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Abstract Chronic kidney disease (CKD) is associated with
high risk for cardiovascular disease (CVD). This association is
multifactorial, but CKD is often associated with dyslipidemia,
which likely contributes. Patients with CKD have dyslipid-
emia even at early stages of renal dysfunction and dyslipid-
emia tends to progress with deterioration of kidney function.
The dyslipidemia in CKD is largely due to increased triglyc-
eride levels, decreased HDL-C and varying levels of LDL-C.
Current management of CKD may also affect lipid levels.
Robust clinical trials demonstrate that statins are safe and ef-
ficacious in both lipid lowering and prevention of CVD events
in pre-end stage CKD and post-transplant. However, there is
no evidence of improved CVD outcomes with statin use in
dialysis patients. This review will focus on mechanisms un-
derlying dyslipidemia in CKD and clinical trial evidence for
lipid lowering therapy in patients with CKD.
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1 Introduction

Chronic Kidney Disease (CKD) is defined by the National
Institute of Diabetes and Digestive and Kidney Diseases as a
sustained reduction in kidney function where the glomerular
filtration rate (GFR) remains below 60 mL per minute or when
the urine albumin-to-creatinine ratio is over 30 mg of albumin
for each gram of creatinine for more than 3 months [1]. There are
5 stages of CKD which are determined by the estimated glomer-
ular filtration rate (eGFR); see Table 1. End-stage renal disease
(ESRD) is defined as total and permanent kidney failure typical-
ly requiring either dialysis or transplantation. CKD affects 10—
13% of the general population [2] (approximately 20 million
Americans) and the prevalence in the U. S. population has been
increasing by up to 5% per year [3]. The incidence of CKD is
increasing most rapidly in patients over age 65 years; however,
the incidence of ESRD has leveled off after increasing steadily
from 1980 to 2001 [1]. The incidence of ESRD is three times
higher for African Americans than for Caucasians but since 2000
the incidence rates have been stable across all races [1].
Cardiovascular disease (CVD) is the leading cause of death
in the United States and in particular the leading cause of death
in patients with CKD and ESRD [4, 5]. The Cardiovascular
Health Study was a prospective study of people greater than or
equal to 65 years that showed that people with renal insuffi-
ciency (defined as a creatinine >1.5 mg/dL in men and
>1.3 mg/dL in women) were more likely to develop CVD,
heart failure and peripheral vascular disease [6]. More specif-
ically, up to 50% of patients with CKD pass away from CVD
even prior to being labeled as ESRD [7]. Dyslipidemia is a
major risk factor for CVD. Approximately 100 million or
1/3rd of Americans have total cholesterol levels greater than
200 mg/dL and more than 34 million have levels above
240 mg/dL according to the American Heart Association.
Robust clinic trial evidence demonstrates that lipid lowering
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Table 1 Chronic kidney

disease stages CKD Stage GFR
Stage 1 >90 mL/min
Stage 2 60-90 mL/min
Stage 3A 45-59 mL/min
Stage 3B 30-44 mL/min
Stage 4 15-29 mL/min
Stage 5 <15 mL/min

via medications such as statins, leads to decreased CVD
events and mortality.

2 Lipid levels in CKD

Lipoproteins are organic assemblies of lipids, cholesterols and
proteins that function to transport insoluble lipids and choles-
terol through blood and lymph. The major lipoproteins in-
clude chylomicrons, very low density lipoprotein (VLDL),
low density lipoprotein (LDL) and high density lipoprotein
(HDL). Lipoproteins vary in the type of apolipoprotein as well
as the composition of proteins and lipids. Apolipoproteins
bind the lipids to make the assembly soluble; in addition,
different apoproteins have specific functions. Apolipoprotein
(apo)B is the main structural protein on VLDL and LDL and
as there is one apoB per particle, apoB is a measure of particle
numbers. ApoA-I is the major structural protein on HDL. The
other apoproteins have various roles in regulating lipoprotein
particle size, structure and catabolism. The dyslipidemia in
CKD is largely due to increased triglyceride levels, decreased
HDL-C, varying levels of LDL-C, and an increase in apoB to
apoA-I ratio. Further delineation is stated as per below.

2.1 Triglyceride rich lipoproteins (VLDL, chylomicrons,
chylomicron remnants)

Hypertriglyceridemia starts to increase at early stages of CKD
and is one of the most common quantitative lipid abnormali-
ties. Hypertriglyceridemia is multifactorial with a likely com-
ponent of delayed catabolism due to depressed lipoprotein
lipase (LPL) mediated hydrolysis in VLDL and chylomicrons.
This reduction in LPL activity has been attributed to parathy-
roid hormone (PTH)-induced insulin resistance [8] and an
excess of lipase inhibitors such as apoC-III and pre-beta-
HDL in uremic plasma [9]. Another study investigated
apoC-I and C-III levels in both diabetic and nondiabetic ne-
phropathy. Diabetic nephropathy was associated with an in-
creased apoC-I, whereas apoC-III was elevated in both sub-
groups of chronic renal failure [10].
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2.2 Low density lipoprotein

Low density lipoprotein levels are generally not elevated in
patients with CKD although the literature is unclear if the
onset of CKD induces changes in LDL cholesterol. One study
suggested that patients on hemodialysis had decreased hepatic
triglyceride lipase, used for conversion of IDL to LDL, with
evidence of increased IDL-C and decreased LDL-C [11].
Another study suggested increased levels of both LDL and
IDL due to severely impaired catabolism of these particles.
They also suggested that increased particle time in circulation
leads to further modifications of apoB that will reduce recog-
nition by LDL receptors causing rising level of LDLs. The
reduced catabolism is also masked by decreased production
[12]. Patients with nephrotic range proteinuria have an ac-
quired LDL receptor deficiency as well as excess small dense
LDL and lipoprotein remnants that also relate to increased
plasma triglyceride [13, 14].

2.3 High density lipoprotein

Low HDL levels are established as a significant risk factor for
CHD and were shown to be an independent predictor of first
ischemic heart disease by a study of over 2000 men being
followed for 5 years [15]. Patients with advanced kidney dis-
ease have decreased lecithin cholesterol ester transfer protein
making HDL fail to mature. This results in increased pre-beta
HDL and triglyceride-rich HDL with decreased effective anti-
oxidation activity [16]. Chronic renal failure downregulates
hepatic apoA-I gene expression and hepatic LCAT mRNA
expression, which result in lower plasma apoA-I and plasma
LCAT activity respectively. This accounts for the reduced
HDL and leads to impaired HDL-mediated cholesterol uptake
from vascular tissue (reverse cholesterol transport) [17, 18].

2.4 Lipoprotein (a) [Lp(a)]

Elevated Lp(a) (defined as serum levels over 10-30 mg/dL) is
seen more commonly in patients with CKD than those without,
and has been noted that these levels increase inversely with
eGFR. Compared to age- and sex-matched healthy controls with
average Lp(a) concentration of 22 mg/dL, those with Stage 4 and
5 CKD have levels of 34 mg/dL and 49 mg/dL respectively [19].
The reasons for increased Lp(a) in CKD are unclear. However,
increasing data indicates that high levels of Lp(a) in patients with
CKD are due to decreased renal clearance as opposed to in-
creased production. Some studies suggest renal clearance is key
based on data showing a drop in Lp(a) levels in the renal vein
compared to the ascending aorta [20]. In another study rats were
injected with Lp(a) and immunostaining revealed accumulation
in the kidney tubules as well as urinary excretion of apo(a) frag-
ments [21]. Moreover, a turnover study comparing Lp(a) levels
in patients on hemodialysis showed markedly increased
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residence time without a significant difference in production rate
of apo(a) compared to control [22]. On the other hand, there are
studies that suggest the liver is the major organ for clearance such
as a study with mice when injected with radiolabeled Lp(a) [23].
Further research is needed to clarify the reasons for elevated
Lp(a) in CKD, but current guidelines do not recommend mea-
suring Lp(a) unless there are specific indications.

3 Guidelines for dyslipidemia

Several different sets of guidelines exist to guide health care
providers in both screening and treatment of dyslipidemia, but
many guidelines have not provided specific recommendations
for the CKD population. The following sections summarize
the current major guidelines with a focus on the CKD popu-
lation where applicable.

3.1 The United States Preventive Services Task Force
(USPSTF) guidelines

The USPSTF recommends checking total cholesterol and
HDL-C as a screening test for atherosclerotic cardiovascular
disease (ASCVD) risk assessment in men and women over 35
and 45 years old respectively as well as those over 20 years
old with increased risk for coronary heart disease (CHD).
Although LDL-C and triglycerides are commonly combined
with the lipid profile, the USPSTF believes there is insuffi-
cient evidence to include triglycerides as part of the initial
screen for dyslipidemia. The USPSTF recommends low to
moderate dose statins for primary prevention of CVD in those
aged 4075 years, with 1 or more CVD risk factors and 10 year
risk >10%. These guidelines do not specifically address the
CKD population.

3.2 The American College of Cardiology (ACC)
and American Heart Association (AHA) guidelines

The ACC/AHA released guidelines titled “2013 ACC/AHA
Guideline on the Treatment of Blood Cholesterol to Reduce
Atherosclerotic Cardiovascular Risks in Adults”. This guide-
line focuses on ASCVD, and a major change from prior guide-
lines was to move away from lipid target levels and instead
advise based on statin treatment intensity. Statin intensity is
defined by percent lowering of LDL-C from baseline: low
intensity <30%; moderate intensity 20-50%, and high inten-
sity >50%. These guidelines recommend statin therapy for
four patient groups; see Table 2. The first group is those with
clinical ASCVD (defined as acute coronary syndrome, prior
myocardial infarction, stable/unstable angina, prior coronary
or arterial revascularization, stroke, transient ischemic attack,
or peripheral arterial disease presumed to be of atherosclerotic
origin). High-intensity statin treatment is recommended for all

patients in this group aged less than 75 years old (moderate-
intensity statin recommended for those 75 years or older). A
high-intensity statin is also recommended for the second
group which includes those with a LDL-C > 190 mg/dL but
no evidence of ASCVD. The third group comprises patients
with diabetes ages 40—75 years old. The Framingham risk
calculation is used to calculate each individual’s 10-year
ASCVD risk. For those with an estimated risk of >7.5% the
recommendation is to receive a high-intensity statin; all others
in this group should receive a moderate-intensity statin. The
fourth group includes patients between 40 and 75 years old
not meeting the above qualifications. A moderate or high in-
tensity statin is recommended for any individual with a 10 year
ASCVD risk >7.5%. This guideline does not advise statin
therapy for individuals who do not fall into one of these risk
categories. Statins are the cornerstone of lipid management;
when a particular statin intensity is not tolerated, the next
lower intensity should be tried. These guidelines do not spe-
cifically comment on individuals with CKD, and CKD is not
included in the risk calculator.

3.3 The kidney disease improving global outcomes
(KDIGO) work group guidelines

KDIGO provides recommendations for patients with CKD.
KDIGO recommends all patients newly diagnosed with CKD
should have a lipid profile measured including total cholesterol,
LDL-C, HDL-C, and triglycerides. A statin or statin/ezetimibe
combination is recommended for adults over 50 years not on
dialysis but with an eGFR <60 mL/min/1.73m>. If the patient is
between 18 and 49 years old, statin therapy is recommended
based on comorbid conditions such as CVD, diabetes, stroke, or
10 year risk over 10%. KDIGO does not recommend initiating
statin therapy for patients on dialysis, although a statin can be
continued if a patient was on one prior to initiating dialysis.
These guidelines also recommend statins for all adult patients
with a transplant [24]. Somewhat similar to the ACC/AHA guide-
lines, KDIGO has moved away from lipid targets, and instead
recommends a “fire-and-forget™ strategy for patients who have
indications to start hyperlipidemia medications. “Fire and forget”
means follow up lipid measurements are only indicated if the
results would influence adherence or treatment adjustments.
Treatment adjustments are similar to the AHA/ACC guidelines
such as if a new disease (ie diabetes, hypertension, ASCVD) is
diagnosed or if the patient moves into a new age group.

3.4 National lipid association (NLA) guidelines

The NLA published guidelines regarding the management of
dyslipidemia in 2014. It recommends that every 5 years a
fasting or non-fasting lipid panel be obtained in all adults
>20 years of age. Treatment goals are determined by an adult’s
risk assessment for ASCVD. Adults with CKD stage 3B or 4
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Table 2 Abbreviated ACC/AHA

guideline on the treatment of Treatment group

blood cholesterol
Clinical ASCVD

LDL-C > 190 mg/dL

Diabetes Mellitus, age 40-75y, LDL

70-189 mg/dL

No Diabetes Mellitus, age 40-75y, LDL

70-189 mg/dL

Treatment
Age<T75y High-intensity statin
Age>75y Moderate-intensity statin
High-intensity statin
10 y ASCVD risk High-intensity statin
>7.5%
10 y ASCVD risk Moderate-intensity statin
<7.5%
10 y ASCVD risk Moderate or high-intensity
>7.5% statin
10 y ASCVD risk Individualized treatment
<7.5%

are considered “high” risk while adults with diabetes and ev-
idence of end-organ damage (defined as an albumin/creatinine
ratio > 30 mg/g, eGFR < 60 mL/min/ 1.73m2, or retinopathy)
are classified as “very high” risk. The treatment goal for
“high” risk adults is LDL < 100 mg/dL and the treatment goal
for “very high” risk adults is LDL < 70 mg/dL (non-HDL
cholesterol goals are 30 mg/dL above the LDL goals, for each
risk category). Pharmacotherapy with moderate or high inten-
sity statin is recommended for those with LDL levels above
target, and should be considered even for those with pretreat-
ment LDL below targets unless contraindicated. The NLA
guidelines note that while stage 5 CKD (or hemodialysis) is
a very high-risk condition, results from trials have not provid-
ed convincing evidence of benefit, thus the NLA does not
provide treatment goals defined for lipid therapy in stage 5
CKD [25].

3.5 Canadian cardiovascular society lipid guidelines

The Canadian Cardiovascular Society released updated guide-
lines in 2016 that specifically addressed adults with CKD. Per
these guidelines, it is recommended that screening for dyslip-
idemia be considered for any person older than 40 years of age
or at any age for patients with certain conditions that are as-
sociated with high CVD risk, which includes CKD. More
specifically, the guidelines list five conditions for which risk
assessment is not needed because statin therapy is indicated
regardless of their individual risk. These high-risk conditions
include clinical atherosclerosis (known ASCVD), abdominal
aortic aneurysm (AAA) with aortic diameter > 3.0 cm or pre-
vious AAA surgery, diabetes mellitus (age > 40y, or age > 30y
with 15 years diabetes duration, or presence of microvascular
complications), LDL > 5.0 mmol/L (approx. 190 mg/dL), or
CKD (eGFR <60 mL/min/1.73m? or albumin/creatinine ra-
tio > 3 mg/mmol [approx. 30 mg/g]). The guidelines recom-
mend treatment with either a statin or a statin/ezetimibe com-
bination to reduce cardiovascular disease risk in adults over
the age of 50 with CKD who are not treated with dialysis or a
kidney transplant. Lipid-lowering therapy should not be
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started in adults who are dialysis —dependent; however, ther-
apy can be continued in adults already receiving therapy at the
time of dialysis initiation. Finally, the guidelines recommend
the use of a statin in adults who have received a kidney trans-
plant [26].

3.6 Summary of guidelines for CKD patients

While only a few of the guidelines mentioned here address
CKD patients as a specific population, there is apparent con-
sensus that patients with CKD are recognized as being at high
risk for CVD, and those with stages CKD3-CKD4 should be
treated with statin or statin plus ezetimibe to reduce risk. For
patients on dialysis there is consensus that lipid lowering ther-
apy should not be started, but if already present at the time of
initiation of dialysis, should not be discontinued. Patients post
renal transplant are considered appropriate for statin
treatment.

4 CKD management and its effect on lipoproteins
4.1 Peritoneal and hemodialysis

The effect of peritoneal dialysis and hemodialysis on lipopro-
tein composition is generally similar. According to one study,
both hemodialysis and peritoneal dialysis patients have en-
richment of apoC-III in VLDL, IDL, and LDL compared to
healthy controls. However, there was a difference with elevat-
ed apoB for patients with peritoneal dialysis compared to he-
modialysis [27]. Serum levels of lipoproteins and phospho-
lipids were compared in 140 patients on hemodialysis and 122
non-CKD healthy controls. Patients with hemodialysis had a
significant decrease in HDL and increase in triglycerides. This
study also showed significant alterations in phospholipid con-
centrations with increased levels of sphingomyelin and
diphosphatidylglycerol and decreased levels of phosphatidyl-
choline and phosphatidylinositol in patients undergoing main-
tenance hemodialysis [28]. A comparative observational study
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of 120 patients compared lipid profiles between subjects with
stage 5 CKD on conservative management with subjects on
maintenance hemodialysis. Results showed significantly low-
er total cholesterol and HDL-C with increased levels of tri-
glycerides in those undergoing maintenance hemodialysis
[29]. The type of hemodialysis can vary lipoprotein levels
according to some studies. For example, using high flux has
been shown to lead to an increase in apoA-I and HDL choles-
terol levels [30]. The type of dialysate has also shown to effect
plasma HDL levels. Patients with acetate as buffer had lower
HDL levels compared to bicarbonate, but the author conclud-
ed that other contributory factors would need to be excluded
[31]. Although there are many studies comparing lipid profiles
of those undergoing hemodialysis to conservative manage-
ment, the clinical significance of the profiles is complex but
tend to have a paradoxical association with survival. In an
analysis of over 15,000 patients on maintenance hemodialy-
sis, decreased total cholesterol, LDL-C and those with lower
serum triglyceride levels (<200 mg/dL) have been associated
with decreased survival. However, high serum LDL
(>100 mg/mL) was associated with increased cardiovascular
death in black patients [32]. This study brings up the point that
certain patients on hemodialysis are severely malnourished
and have low lipid profiles (which are normally favorable in
the general population) but in this case low lipid profiles are
due to malnutrition and these patients have worse outcomes.
However, there are also some hemodialysis subgroups who
have normal nutrition with highly elevated cholesterol; these
patients also do poorly and are the ones we might need to
target with lipid lowering therapy if not already on it.
Further studies of subgroups of patients undergoing hemodi-
alysis might help determine specific populations that would
benefit from cholesterol lowering therapy, especially those not
malnourished with elevated LDL-C.

4.2 Renal transplantation

Renal transplantation improves quality of life and increases
long-term survival [33]. However, patients undergoing renal
transplantation require immunosuppressive medications such
as corticosteroids and calcineurin inhibitors such as cyclospor-
ine and tacrolimus that frequently cause secondary
dyslipidemias. Corticosteroids elevate cholesterol via several
pathways including increased hepatic VLDL synthesis due to
hyperinsulinemia-mediated stimulation and downregulation
of LDL receptors thought to be due to adrenocorticotropic
suppression. In patients post renal transplant steroid with-
drawal tends to lead to a reduction in total LDL and HDL- C
[34]. Cyclosporine is associated with a dose dependent eleva-
tion in total and LDL-C with reductions in HDL-C to a greater
extent than tacrolimus [35, 36]. After renal replacement Lp(a)
levels are generally decreased [37]. In general, a dyslipidemia
characterized by increased total cholesterol, LDL-C, and

triglycerides and decreased HDL-C is common in post renal
transplant patients. Although balancing risks of rejection and
ASCVD development with immunosuppressive therapy is
complex, many physicians replace cyclosporine with tacroli-
mus and discontinue sirolimus if dyslipidemia occurs. The
guidelines for discontinuation or dose adjustment of cortico-
steroids are not definite, but in general recommend keeping
corticosteroids at lower doses.

4.3 Metabolic acidosis treatment

Small studies have shown that alkali supplementation can re-
duce progression of CKD and therefore KDIGO has recom-
mended oral bicarbonate supplementation to keep serum bi-
carbonate concentration over 21 mmol/L [24]. A small study
followed 9 patients on hemodialysis with metabolic acidosis
and hyperlipidemia for about a month. These patients had high
triglycerides, low HDL and normal total cholesterol at base-
line compared to non-CKD patients. After 2 weeks of sodium
bicarbonate treatment there was a significant decrease in tri-
glyceride levels; however, total cholesterol and HDL did not
change [38]. Another study in young non-CKD patients with
moderate hypercholesterolemia compared lipid levels after
consuming one liter of mineral water daily for four weeks
followed by one liter of bicarbonate mineral water daily for
four weeks. Results showed a reduction in total cholesterol
(6.3%, p = 0.012), LDL cholesterol (10%; p = 0.001), total/
HDL-C, LDL-C/HDL-C, and apoB concentrations without a
significant change in triacylglycerol or apoA-I levels [39].

4.4 Anemia treatment

Anemia is common in patients with CKD and there are mul-
tiple treatment options including transfusions, erythropoietin,
and iron supplementation. The presence of anemia adds to the
complexity of CVD and has been associated with increased
CHD risk and mortality. However, it is unclear if treatment of
anemia affects lipid levels. In a study on 33 patients on hemo-
dialysis who received erythropoietin, long term erythropoietin
was inferred to positively affect the lipid profile compared to
age matched controls also on hemodialysis without erythro-
poietin [40]. Over one hundred patients on dialysis were
followed during the initiation of erythropoietin therapy for
about ten months. Overall, their lipid profile had significant
drops of total cholesterol, serum triglycerides and apoB, but
LDL, HDL and apoA-I did not have significant changes [41].
However, a group of 10 subjects on hemodialysis with elevat-
ed serum ferritin were given deferoxamine therapy and no
statistically significant effects on the lipid profile were seen
[42]. Importantly, anemia treatment helps overall CVD risk
independent of effects on lipids.

@ Springer



34

Rev Endocr Metab Disord (2017) 18:29-40

4.5 Albuminuria treatment with ACE-I/ARB

Moderately increased albuminuria (formerly called
“microalbuminuria”) is elevation of albumin excretion (30
to 300 mg/day) for over 3—6 months. Severely increased al-
buminuria (formerly called “macroalbuminuria”) is elevation
of albumin excretion over 300 mg/day. KDIGO has four main
recommendations for treatment of increased albuminuria in
patients with CKD. For moderately and severely increased
albuminuria, KDIGO suggests that angiotensin II receptor
blockers (ARBs) or angiotensin converting enzyme inhibitors
(ACE-I) be used in all non-diabetic patients with hypertension
and used in all patients with diabetes as tolerated. Studies are
limited to the effect of lipid profiles in patients with CKD
being treated with an ARB or ACE-I. Some evidence suggests
an interaction between hyperlipidemia and the activation of
the renin-angiotensin system (RAS). A study that compared
RAS activation and renal injuries on apolipoprotein knockout
mice with a high fat diet suggested progression of CKD due to
synergistic effects of hyperlipidemia and RAS activation [43].
Being an oxidant, angiotensin II alters the binding of LDL to
its receptors and increases uptake of LDL into the endothelial
cell. In theory, the combination of lipid lowering strategies and
ACE inhibitors may have an additive effect in preventing
coronary atherosclerosis progression, but further testing needs
to be done [44].

4.6 Renal osteodystrophy treatment

Patients with CKD often have elevated phosphorus due to
decreased excretion as well as low calcium leading to an in-
crease in serum PTH. Common strategies to decrease serum
phosphorus include dietary restriction and oral phosphorus
binders. Sevelamer hydrochloride is a nonabsorbable
calcium- and aluminum- free phosphorus binder that is fre-
quently used especially in the setting of increased calcium.
Sevelamer has been shown to significantly reduce the concen-
tration of total cholesterol and apolipoprotein B in hemodial-
ysis patients [45]. A study of about 700 patients on hemodi-
alysis compared lipid profiles on patients either on sevelamer
or a calcium based phosphorus binder. Using a logistic regres-
sion model, the authors suggest that patients on sevelamer
have both lower serum C-reactive protein and lower LDL-C
as compared to a calcium based phosphorus binder. This anal-
ysis suggests sevelamer may be a new promising therapy in
patients with high risk of cardiovascular disease [46]. A cross-
over study of 30 stable patients comparing lipid profiles on
sevelamer compared to aluminum hydroxide showed similar
findings. Results show that sevelamer was well tolerated and
had similar phosphorus reductions with improved lipid pro-
files of both total cholesterol and LDL-C of about 10% and
20% respectively [47]. Calcitriol has also been studied and

@ Springer

appears to have modest effects to decrease triglycerides and
apoA-1 concentrations [48, 49].

5 Current dyslipidemia treatment options in CKD
5.1 HMG CoA reductase inhibitors (statins)

Statins are the most commonly used and best studied
lipid lowering agents in CKD (evidence reviewed in
Section 6). Statins work by inhibiting HMG CoA reduc-
tase, which is involved in cholesterol synthesis. As a
result, cells up-regulate their expression of the LDL re-
ceptor, and there is increased clearance of LDL-C from
the circulation. Atorvastatin and rosuvastatin are classi-
fied as high intensity statins, all others are moderate or
low intensity statins based on their percent LDL reduc-
tion. Robust clinical trial evidence demonstrates that
statin therapy effectively lowers LDL cholesterol and
reduces CVD events; thus, statins are the first-line treat-
ment for most dyslipidemias. Clinical trials demonstrate
that overall side effects are rare, but include muscle
aches, elevated transaminase levels, or of greatest con-
cern, rhabdomyolysis. Contraindications for statin use
include cholestasis and active liver disease or history
of rhabdomyolysis. In patients presenting with intoler-
ance of statins (generally non-specific muscle aches)
measurement of creatine kinase (CK), aminotransferase
levels, and thyroid stimulating hormone (TSH) are rec-
ommended, although not required. Elevations in hepatic
transaminases can occur in 0.5-2.0% of cases. Muscle
aches without CK elevations are the most commonly
reported side effect but in clinical trials occurred at
<5%, usually <1%, and were not significantly different
to placebo. Table 3 summarizes the expected LDL low-
ering, route of clearance and dose adjustment needed in
CKD for currently available statins. Although dose ad-
justments for patients on hemodialysis are typically not
defined, it is suggested that only atorvastatin or
fluvastatin should be used in severe renal impairment.

5.2 Cholesterol absorption inhibitor (ezetimibe)

Ezetimibe is a compound of the 2-azetidinone class that in-
hibits intestinal cholesterol absorption by preventing the up-
take of dietary and biliary cholesterol into the enterocytes of
the brush border by binding to the Niemann-Pick C1-like-1
receptor thus lowering LDL levels [50, 51]. However,
ezetimibe does not have much effect on the absorption of
triglycerides or fat-soluble vitamins. Given that ezetimibe is
only circulated in the enterohepatic circulation and does
not directly act on the kidneys it may be an ideal can-
didate for use in patients with CKD [52]. However, as
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Table 3  Statin doses with intensity in various CKD subgroups
Statin Dose (mg/d) Intensity LDL Reduction (%) Clearance Dose adjustment Use with
in CKD (mg/d) Cyclosporine
Simvastatin 5-10 Low 18-68 Liver CKD 4-5, start dose: 5 Avoid use
2040 Moderate
Pravastatin 10-20 Low 1441 Liver/ Kidney CKD 4-5, max dose: 10-20 Max dose: 20 mg/d
40-80 Moderate
Lovastatin 10-20 Low 3641 Liver CKD 4-5, max dose: 10-20 Avoid use
40-80 Moderate
Fluvastatin 2040 Low 32-36 Liver None Max dose: 20 mg/d
80 Moderate
Pitavastatin 1 Low 32-43 Liver/ Kidney CKD 3-5, max dose: 1-2 Avoid use
2-4 Moderate
Atorvastatin 10-20 Moderate 15-61 Liver None Avoid use
40-80 High
Rosuvastatin 5-10 Moderate 47-63 Liver/Kidney CKD 34, max dose: 5-10 Max dose: 5 mg/d
2040 High

monotherapy ezetimibe has relatively modest lipid low-
ering effects (lowers LDL-cholesterol up to 20%). As
described in the SHARP study (see section 6), ezetimibe
may be effectively used in combination with a statin to
induce greater LDL lowering than statin alone, or to
allow use of lower doses of statins if side effects are
a concern.

5.3 Nicotinic acid derivatives (niacin)

Niacin is a water-soluble vitamin that is converted to nicotin-
amide which is a component of nicotinamide adenine dinucle-
otide (NAD) or NAD Phosphate (NADP) which act as coen-
zymes for many different oxidation-reduction reactions [53].
Nicotinic acid is used in the treatment of dyslipidemias as it
inhibits the production of VLDL by inhibiting the mobiliza-
tion of free fatty acids from adipose tissue to the liver [54],
which in turn decreases LDL production. Nicotinic acid has
also been shown to increase HDL by 30-35% by
delaying HDL clearance and reducing the transfer of
cholesterol from HDL to VLDL [54]. It has a theoreti-
cal benefit of being used in patients with CKD because
it is not renally excreted. Despite this niacin has limited
use in treatment of dyslipidemia due to a common side
effect of “facial flushing” even at standard doses and
overall limited data suggesting benefit in clinical trials.
Furthermore, recent evidence has not found any benefit
to statin + niacin combinations [55, 56]. According to
prescribing information for Niaspan (a commonly pre-
scribed drug in the US), the product is metabolized in
the liver but excreted through the kidneys. Thus, cau-
tion should be used in patients who have renal impair-
ment; however, no studies have been performed in this
population [57].

5.4 Fibric acid derivatives (fibrates)

Fibric acid derivatives such as gemfibrozil and fenofibrate are
agonists for peroxisome proliferator alpha receptors which
decrease triglyceride levels and increase HDL levels [58].
Their mechanism of action is multifaceted and includes the
induction of lipoprotein lipolysis, induction of hepatic fatty
acid uptake, increased LDL removal and increased production
of apoA-I and apoA-II in the liver [59]. According to a sys-
tematic review and meta-analysis on the effects of fibrates in
kidney disease, in patients with mild-to-moderate kidney dis-
ease, fibrates significantly lowered total cholesterol and tri-
glyceride levels but had no significant effect on LDL levels
[60]. Fenofibrate Intervention and Event Lowering in
Diabetes (FIELD) and Action to Control Cardiovascular
Risk in Diabetes (ACCORD) are two double-blind, random-
ized placebo-controlled trials that showed an increase in se-
rum creatinine with fenofibrate. A follow-up to the FIELD
study showed a statistically significant increase in creatinine
level in patients receiving fenofibrate compared to patients
receiving placebo, and a greater fall in estimated GFR how-
ever the GFR loss over time was slower as compared to the
placebo group. [61] As fenofibrate is renally excreted and
studies demonstrated an increase in creatinine, there is some
concern regarding their use in patients with CKD; however, an
analysis of two studies with over 12,326 participants showed
that there was a reduction in the risk of major CV events in
patients on fibrate therapy. Given the robust data in support of
statin therapy, statins should be first line. However, fibrates
should be considered in patients who cannot tolerate statins.
Fibric acid derivatives come as gemfibrozil or several differ-
ent formulations of fenofibrate. Dose reductions are needed if
GFR i1s <60 mL/min/ 1.73m2, and all fibrates are contraindi-
cated with a GFR <30 mL/min/1.73m>.
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5.5 Fatty acid derivatives (fish oil)

Fish oil and/or consumption of oily fish have been shown in
some studies to have cardioprotective effects [62]. Their
greatest effect is to reduce triglycerides and this appears to
be dose related [63]. It remains controversial as to whether
the addition of fish oil reduces major ASCVD events and
the AHA/ACC guidelines do not explicitly recommend use
of fish oil. There is conflicting data regarding the use and
effect of fish oil in patients with CKD in the literature. For
example a meta-analysis found that fish oil was not associated
with a lower risk of cardiac death, MI, or stroke [64]
but another study found that fatty acid derivatives may
be protective against progression to CKD [65]. Overall
more research is needed to clarify a role for fish oil in
hyperlipidemia and CVD prevention.

5.6 Bile acid sequestrants

Bile acid resins such as cholestyramine and colestipol bind
bile acids in the intestine via anion exchange which results
in decreased enterohepatic reuptake of the bile acids thus lead-
ing to fecal loss of LDL [66]. These agents are contraindicated
in patients with baseline fasting triglycerides >300 mg/dL or
type I hyperlipoproteinemia as they can exacerbate hypertri-
glyceridemia. The use of bile acid sequestrants is limited by
gastrointestinal side effects and interactions with multiple oth-
er medications [67]. Since bile acid sequestrants are metabo-
lized in the intestine as opposed to the renal system there is no
specific dosage adjustment provided in manufacturer’s label-
ing; however, there are limited studies and data from which to
guide treatment decisions. Studies in the general population
suggest that bile acid sequestrants are effective and safe for
lowering LDL in the general population; however, there are
few studies regarding their safety and efficacy in patients who
have CKD. In addition, bile acid sequestrants many interfere
with the absorption of immunosuppressive medications limit-
ing their use in patients with renal transplants [68].

5.7 PCSKY9 inhibitors

Proprotein convertase subtilisin kexin 9 (PCSK9) has a role in
the recycling of LDL receptors: in the presence of PCSK9
LDL receptors that have bound LDL are internalized and di-
rected to the lysosome for degradation. This reduces cell sur-
face expression of LDL receptors, which decreases cell uptake
of LDL-C and leads to a rise in circulating LDL-C. PCSK9
inhibitors are monoclonal antibodies directed against PCSKO.
When PCSKD9 is inhibited LDL receptors take up LDL-C from
the circulation, are internalized, but then recycled to the cell
surface where they can again take up LDL-C. Thus, PCSK9
inhibitors lead to significant lowering of LDL-cholesterol, and
in a manner that is additive to statins [69]. PCSK9 inhibitors
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are delivered by subcutaneous injections ranging from weekly
to monthly depending on the agent. At present, they are only
indicated for adults with homozygous or heterozygous famil-
ial hypercholesterolemia or those with ASCVD who require
additional lowering of LDL-C. As PCSK?9 inhibitors are not
cleared renally there is theoretically little concern regarding
their use in CKD; however, there is little clinical data available
in severe CKD. The prescribing information indicates no dose
adjustment is needed for patients with mild to moderate CKD.

6 Evidence/outcomes for lipid-lowering therapy
in CKD

6.1 Pre-ESRD patients
6.1.1 UK-HARP I study

UK HARP-I study (First United Kingdom Heart and Renal
Protection) focused on efficacy and safety of simvastatin and
low dose aspirin in patients with CKD. The study analyzed
448 patients with CKD (242 pre-dialysis, 73 on dialysis, and
133 with a functional transplant) and used a 2 x 2 factorial
design for the administration of simvastatin 20 mg versus
placebo and aspirin 100 mg versus placebo. After 12 months
of follow up, simvastatin significantly reduced non fasting
total cholesterol by 18%, LDL-C by 24%, and triglyceride
level by 13%. There was no significant change in
HDL-C levels. Simvastatin was not associated with ele-
vated creatine kinase or abnormal liver function. Aspirin
use caused a 3-fold increase in minor bleeds although
no significant risk of major bleeds [70].

6.1.2 UK-HARP II study

The UK-HARP-II study (Second United Kingdom Heart and
Renal Protection) examined the efficacy, safety, and tolerabil-
ity of adding ezetimibe, 10 mg/d, to simvastatin, 20 mg/d, in
patients with chronic kidney disease. This study randomized
203 patients over 18 years old with CKD (51 were on dialy-
sis). The patients were followed up to 6 months with good
show rates (>98%). At 6 months, results of total cholesterol in
simvastatin monotherapy showed a 19% decrease from base-
line compared to a 30% decrease in simvastatin plus
ezetimibe, p < 0.0001. The study assessed tolerability
by evaluating for muscle pain, weakness, gastrointestinal
symptoms and safety by evaluating ALT, AST, alkaline
phosphatase, gamma glutamyl transferase, CK, and de-
terioration in renal function. The only significant differ-
ence was an increase in complaint of diarrhea in simva-
statin monotherapy group. [71].
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6.1.3 SHARP trial

The UK-HARP I and II studies examined the efficacy and
safety of simvastatin and ezetimibe in patients with CKD.
The SHARP trial (Study of Heart and Renal Protection) exam-
ined the effects of lowering LDL cholesterol on CVD outcomes
in patients with moderate to severe kidney disease. The chief
aim of SHARP was to determine whether the lowering of LDL-
C in patients with CKD could reduce the risk of CVD, non-
hemorrhagic stroke, and the need for revascularization proce-
dures. This was a randomized, double blinded trial consisting of
9270 patients over 40 years old without a history of myocardial
infarction or coronary revascularization with known CKD
(3023 on dialysis and 6247 not on dialysis). The pre-specified
outcome was the first major atherosclerotic event as described
by non-fatal myocardial infarction or coronary death, non-
hemorrhagic stroke, or arterial revascularization procedure.

The goal of using combination of simvastatin and
ezetimibe versus monotherapy was to reduce the risk of my-
opathy due to high dose statin while still achieving an average
reduction in LDL of 1 mmol/l (38 mg/dL). After a median
4.9 year follow-up, the active treatment yielded a 33 mg/dL
lower LDL. This resulted in a 17% (RR 0.83, 95% CI1 0.74—
0.94; p = 0.002) proportional reduction in major atheroscle-
rotic events. The analysis is likely an underestimate since one-
third of the treatment arm had noncompliance in addition to
15% of the patients in the placebo group who started a statin.
The study showed clinical significance with a 23% reduction
of coronary revascularization procedures (RR 0.73, 95% Cl
0.59-0.90; p = 0.003). This suggests a real benefit in coronary
events; however, it did not show significance in major coro-
nary events including non-fatal MI or CHD death. The study
also showed clinical significance with 25% reduction in any
non-hemorrhagic stroke (RR 0.75, 95% CI 0.60-0.94;
p =0.01). A subset analysis found a trend to larger reductions
of atherosclerotic events in patients with a baseline total cho-
lesterol >212 mg/dl, non-smokers, and patients with body-
mass index >28 kg/m?. The study also compared patients
not on dialysis to those on dialysis. Those patients with
CKD not on dialysis had a 22% reduction in atherosclerotic
events (RR 0.78, 96% CI 0.67-0.91; p > 0.5) while those on
dialysis had a 10% reduction (RR 0.90, 95% CI 0.75-1.08;
p = 0.2). Simvastatin and ezetimibe were well tolerated as
found in HARP I and II and no evidence of excess risks of
hepatitis, gallstones, or cancer was found [72].

6.2 Dialysis patients
6.2.1 4D study
The 4D study was a placebo-controlled, double-blind random-

ized trial designed to determine the effects of atorvastatin in
patients with type 2 diabetes on hemodialysis. The trial

enrolled 1255 people with type 2 diabetes aged 18-
80 years old who were on hemodialysis for less than
2 years. Patients received a four-week placebo run in
phase and were then randomized to receive either pla-
cebo or atorvastatin 20 mg daily. The primary endpoints
of the study were death from cardiac causes, nonfatal
MI and fatal and nonfatal stroke. Patients were followed
for a median of four years over which time 37%
reached the primary end point. The study showed that
while 20 mg Atorvastatin daily lowered LDL cholesterol
levels by approximately 42% there was no significant reduction
in the primary outcomes. Of note, there was an increase in
relative risk of fatal stroke in those patients taking atorvastatin
at 2.03 (95% CI 1.05 to 3.93; p = 0.04). Based on the results of
this trial it was suggested that the benefits of statin therapy are
likely limited once patients have already developed ESRD [73].

6.2.2 AURORA trial

The Assessment of Survival and Cardiovascular Events
(AURORA) trial was a randomized, double-blind placebo
controlled multicenter trial that enrolled men and women
age 50 to 80 years with ESRD who had been on treatment
for at least 3 months. Patients were then randomly assigned to
receive either placebo or rosuvastatin 10 mg daily. The prima-
ry end point of the study was the time to major cardiovascular
events which were defined as a nonfatal MI, nonfatal stroke or
death from cardiovascular causes. Secondary endpoints in-
cluded all-cause mortality, cardiovascular event-free survival,
procedures for stenosis or thrombosis of long-term hemodial-
ysis access, death from CV causes, coronary or peripheral
revascularization and death from non-cardiovascular causes.
Follow-up data was obtained 3 months after randomization
and then every 6 months. 2773 patients were included in the
intention to treat analysis with an average follow-up of
3.2 years. The primary end point occurred in 396 patients
who received rosuvastatin and in 408 patients who received
placebo with no significant effect of treatment; hazard ratio of
0.96, 95% CI of 0.84 to 1.11 and p = 0.59. Death from any
cause occurred in 660 patients in the placebo group and 636
patients in the rosuvastatin group. Hazard ratio was 0.96, 95%
CI10.86-1.07 and p = 0.51 suggesting no significant effect of
rosuvastatin on all-cause mortality or on death from non-
cardiovascular causes based on a hazard ratio of 0.92, 95%
CI10.77 to 1.09 and p = 0.34 [74].

Together, the results of the 4D study and AURORA
trial demonstrate that statin therapy offers no significant
benefit to patients already undergoing dialysis. Despite
this the KDIGO Clinical Practice Guidelines recom-
mends continuing statins or statin/ezetimibe combination
therapy for patients already taking the medication at the
time of dialysis initiation [24].
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6.3 Renal transplant patients
6.3.1 ALERT trial

The Assessment of Lescol in Renal Transplantation (ALERT)
trial determined the effects of fluvastatin therapy on cardiac
and renal endpoint in patients with renal transplants. The ran-
domized double-blind placebo-controlled trial followed 2102
renal transplant patients aged 3075 years over 5—6 years who
either received fluvastatin 40 mg daily or placebo. The prima-
ry endpoint was defined as cardiac death, non-fatal MI, and
coronary revascularization procedure. Fluvastatin significant-
ly lowered average LDL cholesterol levels by 32% compared
to placebo; however, the reduction in the primary endpoint of
major adverse cardiac events was 17% and not statistically
significant (p = 0.139). Treatment with fluvastatin did reduce
the risk of cardiac death by 38% and definite non-fatal MI by
32% for a 35% risk reduction in the combined endpoint.
Based on the results of this trial while statin therapy did not
show a reduction in the primary endpoint, the reduction in
secondary endpoints of cardiac death and nonfatal MI were
consistent with other beneficial effects of statins seen in other
populations [75]. A follow-up study called ALERT extension
study completed in 2005 followed the patients in the original
study for an additional 2 years on open-label fluvastatin XL
80 mg/day. 1652 patients of the 1787 who completed the
ALERT trial were included. This follow-up study showed that
patients on fluvastatin therapy had lower LDL cholesterol
levels with a significant reduction in the risk of cardiac death,
non-fatal MI, and cardiac interventional procedures of 21%
(p =0.036) as compared to patients taking placebo. Treatment
with fluvastatin XL also showed no significant difference in
adverse events compared to patients in the original ALERT
trial including infection, malignancy, increased CK or in-
creased alanine transferase making it a good treatment option
for patient with renal transplants [76].

7 Conclusion

ASCVD is the leading cause of death in developed countries
and there are many strategies for both primary prevention and
secondary prevention. Dyslipidemia is defined by an unfavor-
able lipid profile and is a major risk factor for developing
ASCVD. Patients with CKD have dyslipidemia even at early
stages of renal disease and dyslipidemia tends to progress with
deterioration of kidney function. The dyslipidemia in CKD is
largely due to increased triglyceride levels, decreased HDL-C
and varying levels of LDL-C. There are many national guide-
lines for treatment of dyslipidemia in the general population as
well as those with CKD and collectively the guidelines advo-
cate for the use of statins as first line therapy in patients with
ASCVD or at high risk for ASCVD. The guidelines that
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included CKD as a specific at risk population support the
use of statins to reduce ASCVD risk in those with pre-end
stage CKD and in those post renal transplant. However, there
is little evidence to support use of statins in patients on dialy-
sis, although continuing statin therapy upon dialysis initiation
in patients already on statin therapy is reasonable. Most guide-
lines focus on using statins based on their LDL lowering in-
tensity rather than focusing on particular treatment targets. It is
important to be aware of dose adjustments needed in patients
with CKD or use of immunosuppressive agents. Patients who
cannot tolerate statin therapy at high doses can benefit from
lower dose statin combined with ezetimibe. Those with con-
traindications or intolerant to statin might have some benefit
with fibrates or niacin but further studies need to be performed
to establish improved CVD outcomes in CKD patients.
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