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Cardiovascular disease is the leading cause of mor-
tality in kidney transplant recipients. Dyslipidemia is
a common finding after renal transplantation and a
significant risk factor in the development of coronary
heart disease. Although a causal relationship with car-
diovascular mortality has not been proven in the trans-
plant population, it is reasonable to extrapolate data
from the general population and aggressively treat
posttransplant dyslipidemia. Statins are considered
the agents of choice, though their use may be com-
plicated by drug misadventures. Pravastatin, fluvas-
tatin and pitavastatin are considered to be the safest
statins to use in this population; however, given their
low-potency, a high-potency statin, such as atorvas-
tatin, may be necessary in patients with significant
dyslipidemia. In this article, we discuss the etiology
of and treatment strategies for dyslipidemia in renal
transplant recipients based on a literature review of
potential therapeutic adverse effects and benefits in
this population. We will also evaluate the reasons
for and consequences of the latest Food and Drug
Administration (FDA) warnings regarding the use of
simvastatin.
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Introduction

Cardiovascular disease is the leading cause of mortality af-
ter organ transplantation, accounting for more than 30%
of deaths (1). With the improvement in short-term allograft
survival in the past decade, death with a functioning allo-
graft has become one of the major causes of graft loss (2).
Consequently, reducing cardiovascular mortality is a major
goal in posttransplant medical care. In addition to traditional
cardiac risk factors, the pathogenesis of cardiovascular dis-
ease after transplantation involves transplant-specific fac-
tors, such as the duration of pretransplant end-stage renal
disease, new onset posttransplant diabetes and poor allo-
graft function (3).

Dyslipidemia is a frequent finding following transplanta-
tion and immunosuppressive medications play a central
role in its pathogenesis. Historically, the prevalence of hy-
perlipidemia in renal transplant recipients (RTR) has been
reported to be higher than 80% (4); however, recent data
reflecting the use of more modern immunosuppressive
regimens report that approximately 44% of RTR have a
low-density lipoprotein (LDL) level above 100 mg/dL six
months following transplantation (1,5), and that roughly
40% of RTR are treated with a 3-hydroxy-3-methyl-glutaryl-
CoA (HMG-CoA) reductase inhibitor (i.e. statin) (1,5).

In the general population, the correlation between elevated
serum cholesterol and increased risk of coronary heart dis-
ease (CHD) is well established and reductions in serum
LDL have proved to significantly reduce both morbidity
and mortality of patients with or without CHD (6). Con-
versely, the role of dyslipidemia in posttransplant cardio-
vascular disease is not as clearly defined, though some
literature suggests that assessment and treatment of dys-
lipidemia could decrease cardiovascular events posttrans-
plantation (7). One recently recognized interesting aspect
is that cardiovascular interventions may affect different car-
diovascular outcomes, particularly as not all cardiac deaths
are associated with atherosclerotic CHD. Therefore, while
statins are beneficial in preventing cholesterol-dependent
events (8,9), complementary interventions such as tight
blood pressure control and preservation of renal function
might be required for the prevention of cardiac deaths not
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directly related to atherosclerosis (9), such as lethal arrhyth-
mias.

In this review, we will discuss the etiologies of and treat-
ment strategies for dyslipidemia in RTRs and evaluate the
reasons and consequences of the latest Food and Drug
Administration (FDA) warnings regarding the use of sim-
vastatin.

Etiologies of Dyslipidemia in
Transplantation

Potential causes of dyslipidemia posttransplantation in-
clude immunosuppressive medications, diet, obesity and
genetic predisposition. Among the immunosuppressive
agents, corticosteroids, cyclosporine and the mammalian
target of rapamycin (mTOR) inhibitors are especially asso-
ciated with elevations in lipid levels. The intensity of im-
munosuppressive therapy also seems to play an important
role.

Corticosteroids have multiple potential deleterious effects
on cholesterol metabolism, including an increase in the
activity of acetyl-coenzyme A carboxylase and free fatty
acid synthetase, down regulation of LDL receptor activity,
increase in the activity of HMG-CoA reductase and inhibi-
tion of lipoprotein lipase (10). A high cumulative dose of
corticosteroids is associated with increased levels of very
low-density lipoproteins (VLDL), total cholesterol (TC), and
triglycerides (TG), as well as a decrease in high-density
lipoprotein (HDL) levels. This has been confirmed in early
corticosteroid withdrawal analyses that show beneficial ef-
fects in reducing dyslipidemia (11).

Cyclosporine inhibits the enzyme 26-hydroxylase, which is
important in the bile acid synthetic pathway, leading to a
decrease in the synthesis of bile acids from cholesterol
and its transport to the intestines (12). Among the cal-
cineurin inhibitors, the Symphony trial reported a higher
incidence of new onset dyslipidemia in patients on cy-
closporine (36%) compared to those treated with low-dose
tacrolimus (26%) at three years posttransplant (13). Finally,
cyclosporine and corticosteroids seem to have an additive

effect in raising cholesterol, and withdrawing steroids only
partially improves cholesterol levels of transplant recipients
(14).

On the other hand, mTOR inhibitors lead to a significant in-
crease in both cholesterol and TG, in a dose-dependent
pattern possibly through a decrease in the catabolism
of apolipoprotein B100, inhibition of insulin and insulin-like
growth factor signals, and/or alterations in hepatocyte syn-
thesis of lipid moieties (15). Among the other available
immunosuppressive agents, there is no data suggesting
that either mycophenolic acid (MPA) or azathioprine causes
clinically significant increases in any lipid fraction.

Despite the potential role of immunosuppressants in the
etiology of posttransplant dyslipidemia, it is important to
exclude secondary causes of elevated lipids such as hy-
pothyroidism, diabetes, excessive alcohol intake, chronic
liver disease, nephrotic syndrome and other medication-
induced dyslipidemias (i.e. atypical antipsychotics, oral es-
trogen, protease inhibitors).

Treatment of Dyslipidemia in
Transplantation

The 2004 Kidney Disease Outcomes Quality Initiative
(K/DOQI) guidelines for managing dyslipidemia considered
RTR a high-risk group that carries a CHD risk-equivalent
(16). General screening recommendations are to check
lipid profiles within six months of transplant, at 1-year post-
transplant, and annually thereafter (16) with repeat testing
two to three months after a change in treatment or with
the development of other conditions known to worsen dys-
lipidemia. Current target lipid levels in transplant recipients
have been extrapolated from the general population (16)
and are shown in Table 1.

Common agents used for treatment of dyslipidemia in-
clude statins, fibric-acid derivatives (fibrates), nicotinic
acid (niacin), ezetimibe and bile-acid sequestrants. The
statins are the most commonly prescribed antilipemic
medications based on strong evidence that they reduce
LDL cholesterol and cardiovascular events with excellent

Table 1: Management of dyslipidemia in transplant recipients (modified from Ref. [16])

Dyslipidemia Goal Initiate Increase Alternative

TG>500 mg/dL with
LDL <100 mg/dL

TG<500 mg/dL TLC TLC + niacin Fibrate or statin

LDL 100–129 mg/dL LDL< 100 mg/dL TLC TLC + low-dose statin (7,18) Ezetimibe or niacin

LDL>130 mg/dL LDL<100 mg/dL TLC + low-dose statin (7,18) TLC + 50% max dose statin Ezetimibe or niacin

TG>200 mg/dL and
non-HDL>130
mg/dL

Non-HDL <130 mg/dL TLC + low-dose statin TLC + 50% max dose statin Ezetimibe or niacin

TG = triglycerides; LDL = low-density lipoprotein; HDL = high-density lipoprotein; therapeutic lifestyle changes (TLC) Non-HDL: TC minus
HDL (surrogate for increased remnant lipoproteins in the setting of high TG); max. = maximum. To convert mg/dL to mmol/L, multiply
triglycerides by 0.001129, and cholesterol by 0.02586.
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Table 2: Statin antilipid strength and conversion doses

Atorva statin Fluvastatin Lovastatin Pitavastatin Pravastatin Rosuvastatin Simvastatin % ↓ in LDL-C

– 40 mg 20 mg 1 mg 20 mg – 10 mg 30%
10 mg 80 mg 40 mg 2 mg 40 mg – 20 mg 38%
20 mg – 80 mg 4 mg 80 mg 5 mg 40 mg 41%
40 mg – – – – 10 mg 80 mg 47%
80 mg – – – – 20 mg – 55%
– – – – – 40 mg – 63%

tolerability (6). Statins are competitive inhibitors of HMG-
CoA reductase, the rate-limiting step in cholesterol biosyn-
thesis. By blocking HMG-CoA reductase, statins reduce
intracellular cholesterol in the liver and stimulate the ex-
pression of LDL receptors, increasing receptor-mediated
endocytosis of LDL; thereby, lowering serum LDL and TC.
Additional effects include a mild reduction in TG and a mod-
est elevation in HDL. Other than their antilipemic effects,
statins also have pleiotropic effects that may contribute to
their cardiovascular benefits, including anti-inflammatory
properties and modulation of endothelial function (17).

There has only been a single prospective randomized trial
in transplant recipients comparing statins (fluvastatin) with
placebo (ALERT trial), which showed a 35% reduction in
the incidence of nonfatal myocardial infarctions (MIs) or
cardiac deaths in statin-treated patients (p = 0.005) (18).
Though this trial involved more than 2,000 RTR with a 5-
year follow-up, fluvastatin only showed a nonsignificant
reduction in the primary composite endpoint of cardiac
death, nonfatal MI or coronary intervention compared to
placebo (RR 0.83, 95% CI 0.64–1.06, p = 0.139). This ob-
servation was likely secondary to the underpowered nature
of this trial for the chosen primary endpoint in patients with
stable graft function and no significant prior cardiovascular
disease (18). Moreover, the use of a low-potency statin that
only decreases cholesterol by approximately 30% might
also help explain the results, since more intensive lowering
of LDL has been shown to bring additional cardiovascular
benefits (6). Nonetheless, an extension of the ALERT trial
with 1,652 patients from the original study reinforced the
prior findings, demonstrating a 21% reduction of a major
cardiac event (p = 0.036) and a 29% reduction in cardiac
death or definite nonfatal MI (p = 0.014). However, there
was no difference in graft survival between the groups
(7). The safety profile of fluvastatin was comparable to
placebo when co-administered with cyclosporine, with no
difference in documented hepato- or myo-toxicities.

Tolerability and Safety of Statins

Although statins share a similar mechanism of action, they
differ with respect to potency (Table 2), metabolism and
frequency of adverse events. Elevated liver function tests
(LFTs) may occur in 1–3% of patients in a dose-dependent
pattern with spontaneous resolution occurring in 70% of
cases, even if the statin is continued. Statin-induced severe

liver dysfunction or liver failure is extremely rare. Neverthe-
less, monitoring of LFTs is warranted after statin initiation
or when doses are changed. If LFTs are higher than three-
times the upper limit of normal without any other potential
explanations, statin discontinuation or dose reduction is
recommended. Most centers would consider reintroduc-
tion of a different statin at a lower dose after documenta-
tion of resolution of transaminitis.

Statin-induced myopathy has a variable presentation, in-
cluding isolated muscle pain or weakness, elevated creati-
nine phosphokinase (CK) or rhabdomyolysis. The preva-
lence of these conditions is 1–3%, 0.1% and 0.005%,
respectively (19). Myopathy risk seems to be elevated
in the elderly, patients with a glomerular filtration rate
(GFR) <30 ml/min, those receiving maximum statin doses
and in patients taking medications or foods that inhibit
the cytochrome-P450 CYP3A4 or CYP2C9 isoenzymes
(16,19–21) (Table 3). Although both tacrolimus and cy-
closporine are known inhibitors of CYP3A4 enzyme in
vitro (22), recent reports suggest that cyclosporine re-
sults in a stronger inhibitory effect of the enzyme in vivo
when compared to tacrolimus (23), which could explain the
higher association of cyclosporine with statin-related toxi-
cities in clinical trials (16). In addition, cyclosporine has a
dominant inhibitory effect on a liver-specific transporter of

Table 3: Common inhibitors of cytochrome P450 isoenzymes

CYP3A4 inhibitors CYP2C9 inhibitors

Amiodarone Amiodarone
Azole antifungals (fluconazole,

ketoconazole, itraconazole,
posaconazole, voriconazole)

Antidepressants (fluoxetine,
fluvoxamine)

Cimetidine Azole antifungals
Cyclosporine Antibiotics (metronidazole,

TMP/SMX)
Gemfibrozil Omeprazole
Grapefruit Zafirlukast
Macrolide antibiotics

(erythromycin,
chlarithromycin)

Nefazodone (antidepressant)
Non-dihydropyradine calcium

channel blockers (diltiazem,
verapamil)

Protease inhibitors (ritonavir,
indinavir, nelfinavir,
saquinavir, etc.)
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statin (OATP1B1), blocking its entry into hepatocytes and
leading to higher levels of systemic statin. Simvastatin,
atorvastatin and lovastatin are primarily metabolized by the
CYP3A4 isoenzyme and are especially susceptible to drug–
drug interactions with known inhibitors of these enzymes,
carrying a potential risk of elevation of serum statin lev-
els and subsequent acute toxicities (Table 3). Conversely,
pravastatin, pitavastatin, fluvastatin and rosuvastatin have
alternative metabolic pathways and do not carry a simi-
lar risk of drug–drug interactions (21). It should be noted
that studies comparing concurrent use of pravastatin and
cyclosporine with pravastatin alone indicate that concur-
rent use results in significantly higher circulating levels of
pravastatin (24,25). The mechanism of the drug–drug in-
teraction appears to be mediated through P-glycoprotein
inhibition. This same interaction has not been shown to
exist between tacrolimus and pravastatin. However, when
assessing the clinical impact of this drug–drug interaction,
three studies in RTR and one study in heart transplant re-
cipients taking both pravastatin and cyclosporine found no
association with rhabdomyolysis (26–29).

The FDA recently issued a warning concerning the dis-
proportionate increase in myopathy associated with high-
dose simvastatin, based on a comprehensive data review
from the Study of Effectiveness of Additional Reductions
in Cholesterol and Homocysteine (SEARCH), other larger
clinical trials of high-dose statins and the agency’s Adverse
Event Reporting System (AERS). The SEARCH trial was a
double-blind randomized trial involving 12,064 MI survivors
who were treated with either simvastatin 20 mg/day or 80
mg/day with a mean follow-up of 6.7 years (30). There was
no significant difference in the incidence of major cardio-
vascular events between the groups; however, mild myosi-
tis developed in 53 patients in the 80-mg group (0.9%),
but in only two patients in the 20-mg group (0.03%). Rhab-
domyolysis occurred in 22 patients in the 80-mg group
(0.4%) but in no patients in the 20-mg group. Among
the available statins on the market, simvastatin appears
to be particularly prone to drug–drug interactions, in part
because it is extensively metabolized by CYP3A4. Addi-
tional data from large clinical trials also corroborated the
above findings, suggesting that the incidence of myositis
is very low for all statins, but is approximately three times
as high with the 80 mg dose of simvastatin compared
with rosuvastatin or atorvastatin (31). Finally, FDA analysis
of the AERS database also reported a higher rate of fatal
rhabdomyolysis with 80 mg of simvastatin compared with
80 mg of atorvastatin or 40 mg of rosuvastatin (31).

Amlodipine is most commonly used antihypertensive
agent in renal transplantation. Compared to diltiazem and
verapamil, amlodipine is considered a weak inhibitor of the
CYP3A4 isoenzyme. Though the potential of an interaction
with simvastatin exists (32), most literature has not shown
a significant correlation of amlodipine with statin-induced
myotoxicity by itself (33). Nonetheless, the FDA decision to
recommend avoiding doses higher than 20 mg of simvas-

tatin in patients receiving amlodipine is reasonable since
it conveys the general message of potential toxicities with
higher doses of simvastatin.

Rosuvastatin has recently been associated with increased
proteinuria and renal failure at higher doses in a post-
marketing report from the FDA (34). This would be of spe-
cial concern in RTR. The findings from the Prospective
Evaluation of Proteinuria and Renal Function in Diabetic
and Non-Diabetic Patients with Progressive Renal Disease
trials, which have compared atorvastatin 80 mg/day with
rosuvastatin 10 or 40 mg/day in dyslipidemic patients with
moderate proteinuria, should help provide further insight
into this potentially serious adverse event. Until these re-
sults are published, it is reasonable to limit rosuvastatin to
the lowest recommended doses.

General Recommendations for Dyslipidemia
Management in Renal Transplantation

The following recommendations have been adapted from
2004 K/DOQI guidelines, which were incorporated in the
2009 KDIGO clinical practice guidelines for the manage-
ment of RTR. Taking into account the most recent literature
on the matter and the FDA-issued warning on simvastatin,
we detail some suggestions for managing dyslipidemia in
RTRs (Table 1).

Elevated LDL-cholesterol

LDL levels have a direct correlation with cardiovascular
events; therefore, aggressive management of the high-risk
population, including organ transplant recipients, should
be a major focus of posttransplant care. Mild elevations
of LDL (100–129 mg/dL) should be initially managed with
therapeutic lifestyle changes (TLC), including diet, exercise
and weight reduction (16). An emphasis on dietary incor-
poration of plant sterols, soy protein, viscous fibers and
nuts has been recently shown to decrease LDL by more
than 12% (35). There have been no randomized trials in
the transplant population testing the efficacy of TLC and
conclusions have been extrapolated from the general pop-
ulation. Nonetheless, increased physical activity has been
linked to decreased overall and cardiovascular-related mor-
tality in transplant recipients and should be strongly en-
couraged (36).

In patients with LDL above 100 mg/dL after TLC, a low-
dose statin should be initiated (Table 1). The dose should
be titrated to achieve LDL goal (<100 mg/dL) while mini-
mizing adverse reactions. The safest statins to use are flu-
vastatin, pravastatin and pitavastatin, which are not metab-
olized by cytochrome P450 3A4. These statins are of lower
potency and should likely be selected in patients with mild
LDL elevations and low cardiovascular risk factors. Table 2
shows the LDL-lowering efficacy of different statins and
their respective conversion doses. Extrapolating recent
data from the general population, a meta-analysis from 26
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randomized trials including more than 170,000 partici-
pants provided evidence that more intensive statin ther-
apy can further reduce major cardiovascular events by
15% (95% CI 11–18; p < 0.0001) (6). Therefore, a more
potent statin, like atorvastatin, may be a more appro-
priate choice for transplant recipients, since it has well-
documented effectiveness in decreasing cardiovascular
events in the general population, powerful antilipemic ef-
fects, excellent tolerability in combination with tacrolimus
and presumed beneficial effects in decreasing proteinuria
(6,23).

For statins metabolized by cytochrome P450, maximal
doses should not exceed 50% of the general maximal
recommended dose and additional agents that inhibit the
hepatic cytochrome P450 enzymes should be avoided
or used with extreme caution (Table 3). Even though
tacrolimus was not included on the FDA’s warning re-
garding simvastatin, it is reasonable to follow similar rec-
ommendations and limit the maximal dose of simvas-
tatin to no more than 40 mg daily or 20 mg if in com-
bination with amlodipine in tacrolimus-treated patients.
Based on preliminary results revealing that rosuvastatin
may increase the risk of proteinuria and renal failure,
it is reasonable to limit rosuvastatin to its lowest dose
(5 mg) and possibly avoid in RTR until more data are
available.

In transplant recipients who develop minor adverse ef-
fects on a statin, dose reduction is indicated, although
conversion to a different statin may be necessary. In
refractory cases, the use of second-line agents, like eze-
timibe or niacin, should be considered. Due to the hy-
perlipidemic effects of immunosuppressive medications,
dose reductions, or discontinuation of the offending im-
munosuppressant could be considered in severe cases
of dyslipidemia refractory to pharmacotherapy. However,
practitioners must weigh the risk of rejection versus the
risk of cardiovascular disease. Tapering of prednisone
or conversion from cyclosporine to tacrolimus has been
shown to successfully improve the lipid profile; how-
ever, other metabolic side effects might arise from these
changes, such as diabetes in the case of tacrolimus
(37).

Hypertriglyceridemia

Fasting-elevated TG above 500 mg/dL leads to an in-
creased risk of pancreatitis which should be initially man-
aged with TLC, including diet, weight reduction, increased
physical activity, abstinence from alcohol and treatment of
hyperglycemia, if present. If TLC is not sufficient to reduce
TG to <500 mg/dL and LDL level is at goal, then treat-
ment with niacin should be considered (38). Possible side
effects with niacin include flushing, pruritus and nausea.
If patient is intolerant to niacin, fibrates could be the third
line of therapy based on its side effects’ profile. Fibrates are
peroxisome proliferator activated receptor-a agonists and

are effective agents at decreasing TG; however, they have
been associated with elevations in creatinine (more com-
mon with fenofibrate) and with significant myositis when
used in combination with statins (more common with gem-
fibrozil; Table 3) (39). Fenofibrate is also predominantly me-
tabolized in the kidneys and dose adjustments are neces-
sary in renal dysfunction. According to the National Kid-
ney Foundation (NKF) guidelines, gemfibrozil is considered
the fibrate of choice. Recently, the National Lipid Associ-
ation (NLA) has recommended gemfibrozil dosage adjust-
ments during renal dysfunction, including a 50% reduction
in dose in patients with a GFR of <60 ml/min/1.73 m2,
and avoidance of all fibrates in patients with a GFR of
<15 ml/min/1.73 m2. In cases where severe hypertriglyc-
eridemia is secondary to sirolimus or everolimus, de-
creasing dose or discontinuation of the agent should be
considered.

In patients with moderately elevated TG (200–499 mg/dL),
measurement of non-HDL cholesterol levels is recom-
mended to guide therapy (40). Non-HDL cholesterol is cal-
culated as TC minus HDL cholesterol and it represents
mostly remnants of VLDL, which is a good predictor of
cardiovascular disease (41). Elevated non-HDL cholesterol
in combination with high TG is a common pattern in pa-
tients with metabolic syndrome, which has been shown
to be an independent risk factor for cardiovascular events
in transplant recipients and is also associated with greater
risk of new-onset diabetes, graft loss and mortality (42).
Therefore, a non-HDL >130 mg/dL in the setting of hy-
pertriglyceridemia should trigger the initiation of a low-
dose statin as first-line therapy (Table 1), since the ulti-
mate goal of dyslipidemic management is to reduce car-
diovascular events and the best evidence, to date, favors
statin-therapy.

Adding a second lowering agent to a statin

The addition of ezetimibe could be considered in patients
with persistently elevated LDL despite statin therapy. Eze-
timibe is a selective inhibitor of the intestinal absorption of
cholesterol at the brush border. In nontransplant recipients
with CKD, the combination of ezetimibe with low-dose sim-
vastatin (20 mg) was able to safely reduce the incidence
of major cardiovascular events compared to placebo (RR
0.83, 95% CI 0.74–0.94; p = 0.0021) (8). In two small retro-
spective trials in RTR, ezetimibe has been shown to effec-
tively decrease TC and TG while maintaining an excellent
safety profile (43,44). Nonetheless, the effect of ezetim-
ibe on morbidity and mortality of transplant recipients is
unknown.

Fibrates can efficiently reduce TG and LDL and raise serum
HDL (Table 4); however, their use has been associated with
increased risk of myotoxicity, in particular when gemfibrozil
was coadministered with statins (19) (Table 3). This effect
is not seen with fenofibrate and is related to the inhibition
of the glucuronidation pathway involved in the metabolism
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Table 4: Lipid-lowering medication review

Medication
class/generic
name Typical dosing regimen Dosing instructions Major adverse events/drug–drug interactions

Statins (HMG CoA reductase inhibitors)

Atorvastatin
Fluvastatin

Lovastatin

10–80 mg/day
20–80 mg/day
Sustained Release

= 80 mg/day
20–80 mg/day

May be given any time of the day
Regular release should be administered

at bedtime or be given twice daily if
dose >40 mg/day

Should be administered with the
evening meal

Should be dosed twice daily if dose >20
mg/day

Headache; nausea; sleep disturbance;
elevations in hepatocellular enzymes and
alkaline phosphatase. Myositis and
rhabdomyolysis, primarily when given with
gemfibrozil or cyclosporine; myositis is also
seen with severe renal insufficiency (CrCl
<30 mL/min). Most statins can also affect
digoxin metabolism and levels.

Pitavastatin 1–4 mg/day May be given any time of the day
Pravastatin 10–80 mg/day Should be administered at bedtime
Rosuvastatin 5–40 mg/day May be given any time of the day
Simvastatin 10–80 mg/day Should be administered at bedtime

Fibric acid derivatives (fibrates)

Gemfibrozil 600 mg twice daily 30 to 60 min before meals Skin rash, gastrointestinal (nausea, bloating,
cramping), myalgia; lowers blood
cyclosporine levels; potentially nephrotoxic
in cyclosporine treated patients. Avoid in
patients with CrCl <30 mL/min.

Fenofibrate Nanocrystal 145 mg/day Micronized taken with meals. Use lower
doses with renal insufficiency.

Micronized 160–200
mg/day

Bile acid sequestrants

Cholestyramine 4–24 g/day Take within 30 min of a meal. A double
dose with dinner produces same
lipid-lowering effect as BID dosing.

Nausea, bloating, cramping and constipation;
elevations in LFTs. Impaired absorption of
fat soluble vitamins, digoxin, warfarin,
thiazides, b-blockers, thyroxine and
phenobarbital. Avoid use with MPA.

Colestipol 5–30 g/day Same as cholestyramine
Colesevalem 3.75 g/day Take with meals daily or divided BID

Cholesterol absorption inhibitors

Ezetimibe 10 mg/day May be given any time of the day Increased transaminases in combination with
statins

Miscellaneous

Nicotinic acid 1–6 g/day Given with meals. Start with 100 mg
BID and titrate to 500 mg TID. After 6
weeks, check lipids, glucose, liver
function and uric acid. Increase dose
as needed.

Prostaglandin-mediated cutaneous flushing,
headache, warm sensation and pruritus;
hyperpigmentation (particularly in
intertriginous regions); dry skin; nausea;
vomiting; diarrhea and myositis

Omega-3-acid
ethyl esters

4 g/day (supplement); or 2
servings per week of
oily fish

May be given any time of the day Nausea and GI upset (eructation)

of statins (39). Fibrates have also been associated with sig-
nificant decline in renal function in patients with CKD (45).
Lastly, the combination of fenofibrate and simvastatin did
not reduce the rate of fatal cardiovascular events, nonfatal
MI, or nonfatal stroke in patients with type 2 diabetes, as
compared with simvastatin alone in the ACCORD trial (46).
Similar to other trials (FIELD and HHS) (47,48), there was a
possible benefit in the subgroup of patients with elevated
TG and low HDL. Nonetheless, we believe that fibrates
should be generally avoided in RTR until further data on
efficacy and safety are provided.

Niacin could be considered an adjuvant agent to help de-
crease LDL after maximization of statin therapy. However,
there are no published data on the safety and efficacy of

combination therapy with a statin and niacin in transplant
recipients. A recent trial suggested that in nontransplant
patients with atherosclerotic disease and an LDL choles-
terol level below 100 who are also on a statin (+/– ezetim-
ibe), the addition of niacin to optimize HLD and TG does
not lead to any clinical benefit (49). Therefore, it seems
prudent at this time to use niacin alone in patients intoler-
ant to statins with suboptimal LDL control. Lastly, bile acid
sequestrants are effective at reducing LDL by binding to
bile acids in the intestine and interrupting their reabsorp-
tion. They have been shown to be effective in combination
with statins; however, their use is often limited by gas-
trointestinal adverse events and their potential impairment
in the absorption of coadministered medications, including
some immunosuppressants (e.g. MPA products). Bile acid
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sequestrants should be avoided in any transplant recipient
receiving MPA due this drug–drug interaction.

Conclusions

Cardiovascular disease is the leading cause of mortality
among RTR and it accounts for a significant amount of
death with a functioning allograft. Despite possible adverse
events, statins are the agents of choice in RTR and pravas-
tatin, fluvastatin and pitavastatin appear to be ideal statins
based on their reduced potential for drug misadventures.
However, given their low-potency, a high-potency statin,
such as atorvastatin, may be necessary in patients with sig-
nificant hyperlipidemia. Future trials should better evaluate
the safety and efficacy of adjuvant agents in this specific
population.

Acknowledgments

1This work was supported by the following grants: research grant from the
American Society of Transplantation to L.V.R.

Disclosure

The authors of this manuscript have no conflicts of inter-
est to disclose as described by the American Journal of
Transplantation.

References

1. Renal Data System. USRDS 2009 Database. [database on the
Internet]. Bethesda, MD: National Institute of Diabetes and Diges-
tive and Kidney Diseases. 2009 [cited 04/15/2010].

2. El-Zoghby ZM, Stegall MD, Lager DJ, et al. Identifying specific
causes of kidney allograft loss. Am J Transplant 2009; 9: 527–535.

3. Israni AK, Snyder JJ, Skeans MA, et al. Predicting coronary heart
disease after kidney transplantation: Patient Outcomes in Renal
Transplantation (PORT) Study. Am J Transplant 2010; 10: 338–353.

4. Gonyea JE, Anderson CF. Weight change and serum lipoproteins
in recipients of renal allografts. Mayo Clin Proc 1992; 67: 653–657.

5. Gaston RS, Kasiske BL, Fieberg AM, et al. Use of cardioprotective
medications in kidney transplant recipients. Am J Transplant 2009;
9: 1811–1815.

6. Baigent C, Blackwell L, Emberson J, et al. Efficacy and safety of
more intensive lowering of LDL cholesterol: a meta-analysis of
data from 170,000 participants in 26 randomised trials. Lancet
2010; 376: 1670–1681.

7. Holdaas H, Fellstrom B, Cole E, et al. Long-term cardiac outcomes
in renal transplant recipients receiving fluvastatin: the ALERT ex-
tension study. Am J Transplant 2005; 5: 2929–2936.

8. Baigent C, Landray MJ, Reith C, et al. The effects of lowering
LDL cholesterol with simvastatin plus ezetimibe in patients with
chronic kidney disease (Study of Heart and Renal Protection): a ran-
domised placebo-controlled trial. Lancet 2011; 377: 2181–2192.

9. Jardine AG, Gaston RS, Fellstrom BC, Holdaas H. Prevention of
cardiovascular disease in adult recipients of kidney transplants.
Lancet 2011; 378: 1419–1427.

10. Kobashigawa JA, Kasiske BL. Hyperlipidemia in solid organ trans-
plantation. Transplantation 1997; 63: 331–338.

11. Woodle ES, First MR, Pirsch J, Shihab F, Gaber AO, Van Veldhuisen
P. A prospective, randomized, double-blind, placebo-controlled
multicenter trial comparing early (7 day) corticosteroid cessation
versus long-term, low-dose corticosteroid therapy. Ann Surg 2008;
248: 564–577.

12. de Groen PC. Cyclosporine, low-density lipoprotein, and choles-
terol. Mayo Clin Proc 1988; 63: 1012–1021.

13. Ekberg H, Bernasconi C, Tedesco-Silva H, et al. Calcineurin in-
hibitor minimization in the Symphony study: observational results
3 years after transplantation. Am J Transplant 2009; 9: 1876–1885.

14. Hricik DE, Mayes JT, Schulak JA. Independent effects of
cyclosporine and prednisone on posttransplant hypercholes-
terolemia. Am J Kidney Dis 1991; 18: 353–358.

15. Kasiske BL, de Mattos A, Flechner SM, et al. Mammalian target
of rapamycin inhibitor dyslipidemia in kidney transplant recipients.
Am J Transplant 2008; 8: 1384–1392.

16. Kasiske B, Cosio FG, Beto J, et al. Clinical practice guidelines
for managing dyslipidemias in kidney transplant patients: a re-
port from the Managing Dyslipidemias in Chronic Kidney Disease
Work Group of the National Kidney Foundation Kidney Disease
Outcomes Quality Initiative. Am J Transplant 2004; 4: 13–53.

17. Blum A, Shamburek R. The pleiotropic effects of statins on en-
dothelial function, vascular inflammation, immunomodulation and
thrombogenesis. Atherosclerosis 2009; 203: 325–330.

18. Holdaas H, Fellstrom B, Jardine AG, et al. Effect of fluvastatin on
cardiac outcomes in renal transplant recipients: a multicentre, ran-
domised, placebo-controlled trial. Lancet 2003; 361: 2024–2031.

19. Graham DJ, Staffa JA, Shatin D, et al. Incidence of hospital-
ized rhabdomyolysis in patients treated with lipid-lowering drugs.
JAMA 2004; 292: 2585–2590.

20. McKenney JM, Davidson MH, Jacobson TA, Guyton JR. Final con-
clusions and recommendations of the National Lipid Association
Statin Safety Assessment Task Force. Am J Cardiol 2006; 97:
89C–94C.

21. Neuvonen PJ, Niemi M, Backman JT. Drug interactions with lipid-
lowering drugs: mechanisms and clinical relevance. Clin Pharmacol
Ther 2006; 80: 565–581.

22. Amundsen R, Asberg A, Ohm IK, Christensen H. Cyclosporine A
and Tacrolimus Mediated Inhibition of Cytochrome P450 3A4 and
3A5 in vitro. Drug Metab Dispos 2012;40: 655–661.

23. Lemahieu WP, Hermann M, Asberg A, et al. Combined therapy
with atorvastatin and calcineurin inhibitors: no interactions with
tacrolimus. Am J Transplant 2005; 5: 2236–2243.

24. Kliem V, Wanner C, Eisenhauer T, et al. Comparison of pravastatin
and lovastatin in renal transplant patients receiving cyclosporine.
Transplant Proc 1996; 28: 3126–3128.

25. Regazzi MB, Iacona I, Campana C, et al. Altered disposi-
tion of pravastatin following concomitant drug therapy with cy-
closporin A in transplant recipients. Transplant Proc 1993; 25:
2732–2734.

26. Capone D, Stanziale P, Gentile A, Imperatore P, Pellegrino T, Basile
V. Effects of simvastatin and pravastatin on hyperlipidemia and cy-
closporin blood levels in renal transplant recipients. Am J Nephrol
1999; 19: 411–415.

27. Castelao AM, Grinyo JM, Castineiras MJ, et al. Effect of pravastatin
in the treatment of hypercholesterolemia after renal transplanta-
tion under cyclosporine and prednisone. Transplant Proc 1995; 27:
2217–2220.

28. Rodriguez JA, Crespo-Leiro MG, Paniagua MJ, et al. Rhabdomyol-
ysis in heart transplant patients on HMG-CoA reductase inhibitors
and cyclosporine. Transplant Proc 1999; 31: 2522–2523.

American Journal of Transplantation 2012; 12: 1975–1982 1981



Riella et al.

29. Yoshimura N, Ohmori Y, Tsuji T, Oka T. Effect of pravastatin on re-
nal transplant recipients treated with cyclosporine—4-year follow-
up. Transplant Proc 1994; 26: 2632–2633.

30. Armitage J, Bowman L, Wallendszus K, et al. Intensive lowering
of LDL cholesterol with 80 mg versus 20 mg simvastatin daily
in 12,064 survivors of myocardial infarction: a double-blind ran-
domised trial. Lancet 2010; 376: 1658–1669.

31. Smith MEB LN, Haney E, Carson S. Drug class review: HMG-CoA
reductase inhibitors (statins) and fixed-dose combination products
containing a statin. Final report. Update 5. Portland: Oregon Health
& Science University, November 2009.

32. Nishio S, Watanabe H, Kosuge K, Uchida S, Hayashi H, Ohashi K.
Interaction between amlodipine and simvastatin in patients with
hypercholesterolemia and hypertension. Hypertens Res 2005; 28:
223–227.

33. Law M, Rudnicka AR. Statin safety: a systematic review. Am J
Cardiol 2006; 97: 52C–60C.

34. Alsheikh-Ali AA, Ambrose MS, Kuvin JT, Karas RH. The safety of
rosuvastatin as used in common clinical practice: a postmarketing
analysis. Circulation 2005; 111: 3051–3057.

35. Jenkins DJ, Jones PJ, Lamarche B, et al. Effect of a dietary port-
folio of cholesterol-lowering foods given at 2 levels of intensity
of dietary advice on serum lipids in hyperlipidemia: a randomized
controlled trial. JAMA 2011; 306: 831–839.

36. Zelle DM, Corpeleijn E, Stolk RP, et al. Low physical activ-
ity and risk of cardiovascular and all-cause mortality in renal
transplant recipients. Clin J Am Soc Nephrol 2011; 6: 898–
905.

37. Ekberg H, Tedesco-Silva H, Demirbas A, et al. Reduced exposure
to calcineurin inhibitors in renal transplantation. N Engl J Med
2007; 357: 2562–2575.

38. Brunzell JD. Clinical practice. Hypertriglyceridemia. N Engl J Med
2007; 357: 1009–1017.

39. Davidson MH, Armani A, McKenney JM, Jacobson TA. Safety

considerations with fibrate therapy. Am J Cardiol 2007; 99: 3C–
18C.

40. Kasiske BL, Zeier MG, Chapman JR, et al. KDIGO clinical practice
guideline for the care of kidney transplant recipients: a summary.
Kidney Int 2010; 77: 299–311.

41. Cui Y, Blumenthal RS, Flaws JA, et al. Non-high-density lipoprotein
cholesterol level as a predictor of cardiovascular disease mortality.
Arch Intern Med 2001; 161: 1413–1419.

42. Sharif A. Metabolic syndrome and solid-organ transplantation. Am
J Transplant 2010; 10: 12–17.

43. Buchanan C, Smith L, Corbett J, Nelson E, Shihab F. A retrospec-
tive analysis of ezetimibe treatment in renal transplant recipients.
Am J Transplant 2006; 6: 770–774.

44. Kohnle M, Pietruck F, Kribben A, Philipp T, Heemann U, Witzke O.
Ezetimibe for the treatment of uncontrolled hypercholesterolemia
in patients with high-dose statin therapy after renal transplantation.
Am J Transplant 2006; 6: 205–208.

45. Lipscombe J, Lewis GF, Cattran D, Bargman JM. Deterioration in
renal function associated with fibrate therapy. Clin Nephrol 2001;
55: 39–44.

46. Ginsberg HN, Elam MB, Lovato LC, et al. Effects of combination
lipid therapy in type 2 diabetes mellitus. N Engl J Med 2010; 362:
1563–1574.

47. Keech A, Simes RJ, Barter P, et al. Effects of long-term fenofi-
brate therapy on cardiovascular events in 9795 people with type
2 diabetes mellitus (the FIELD study): randomised controlled trial.
Lancet 2005; 366: 1849–1861.

48. Frick MH, Elo O, Haapa K, et al. Helsinki Heart Study: primary-
prevention trial with gemfibrozil in middle-aged men with dyslipi-
demia. Safety of treatment, changes in risk factors, and incidence
of coronary heart disease. N Engl J Med 1987; 317: 1237–1245.

49. Boden WE, Probstfield JL, Anderson T, et al. Niacin in patients
with low HDL cholesterol levels receiving intensive statin therapy.
N Engl J Med 2011; 365: 2255–2267.

1982 American Journal of Transplantation 2012; 12: 1975–1982


