability poses a big
compliance issue. Further investigations utilizing
newer agents such as the apo-Al mimetic showed
promising results in animal studies. However, clinical
trials are still needed before a real solution can be
offered to combat this challenging global health-care
dilemma. Although CETP and ACAT inhibitors
significantly improved HDL levels, the results were
disappointing in the major clinical trials with an
increase in cardiovascular events. Until we find the

@ Springer

effective therapy, our efforts should be focused on
addressing other risk factors such as hypertension,
abnormal calcium and phosphate handling, diabetes,
use of ultra-pure dialysates, biocompatible dialyzers,
and arteriovenous (A-V) fistulas instead of catheters or
A-V grafts [92, 93].
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