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The safety of statins in clinical practice
Jane Armitage

Statins are eff ective cholesterol-lowering drugs that reduce the risk of cardiovascular disease events (heart attacks, 
strokes, and the need for arterial revascularisation). Adverse eff ects from some statins on muscle, such as myopathy 
and rhabdomyolysis, are rare at standard doses, and on the liver, in increasing levels of transaminases, are unusual. 
Myopathy—muscle pain or weakness with blood creatine kinase levels more than ten times the upper limit of the 
normal range—typically occurs in fewer than one in 10 000 patients on standard statin doses. However, this risk 
varies between statins, and increases with use of higher doses and interacting drugs. Rhabdomyolysis is a rarer and 
more severe form of myopathy, with myoglobin release into the circulation and risk of renal failure. Stopping statin 
use reverses these side-eff ects, usually leading to a full recovery. Asymptomatic increases in concentrations of liver 
transaminases are recorded with all statins, but are not clearly associated with an increased risk of liver disease. For 
most people, statins are safe and well-tolerated, and their widespread use has the potential to have a major eff ect on 
the global burden of cardiovascular disease.

Introduction
The statins are a widely used group of cholesterol-lowering 
agents that act by inhibiting the enzyme 3-hydroxy 
3-methylglutaryl CoA (HMG CoA) reductase, which 
catalyses the rate-limiting step in cholesterol biosynth-
esis.1,2 Since statins were fi rst approved in 1987, their ability 
to reduce the risks of vascular death, non-fatal myocardial 
infarction, stroke, and the need for arterial revascularisation 
procedures has been shown by several large, high-quality 
randomised trials.3

In these trials, the extent of risk reduction was judged 
to be directly proportional to the degree to which LDL 
(low-density lipoprotein) cholesterol was lowered 
consistent with this being the main mechanism.3,4 As a 
consequence, and because of the additional benefi t 
shown with more intensive statin therapy,5–7 there has 
been a trend toward using higher doses of statin. 
Furthermore, cholesterol-lowering is now recommended 
for a wide range of people at cardiovascular risk, including 
those with average and below-average lipid levels.8,9 This 
change is leading to increased statin use and to the use of 
more intensive regimens. Hence, the safety of this group 
of drugs is of considerable importance.

Six statins are available in most parts of the world: 
lovastatin (fi rst licensed in 1987 but not available in the 
UK), simvastatin (1988), pravastatin (1991), fl uva-
statin (1994), atorvastatin (1997), rosuvastatin (2003), and 
pitavastatin10,11 (2003—available in Japan and India only) 
(table 1). Cerivastatin was approved in 1998 but then 
withdrawn in 2001 because of a high risk of 
rhabdomyolysis.12

This Review will examine two aspects of statin safety: 
the safety of achieving and maintaining low levels of total 
and LDL cholesterol; and the specifi c safety of the available 
statins at diff erent doses. The adverse eff ects on muscle 
and on liver enzymes generally apply to all statins, but 
other aspects of safety (or the propensity for these adverse 
eff ects) should not automatically be extrapolated from 
one statin to another. This Review concentrates on safety 
information derived from randomised trials of specifi c 
statins, taking account of reports of spontaneous adverse 

eff ects and other sources of safety data.13,14 Controlled 
randomised trials avoid the bias inherent in spontaneous 
reporting of adverse eff ects or retrospective study designs, 
and are therefore the most appropriate means of assessing 
common adverse eff ects. Although such trials might 
exclude some vulnerable individuals, a follow-up of 
5–6 years allows time for participants to become at risk, 
and therefore provide valuable safety information. In 
contrast, observational studies without a control group 
are less informative about common symptoms15 but, 
along with other sources of data, remain important for 
detection of rare side-eff ects.14

In this Review, “standard dose” refers to the commonly 
prescribed daily doses which typically reduce LDL 
cholesterol by 30–45% (ie, atorvastatin 10–20 mg, 
fl uvastatin 40–80 mg, lovastatin 40 mg, pravastatin 40 mg, 
rosuvastatin 10 mg, and simvastatin 20–40 mg).

All statins competitively inhibit the rate-limiting 
enzyme HMG CoA reductase in the metabolic pathway 
of cholesterol biosynthesis.16 They therefore reduce the 
concentration of downstream metabolic by-products 
including mevalonate,17 which in turn leads to increased 
expression of LDL receptors on hepatocytes, and to 
increased uptake of LDL cholesterol from the circula-
tion.16 Statins also tend to reduce the production of 

Lancet 2007; 370: 1781–90 

Published Online
June 7, 2007
DOI:10.1016/S0140-
6736(07)60716-8

Clinical Trial Service Unit and 
Epidemiological Studies Unit, 
Oxford, UK (J Armitage FRCP)

Correspondence to:
Dr Jane Armitage,
Clinical Trial Service Unit and 
Epidemiological Studies Unit, 
Richard Doll Building, University 
of Oxford Old Road Campus, 
Oxford OX3 7LF, UK
jane.armitage@ctsu.ox.ac.uk

Search strategy and selection criteria

I searched PubMed for publications between 1985 and 2006, 
using search terms including “safety of statins”, “myopathy”, 
”rhabdomyolysis”, “hepatotoxicity”, “safety”, and 
“randomized” in various combinations and with individual 
statin names. I concentrated on larger randomised studies 
but referenced smaller-scale studies, observational studies, 
and other reviews where appropriate. I also searched the 
reference lists of articles identifi ed by this search strategy and 
selected those judged relevant. I used manufacturers’ 
published information about individual statins and consulted 
experts in the fi eld. My reference list was modifi ed on the 
basis of comments from peer reviewers.
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apolipoprotein B, leading to reduced VLDL (very low 
density lipoprotein) secretion from the liver.18 Statins 
have qualitatively similar eff ects on lipid levels, but their 
effi  cacy in lowering LDL cholesterol varies (table 1).

Statins are metabolised in the liver; detailed discussion 
of their metabolism and mechanisms of drug interactions 
can be found elsewhere.19,20 Statins that are metabolised 
predominantly by the cytochrome P-450 system can 
interact with other drugs, some of which involve 
commonly prescribed drugs (table 1 and panel).21 Statins 
also vary in their propensity to cause drug interactions 
through other mechanisms (eg, by blocking organic 
anion transporter peptides);20,22 genetic polymorphisms 
within these systems also aff ect drug disposition and the 
likelihood of interactions. Prescribing information 
should therefore be routinely consulted when drug 
interactions are possible.

Maintaining very low cholesterol levels
Observational cohort studies have consistently shown 
that people with low total cholesterol levels (eg, 
<4·0 mmol/L) are at a higher risk of subsequent death 
from cancers, respiratory causes, haemorrhagic stroke, 
and non-medical causes of death than are people with 
higher baseline cholesterol levels.23,24 Some of these 
associations can be explained by reverse causality (eg, 
cancer-reducing cholesterol levels while increasing risk 
of subsequent death), but concerns remain that low 
total cholesterol levels, as well as lowering cholesterol 
to very low levels, could be harmful.25,26 However, 
populations eating diets which are low in saturated fats 
often have average total cholesterol about 4 mmol/L, 

very low rates of coronary heart disease, and no clear 
excess of deaths from other causes.27,28 Also, neonates 
have LDL choles terol of about 1 mmol/L, as do people 
with familial hypo betalipoproteinaemia, a rare and 
generally benign con dition caused by heterozygous 
mutations in apolipoprotein B.29

Collective results from large randomised controlled 
trials of statin treatment have now provided confi rmation 
that reducing cholesterol and maintaining low cholesterol 
levels for at least 5 years is not only safe but benefi cial.3 
Neither overall, nor in individual trials that lowered LDL 
cholesterol to well below average levels,30–32 was there any 
increased risk of the types of non-vascular death 
suggested by the observational data. A meta-analysis3 of 
individual patient data from 14 controlled statin trials in a 
total of 90 056 participants shows that similar numbers 
died from non-vascular causes irrespective of whether 
they were given statin treatment (1730 [3·8%] statin vs 
1801 [4·0%] control; p=0·1). This result was applicable 
both overall and for particular causes of non-vascular 
death such as cancer, hepatic, or respiratory disease. The 
numbers of people developing cancer over 5 years were 
also similar (2567 [6·4%] statin vs 2536 [6·4%] control). 
Haemorrhagic strokes were rare but similar in the two 
groups (105 [0·2%] statin vs 99 [0·2%] control; 99% CIs 
0·78–1·41; p=0·7) but the wide confi dence interval cannot 
exclude a small risk.

Three of the standard-dose statin trials have provided 
data from extended follow-up.33–35 All demonstrated 
sustained benefi ts from cholesterol-lowering therapy on 
cardiovascular mortality or morbidity, and reassuring 
long-term safety information.

Trials of more intensive statin therapy published 
since 2004 achieved substantial and sustained LDL 
cholesterol reductions, typically to below 2·0 mmol/L in 
those allocated intensive treatment.5–7,36–39 There is no clear 
evidence of any serious adverse eff ect associated with 
these low LDL levels in these trials, totalling more than 
27 000 randomised participants followed-up for up to 
5 years (table 2). Furthermore, evidence from these studies 

Licensed dose range  
(% LDL cholesterol 
reduction)*

Metabolism Most important drug 
interactions increasing 
myopathy risk†

Lovastatin 20–80 mg daily 
(30% with 40 mg)

Mainly CYP3A4 Potent inhibitors of CYP3A4‡,

Simvastatin 10–80 mg 
(41% with 40 mg)

Mainly CYP3A4 Potent inhibitors of CYP3A4

Pravastatin 20–80 mg daily 
(34% with 40 mg)

Sulphation, biliary, and urinary 
excretion

Fluvastatin 40–80 mg daily 
(23% with 40 mg)

CYP2C9 (some CYP2C8 and 
CYP3A4)

Inhibitors of CYP2C9

Atorvastatin 10–80 mg daily 
(38% with 10 mg)

CYP3A4 Potent inhibitors of CYP3A4

Rosuvastatin 5–40 mg daily 
(45% with 10 mg)

Minimal metabolism (via CYP2CP 
and some CYP2C19) and biliary 
excretion 

Pitavastatin 2–4 mg daily 
(42% with 2 mg)

Minimal metabolism (via CYP2C8 
and CYP2C9), lactonisation, and 
bilary excretion

Unclear

*Typically, doubling of a statin dose produces an additional 6% absolute decrease in LDL cholesterol—eg, simvastatin 
20 mg daily reduces LDL by 35% and 40 mg daily by 41%. †With all statins, the risk of myopathy is also increased by 
ciclosporin and gemfi brozil, and possibly other fi brates; prescribing information will provide further details and other 
interactions. ‡Including itraconazole, ketoconazole, erythromycin, clarithromicin, telithromycin, nefazodone, HIV 
protease inhibitors, and regular ingestion of grapefruit juice. Information from relevant Data Sheets19

Table 1: Effi  cacy and safety characteristics of statins 

Panel: Drugs that might interact with statins

Ciclosporin
Fibrates
• Gemfi brozil, bezafi brate, fenofi brate, and ciprofi brate
Azol anti-fungals
• Itraconazole, ketoconazole, and miconazole
Macrolide antibiotics
• Erythromycin, telithromycin, and clarithromycin
Anti-arrhthymics
• Verapamil, amiodarone

Nefazodone
Protease inhibitors
• Amprenavir, atazanavir, fosamprenavir, indinavir, 

lopinavir, nelfi navir, ritonavir, and tipranavir
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suggests it is benefi cial to maintain these low cholesterol 
levels, and to initiate statin treatment even in patients with 
already low levels, if they are otherwise at high risk.

Specifi c adverse eff ects of statins
The only well-documented, consistent adverse eff ects 
associated with statins are muscle toxicity, including 
myopathy and rhabdomyolysis, and eff ects on liver 
enzymes.1 Many other possible side-eff ects are listed in 
the product information, but given the lack of confi rm-
atory evidence from large controlled randomised trials, 
these are likely to be either rare or not truly caused by 
statin treatment (at least at standard doses). However, 
there is only limited safety information available about 
rosuvastatin or pitavastatin from large-scale randomised 
comparisons.

Eff ects on muscle
Myopathy is defi ned as any muscle symptom—pain, 
tenderness, or weakness—accompanied by a creatine 
kinase concentration greater than ten times the upper 
limit of normal for the particular laboratory40 (also called 
myositis).41 Rhabdomyolysis is severe myopathy involving 
muscle breakdown and myoglobin release into the 
circulation, which can cause a brown discolouration of 
urine and risk of renal failure. Rhabdomyolysis is usually 
diagnosed when creatine kinase concentration is greater 
than 40 times the upper limit of normal, or there is 
evidence of end organ damage (eg, acute renal failure or 
worsened renal function), or both, but diff erences in 
defi nition make comparisons between studies diffi  cult. 
Myalgia refers to muscle pain with no rise in creatine 
kinase concentration to greater than ten times the upper 
limit of normal.

All statins can cause myopathy and rhabdomyolysis.13,21,42 
The risk of these conditions varies between statins, but for 
all types, the risk of adverse eff ects are more likely with 
higher doses. This risk is not clearly related to the 
LDL-lowering effi  cacy; for example, cerivastatin was not 
particularly eff ective, but was much more likely than other 
statins to cause rhabdomyolysis.12,13,43 Other cholesterol-
lowering agents, in particular fi brates, also rarely cause 

myopathy, but combinations of statins with some fi brates 
seem to increase the risk. This is especially true of 
gemfi brozil, which, in addition, increases plasma 
concentrations of some statins by inhibiting their 
glucuronidation.44,45 The risk of myopathy with all statins 
seems to be particularly aff ected by drug interactions that 
are sometimes related to the metabolism of particular 
statins via the cytochrome P450 system (table 1),19 but other 
mechanisms might also be involved.20 Some patients (eg, 
those with renal impairment, hypothyroidism, serious 
debility, or the those who are older than 80 years) are more 
susceptible than others to myopathy.

Despite causing myopathy, there is no clear evidence 
from randomised trials that statins cause myalgia, 
although this is widely believed. For example, in the large 
randomised controlled Heart Protection Study, par tici-
pants were asked specifi cally about new or unex plained 
muscle pain or weakness at every 4–6 month follow-up 
and, if they had symptoms, their creatine kinase levels 
were measured. At each time-point after random isation, 
6–7% of participants reported such symptoms but at no 
time were there any signifi cant diff erences between those 
allocated active simvastatin compared with those on 
placebo. By the end of the study, 32·9% of those on 
simvastatin and 33·2% on placebo had reported muscle 
pain at least once.30 Pooled data from trials of pravastatin46 
and atorvastatin,47,48 and large trials of lovastatin,32,49 and 
fl uvastatin,50,51 also indicate no increased myalgia in those 
taking statins. Similarly, reports of muscle cramp do not 
seem to increase with statin treatment.42,52 Asymptomatic 
elevation of creatine kinase can sometimes occur with 
statin therapy but the clinical relevance of this is unclear.

Standard doses
In controlled trials of standard dose statin treatment, 
only a very low extra risk of myopathy has been noted 
(typically well under 0·01%). In the three large trials 
(total n=19 500) of pravastatin 40 mg daily compared with 
placebo, there were no reported cases;46 in the two trials 
of atorvastatin 10 mg daily versus placebo involving over 
13 000 patients with diabetes or hypertension, there were 
three cases (2 atorvastatin vs 1 placebo);53,54 and in the 

Statin comparison
higher vs lower 

Medical condition of 
participants

Alanine transaminase 
three times upper limit 
of normal
higher vs lower

Creatine kinase ten times 
upper limit of normal, or 
myopathy
higher vs lower

Rhabdomyolysis
higher vs lower

Non-vascular death
higher vs lower 

PROVE–IT (4162)7,37 A 80 mg vs P 40 mg Acute coronary syndromes 69 (3·3%) vs 23 (1·1%) 2 (0·1%) vs 3 (0·15%) 0 (0%) vs 0 (0%) 17 (0·8%) vs 27 (1·3%)

Phase Z of the A to Z 
trial* (4497)36

S 80 mg vs S 20 mg Acute coronary syndromes 19 (0·9%) vs 8 (0·4%) 9 (0·4%) vs 1 (0·04%) 3 (0·1%) vs 0 (0%) 21 (0·9%) vs 21 (0·9%)

TNT* (10 001)5,38 A 80 mg vs A10 mg Stable CHD 60 (1·2%) vs 9 (0·2%) (0·0%) vs (0·0%) 2 (0·04%) vs 3 (0·06%) 158 (3·2%) vs 127 (2·5%)

IDEAL (8888)6 A 80 mg vs S 20–40 mg Stable CHD 43 (0·97%) vs 5 (0·11%) 6 (0·14%) vs 11 (0·25%) 2 (0·05%) vs 3 (0·07%) 143 (3·2%) vs 156 (3·5%)

SPARCL* (4731)39 A 80 mg vs placebo Post stroke or TIA (no 
CHD%)

51 (2·2%) vs 11 (0·5%) 7 (0·3%) vs 7 (0·3%) 2 (0·1%) vs 3 (0·1%) 117 (4·9%) vs 94 (3·9%)

CHD=coronary heart disease. TIA=transient ischaemic attack. A=atorvastatin. P=pravastatin. S=simvastatin. *Reported as persistent elevation in alanine or aspartate transaminase.

Table 2: Safety results from large randomised trials of intensive statin therapy
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trials of simvastatin 20 or 40 mg daily, the excess 
incidence of myopathy among those on simvastatin was 
<0·01% per year.30,55

Fluvastatin (40 or 80 mg) has been assessed in two 
large trials. No cases of myopathy were reported in the 
1600 patients allocated fl uvastatin 40 mg twice daily or 
placebo in one trial.51 There were two cases of 
rhabdomyolysis (one on treatment, the other on placebo) 
in 2102 patients with a renal transplant randomised to 
fl uvastatin (40 mg daily doubling to 80 mg after 2 years) 
or placebo, which were associated with severe trauma 
and both individuals restarted study treatment.50 In the 
primary prevention trial of lovastatin (20–40 mg),32 there 
were no cases of myopathy. But in an earlier trial of about 
8000 people, there were six cases; two on 40 mg lovastatin 
and four on 80 mg daily.56

There are insuffi  cient data from controlled trials of 
rosuvastatin to assess the risk accurately but, because it 
was licensed after the withdrawal of cerivastatin, more 
extensive safety data has been demanded by regulatory 
agencies.57 Although spontaneous reporting rates may be 
higher than for other statins during comparable periods,58 
the US Food and Drug Administration evaluation and 
other’s interpretation59-61 suggests that rosuvastatin has a 
similar safety profi le to the other statins. Data from large, 
controlled trials will be available for rosuvastatin within 
the next few years (including in vulnerable populations 
such as those with renal disease).62 A systematic review of 
randomised statin trials and cohort studies provides an 
overall estimated risk of myopathy with statin use of 
11 per 100 000 person-years of follow-up, with the risk of 
rhabdomyolysis about one-third of this (3–4 per 100 000 
person-years).63 But, these incidence rates for adverse 
eff ects need to be interpreted in the context of the dose of 
statin and the presence of interacting drugs, since over 
half the reports in that review, and in FDA data, occurred 
in people taking drugs that aff ect statin metabolism, 
especially fi brates.42,63

Higher doses
Almost 25 000 patients have been randomised into trials 
comparing atorvastatin 80 mg daily with various standard 
statin regimens or placebo.5–7,39 No excess risk of myopathy 
was reported among those allocated this dose of atorvastatin 
in these trials (table 2), nor in pooled data from earlier 
trials.64 A doubling of the risk of myalgia leading to 
discontinuation of treatment was seen in one of these trials 
with atorvastatin 80 mg daily compared with simvastatin. 
However, the trial’s open design makes interpretation of 
this fi nding diffi  cult,6 and no similar excess of 
treatment-related myalgia was seen in the masked com-
parison with atorvastatin 10 mg daily (4·8% atorvastatin 
80 mg vs 4·7% 10 mg daily; p=0·72)5 or in the trial versus 
placebo (5·5% atorvastatin 80 mg vs 6·0% placebo).39 One 
trial has reported using simvastatin 80 mg daily among 
4497 participants with acute coronary syndromes.36 Patients 
were allocated either simvastatin 40 mg daily for one 

month increasing to 80 mg daily or to placebo for 4 months 
followed by simvastatin 20 mg daily for 2·4 years. In that 
trial there was a somewhat higher myopathy risk with 
simvastatin 80 mg daily, with nine cases of myopathy 
among those allocated 80 mg compared with only one in 
the standard treatment group who was on placebo at the 
time. This fi nding is supported by the product information 
for simvastatin which gives the estimated incidence of 
myopathy with 80 mg daily as 0·53%, compared with 
0·08% for 40 mg daily. The product information for 
rosuvastatin indicates a higher risk of myopathy with doses 
above 20 mg daily, but these doses have not been assessed 
in large randomised comparisons.

Thus, all statins occasionally cause myopathy which 
could progress to rhabdomyolysis. It is rare with the 
standard doses that have been on the market for some 
years, but the risk increases with higher statin doses 
(although with atorvastatin 80 mg the risk remains very 
low). Myopathy or rhabdomyolysis are usually reported in 
association with concomitant use of interacting drugs 
(especially fi brates). Although most likely to occur within a 
few months of starting statin treatment, or of increasing 
the dose, cases have been reported even after some years of 
apparently stable statin treatment, usually as the result of 
starting an interacting drug. Insuffi  cient data are available 
to reliably assess the comparative risk with pitavastatin.

Detecting myopathy
Routine measurement of creatine kinase is not helpful for 
detecting the rare cases of myopathy at statin standard 
doses. Product information recommends that patients 
should be asked to report new or unexplained muscle pain 
or weakness, and that creatine kinase should be measured 
in such patients. However, as indicated by the controlled 
trial data, muscle aches and pain are common in untreated 
patients and very unlikely to be due to myopathy. Other 
common causes such as unusual physical activity, trauma, 
thyroid disease, and infections, any of which can raise 
creatine kinase levels should be considered.40 Muscle 
weakness, or bilateral proximal muscle pain with no 
obvious cause are more specifi c symptoms, and such 
patients should have their creatine kinase measured. 
Myopathy is present if creatine kinase is more than ten 
times the upper limit of normal. Typically, alanine 
transaminase and aspartate transaminase (derived from 
muscle) will also be elevated and will fall as the myopathy 
improves. A greater increase in aspartate transaminase 
compared with alanine transaminase is seen early after 
injury but, since aspartate transaminase falls faster than 
alanine transaminase, it cannot be relied upon as a 
diagnostic feature.65 Elevations of creatine kinase to fi ve to 
ten times the upper limit of normal might be associated 
with muscle symptoms and require discontinuation of 
treatment but are more often due to other causes. In 
patients with myopathy, brown discolouration of urine 
indicates the presence of gross myoglobinuria.

The best means of detecting myopathy clinically is 
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awareness of the main risk factors, in particular: 
understanding the potential for drug interactions, which 
are product-specifi c (table 1) so prescribing information 
should be consulted; having a high index of suspicion if 
high-dose statin therapy is being used; and paying 
particular attention to vulnerable patients.

Managing myopathy
If myopathy or rhabdomyolysis is detected, statin 
treatment should immediately be stopped. If creatine 
kinase is substantially raised (eg, >10 000 IU/L), a high 
fl uid intake should be recommended to minimise the 
risk of renal impairment, and supportive management 
might be necessary. After this, creatine kinase levels 
should fall and muscle pain and function improve over 
the course of a few days; full recovery usually occurs 
within a few weeks. If a particular drug interaction has 
been implicated, it may be appropriate to restart the 
statin without the interacting drug. Otherwise a lower 
dose or alternative statin could be tried with careful 
monitoring.

Elevations of creatine kinase lower than ten times the 
upper limit of normal, with accompanying symptoms, 
should lead to further monitoring to see if the creatine 
kinase is rising or falling. It might be useful to measure 
thyroid function since both hypothyroidism and 
hyperthyroidism can adversely aff ect muscle.

Eff ects of statins on the liver
Since the fi rst introduction of statins it has been clear 
that a small percentage of patients experience an increase 
in liver enzymes (in particular, alanine and aspartate 
transaminases).1 Typically, with standard doses, little or 
no eff ect is seen on gamma glutamyl transferase, alkaline 
phosphatase, or bilirubin.52 Abnormalities in concen-
trations of these indicators of liver function should 
prompt further investigation of liver dysfunction.40 The 
increases in transaminases with statins are generally 
seen in the fi rst 6 months of treatment, are asymptomatic, 
and reverse on stopping the statin treatment or with dose 
reduction. They may also return to normal with 
continuation of the statin.41,66

The question is whether the eff ect on transaminases 
indicates hepatotoxicity or rather some sort of hepatic 
reaction to reduction of lipid levels. Other 
cholesterol-lowering agents, including fi brates, resins 
(which are not systemically absorbed), niacin,67 and 
ezetimibe,68 all increase liver enzymes, which suggests 
these changes could be a hepatic response to lipid-
lowering rather than hepatotoxicity.66

Standard doses
Data from the randomised trials do not indicate that 
statins are hepatotoxic. Although hepatitis and liver failure 
have been reported spontaneously and from trials of 
statins, it is not clear whether they are causally related or 
that the risk is over and above the background risk of 

sporadic liver failure.69,70 Given the proven benefi ts of 
statins, labelling people as statin-intolerant because of 
eff ects on liver enzymes has potentially important 
consequences for their cardiovascular risk management, 
so needs to be done carefully.

Only minor and non-signifi cant numbers of patients 
on statins with raised alanine or aspartate transaminase 
levels have been recorded in large randomised trials. 
Typically, the raised levels have been in the fi rst few 
months after randomisation.32,46 For example, in the Heart 
Protection Study30 there was no signifi cant excess of 
patients overall with elevated liver enzymes (alanine 
transaminase more than three times the upper limit of 
normal: 77 [0·75%] simvastatin vs 65 [0·63%] placebo; 
p=0·36). However, in keeping with other data there were 
more confi rmed increases of alanine transaminase in the 
fi rst 4 months of the study (8 [0·08%] simvastatin vs 
0 [0·00%] placebo) compared with later in the trial.

There is no convincing evidence from the statin trials 
that increases in either transaminase are associated with 
liver damage. In none of the large randomised studies 
which assessed standard statin doses (atorvastatin 
10 mg, fl uvastatin 40–80 mg, pravastatin 40 mg, or 
simvastatin 20–40 mg) is there any clear excess risk of 
reported hepatitis, or any other liver related serious 
adverse events.30,46,48,50,51,53,54,71

Higher doses
The eff ect on transaminases seems to be dependent on 
statin dose, and eff ects on other liver enzymes and 
bilirubin emerge with higher doses.72,73 But, unlike with 
myopathy, the eff ects might be because of a greater fall in 
LDL cholesterol.61 In one large atorvastatin database less 
than 0·2% of patients on placebo or atorvastatin 10 mg 
daily had persistent raised alanine or aspartate 
transaminase compared with 0·6% of those on 
atorvastatin 80 mg daily.64 The only trial to have raised a 
concern about statin hepatotoxicity compared atorvastatin 
80 mg daily with placebo in 3086 patients with acute 
coronary syndromes. Over the 4 months of the study,75 
38 (2·5%) atorvastatin compared with nine (0·6%) 
placebo patients had transaminases more than three 
times the upper limit of normal, and three of the 38 on 
atorvastatin were hospitalised with hepatitis. The 
long-term large randomised trials of atorvastatin 80 mg 
daily compared with lower statin doses or placebo 
confi rm the excess of persistent elevations of 
transaminases with this dose of atorvastatin (table 2) 
(and similarly some excess with simvastatin 80 mg36) but 
have not reported any hepatitis or liver failure.5,6,39

Management of raised transaminases
The lack of eff ect of statins on adverse hepatic outcomes 
(with the possible exception of atorvastatin 80 mg) raises 
several clinical questions about the increased trans-
aminases. Are all statins the same in this respect? If a 
patient develops raised enzymes with one statin should 
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another be tried or should statin treatment be continued? 
Is it safe to start a statin in individuals with raised 
enzymes? Is there any risk of clinical hepatitis? Is it safe 
to start statin treatment in people with raised γ-glutamyl 
transferase due to excessive alcohol intake?

Statin product information recommends baseline 
measurement of liver function and contraindicates the 
drugs in active liver disease, so in patients with baseline 
liver abnormalities, active disease must fi rst be excluded. 
At standard doses, eff ects on liver enzymes are rare (<1%), 
but at higher doses diff erent statins vary in the degree to 
which they raise liver enzymes.73 This may just parallel 
their LDL cholesterol-lowering effi  cacy, or could be some 
specifi c hepatotoxic eff ect of particular statins. A logical 
approach is to increase the statin dose slowly in those at 
risk of transaminase rises. Routine monitoring of liver 
function after starting statin treatment is no longer 
recommended for simvastatin, pravastatin, or lovastatin 
up to 40 mg daily (since the extensive controlled trial data 
are reassuring), but remains recommended in product 
information for the other statins and higher doses, despite 
the lack of evidence of adverse outcomes. If alanine or 
aspartate transaminsases are more than three times the 
upper limit of normal in an asymptomatic patient with no 
other liver abnormalities, the enzymes should be checked 
within a week and statin treatment stopped temporarily if 
alanine transaminase is still at this level. Increases to 
between two to three times the upper limit of normal in 
an asymptomatic patient necessitate monitoring, but will 
often resolve while on treatment.

Most of the randomised trials excluded patients with 
transaminase levels more than 1·2, 1·5 or 2 times the 
upper limit of normal, and so the safety of statins in these 
people has not been systematically assessed. If statin 
therapy is indicated in patients whose alanine or aspartate 
transminase are abnormal but stable over a few months, 
and who have no other evidence of active disease, it may 
be reasonable to start statin treatment with monitoring at 
intervals (eg, 3 and 6 months) but with continued 
treatment if transaminases remain stable.40,75 Furthermore, 
non-alcoholic steatohepatitis (fatty liver) may possibly 
improve with lipid-lowering therapy76 and no evidence 
has been found suggesting worsened outcome among 
people with raised enzymes from hepatitis B or C.75,77 If, 
however, other liver function tests such as bilirubin are 
abnormal or the enzymes are suggestive of an obstructive 
picture, statin therapy should generally be avoided until 
further investigation is undertaken.70,78

Other adverse eff ects at high statin doses
Other treatment-related, non-serious adverse events have 
been reported with atorvastatin 80 mg daily in trials 
where it has been compared with lower statin doses5,6 or 
simvastatin 80 mg.73 In particular, gastrointestinal eff ects 
such as diarrhoea, abdominal pain, or nausea. These 
eff ects were not reported in the trial comparing 
simvastatin 80 mg with 20 mg daily;36 no comparable 

large-scale randomised or long-term data exist for 
rosuvastatin at similarly potent doses.

Safety of statins in vulnerable groups
Alcohol
Most large randomised trials excluded people with 
excessive alcohol intake from participation, making 
assessment of the safety of statins in these people 
diffi  cult. Nevertheless, there is no clear evidence that 
statin myopathy is more common among those 
consuming large amounts of alcohol, although excess 
alcohol intake is a risk factor for rhabdomyolysis induced 
by pressure necrosis.79,80 In the Heart Protection Study,81 
no upper limit for alcohol intake was imposed provided 
that liver function tests were within acceptable ranges, 
and patients were thought likely to be compliant. Over 
2000 (11%) participants reported baseline alcohol intake 
>21 units per week and there was no evidence that these 
people were at any greater risk of myopathy or of 
statin-associated excess of raised alanine transaminase.

Pregnancy
All statins are contraindicated in pregnancy and 
breastfeeding. Premenopausal women treated with 
statins should be warned to avoid becoming pregnant, 
and to stop treatment if they plan to conceive. Although 
there are reports of congenital abnormalities in the 
babies of women who took statins during early 
pregnancy,82 prospective collection of data does not clearly 
support the view that statins are teratogenic in people or 
animals.83–85

Warfarin
Some statins (simvastatin, fl uvastatin, and rosuvastatin) 
potentiate the eff ect of coumarin anticoagulants such as 
warfarin. The usual recommendation is to check the 
anticoagulation control (eg, International Normalised 
Ratio) when statin treatment is started, stopped, or 
modifi ed. The change in the required dose of warfarin is 
usually small, but occasional patients will experience 
clinically important changes to their anticoagulant 
control.

Renal function
There is now a considerable body of evidence that most 
statins are safe to prescribe in the presence of moderate 
renal impairment, and might even preserve glomerular 
fi ltration.86 The large controlled trials of simvastatin, 
pravastatin, and atorvastatin54,81,87 have excluded patients 
with overt renal failure, but included participants with 
blood creatinine levels up to 1·5–2·0 times the upper 
limit of normal, or 150 or 200 µmol/L (depending on the 
trial). Hence, some patients had estimated glomerular 
fi ltration rates in the range 30–60 mL/min. People with 
this degree of renal impairment are at substantially 
increased risk of cardiovascular disease and the limited 
trial data suggest benefi t with statins in these subgroups, 
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although they may be at increased risk of myopathy. Only 
one trial (with low statistical power) has assessed the 
value of statin therapy in people with overt renal failure.88 
That trial of atorvastatin 20 mg daily versus placebo in 
1255 people with diabetes on maintenance haemodialysis 
did not show a signifi cant cardiovascular benefi t, and the 
role of statins for the prevention of cardiovascular disease 
in patients with chronic renal failure remains unclear.89

Rosuvastatin has been associated with an increase in 
the risk of proteinuria (mostly tubular in origin) 
particularly at higher doses.90 It is usually transient and 
has not been associated with worsened renal function. 
Rosuvastatin 10 mg daily is being assessed in a 
randomised trial of 2750 patients with chronic renal 
failure receiving haemodialysis, with results expected 
this year.62 Other than isolated case reports, proteinuria 
has not been associated with other statins, and recent 
meta-analyses show a trend toward statins lessening 
proteinuria (rather than causing it), as well as indicating 
that statins are associated with small improvements in 
renal function in long-term randomised trials.86,91

Elderly patients
No dose adjustment is recommended for elderly patients 
on statins, although the very elderly may be at increased 
risk of myopathy. People up to the age of 80 years have 
been included in randomised trials, and the safety profi le 
and relative benefi ts of treatment are generally similar to 
those in younger adults.3,30

Heart faliure
Concerns exist that statins could be harmful in patients 
with heart faliure,92,93 partly because low cholesterol levels 
are associated with poor outcomes in such patients.94,95 

However, in one large study,96 patients with high levels of 
brain type (N-terminal pro-B type) natiuretic peptide (N-
BNP) consistent with heart failure derived as much 
cardiovascular benefi t from simvastatin as other patients 
with no evidence of any hazard. Other studies have 
shown similar benefi ts in patients with heart failure.97,98

Children
Statin therapy is only very rarely indicated for children 
with severe familial hyperlipidaemias and should only be 
prescribed under specialist care. Long-term eff ects of 
treating children with statins are unknown but short-term 
and small-scale studies in children and adolescents have 
not raised safety concerns and no adverse eff ects have 
been seen on growth or sexual maturation.99–101

Other possible eff ects of statins
Despite concerns about a variety of possible adverse 
eff ects of statins (including causing lens opacities,102 
sleep disturbance,103,104 mood disorders,105,106 dementias,107 
and peripheral neuropathy108,109), data from controlled 
randomised comparisons have not confi rmed any of 
these adverse eff ects.110–114 For example, in the largest of 

the studies suggesting that statins may cause peripheral 
neuropathy, a relative risk of 3·7 (95% CI 1·8–7·6) was 
reported in association with 2–3 years’ low-dose statin 
use.109 But in one large controlled study, the absolute risk 
of reported peripheral neuropathy was very low 
(11 [0·1%] simvastatin vs 8 [0·1%] placebo) with no 
signifi cant excess in those allocated simvastatin 40 mg 
over 5 years.114 Similarly, hopes that statins might protect 
against fractures because of positive eff ects on bone 
mineral density,115,116 against dementia117 by eff ects on 
cognitive function, and against macular degeneration 
are not supported by evidence from randomised 
trials.30,118

Conclusion
Statins are a well-tolerated and extensively studied group 
of drugs. Their proven impact on cardiovascular disease 
risk has been driving their widespread use. With a few 
caveats, and while awaiting good-quality randomised 
data for the newer drugs, statins seem to be a remarkably 
safe group of drugs when used at their usual doses. The 
recognised adverse eff ects, most importantly myopathy 
and rhabdomyolysis, are rare and, as with most drugs, 
increase with higher doses. Muscle pain is common in 
middle-aged patients (and often believed to be due to the 
drug because of product warnings), but is, nevertheless, 
unlikely to be due to statin treatment. Measurement of 
creatine kinase in such patients can exclude myopathy 
and allow safe continuation of treatment. Importantly, 
any risks of myopathy and rhabdomyolysis can be kept to 
a minimum by knowledge of potential drug inter actions 
and the vulnerability of particular groups of patients.
Confl ict of interest statement
I do not receive honoraria or speaker’s fees from the pharmaceutical 
industry, but have been reimbursed for travel and accommodation for 
speaking at national and international meetings. I am an investigator in 
studies of simvastatin (funded by Merck) and provide advice to 
researchers on studies of atorvastatin and cerivastatin. I have undertaken 
unpaid consultancy work for Merck, Shering Plough, Astra Zeneca, and 
Pfi zer.

References
1 Grundy SM. HMG-CoA reductase inhibitors for treatment of 

hypercholesterolemia. N Engl J Med 1988; 319: 24–33.
2 Pedersen TR, Tobert JA. Benefi ts and risks of HMG-CoA reductase 

inhibitors in the prevention of coronary heart disease: a reappraisal. 
Drug Saf 1996; 14: 11–24.

3 Cholesterol Treatment Trialists’ (CTT) Collaborators. Effi  cacy and 
safety of cholesterol-lowering treatment: prospective meta-analysis 
of data from 90 056 participants in 14 randomised trials of statins. 
Lancet 2005; 366: 1267–78.

4 Peto R, Yusuf S, Collins R, et al. Cholesterol lowering trials in their 
epidemiological context. Circulation 1985; 72: 451 (abstract).

5 LaRosa JC, Grundy SM, Waters DD, et al. Intensive lipid lowering 
with atorvastatin in patients with stable coronary disease. 
N Engl J Med 2005; 352: 1425–35.

6 Pedersen TR, Faergeman O, Kastelein JJP, et al. High-dose 
atorvastatin vs usual-dose simvastatin for secondary prevention 
after myocardial infarction: the IDEAL study: a randomized 
controlled trial. JAMA 2005; 294: 2437–45.

7 Cannon CP, Braunwald E, McCabe CH et al. Intensive versus 
moderate lipid lowering with statins after acute coronary 
syndromes. N Engl J Med 2004; 350: 1495–504.



Review

1788 www.thelancet.com   Vol 370   November 24, 2007

8 British Cardiac Society, British Hypertension Society, Diabetes 
UK, HEART UK, Primary Care Cardiovascular Society, Stroke 
Association. JBS 2: Joint British Societies’ guidelines on 
prevention of cardiovascular disease in clinical practice. Heart 
2005; 91 (suppl 5): 1–52.

9 Executive summary of The Third Report of The National 
Cholesterol Education Program (NCEP) Expert Panel on 
Detection, evaluation, and treatment of high blood cholesterol in 
adults (Adult treatment panel III). JAMA 2001; 285: 2486–97.

10 Mukhtar RY, Reid J, Reckless JP. Pitavastatin. 
Int J Clin Pract 2005; 59: 239–52.

11 Park S, Kang HJ, Rim SJ, et al. A randomized, open-label study to 
evaluate the effi  cacy and safety of pitavastatin compared with 
simvastatin in Korean patients with hypercholesterolemia. 
Clin Ther 2005; 27: 1074–82.

12 Furberg CD, Pitt B. Withdrawal of cerivastatin from the world 
market. Curr Control Trials Cardiovasc Med 2001; 2: 205-07.

13 Davidson MH, Clark JA, Glass LM, Kanumalla A. Statin safety: an 
appraisal from the adverse event reporting system. Am J Cardiol 
2006; 97: 32–43.

14 The US Food and Drug Administration. Medical product safety 
information. Available at: http://www.fda.gov/medwatch/safety.
htm (accessed Oct 19, 2006).

15 Bruckert E, Hayem G, Dejager S, Yau C, Begaud B. Mild to 
moderate muscularsSymptoms with high-dosage statin therapy in 
hyperlipidemic patients—the PRIMO study. Cardiovasc Drug Ther 
2005; 19: 403–14.

16 Brown MS, Goldstein JL. Multivalent feedback regulation of 
HMG CoA reductase, a control mechanism coordinating 
isoprenoid synthesis and cell growth. J Lipid Res 1980; 21: 505–17.

17 Tobert JA. Lovastatin and beyond: the history of the HMG-CoA 
reductase inhibitors. Nat Rev Drug Discov 2003; 2: 517–26.

18 Arad Y, Ramakrishnan R, Ginsberg HN. Eff ects of lovastatin 
therapy on very-low-density lipoprotein triglyceride metabolism in 
subjects with combined hyperlipidemia: evidence for reduced 
assembly and secretion of triglyceride-rich lipoproteins. 
Metabolism 1992; 41: 487–93.

19 Bellosta S, Paoletti R, Corsini A. Safety of statins: focus on clinical 
pharmacokinetics and drug interactions. Circulation 2004; 109 
(suppl 1): 50–57.

20 Shitara Y, Sugiyama Y. Pharmacokinetic and pharmacodynamic 
alterations of 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) 
reductase inhibitors: drug-drug interactions and interindividual 
diff erences in transporter and metabolic enzyme functions. 
Pharmacol Ther 2006; 112: 71–105.

21 Pasternak RC, Smith SC Jr, Bairey-Merz CN, Grundy SM, 
Cleeman JI, Lenfant C. ACC/AHA/NHLBI Clinical Advisory on 
the Use and Safety of Statins. Stroke 2002; 33: 2337–41.

22 Sakaeda T, Fujino H, Komoto C, et al. Eff ects of acid and lactone 
forms of eight HMG-CoA reductase inhibitors on CYP-mediated 
metabolism and MDR1-mediated transport. Pharm Res 2006; 23: 
506–12.

23 Jacobs D, Blackburn H, Higgins M, et al. Report of the conference 
on low blood cholesterol: mortality associations. Circulation 1992; 
86: 1046–60.

24 Neaton JD, Blackburn H, Jacobs D, et al for the Multiple Risk 
Factor Intervention Trial Research Group. Serum cholesterol level 
and mortality fi ndings for men screened in the Multiple Risk 
Factor Intervention Trial. Arch Intern Med 1992; 152: 1490–500.

25 Muldoon MF, Manuck SB. Ischemic heart disease and cholesterol. 
Safety of cholesterol reduction remains in doubt. BMJ 1994; 308: 
1104–05.

26 Muldoon MF, Manuck SB, Mendelsohn AB, Kaplan JR, Belle SH. 
Cholesterol reduction and non-illness mortality: meta-analysis of 
randomised clinical trials. BMJ 2001; 322: 11–15.

27 Chen J, Campbell TC, Li J, Peto R. Diet, lifestyle and mortality in 
China. Oxford: Oxford University Press, 1990.

28 Chen Z, Peto R, Collins R, MacMahon S, Lu J, Li W. Serum 
cholesterol concentration and coronary heart disease in 
population with low cholesterol concentrations. BMJ 1991; 303: 
276–82.

29 Sankatsing RR, Fouchier SW, de Haan S, et al. Hepatic and 
cardiovascular consequences of familial hypobetalipoproteinemia. 
Arterioscler Thromb Vasc Biol 2005; 25: 1979–84.

30 Heart Protection Study Collaborative Group. MRC/BHF Heart 
Protection Study of cholesterol lowering with simvastatin in 
20 536 high-risk individuals: a randomised placebo-controlled trial. 
Lancet 2002; 360: 7–22.

31 Sacks FM, Pfeff er MA, Moye LA, et al. The eff ect of pravastatin on 
coronary events after myocardial infarction in patients with average 
cholesterol levels. Cholesterol and Recurrent Events Trial 
investigators. N Engl J Med 1996; 335: 1001–09.

32 Downs JR, Clearfi eld M, Weis S, et al. Primary prevention of acute 
coronary events with lovastatin in men and women with average 
cholesterol levels: results of AFCAPS/TexCAPS. Air Force/Texas 
Coronary Atherosclerosis Prevention Study. JAMA 1998; 279: 1615–22.

33 Strandberg TE, Pyorala PK, Cook TJ, et al. Mortality and incidence of 
cancer during 10-year follow-up of the Scandinavian Simvastatin 
Survival Study (4S). Lancet 2004; 364: 771–77.

34 Long-term eff ectiveness and safety of pravastatin in 9014 patients 
with coronary heart disease and average cholesterol concentrations: 
the LIPID trial follow-up. Lancet 2002; 359: 1379–87.

35 Holdaas H, Fellstrom B, Cole E, et al. Long-term cardiac outcomes in 
renal transplant recipients receiving fl uvastatin: the ALERT 
extension study. Am J Transplant 2005; 5: 2929–36.

36 de Lemos JA, Blazing MA, Wiviott SD, et al. Early intensive vs a 
delayed conservative simvastatin strategy in patients with acute 
coronary syndromes: phase Z of the A to Z trial. JAMA 2004; 292: 
1307–16.

37 Wiviott SD, de Lemos JA, Cannon CP et al. A tale of two trials: a 
comparison of the post-acute coronary syndrome lipid-lowering trials 
A to Z and PROVE IT-TIMI 22. Circulation 2006; 113: 1406–14.

38 Cannon CP, Steinberg BA, Murphy SA, Mega JL, Braunwald E. 
Meta-analysis of cardiovascular outcomes trials comparing intensive 
versus moderate statin therapy. J Am Coll Cardiol 2006; 48: 438–45.

39 The Stroke Prevention by Aggressive Reduction in Cholesterol Levels 
(SPARCL) Investigators. High-dose atorvastatin after stroke or 
transient ischemic attack. N Engl J Med 2006; 355: 549–59.

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

41 Pasternak RC, Smith SC Jr, Bairey-Merz CN, Grundy SM, 
Cleeman JI, Lenfant C. ACC/AHA/NHLBI clinical advisory on the 
use and safety of statins. J Am Coll Cardiol 2002; 40: 567–72.

42 Thompson PD, Clarkson P, Karas RH. Statin-associated myopathy. 
JAMA 2003; 289: 1681–90.

43 US Food and Drug Administration. Baycol withdrawal letter. 
http://www.fda.gov/medwatch/safety/2001/Baycol2.htm (accessed 
Oct 19, 2006).

44 Prueksaritanont T, Zhao JJ, Ma B, et al. Mechanistic studies on 
metabolic interactions between gemfi brozil and statins. 
J Pharmacol Exp Ther 2002; 301: 1042–51.

45 Tobert JA. Effi  cacy and long-term adverse eff ect pattern of lovastatin. 
Am J Cardiol 1988; 62: 28–34.

46 Pfeff er MA, Keech A, Sacks FM, et al. Safety and tolerability of 
pravastatin in long-term clinical trials: prospective Pravastatin 
Pooling (PPP) Project. Circulation 2002; 105: 2341–46.

47 Newman CB, Palmer G, Silbershatz H, Szarek M. Safety of 
atorvastatin derived from analysis of 44 completed trials in 
9 416 patients. Am J Cardiol 2003; 92: 670–76.

48 Mohler ER 3rd, Hiatt WR, Creager MA. Cholesterol reduction with 
atorvastatin improves walking distance in patients with peripheral 
arterial disease. Circulation 2003; 108: 1481–86.

49 Bradford RH, Shear CL, Chremos AN, et al. Expanded clinical 
evaluation of lovastatin (EXCEL) study results: III. Effi  cacy in 
modifying lipoproteins and implications for managing patients with 
moderate hypercholesterolemia. Am J Med 1991; 91: 18–24.

50 Holdaas H, Fellstrom B, Jardine AG, et al. Eff ect of fl uvastatin on 
cardiac outcomes in renal transplant recipients: a multicentre, 
randomised, placebo-controlled trial. Lancet 2003; 361: 2024–31.

51 Serruys PW, de Feyter P, Macaya C, et al. Fluvastatin for prevention 
of cardiac events following successful fi rst percutaneous coronary 
intervention: a randomized controlled trial. JAMA 2002; 287: 
3215–22.

52 Keech A, Collins R, MacMahon S, et al. Three-year follow-up of the 
Oxford Cholesterol Study: assessment of the effi  cacy and safety of 
simvastatin in preparation for a large mortality study. Eur Heart J 
1994; 15: 255–69.



Review

www.thelancet.com   Vol 370   November 24, 2007 1789

53 Sever PS, Dahlof B, Poulter NR, et al. Prevention of coronary and 
stroke events with atorvastatin in hypertensive patients who have 
average or lower-than-average cholesterol concentrations, in the 
Anglo-Scandinavian Cardiac Outcomes Trial—Lipid Lowering Arm 
(ASCOT-LLA): a multicentre randomised controlled trial. Lancet 
2003; 361: 1149–58.

54 Colhoun HM, Betteridge DJ, Durrington PN, et al. Primary 
prevention of cardiovascular disease with atorvastatin in type 2 
diabetes in the Collaborative Atorvastatin Diabetes Study (CARDS): 
multicentre randomised placebo-controlled trial. Lancet 2004; 364: 
685–96.

55 Randomised trial of cholesterol lowering in 4444 patients with 
coronary heart disease: the Scandinavian Simvastatin Survival 
Study (4S). Lancet 1994; 344: 1383–89.

56 Bradford RH, Shear CL, Chremos AN, et al. Expanded Clinical 
Evaluation of Lovastatin (EXCEL) study results: two-year effi  cacy 
and safety follow-up. Am J Cardiol 1994; 74: 667–73.

57 Jacobson TA. Statin safety: lessons from new drug applications for 
marketed statins. Am J Cardiol 2006; 97: 44–51.

58 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: 3051–57.

59 Brewer HB Jr. Benefi t-risk assessment of Rosuvastatin 10 to 
40 milligrams. Am J Cardiol 2003; 92: 23–29.

60 Grundy SM. The issue of statin safety: where do we stand? 
Circulation 2005; 111: 3016–19.

61 US Food and Drug Administration. FDA alert for healthcare 
professionals regarding Crestor (Rosuvastatin Calcium). 
http://www.fda.gov/cder/drug/infosheets/HCP/RosuvastatinHCP.
htm (accessed Oct 19, 2006.

62 Schuster H, Fox JC. Investigating cardiovascular risk 
reduction—the Rosuvastatin GALAXY Programme. 
Expert Opin Pharmacother 2004; 5: 1187–200.

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

64 Newman C, Tsai J, Szarek M, Luo D, Gibson E. Comparative safety 
of atorvastatin 80 mg versus 10 mg derived from analysis of 
49 completed trials in 14 236 patients. Am J Cardiol 2006; 97: 61–67.

65 Nathwani RA, Pais S, Reynolds TB, Kaplowitz N. Serum alanine 
aminotransferase in skeletal muscle diseases. Hepatology 2005; 41: 
380–82.

66 Tolman KG. The liver and lovastatin. Am J Cardiol 2002; 89: 
1374–80.

67 Capuzzi DM, Guyton JR, Morgan JM, et al. Effi  cacy and safety of an 
extended-release niacin (Niaspan): a long-term study. Am J Cardiol 
1998; 82: 74–81.

68 Bays H. Ezetimibe. Expert Opin Investig Drugs 2002; 11: 1587–604.
69 Tolman KG. Defi ning patient risks from expanded preventive 

therapies. Am J Cardiol 2000; 85: 15–19.
70 Maddrey WC. Drug-induced hepatotoxicity: 2005. 

J Clin Gastroenterol 2005; 39 (suppl 2): 83–89.
71 Pedersen TR, Berg K, Cook TJ et al. Safety and tolerability of 

cholesterol lowering with simvastatin during 5 years in the 
Scandinavian Simvastatin Survival Study. Arch Intern Med 1996; 156: 
2085–92.

72 Ballantyne CM, Blazing MA, Hunninghake DB, et al. Eff ect on 
high-density lipoprotein cholesterol of maximum dose simvastatin 
and atorvastatin in patients with hypercholesterolemia: results of 
the Comparative HDL Effi  cacy and Safety Study (CHESS). 
Am Heart J 2003; 146: 862–69.

73 Illingworth DR, Crouse JR 3rd, Hunninghake DB, et al. A 
comparison of simvastatin and atorvastatin up to maximal 
recommended doses in a large multicenter randomized clinical 
trial. Curr Med Res Opin 2001; 17: 43–50.

74 Kinlay S, Schwartz GG, Olsson AG, et al. Eff ect of atorvastatin on 
risk of recurrent cardiovascular events after an acute coronary 
syndrome associated with high soluble CD40 ligand in the 
Myocardial Ischemia Reduction with Aggressive Cholesterol 
Lowering (MIRACL) Study. Circulation 2004; 110: 386–91.

75 Chalasani N, Aljadhey H, Kesterson J, Murray MD, Hall SD. 
Patients with elevated liver enzymes are not at higher risk for statin 
hepatotoxicity. Gastroenterology 2004; 126: 1287–92.

76 Angulo P. Nonalcoholic fatty liver disease. N Engl J Med 2002; 346: 
1221–31.

77 Gibson K, Rindone JP. Experience with statin use in patients with 
chronic hepatitis C infection. Am J Cardiol 2005; 96: 1278–79.

78 Navarro VJ, Senior JR. Drug-related hepatotoxicity. N Engl J Med 
2006; 354: 731–39.

79 Lane R, Phillips M. Rhabdomyolysis. BMJ 2003; 327: 115–16.
80 Melli G, Chaudhry V, Cornblath DR. Rhabdomyolysis: an 

evaluation of 475 hospitalized patients. Medicine (Baltimore) 2005; 
84: 377–85.

81 Heart Protection Study Collaborative Group. MRC/BHF Heart 
Protection Study of cholesterol-lowering with simvastatin in 
5963 people with diabetes: a randomised placebo-controlled trial. 
Lancet 2003; 361: 2005–16.

82 Edison RJ, Muenke M. Central nervous system and limb anomalies 
in case reports of fi rst-trimester statin exposure. N Engl J Med 2004; 
350: 1579–82.

83 Lankas GR, Cukierski MA, Wise LD. The role of maternal toxicity in 
lovastatin-induced developmental toxicity. 
Birth Defects Res B Dev Reprod Toxicol 2004; 71: 111–23.

84 Pollack PS, Shields KE, Burnett DM, Osborne MJ, 
Cunningham ML, Stepanavage ME. Pregnancy outcomes after 
maternal exposure to simvastatin and lovastatin. 
Birth Defects Res A Clin Mol Teratol 2005; 73: 888–96.

85 Gibb H, Scialli AR. Statin drugs and congenital anomalies. 
Am J Med Genet A 2005; 135: 230–31.

86 Fried LF, Orchard TJ, Kasiske BL. Eff ect of lipid reduction on the 
progression of renal disease: a meta-analysis. Kidney Int 2001; 59: 
260–69.

87 Tonelli M, Moye L, Sacks FM, Cole T, Curhan GC. Eff ect of 
Pravastatin on Loss of Renal Function in People with Moderate 
Chronic Renal Insuffi  ciency and Cardiovascular Disease. 
J Am Soc Nephrol 2003; 14: 1605–13.

88 Wanner C, Krane V, Marz W, et al. Atorvastatin in patients with type 
2 diabetes mellitus undergoing hemodialysis. N Engl J Med 2005; 
353: 238–48.

89 Baigent C, Landray M, Warren M. Statin therapy in kidney disease 
populations: potential benefi ts beyond lipid lowering and the need 
for clinical trials. Curr Opin Nephrol Hypertens 2004; 13: 601–05.

90 Vidt DG, Cressman MD, Harris S, Pears JS, Hutchinson HG. 
Rosuvastatin-induced arrest in progression of renal disease. 
Cardiology 2004; 102: 52–60.

91 Sandhu S, Wiebe N, Fried LF, Tonelli M. Statins for improving 
renal outcomes: a meta-analysis. J Am Soc Nephrol 2006; 17: 
2006–16.

92 Ashton E, Liew D, Krum H. Should patients with chronic heart 
faliure be treated with “statins”? Heart Fail Monit 2003; 3: 82–6

93 Krum H, McMurray JJ. Statins and chronic heart faliure: do we 
need a large-scale outcome trial? J Am Coll Cardiol 2002; 8: 216–24

94 Rauchhaus M, Clark AL, Doehner W, et al. The relationship 
between cholesterol and survival in patients with chronic heart 
faliure. J Am Coll Cardiol 2003; 42: 1993–40

95 Horwich TB, Hamilton MA, Maclellan WR, Fonacrow GC. Low 
serum total cholesterol is associated with marked increase in 
mortality in advbanced heart faliure. J Card Fail 2002; 8: 216–24

96 Heart Protection Study Collaborative Group. N-terminal pro-B-type 
natriuetic peptide, vascular disease risk and cholesterol reduction in 
20 536 patients in the MRC/BHF Heart Protections Study. 
J Am Coll Cardiol 2007; 49: 311–9

97 Khush KK, Waters DD, Bittner V, et al. Eff ect of high-dose 
atorvastatin on hospitalizations for heart failure. Circulation 2007; 
115: 576–83.

98 Raina A, Pickering T, Shimbo D. Statin use in heart failure: a cause 
for concern? Am Heart J 2006; 152: 39–49.

99 de Jongh S, Ose L, Szamosi T, et al. Effi  cacy and safety of statin 
therapy in children with familial hypercholesterolemia: a 
randomized, double-blind, placebo-controlled trial with simvastatin. 
Circulation 2002; 106: 2231–37.

100 McCrindle BW, Ose L, Marais AD. Effi  cacy and safety of atorvastatin 
in children and adolescents with familial hypercholesterolemia or 
severe hyperlipidemia: a multicenter, randomized, 
placebo-controlled trial. J Pediatr 2003; 143: 74–80.

101 Stein EA, Illingworth DR, Kwiterovich PO Jr, et al. Effi  cacy and 
safety of lovastatin in adolescent males with heterozygous familial 
hypercholesterolemia: a randomized controlled trial. JAMA 1999; 
281: 137–44.



Review

1790 www.thelancet.com   Vol 370   November 24, 2007

102 Gerson RJ, MacDonald JS, Alberts AW, et al. On the etiology of 
subcapsular lenticular opacities produced in dogs receiving 
HMG-CoA reductase inhibitors. Exp Eye Res 1990; 50: 65–78.

103 Harrison RW, Ashton CH. Do cholesterol-lowering agents aff ect 
brain activity? A comparison of simvastatin, pravastatin, and 
placebo in healthy volunteers. Br J Clin Pharmacol 1994; 37: 231–36.

104 Black DM, Lamkin G, Olivera EH, Laskarzewski PM, Stein EA. 
Sleep disturbance and HMG CoA reductase inhibitors. JAMA 1990; 
264: 1105.

105 Morgan RE, Palinkas LA, Barrett-Connor EL, Wingard DL. Plasma 
cholesterol and depressive symptoms in older men. Lancet 1993; 
341: 75–79.

106 Brown SL, Salive ME, Harris TB, Simonsick EM, Guralnik JM, 
Kohout FJ. Low cholesterol concentrations and severe depressive 
symptoms in elderly people. BMJ 1994; 308: 1328–32.

107 Wagstaff  LR, Mitton MW, Arvik BM, Doraiswamy PM. 
Statin-associated memory loss: analysis of 60 case reports and 
review of the literature. Pharmacotherapy 2003; 23: 871–80.

108 Gaist D, Garcia Rodriguez LA, Huerta C, Hallas J, Sindrup SH. Are 
users of lipid-lowering drugs at increased risk of peripheral 
neuropathy? Eur J Clin Pharmacol 2001; 56: 931–33.

109 Gaist D, Jeppesen U, Andersen M, Garcia Rodriguez LA, Hallas J, 
Sindrup SH. Statins and risk of polyneuropathy: a case-control 
study. Neurology 2002; 58: 1333–37.

110 Harris ML, Bron AJ, Brown NA, et al. Absence of eff ect of 
simvastatin on the progression of lens opacities in a randomised 
placebo controlled study. Oxford Cholesterol Study Group. 
Br J Ophthalmol 1995; 79: 996–1002.

111 Laties AM, Shear CL, Lippa EA, et al. Expanded clinical evaluation 
of lovastatin (EXCEL) study results. II. Assessment of the human 
lens after 48 weeks of treatment with lovastatin. Am J Cardiol 1991; 
67: 447–53.

112 Keech AC, Armitage JM, Wallendszus KR, et al. Absence of eff ects 
of prolonged simvastatin therapy on nocturnal sleep in a large 
randomized placebo-controlled study. Oxford Cholesterol Study 
Group. Br J Clin Pharmacol 1996; 42: 483–90.

113 Wardle J, Armitage J, Collins R, Wallendszus K, Keech A, Lawson A. 
Randomised placebo controlled trial of eff ect on mood of lowering 
cholesterol concentration. Oxford Cholesterol Study Group. BMJ 
1996; 313: 75–78.

114 Heart Protection Study Collaborative Group. Eff ects of 
cholesterol-lowering with simvastatin on stroke and other major 
vascular events in 20 536 people with cerebrovascular disease or 
other high-risk conditions. Lancet 2004; 363: 757–67.

115 Pasco JA, Kotowicz MA, Henry MJ, Sanders KM, Nicholson GC. 
Statin use, bone mineral density, and fracture risk: Geelong 
Osteoporosis Study. Arch Intern Med 2002; 162: 537–40.

116 Reid IR, Hague W, Emberson J, et al. Eff ect of pravastatin on 
frequency of fracture in the LIPID study: secondary analysis of a 
randomised controlled trial. Long-term intervention with 
pravastatin in ischaemic disease. Lancet 2001; 357: 509–12.

117 Jick H, Zornberg GL, Jick SS, Seshadri S, Drachman DA. Statins 
and the risk of dementia. Lancet 2000; 356: 1627–31.

118 Shepherd J, Blauw GJ, Murphy MB, et al. Pravastatin in elderly 
individuals at risk of vascular disease (PROSPER): a randomised 
controlled trial. Lancet 2002; 360: 1623–30.


	The safety of statins in clinical practice
	Introduction
	Maintaining very low cholesterol levels
	Specific adverse effects of statins
	Effects on muscle
	Standard doses
	Higher doses
	Detecting myopathy
	Managing myopathy

	Effects of statins on the liver
	Standard doses
	Higher doses
	Management of raised transaminases

	Other adverse effects at high statin doses
	Safety of statins in vulnerable groups
	Alcohol
	Pregnancy
	Warfarin
	Renal function
	Elderly patients
	Heart faliure
	Children

	Other possible e. ects of statins
	Conclusion
	References


