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of these compounds should be carefully considered. High-dose statin therapy could be
associated with renal toxicity. The nephrotoxic effects of statins are directly related to higher
treatment doses and indirectly related to interactions with other agents, which may increase
the serum concentration of statins. Possible mechanisms that can underlie statin-induced

nephrotoxicity include changes in cell membrane permeability, reduced ubiquinone levels,
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and depletion of isoprenoids due to the inhibition of cholesterol production..
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Introduction

The 3-hydroxy-3-methylglutaryl coenzyme A reductase
(HMG-CoA reductase) inhibitors (i.e., statins) are
recommended as a first-line of cholesterol-lowering
medication for lipid control. Statins reduce low-density
lipoprotein cholesterol (LDL-c), a chief contributor
to atherosclerotic cardiovascular disease, which helps
prevent cardiovascular disease.

Recent studies demonstrate that high-dose statins
augment LDL-c reduction and lead to improving
cardiovascular outcomes compared to low- or moderate-
dose statin therapy in atherosclerotic cardiovascular
disease patients (1). The benefits of high-dose statin
therapy on cardiovascular risks have increased prescribing
of high-dose statins.

Despite beneficial effects with statin therapy, treatment
with these agent is also associated with adverse events.
These adverse effects range from nonthreatening
asymptomatic presentations to severe organ dysfunction,
especially of the kidneys and liver. Severe adverse effects
associated with statin treatment include muscle damage,
renal failure, liver dysfunction and polyneuropathy.
Specific side effects of renal origin include rhabdomyolysis,
proteinuria and acute kidney injury (AKI).

Acute kidney injury

Several clinical studies propose that high-dose statin
treatment will increase the risk of AKI. However,
cardiovascular surgery patients may respond differently
to the type and dose of statin therapy. For instance, high-
dose statins are associated with a high risk of AKI in
patients of the general population. In contrast, equivalent
doses of those statins in cardiovascular surgery patients
demonstrated renoprotective effects (2). Numerous
studies suggest that high-dose statins will significantly
increase the risk of contrast-induced AKI. A previous
study has demonstrated a relationship between the high
dose of atorvastatin and renal injury if administered
alone or in combination with high doses of garlic; while a
low-dose of atorvastatin in combination with high doses
of garlic has negligible nephrotoxic effects (3). Statins
should be administered cautiously in coronary artery
disease patients undergoing coronary angiography (3,4).
Hospitalization due to AKI was 34% higher in the cohort
that received high-dose statin therapy compared to the
cohort that administered low-dose statin therapy (2).
High doses of atorvastatin have nephrotoxic effects, while
lower doses have beneficial effects on renal function and
structure (2) suggesting that, high doses of statins may be
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associated with renal tubular cell damage (3). Meanwhile,
a Cochrane review could not find a benefit of statins on
AKI after cardiac surgery (5). Additionally, some studies
showed that statins are not renoprotective against AKI
after contrast administration following cardiac surgery
(6-8). Likewise, there is a 25-fold increased relative risk
of AKI associated with high-dose statins over low-dose
statins in patients with congestive heart failure (2). In a
retrospective cohort study, administration of statins was
associated with a greater incidence of AKI and chronic
kidney disease; therefore, long-term administration of
statins might also be associated with higher morbidity
and mortality rates due to higher rates of chronic kidney
disease (9) and diabetes mellitus (10).

Some case studies also reported a dose-dependent
association between statins and acute tubular necrosis
(11) due to rhabdomyolysis (12).

Proteinuria

Some reports show that statin treatment, especially in
high doses, can induce proteinuria (13,14). For example,
a study showed that 10 of 120 (8.3%) of patients with high
cholesterol administered 40 mg/d of simvastatin developed
proteinuria (14). Higher occurrences of proteinuria and
hematuria were observed with high doses of rosuvastatin
(80 mg) as well (15). Electrophoresis of urine in patients
administered rosuvastatin detected tubular patterns of
proteinuria, confirming a high level of low-molecular-
weight protein excretion, such as microglobulins. Statins
inhibit mevalonate synthesis, which is a precursor of
isoprenoid pyrophosphates. Isoprenoid pyrophosphates
are needed for the prenylation of GTP binding proteins and
can reduce low-molecular-weight protein reabsorption in
proximal tubular cells by decreasing receptor-mediated
endocytosis (13). In this regard, the ERICABEL trial has
recently reported a relation between statin administration
and microalbuminuria, which may have previously been
overlooked in patients presenting with microalbuminuria
(16). Therefore, it could be expected that patients treated
with some types of statins present higher urinary albumin
excretion. This adverse-effect should be investigated with
new generations of statins (17,18).

Conclusion

High-dose statin therapy is associated with nephrotoxicity,
likely related to the inhibition of HMG-CoA activity and
the mevalonate metabolic pathway. Possible mechanisms
underlie statin-induced nephrotoxicity include changes in
cell membrane permeability, reduced ubiquinone levels,
and depletion of isoprenoids due to inhibited cholesterol
production.
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