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Data Selection
Sources: Medical literature published in any language since 1997 on atorvastatin, identified using Medline and EMBASE, supplemented by
AdisBase (a proprietary database of Adis International). Additional references were identified from the reference lists of published articles.
Bibliographical information, including contributory unpublished data, was also requested from the company developing the drug.
Search strategy: Medline search terms were ‘atorvastatin’ or ‘CI 981’. EMBASE search terms were ‘atorvastatin’ or ‘CI 981’ or ‘YM548’.
AdisBase search terms were ‘atorvastatin’ or ‘CI-981’ or ‘YM 548’. Searches were last updated 11 Sep 2001.
Selection: Studies in patients with hyperlipidaemia who received atorvastatin. Inclusion of studies was based mainly on the methods section
of the trials. When available, large, well controlled trials with appropriate statistical methodology were preferred. Relevant pharmacodynamic
and pharmacokinetic data are also included.
Index terms:atorvastatin, HMG-CoA reductase inhibitors, hypercholesterolaemia, hyperlipidaemia, pharmacodynamics, pharmacokinetics,
therapeutic use.
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Summary
Abstract Atorvastatin is a synthetic hydroxymethylglutaryl coenzyme A (HMG-CoA) re-

ductase inhibitor. In dosages of 10 to 80 mg/day, atorvastatin reduces levels of
total cholesterol, low-density lipoprotein (LDL)-cholesterol, triglyceride and
very low-density lipoprotein (VLDL)-cholesterol and increases high-density li-
poprotein (HDL)-cholesterol in patients with a wide variety of dyslipidaemias.
In large long-term trials in patients with primary hypercholesterolaemia,
atorvastatin produced greater reductions in total cholesterol, LDL-cholesterol and
triglyceride levels than other HMG-CoA reductase inhibitors.

In patients with coronary heart disease (CHD), atorvastatin was more effica-
cious than lovastatin, pravastatin, fluvastatin and simvastatin in achieving target
LDL-cholesterol levels and, in high doses, produced very low LDL-cholesterol
levels. Aggressive reduction of serum LDL-cholesterol to 1.9 mmol/L with
atorvastatin 80 mg/day for 16 weeks in patients with acute coronary syndromes
significantly reduced the incidence of the combined primary end-point events and
the secondary end-point of recurrent ischaemic events requiring rehospitalisation
in the large, well-designed MIRACL trial.

In the AVERT trial, aggressive lipid-lowering therapy with atorvastatin 80
mg/ day for 18 months was at least as effective as coronary angioplasty and usual
care in reducing the incidence of ischaemic events in low-risk patients with stable
CHD. Long-term studies are currently investigating the effects of atorvastatin on
serious cardiac events and mortality in patients with CHD.

Pharmacoeconomic studies have shown lipid-lowering with atorvastatin to be
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cost effective in patients with CHD, men with at least one risk factor for CHD
and women with multiple risk factors for CHD. In available studies atorvastatin
was more cost effective than most other HMG-CoA reductase inhibitors in
achieving target LDL-cholesterol levels.

Atorvastatin is well tolerated and adverse events are usually mild and transient.
The tolerability profile of atorvastatin is similar to that of other available HMG-
CoA reductase inhibitors and to placebo. Elevations of liver transaminases and
creatine phosphokinase are infrequent. There have been rare case reports of
rhabdomyolysis occurring with concomitant use of atorvastatin and other drugs.

Conclusion: Atorvastatin is an appropriate first-line lipid-lowering therapy in
numerous groups of patients at low to high risk of CHD. Additionally it has a
definite role in treating patients requiring greater decreases in LDL-cholesterol
levels. Long-term studies are under way to determine whether achieving very low
LDL-cholesterol levels with atorvastatin is likely to show additional benefits on
morbidity and mortality in patients with CHD.

Pharmacodynamic
Properties

Like other members of its class, atorvastatin inhibits hydroxymethylglutaryl co-
enzyme A (HMG-CoA) reductase in vivo and in vitro, and impedes the formation
of mevalonic acid, which is the rate-limiting step in the biosynthesis of choles-
terol. The reduction in intracellular cholesterol increases the number of low-
density lipoprotein (LDL) receptors, thus increasing the clearance of LDL-cholesterol
from plasma.

Atorvastatin reduces plasma levels of total cholesterol, LDL-cholesterol, very
low-density lipoprotein (VLDL)-cholesterol, triglycerides and apolipoprotein B,
as demonstrated in a number of studies in human volunteers and patients (see
Therapeutic Efficacy section). The greater efficacy of atorvastatin than other
currently available HMG-CoA reductase inhibitors in reducing total cholesterol
and LDL-cholesterol levels is believed to result from a prolonged duration of
HMG-CoA reductase inhibition rather than the degree of inhibition.

The marked reductions in triglyceride levels with atorvastatin result mainly
from decreases in VLDL production, caused in part by inhibition of cholesterol
synthesis. In addition, the increase in number of LDL receptors, combined with
the decrease in LDL particles available to bind to these receptors, may enhance
the binding of VLDL particles, thus reducing triglyceride levels.

Atorvastatin reduces LDL-cholesterol levels in patients with homozygous fa-
milial hypercholesterolaemia despite the absence of any functional LDL recep-
tors in these patients. This effect appears to result from marked inhibition of
cholesterol synthesis, which in turn decreases the rate of LDL production. The
reductions in overall levels of triglycerides and cholesterol by atorvastatin are
accompanied by an improvement in the LDL subfraction profile, with a shift
towards the larger subfractions.

There is some evidence that atorvastatin, like other drugs of its class, may have
beneficial pharmacodynamic effects in addition to lipid-lowering in patients with
atherosclerosis and CHD. Atorvastatin improved endothelial function in patients
with hypercholesterolaemia or diabetes mellitus. The improvement did not cor-
relate with the reduction in cholesterol levels and is likely to be due to enhanced
endothelial production of nitric oxide (NO) and/or decreased formation of oxygen-
derived free radicals.

As well, atorvastatin possibly plays a role in the stabilisation of atherosclerotic
plaques by reducing the accumulation of inflammatory cells within them. The
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drug reduced the activation in vitro of nuclear factor Κappa-B, an inducer of
chemokines involved in the inflammation in the atheromatous plaque. In studies
of other effects, atorvastatin abolished macrophage infiltration in the arterial
neointimal lesions in addition to reducing atheromatous lesion size in a rabbit
model of atherosclerosis, and inhibited smooth muscle cell migration and prolif-
eration in both in vitro and in vivo studies.

Treatment with atorvastatin has been shown to reduce spontaneous and ADP-
and epinephrine-induced platelet aggregation, probably because of its effect on
intraplatelet NO metabolism through an increase in intraplatelet NO synthase
activity. Atorvastatin also reduced the enhanced susceptibility of LDL to oxida-
tion, decreased cholesterol accumulation in macrophages and improved red cell
deformability.

Most data indicate the drug has positive or negligible effects on non-lipid risk
factors for CHD. The drug generally had no appreciable effect on fibrinogen
levels, and most data from randomised trials demonstrated a possibly dose-
dependent reduction in C-reactive protein levels. The drug generally had no effect
on lipoprotein (a) levels in dosages up to 40 mg/day, but the largest such clinical
trial (the ASAP study) showed a significant reduction in this parameter after 2
years’ therapy with atorvastatin 80 mg/day.

Pharmacokinetic
Properties

About 30% of an oral dose of atorvastatin is absorbed and undergoes extensive
first-pass metabolism. The drug has a bioavailability of about 14% and is >98%
protein bound in the plasma. No significant changes in area under the plasma
concentration-time curve or elimination half-life were observed with the admin-
istration of atorvastatin 30 minutes after food intake, although the rate of absorp-
tion was reduced.

The single-dose pharmacokinetic parameters of atorvastatin are linear. After
single doses of atorvastatin 10, 20 or 40mg in healthy male volunteers, time to
reach peak plasma concentration was 0.6 to 0.9 hours. The pharmacological re-
sponse (lipid-lowering action) is more accurately predicted by the dose adminis-
tered than the plasma drug concentrations.

Metabolism of atorvastatin by cytochrome P450 (CYP) 3A4 produces ortho-
and para-hydroxylated derivatives and various β-oxidation products. 70% of the
HMG-CoA reductase inhibitory activity associated with atorvastatin has been
attributed to its active ortho- and para-hydroxylated metabolites, which are equi-
potent to the parent drug.

The peak plasma concentration of atorvastatin is significantly increased in
patients with hepatic failure and dosage needs to be reduced in such patients.
However, renal impairment has no significant effect on the pharmacokinetic pa-
rameters of atorvastatin.

Clinically significant interactions of atorvastatin are likely to occur with its
concomitant use with other drugs metabolised by CYP 3A4 including erythro-
mycin, itraconazole, ethinyl estradiol, fusidic acid and cyclosporin.

Therapeutic Efficacy The lipid-lowering effects of atorvastatin have been investigated in patients with
various types of dyslipidaemia. At present the only clinical outcomes data are
from studies of aggressive atorvastatin therapy in patients with CHD, but many
large trials of atorvastatin are under way to examine the effect of the drug on
morbidity and mortality.

Primary hypercholesterolaemia. The lipid-lowering efficacy of atorvastatin in
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patients with primary hypercholesterolaemia is well established. The drug con-
sistently reduces total and LDL-cholesterol levels in a nonlinear dose-dependent
manner, with atorvastatin 10 to 80 mg/day producing reductions in serum LDL-
cholesterol levels of about 35 to 60% in various placebo-controlled and non-
comparative trials. Atorvastatin 10 to 80 mg/day reduced triglyceride levels by
17 to 45% and apolipoprotein B levels by 17 to 50%.

Target US National Cholesterol Education Program (NCEP) LDL-cholesterol
levels (<4.1 mmol/L) were achieved in 91 and 100% of patients with low CHD
risk receiving 10 and 20 mg/day of atorvastatin, respectively, in a placebo-
controlled study. In the high CHD risk group, 27, 40, 64 and 82% of patients
receiving atorvastatin 10, 20, 40 and 80mg, respectively, reached their target
serum LDL-cholesterol levels (≤2.6 mmol/L).

Atorvastatin was more efficacious in lowering serum levels of LDL-choles-
terol, total cholesterol and triglycerides than milligram equivalent doses of other
currently available HMG-CoA reductase inhibitors in patients with hyperchol-
esterolaemia. In large double-blind 1-year trials, reductions in total cholesterol,
LDL-cholesterol, apolipoprotein B and triglyceride levels were significantly
greater with atorvastatin 10 to 20 mg/day than with lovastatin 20 to 40 mg/day,
pravastatin 20 to 40 mg/day or simvastatin 10 to 20 mg/day.

As well, a greater number of patients tended to reach US NCEP LDL-choles-
terol goals or European Atherosclerosis Society goals with atorvastatin than with
lovastatin, pravastatin, fluvastatin and simvastatin. Fewer patients receiving
atorvastatin than these other agents require upward dose titration.

Atorvastatin increased high-density lipoprotein (HDL)-cholesterol levels by
about 5 to 9% in most studies comparing the drug with others of its class.

Mixed hyperlipidaemia. In patients with mixed hyperlipidaemia, atorvastatin
10 to 20 mg/day produced greater reductions in serum LDL-cholesterol and total
cholesterol but lesser reductions in serum triglyceride levels than fenofibrate 200
or 300 mg/day, bezafibrate 400 mg/day and nicotinic acid 3 g/day. The increase
in HDL-cholesterol was less than that with fenofibrate and nicotinic acid and
similar to that with bezafibrate.

Atorvastatin 10 mg/day was more efficacious in reducing serum LDL-choles-
terol and triglyceride levels than simvastatin 10 mg/day in a well-designed, 6-
week study involving 1378 evaluable patients with mixed dyslipidaemia (the
ASSET trial), and than other comparator HMG-CoA reductase inhibitors in a
smaller trial.

Type 2 diabetes mellitus. The efficacy of atorvastatin in lowering serum LDL-
cholesterol levels is similar in patients with type 2 diabetes mellitus and those
without the condition. Atorvastatin 10 mg/day produced a greater reduction in
serum LDL-cholesterol levels than simvastatin 10 mg/day, pravastatin 20 mg/day
or lovastatin 20 mg/day in patients with type 2 diabetes mellitus after 6 months,
and the drug was superior to simvastatin after 54 weeks in the ASSET trial. More
patients given atorvastatin 80 mg/day than 10 mg/day achieved target NCEP
LDL-cholesterol goals in the DALI study.

Familial hypercholesterolaemia. Atorvastatin reduced serum LDL-cholesterol
levels further in patients with familial hypercholesterolaemia who had previously
received simvastatin alone, or in combination with cholestyramine. Reductions
were similar to those in patients previously treated with combinations of
simvastatin and fenofibrate or nicotinic acid. In the ASAP trial, atorvastatin 80 mg/
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day significantly reduced, and simvastatin 40 mg/day increased, carotid intimal
media thickness in patients with familial hypercholesterolaemia after 2 years.

Atorvastatin 80 mg/day significantly reduced total cholesterol and LDL-cho-
lesterol levels in small numbers of patients with homozygous familial hyperchol-
esterolaemia treated for 2 months.

Aggressive therapy in patients with coronary heart disease.
Atorvastatin is generally more efficacious than the other HMG-CoA reductase

inhibitors in achieving the stricter serum LDL-cholesterol target levels in patients
with established CHD, in terms of the percentage of patients achieving the targets
on monotherapy with these drugs as well as the proportion of patients requiring
upward dose titration or a combination with other lipid-lowering agents. This
has led to investigation of whether more aggressive therapy can provide clinical
benefits.

Aggressive reduction of serum LDL-cholesterol to 1.9 mmol/L, well below
the recommended target, with atorvastatin 80 mg/day for 16 weeks in patients
with unstable angina or non-Q-wave myocardial infarction significantly reduced
the incidence of the combined primary end-point (p = 0.048 vs placebo) and the
secondary end-point of recurrent ischaemic events requiring rehospitalisation
(p = 0.02) in the large (n = 3086) randomised, double-blind, placebo-controlled
MIRACL trial. There were no significant differences in other secondary end-
points (death, myocardial infarction and cardiac arrest).

As well, the results of the AVERT trial showed that aggressive lipid-lowering
therapy with atorvastatin 80 mg/day for 18 months was at least as effective as
coronary angioplasty and usual care in reducing the incidence of ischaemic events
in low-risk patients with stable CHD.

Other special patient groups. Use of atorvastatin in place of the previous un-
successful lipid-lowering therapy in patients with severe resistant hypercholester-
olaemia resulted in a significant further reduction in serum LDL-cholesterol and
triglyceride levels and achievement of target serum LDL-cholesterol in a signif-
icant proportion of these patients.

Although there are no large controlled studies comparing atorvastatin with
other HMG-CoA reductase inhibitors in patients with organ transplants, small
studies, some of them retrospective, have found atorvastatin to further reduce
serum LDL-cholesterol and triglyceride levels in patients with renal or cardiac
transplants switched to this drug after previous unsuccessful therapy with
simvastatin, pravastatin and fluvastatin. Atorvastatin was superior to pravastatin
in a small 4-month trial in patients with cardiac transplants.

Similarly, preliminary results from generally small studies suggest that ator-
vastatin is effective in patients with end-stage renal disease undergoing dialysis.

Tolerability Atorvastatin has been well tolerated in long-term clinical trials. In placebo-con-
trolled studies, the incidence of adverse events (18%) in 1122 patients receiving
atorvastatin up to 80 mg/day was similar to that in patients receiving placebo
(18%; n = 270). No dose-related increase in adverse events was observed in these
studies. Overall, the most frequently reported adverse events were constipation,
flatulence, dyspepsia, abdominal pain, headache and myalgia. Adverse events
reported with atorvastatin have been mild and transient.

Fewer than 2% of the 2502 patients who received atorvastatin withdrew from
the trials because of adverse effects related to treatment. The incidence of with-
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drawal was not dose dependent. In general, the adverse event profile for ator-
vastatin was similar to that observed with other HMG-CoA reductase inhibitors.

Mild hepatic involvement in the form of asymptomatic elevations in serum
transaminase levels has been reported during treatment with atorvastatin in 0.7%
of patients and was responsible for discontinuation of atorvastatin in 0.3%. The
incidence of persistent elevation of transaminase levels was higher in patients
receiving atorvastatin in doses of 80 mg/day (2.3%) than those receiving lower
doses (up to 0.6%).

The incidence of myalgia with the use of atorvastatin (1%) has been found
similar to that with placebo (1%) and other HMG-Coa reductase inhibitors (2%).
Although isolated asymptomatic elevation of creatine phosphokinase (CPK) has
been observed in patients receiving atorvastatin, persistent elevation of CPK (>10
times elevation on 2 consecutive occasions) along with muscle pain, tenderness
or weakness has not so far been reported. Case reports of rhabdomyolysis are rare
with atorvastatin use, most occurring with concomitant use with other drugs such
as cyclosporin, fusidic acid and gemfibrozil.

Pharmacoeconomic
Studies

Pharmacoeconomic studies have shown lipid-lowering with atorvastatin to be
cost effective in patients with CHD, men with at least one risk factor for CHD
and women with multiple risk factors for CHD. Atorvastatin has been found to
be more cost effective than most other HMG-CoA reductase inhibitors, in terms
of cost per year of life saved and cost of achieving target LDL-cholesterol levels.
Atorvastatin 10 mg/day had the lowest acquisition cost per percent reduction in
LDL-cholesterol levels among various dosages of the HMG-CoA reductase in-
hibitors investigated.

Dosage and
Administration

Atorvastatin 10 to 80 mg/day may be used to reduce the raised lipid levels in
patients with primary hypercholesterolaemia (heterozygous familial, homozy-
gous familial or nonfamilial) or combined dyslipidaemia and diabetic dyslipidaemia.

The dosage of atorvastatin should be adjusted according to response.
Atorvastatin may be taken at any time of day with or without food. Dosage
reduction may be required in patients with hepatic insufficiency. The drug is
contraindicated in patients with active hepatic disease or unexplained persistent
elevations in serum transaminase levels.

Concomitant use of atorvastatin with cyclosporin, nicotinic acid, fibrates,
erythromycin or azole antifungals is likely to increase the risk of adverse events
such as myopathy and rhabdomyolysis.

Atorvastatin is an inhibitor of 3-hydroxy-3-

methylglutaryl-coenzyme A (HMG-CoA) reductase.

The pharmacology and use of atorvastatin in the

management of dyslipidaemias has been reviewed

previously in this journal.[1] This review expands

previous knowledge, concentrating on recent, large

clinical trials (see glossary for acronyms).

1. Cholesterol Synthesis and HMG-CoA
Reductase Inhibition

Cholesterol is an essential component of the cell
membrane and is required for a number of impor-
tant physiological functions. Most of the choles-
terol present in the circulation is endogenous and
is synthesised in the liver. It circulates in the
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plasma bound to lipoproteins,which include thechylo-
microns, very low-density lipoproteins (VLDL),
low-density lipoproteins (LDL) and high-density
lipoproteins (HDL). About 60 to 75% of the plasma
cholesterol is transported as LDL,[2] the levels of
which are directly related to increased risk for ath-
erosclerosis and coronary heart disease (CHD).[3]

LDL is formed from VLDL by the action of he-
patic and endothelial lipase. Most LDL is removed
from the circulation by the liver through binding
with LDL receptors. The expression of these recep-
tors is inversely proportional to the levels of cho-
lesterol in the hepatocytes. The conversion of
HMG-CoA to mevalonic acid by HMG-CoA re-
ductase is a rate-limiting step in the formation of
endogenous cholesterol. The inhibition of choles-
terol formation by HMG-CoA reductase inhibitors,
such as atorvastatin, reduces intracellular stores of
cholesterol. This results in up-regulation of LDL
receptors, which in turn increases the clearance of
LDL-cholesterol from the plasma.[4,5]

Atorvastatin, like other HMG-CoA reductase
inhibitors, has been used successfully in clinical
practice for the reduction of plasma cholesterol in
patients with hypercholesterolaemia (section 4).

2. Pharmacodynamic Properties

The pharmacodynamic properties of atorva-
statin have been reviewed in detail in a previous
issue of Drugs.[1] This section provides a brief
overview of these data with emphasis on more re-
cently published pharmacodynamic studies.

2.1 Effects on Lipid Metabolism

Inhibition of HMG-CoA reductase by ator-
vastatin has been demonstrated by several in vitro
and in vivo studies.[6-13] The reduction in the rate
of cholesterol biosynthesis has been shown by re-
duction in plasma mevalonic acid levels after
atorvastatin administration in patients with famil-
ial hypercholesterolaemia.[14,15]

Reductions in plasma levels of total cholesterol,
LDL-cholesterol, VLDL-cholesterol, triglycerides
and apolipoprotein B (apoB) have been demon-
strated with the use of atorvastatin in a number of

studies in human volunteers and patients[16,17] (see
also section 4).

Reduction in levels of apoB, which is a compo-
nent of atherogenic lipoproteins such as LDL and
VLDL, mainly results from the up-regulation of
LDL receptors in the liver. However, other mech-
anisms, too, are involved, such as reduction of the
secretion of apoB by enhancing its degradation,
and lowering the stability of apoB associated with
lipoprotein particles. This has been shown in vitro
in a study investigating the effects of atorvastatin
on the biogenesis of apoB in intact and per-
meabilised human hepatoblastoma-G2 cells.[18]

The greater efficacy of atorvastatin than cur-
rently available HMG-CoA reductase inhibitors in
reducing total cholesterol and LDL-cholesterol
levels (section 4) is believed to be due to a pro-
longed duration of HMG-CoA reductase inhibition
rather than degree of inhibition. Using plasma and
urinary levels of mevalonic acid as semiquantitative
markers of HMG-CoA reductase activity, adminis-
tration of atorvastatin 40 mg/day or simvastatin 40
mg/day in patients with familial hypercholes-
terolaemia suppressed cholesterol synthesis to a
similar extent over the first 8 hours after adminis-
tration. However, the duration of this inhibition

Glossary: Acronyms for some major published clinical trials of
atorvastatina

AAA Australian Atorvastatin Assessment study

ACCESS The Atorvastatin Comparative Cholesterol Efficacy
and Safety Study

ASAP The effects of Atorvastatin versus Simvastatin on
Atherosclerosis Progression study

ASSET Atorvastatin/Simvastatin Safety and Efficacy Trial

AVERT The Atorvastatin Versus Revascularization
Treatments Study

DALI Diabetes Atorvastatin Lipid Intervention study

GAIN German Atorvastatin Intravascular Ultrasound
study

MIRACL Myocardial Ischaemia Reduction with Aggressive
Cholesterol Lowering study

WATCH Women’s Atorvastatin Trial on Cholesterol study

a Other trials of atorvastatin (e.g. ATOMIX, CURVES, TARGET
TANGIBLE) are not acronyms and cannot be defined.
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was significantly longer with atorvastatin (p =
0.01).[19] The prolonged binding of microsomal
HMG-CoA reductase receptors by atorvastatin
has been demonstrated by evaluation of hepatic
HMG-CoA reductase and LDL-receptor genes in
atorvastatin-treated rats.[20]

Atorvastatin produces a marked reduction in tri-
glyceride levels. As HMG-CoA does not play a
direct role in the regulation of triglyceride levels,
other mechanisms have been suggested to explain
this effect. In 27 patients with hypertriglycerid-
aemia who received atorvastatin 20 or 80 mg/day,
the pattern of reduction in triglyceride levels was
consistent with reduction in triglyceride-rich lipo-
proteins such as VLDL.[17] This is partly because
of a reduction in synthesis secondary to the inhibi-
tion of cholesterol synthesis by atorvastatin, as
cholesterol is required for the production of VLDL
particles.[21] In addition, the increase in number of
LDL receptors with atorvastatin combined with the
decreased availability of LDL to bind them, may
result in an increased binding of VLDL particles,
thus reducing triglyceride levels.[21-23] Increased
clearance of chylomicron remnants in the post-
prandial state has been shown in human[24] as well
as animal studies.[25]

Atorvastatin reduces LDL-cholesterol levels in
patients with homozygous familial hypercholester-
olaemia despite the absence of any functional LDL
receptors in these patients.[15,26,27] This effect ap-
pears to result from marked inhibition of choles-
terol synthesis, which in turn reduces the rate of
LDL production.[15] A correlation between reduc-
tion in LDL-cholesterol levels and suppressed cho-
lesterol synthesis, as measured by 24-hour excre-
tion[26] or plasma levels[15] of mevalonic acid, was
found in 35 such patients who received atorvastatin
40 and then 80 mg/day for 4 weeks each (r = 0.38;
p = 0.02)[26] and in 7 patients who received
atorvastatin 80 mg/day (r = 0.89; p = 0.007).[15] In
the larger study, reduction in LDL-cholesterol lev-
els was greater with atorvastatin 80 mg/day than
with 40 mg/day (28 and 17%, respectively; p <
0.01). However, there was no further decrease in
LDL-cholesterol levels or urinary mevalonic acid

excretion with higher atorvastatin doses (120 and
160 mg/day), suggesting a plateau effect on cho-
lesterol synthesis.[26]

The reductions in overall levels of triglycerides
and cholesterol by atorvastatin are accompanied by
an improvement in the LDL subfraction profile
with a shift towards the larger subfractions, as
shown by a study in 9 patients with hypercholester-
olaemia who received atorvastatin up to 80 mg/day
for about 3 months.[28] In these patients, there was
a 37% increase in the large LDL subfraction and a
50 and 100% reduction in medium and small LDL
subfractions, respectively. Similarly, a reduction
in small LDL subfraction was demonstrated in an
8-week study in 48 patients receiving atorvastatin
40 mg/day.[29]

Atorvastatin reduces the enhanced susceptibil-
ity of LDL to oxidation, an effect that has been
shown to be caused by the hydroxy metabolites of
atorvastatin (see section 3.2) rather than the parent
drug.[30]

2.2 Non-Lipid Effects

The understanding of the pharmacological ef-
fects of atorvastatin and other HMG-CoA reduc-
tase inhibitors has led to the realisation that the
benefits of these agents extend beyond simply low-
ering cholesterol levels. These properties include
beneficial effects on vessel endothelial tissue, abil-
ity to stabilise atheromatous plaques by decreasing
inflammation, effects on proliferation of smooth
muscle, antithrombotic effect by inhibiting platelet
aggregation and stimulation of fibrinolytic mech-
anisms, improvement of blood viscosity and flow,
and decreased LDL oxidation (table I).

2.2.1 Effects on Endothelial Function
Endothelial dysfunction is considered an impor-

tant early stage of atherosclerotic disease[62,63] and
is a predictor of future cardiovascular events in pa-
tients with CHD.[64] Endothelial function mea-
sured non-invasively by flow-mediated vasodila-
tion of the brachial artery (FMD) or response of
forearm blood flow to acetylcholine infusion is
usually impaired in patients with hypercholesterol-
aemia.
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Atorvastatin improved endothelial function in
patients with hypercholesterolaemia,[31-33] renal
transplant recipients,[65] and patients with type 1
diabetes mellitus without hypercholesterolaemia
but with endothelial dysfunction[66] (table II).
Atorvastatin and simvastatin had similar effects on
FMD.[31] The improvement in FMD did not correl-
ate with the reduction in cholesterol levels (r = –0.18;
p > 0.4)[31] and was shown to occur as early as 2
weeks after starting atorvastatin therapy.[33]

Endothelial dysfunction in patients with hyper-
cholesterolaemia is related to either decreased local
release of nitric oxide (NO) by the endothelium
and/or excess production of superoxide anions
with consequent degradation of NO before it
reaches the underlying smooth muscle.[67]

In vitro, atorvastatin 10 µmol/L enhanced endo-
thelial NO synthase activity 2-fold, significantly
increased endothelial-dependent NO-mediated re-
laxation of the rat aorta, and inhibited superoxide
anion formation in endothelium-intact segments of
rat aorta, porcine cultured endothelial cells and
murine macrophage cells.[34] Atorvastatin 10 nmol/L
to 1 µmol/L also reduced the cholesterol-induced
abundance of caveolin-1 in endothelial cells, thus
increasing NO synthase activity and NO produc-
tion in another in vitro study.[35]

Adding l-arginine, which may also improve en-
dothelial function,[66] or vitamin C, an agent known
to improve endothelial function by scavenging
oxygen free radicals,[32] did not increase the effect
of atorvastatin. These findings suggest that the
atorvastatin-related improvement in endothelial
function is likely to be due to enhanced endothelial
production of NO and/or decreased formation of
oxygen-derived free radicals.

2.2.2  Effects on Plaque Stabilisation 
Acute events in patients with CHD are usually

precipitated by the rupture of unstable atheroscle-
rotic plaques. Inflammatory cells, attracted to the
vascular lesion by chemokines, have been impli-
cated in the process of plaque rupture.

In cultured smooth muscle cells and mono-
nuclear cells in vitro, atorvastatin 10–7 mol/L dim-
inished the activation of nuclear factor kappa-B
(NF-κB), an inducer of chemokines involved in the
inflammation in the atheromatous plaque. It also
reduced the angiotensin II- and tumour necrosis
factor-α-induced overexpression of monocyte
chemoattractant protein-1 (MCP-1) and interferon-
inducible protein-10.[36]

In a rabbit model of atherosclerosis, atorvastatin
5 mg/kg/day for 4 weeks reduced the activity of
NF-κB in macrophages and vascular smooth mus-
cle cells, and significantly diminished MCP-1 in
the neointima and media.[37] The drug also abol-
ished macrophage infiltration in the arterial
neointimal lesions in addition to reducing athero-
matous lesion size measured as percentage of lumi-
nal area occupied by the lesion (10 vs 21% in con-
trols; p = 0.04).[37] Atorvastatin 20 mg/day for 2
months resulted in a 38% reduction (p < 0.05) in
levels of vascular endothelial growth factor, a fac-
tor that is involved in neovascularisation of the ath-
eromatous plaque, in patients with CHD and hyper-
cholesterolaemia.[68]

An inhibitory effect of atorvastatin on smooth
muscle cell migration and proliferation, inde-
pendent of its ability to reduce plasma cholesterol
levels, has been shown in different models of pro-
liferating cells, such as cultured arterial myo-

Table I. Non-lipid-lowering effects of atorvastatin

Improves endothelial function (see table II) by enhancing
production of endothelial NO and/or decreasing formation of
oxygen-derived free radicals[31-35]

Stabilises atheromatous plaques by reducing inflammation[36,37]

Suppresses proliferation of vascular smooth muscle cells[38,39]

Reduces platelet aggregation by increasing NO synthase
activity[40-42]

Reduces factor VII coagulant activity[43]

Improves global fibrinolytic activity[44]

Inhibits low-density lipoprotein oxidation[30]

Reduces cholesterol accumulation in macrophages[38,45]

Effects on non-lipid CHD risk factors

• reduces C-reactive protein levels[46-49] (see table III)

• generally no change in fibrinogen levels[50-59]

• generally no change[57,58,60] or a decrease[61] in
lipoprotein (a) levels

CHD = coronary heart disease; NO = nitric oxide.
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cytes[39] and rapidly proliferating carotid and fem-
oral intimal lesions in rabbits.[38]

Atorvastatin reduced cholesterol accumulation
in macrophages in vitro by blocking cholesterol
esterification and endocytosis of modified lipopro-
teins, an effect prevented by mevalonic acid.[38]

Inhibitors of acyl coenzyme A-cholesterol acyl-
transferase (ACAT), which can reduce cholesterol
storage in macrophages and thereby in arterial le-
sions, are currently being evaluated. Atorvastatin
was shown to act synergistically with CI-976, an
ACAT inhibitor, to lower plasma LDL-cholesterol
levels and to limit the development of atheroscle-
rotic lesions in cholesterol-fed rabbits, as assessed
by measurement of cross-sectional lesions and
macrophage area in major arteries.[45]

2.2.3 Effects on Platelet Activity and 
Red Blood Cell Deformability
Atorvastatin 10 mg/day for 4 weeks increased intra-

platelet NO synthase activity by ≈1.7-fold in 19
patients with hyperlipidaemia.[40] The likely effect
of this may be an increase in NO production which
would promote platelet deaggregation and vasodi-

lation. Treatment with atorvastatin has been shown
to reduce spontaneous platelet aggregation, ADP-
induced aggregation and epinephrine (adrenaline)-
induced aggregation in patients with CHD and
combined hyperlipidaemia.[41] The antiaggrega-
tory effect on platelets persists longer than the
lipid-lowering effect on withdrawal of atorvastatin
in patients with hypercholesterolaemia.[42]

Atorvastatin 10 mg/day for 6 months improved
the red blood cell deformability index by 6% (p <
0.01) in 15 patients with hypercholesterolaemia.[69]

2.2.4 Effects on the Coagulation Process
A 3-month randomised double-blind study com-

paring the influence of equi-effective cholesterol-
lowering doses of atorvastatin (10 mg/day), sim-
vastatin and pravastatin (both 40 mg/day) on
antithrombogenic and anti-inflammatory markers
in 75 patients with hypercholesterolaemia showed
that none of these HMG-CoA reductase inhibitors
reduced prothrombin fragment 1+2 (F1.2) and d-
dimer levels.[48] Pravastatin decreased levels of
von Willebrand factor antigen. Pooled data from
the 3 groups showed a significant reduction in von

Table II. Summary of studies evaluating the effect of atorvastatin (ATO) in patients with endothelial dysfunction

Reference
(study design)

Type of
patients

No. of
patients

Dosage (mg/day)
and duration

Method of
measuring
endothelial
function

Baselinea

(%)
End-point
(%)

p-value

Åsberg et al.[65] b (nc) Renal Tx 22 10; 4wk AUCAch 538c 682c 0.042

Marchesi et al.[33]

(r, nb, pg)d
PM women with
HCH

20 10; 2wk
10; 8wk

FMD 3.8
3.8

9.2
11.7

<0.05
<0.05

Mullen et al.[66]

(r, db, pc, pg)d
DM with normal C 21 40; 6wk FMD 3.65 5.4 0.018

Perticone et al.[32]

(r, co, db, pg)d
HCH 18 10; 1mo FBF Ach 11.5e 14.9e <0.0001

Simons et al.[31]

(r, nb, pg)
HCH 20 ATO 10-80; 30wk FMD 2.2 5.5 <0.01

10 SIM 10-40 1.8 4.5 <0.01

a Normal value for FMD is 8 to 9%.

b Abstract.

c Expressed in ‘AU’ (not defined).

d Studies included control groups treated with diet only,[33] l-arginine 7g twice daily orally or placebo[66] or included a group of healthy
controls.[32] There were no significant changes in these control groups.

e Expressed as ml/100ml tissue/min.

AUCAch = area under the plasma acetylcholine-time curve; C = cholesterol; co = crossover; db = double-blind; DM = type 1 diabetes mellitus;
FBF Ach = forearm blood flow after acetycholine 30 µg/min; FMD = flow-mediated dilation; HCH = hypercholesterolaemia; nb = nonblind;
nc = noncomparative; pc = placebo-controlled; pg = parallel group; PM = postmenopausal; r = randomised; SIM = simvastatin; Tx = transplant.
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Willebrand factor antigen and F1.2 levels, with no
significant difference between groups in all the pa-
rameters studied.

Atorvastatin 20 mg/day administered to 36 pa-
tients with hyperlipidaemia for 4 to 6 weeks re-
duced Factor VII coagulant activity by 16% (p <
0.05) and antigen levels by 11% (p < 0.01);[43]

this factor plays a pivotal role in fibrin degradation
and thrombus formation. Atorvastatin 40 mg/day,
administered to 22 patients with hypercholesterol-
aemia for 6 months, significantly lowered the levels
of plasminogen activator inhibitor-1 (by 32%; p =
0.037) which had been elevated at baseline.[70]

Global fibrinolytic capacity, a measure of the effi-
cacy of the entire fibrinolytic system, was signifi-
cantly increased (by 60%; p = 0.0001) in 41 patients
with CHD and hyperlipidaemia who received ator-
vastatin 10 to 20 mg/day for 12 weeks.[44]

2.2.5  Effects on Non-Lipid Risk Factors for
Coronary Heart Disease (CHD) 
Elevated levels of C-reactive protein (CRP), a

prototype marker of inflammation, are associated
with increased risk for cardiovascular disease.[71,72]

Atorvastatin reduced CRP levels in most
randomised comparative investigations of 6 to 30
weeks’ duration (table III). Most data are available
as abstracts.

Atorvastatin 80 mg/day, but not 10 mg/day, for
30 weeks significantly and dose-dependently re-
duced CRP levels in patients with type 2 diabetes
mellitus and no CHD in the DALI study.[49] The
higher dosage tended to reduce these levels in pa-
tients with hypercholesterolaemia with or without
CHD after 3 months.[73] Atorvastatin 10 to 80 mg/
day did not differ significantly from simvastatin 20
to 40 mg/day or pravastatin 40 mg/day in this effect
(table III). There was a tendency for the decrease
in CRP levels to correlate with decreases in LDL-
cholesterol levels in 1 study[73] but not another.[46]

Unlike atorvastatin 10 to 40 mg/day, bezafibrate
(400 mg/day) did not alter CRP levels after 6
months in the ATOMIX study.[47]

Hyperfibrinogenaemia and lipoprotein (a) are
considered independent risk factors for CHD.[74,75]

A number of controlled studies found either no
change[21,48,55-59] or, much less commonly, a de-

Table III. Effects of atorvastatin (ATO) on C-reactive protein (CRP) levels in randomised, double-blind parallel group trials

Reference
(study design)

Type of patients No. of patients Dosage
(mg/day)

Duration Effect on CRP levels at end-point
(mg/L)

baseline change

Van de Ree et al.[49] a

(DALI)
Type 2 DM, no CHD 67 ATO 10 30wk Median 2.84 –0.22

64 ATO 80 –1.50**

55 PL +0.22

Aristegui et al.[47] a

(ATOMIX)
CHD with mixed
dyslipidaemia

34 in total ATO 10-40 6mo ND –1.56**

BEZ 400 –0.10

Jialal et al.[46] a,b Mixed dyslipidaemia 19 ATO 10 6wk Median 2.9 –1.1***

SIM 20 –0.9***

PRA 40 –0.7*

Joukhadar et al.[48] HCH 24 ATO 10 3mo 1.9 0

27 SIM 40 2.4 –0.5

24 PRA 40 2.3 0

Kent et al.[73] a HCH (33% CHD) 38 ATO 80 3mo 4 –0.4

40 PRA 40 4.2 –0.5**

a Abstract.

b Crossover study.

BEZ = bezafibrate; CHD = coronary heart disease; DALI = Diabetes Atorvastatin Lipid Intervention study; DM = diabetes mellitus; HCH =
hypercholesterolaemia; ND = no data; PL = placebo; PRA = pravastatin; SIM = simvastatin; * p < 0.05, ** p < 0.005, *** p = 0.0008 vs baseline.
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crease[76] in fibrinogen levels with the use of
atorvastatin. Indeed, pooled data from controlled
trials in about 900 patients did not reveal any sig-
nificant changes in fibrinogen levels during
atorvastatin therapy.[77] A few uncontrolled stud-
ies[50-53] have reported increases in fibrinogen lev-
els of 19 to 44% with the use of atorvastatin,
mainly in patients with severe hypercholesterolae-
mia. Fibrinogen levels also increased significantly
in patients receiving atorvastatin (6 to 16% across
all subgroups; p < 0.01) in a crossover study in 130
patients with hypercholesterolaemia, but there was
a small insignificant fall in those receiving
simvastatin 20 to 80 mg/day (5 to 6%) after 3
months.[54] Nonetheless, the bulk of the data from
controlled trials indicates that atorvastatin has no
appreciable effect on this parameter.

Most controlled studies that have measured
lipoprotein (a) levels in patients receiving atorva-
statin 10 to 20 mg/day for up to 1 year demonstrated
no significant changes in this parameter,[57,58,60] in
contrast to 1 noncomparative study reporting a
21% increase in lipoprotein (a) levels after
atorvastatin 10 mg/day for 2 months (p = 0.01).[52]

Notably, the large (n = 325) ASAP trial demon-
strated a significant 14% decrease (p < 0.0001) af-
ter 2 years’ therapy with atorvastatin in the higher
dosage of 80 mg/day in patients with familial
hypercholesterolaemia.[61] Effects on lipoprotein
(a) levels with atorvastatin were similar to those
with lovastatin 20 to 40 mg/day[57] and simvastatin
40 mg/day.[61]

3. Pharmacokinetic Properties

The pharmacokinetic properties of atorvastatin
have been previously reviewed in Drugs.[1] This
section provides a brief overview of these data sup-
plemented with more recently published informa-
tion.

3.1 Absorption and Distribution

Atorvastatin is administered in an active
hydroxy-acid form, in a manner similar to fluva-
statin and pravastatin, whereas lovastatin and
simvastatin are administered as prodrugs requiring

in vivo conversion to their active forms. About
30% of an oral dose of atorvastatin is absorbed and
undergoes extensive first-pass metabolism.[78] The
drug has a bioavailability of about 14%[79] and is
>98% protein bound in the plasma.[80]

Administration of atorvastatin 30 minutes after
food intake decreases the rate but not the extent of
absorption.[81] Maximum steady-state plasma con-
centration (Cmax) was reduced by about 50% and
time to Cmax (tmax) was delayed to twice that under
fasting conditions (p < 0.05 for both).[82] In con-
trast, no significant changes in area under the
plasma concentration-time curve (AUC) or elimi-
nation half-life (t1⁄2) were observed. The drug can
therefore be given with or without food.[81]

The single-dose pharmacokinetic parameters of
atorvastatin are linear. After single doses of ator-
vastatin 10, 20 or 40mg in healthy male volunteers,
tmax was found to be between 0.6 and 0.9 hours.[83]

Mean Cmax and AUC increased proportionally with
increasing dose. The pharmacological response
(lipid-lowering action) is more accurately pre-
dicted by the dose administered than the plasma
concentrations.[84]

3.2  Metabolism and Elimination

Metabolism of atorvastatin by cytochrome P450
(CYP) 3A4 produces ortho- and para-hydroxylated
derivatives and various β-oxidation products.[85]

70% of the HMG-CoA reductase inhibitory ac-
tivity associated with atorvastatin has been attrib-
uted to its active metabolites, the ortho- and para-
hydroxylated derivatives, which are equipotent to
the parent drug.[86] Measurement of their plasma
concentrations after 10 and 40mg of atorvastatin
showed that Cmax and AUC of these metabolites
increased more than proportionally with dose,
probably because of saturable elimination.[83] A
negligible amount of atorvastatin is excreted in the
urine.[78]

Multiple doses of atorvastatin do not lead to its
accumulation in the body. After once daily doses
of atorvastatin 10 or 20mg for 7 days, although
plasma atorvastatin concentrations on day 7 were
generally higher than on day 1, there were no sig-
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nificant differences in Cmax and AUC between days
1 and 7 for either dose.[87] The ortho-hydroxylated
metabolite was found to be the major metabolite
and its Cmax was similar on days 1 and 7 after a 10mg
atorvastatin dose. However, its Cmax with a 20mg
dose of atorvastatin was 1.6-fold higher on day 7.[87]

Steady-state trough plasma concentrations of both
atorvastatin and the ortho-hydroxylated metabolite
were achieved by day 4.

3.3 Pharmacokinetics in 
Special Patient Groups

Cmax and AUC of atorvastatin and the ortho-
hydroxylated metabolite in the elderly were ap-
proximately 2-fold higher than in the young.[88]

t1/2, however, was the same in the elderly as in the
young. Although AUC and t1/2 were lower in women
recipients than in men, no significant between-
gender differences have been found in the lipid-
lowering efficacy of atorvastatin.[57,89] Cmax of
atorvastatin is significantly increased in patients
with hepatic failure and the dosage may need to be
reduced in such patients (see section 7).[90] Renal
impairment has no significant effect on the phar-
macokinetic parameters of atorvastatin.[79]

3.4 Drug Interactions

Clinically significant pharmacokinetic drug in-
teractions have been reported in patients receiving
HMG-CoA reductase inhibitors such as atorva-
statin in combination with various drugs.

When atorvastatin was coadministered with an
antacid suspension containing aluminium/magne-
sium hydroxide, its Cmax decreased by approxi-
mately 35% and tmax was doubled. However LDL-
cholesterol reduction was not altered.[91] The rate
and extent of atorvastatin absorption and its effects
on LDL-cholesterol responses were not altered by
the H2 histamine receptor antagonist cimetidine.[92]

Plasma concentrations of atorvastatin decreased
by approximately 25% when it was coadministered
with colestipol.[93] However, reductions in LDL-
cholesterol levels were greater when atorvastatin
and colestipol were coadministered than when ei-
ther drug was given alone.

Atorvastatin, ethinyl estradiol, itraconazole and
erythromycin are all CYP 3A4 substrates and
therefore may be expected to interact. Coadmin-
istration of atorvastatin 40 mg/day with an oral
contraceptive containing ethinyl estradiol and
norethisterone (norethindrone) resulted in an in-
crease in Cmax and AUC of both hormones.[94] Ad-
ministration with itraconazole increased AUC and
t1/2 of atorvastatin 3-fold, whereas Cmax was not
affected.[95] Cmax and AUC of atorvastatin in-
creased by 38 and 33%, respectively, when the
drug was coadministered with erythromycin.[96]

Grapefruit juice significantly increased AUC of
atorvastatin by 2.5-fold (p < 0.01), probably by de-
creasing the CYP 3A4-mediated first-pass metabo-
lism of atorvastatin in the small intestine.[97]

Hence, grapefruit juice should be avoided in pa-
tients on atorvastatin therapy.

Atorvastatin 80 mg/day had no clinically signif-
icant effect on prothrombin time (PT) when admin-
istered to 12 patients receiving long-term warfarin
treatment.[92] There was, however, a transient de-
crease in PT by 1.6 seconds during the first 4 days.

Following administration of digoxin 0.25 mg/
day with atorvastatin 80 mg/day for 10 days in
healthy volunteers, Cmax and AUC of digoxin in-
creased by 20 and 15%, respectively. tmax and renal
clearance of digoxin were not affected.[98] How-
ever, administration of atorvastatin 10 mg/day with
digoxin did not affect mean steady-state plasma
concentrations of digoxin.

Concomitant administration of atorvastatin
with the protease inhibitor combination lopinavir/
ritonavir resulted in a 5.9-fold increase in AUC of
atorvastatin,[99] and it was suggested that patients
receiving this combination should be monitored for
possible adverse effects of atorvastatin.

Although no specific pharmacokinetic studies
on the concomitant use of atorvastatin with cyclo-
sporin are available, rhabdomyolysis has been re-
ported rarely when atorvastatin has been used in
patients receiving cyclosporin (section 5.3.2).[100,101]

There are reports of both elevations in[102] and un-
changed[103,104] concentrations of cyclosporin with
concomitant use of atorvastatin.
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4. Therapeutic Efficacy

Atorvastatin has undergone extensive clinical
evaluation and is available for the treatment of pa-
tients with various lipid disorders. Most published
clinical trials with atorvastatin were randomised,
comparative and multicentre; several were double-
blind but a number were nonblind. Some studies
used a treat-to-target format where the patients ini-
tially received starting doses of the study drugs, and
the doses were increased if target LDL-cholesterol
levels were not achieved after 4 to 12 weeks of
therapy. Dietary restrictions were continued through-
out the study period, and in most instances patients
were not allowed to take other medications that
might affect serum lipid levels (e.g nicotinic acid).

The primary end-point in the majority was the
percentage reduction in serum levels of LDL-
cholesterol from baseline (usually after at least 4
weeks of dietary control, with or without placebo
administration) to the end of treatment. Other pa-
rameters measured were effects on total choles-
terol, triglyceride and HDL-cholesterol levels,
and the percentage of patients achieving target
LDL-cholesterol levels. In most studies target
LDL-cholesterol levels (the primary goal) were set
according to cardiovascular risk category as de-
fined by the National Cholesterol Education Pro-
gram (NCEP) guidelines:[105]

• CHD and CHD risk equivalents: <2.6 mmol/L
(100 mg/dl)

• multiple (≥2) risk factors: <3.4 mmol/L
(130 mg/dl)

• 0-1 risk factor: <4.1 mmol/L (160 mg/dl).
However, some studies used European Athero-

sclerosis Society (EAS) guidelines[71,106] identify-
ing goals of therapy to be total cholesterol levels
<5 mmol/L (190 mg/dl) and LDL-cholesterol lev-
els <3 mmol/L (115 mg/dl).[71]

To date there have been no published studies for
atorvastatin with clinical end-points investigating
the effect of the drug on morbidity and mortality,
except those involving aggressive lowering of
LDL-cholesterol in specific groups of patients with
CHD (section 4.5.3). However, many such studies
are planned or under way (section 8).

4.1 Patients with Primary
Hypercholesterolaemia

4.1.1  Noncomparative and 
Placebo-Controlled Studies
The lipid-lowering efficacy of atorvastatin in

patients with primary hypercholesterolaemia is
well established. The drug consistently reduces se-
rum total and LDL-cholesterol levels in a nonlinear
dose-dependent manner,[107-111] with atorvastatin
10, 20, 40 and 80 mg/day producing reductions in
serum LDL-cholesterol levels of 35 to 42%, 42 to
44%, 50% and 59 to 61%, respectively, in various
placebo-controlled and noncomparative studies.
As well, in a placebo-controlled double-blind
randomised dose-response study in 55 patients,
target NCEP LDL-cholesterol levels (<4.1
mmol/L) were achieved after 6 weeks in 91 and
100% of patients receiving 10 and 20 mg/day of
atorvastatin, respectively, in patients with low
CHD risk. In the high CHD risk group, 27, 40, 64
and 82% of patients receiving atorvastatin 10, 20,
40 and 80 mg/day, respectively, reached their tar-
get serum LDL-cholesterol levels (≤2.6
mmol/L).[109]

The fall in serum LDL-cholesterol levels with
atorvastatin occurs rapidly, with 90% of the max-
imum observed reduction in serum LDL-cholesterol
levels produced by atorvastatin 80 mg/day ob-
served by the end of 2 weeks.[110] Serum LDL-cho-
lesterol levels declined by 28% as early as 1 week
after starting atorvastatin 10 mg/day in a placebo-
controlled study.[112]

Atorvastatin 10 to 80 mg/day reduced triglycer-
ide levels by 17 to 45% and apo B levels by 17 to
50%, respectively.[107,108,110,111] The effect on se-
rum HDL-cholesterol levels was variable in these
trials[107,108,110,111] but a more consistent effect was
seen in comparative trials (see section 4.1.2). The
effect on HDL-cholesterol is not dose related;
higher doses of atorvastatin (40 and 80 mg/day)
do not produce a greater increase in serum HDL-
cholesterol and apolipoprotein A-1 levels than those
achieved with a dosage of 20 mg/day.[55,113,114]

Combined data from 25 clinical trials showed in-
creases in HDL-cholesterol levels of 6.7, 8.2, 8.6 and
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7.0% with atorvastatin 10, 20, 40 and 80 mg/day,
respectively.[115] Increases in HDL-cholesterol
levels were greater in a subgroup of patients with
low baseline levels. The type of clinical trials in-
cluded in this analysis were not described in this
abstract.

4.1.2  Comparisons with Other HMG-CoA
Reductase Inhibitors 
Atorvastatin is generally more efficacious in

lowering serum LDL-cholesterol, total cholesterol
and triglyceride levels than milligram equivalent
doses of simvastatin, lovastatin, fluvastatin and
pravastatin (table IV). In most studies, the efficacy
of 10 and 20 mg/day dosages of atorvastatin was
equivalent to or better than that of the 20 and 40
mg/day dosages of the above HMG-CoA reductase
inhibitors.

Effects on LDL-Cholesterol Levels
The randomised 8-week CURVES study[55] ex-

emplifies the greater LDL-cholesterol-lowering
ability of atorvastatin than others of its class at mil-
ligram equivalent doses (fig. 1). A number of other
randomised studies, mainly multicentre and double-
blind, have corroborated the higher efficacy of
atorvastatin than milligram equivalent doses of
simvastatin.[60,76,116,124] As well, patients who were
switched from simvastatin 20 and 40 mg/day to
atorvastatin 20 and 40 mg/day, respectively, expe-
rienced an additional 11% reduction in serum
LDL-cholesterol after 8 weeks compared with
those who continued receiving simvastatin in one
study.[124]

The efficacy of 10, 20 or 40 mg/day of atorva-
statin in lowering serum LDL-cholesterol and total
cholesterol levels was equivalent to or better than
that of 20, 40 or 80 mg/day, respectively, of sim-
vastatin in other short-term studies,[114,116,117,124,125]

although a few nonblind trials showed similar ef-
fects for both drugs.[114,117]

Reduction in serum LDL-cholesterol levels
with atorvastatin 20 and 40 mg/day (n = 60) was
similar to that with fluvastatin 40 and 80 mg/day
(n = 60) in a 16-week randomised double-blind
trial.[126] In an abstract report, atorvastatin 10 mg/
day yielded smaller decreases in LDL-cholesterol

levels after 12 weeks than rosuvastatin 5 and 10
mg/day, an HMG-CoA reductase inhibitor cur-
rently being developed.[118]

The long-term efficacy of atorvastatin 10 to 20
mg/day has been compared with that of lovastatin
20 to 40 mg/day,[57] pravastatin 20 to 40 mg/
day[119,121] and simvastatin 10 to 20 mg/day[60] in
randomised double-blind multicentre controlled
studies of 1 year’s duration (table IV). Patients
initially received the lower dose of each drug,
which was titrated to the higher dose if serum LDL-
cholesterol levels did not reach NCEP targets after
16 weeks.

After 52 weeks of treatment, reductions in se-
rum LDL-cholesterol levels were significantly
greater with atorvastatin than lovastatin (37 vs
29%),[57] pravastatin (35 and 39% vs 23 and
29%)[119,121] or simvastatin (38 vs 33%).[60] The
reductions in total cholesterol and triglyceride lev-
els were also greater in atorvastatin-treated groups
than in lovastatin-, pravastatin- and simvastatin-
treated groups (all p < 0.05) [table IV]. Fewer pa-
tients receiving atorvastatin required upward dos-
age titration after 16 weeks of treatment compared
with those receiving lovastatin (48 vs 62%),[57]

pravastatin (27 vs 49%)[121] and simvastatin (24 vs
64%).[60]

More patients reached NCEP LDL-cholesterol
goals with atorvastatin than with other HMG-CoA
reductase inhibitors in many studies (table IV). In
a 54-week treat-to-target trial, the median time
taken to reach the target LDL-cholesterol level by
patients receiving atorvastatin (85 days) was sig-
nificantly less (p < 0.05) than those receiving
simvastatin, lovastatin and fluvastatin (173, 232
and 269 days respectively).[122] Similarly, in the
6-month treat-to-target AAA study involving 1028
patients with hypercholesterolaemia treated at the
primary care level (general practices), atorvastatin
was more efficacious than simvastatin with or
without cholestyramine in achieving target plasma
cholesterol levels (≤5.0 mmol/L)[120] (table IV).

In addition to these trials, preliminary results are
available from the large (n = 3916) 54-week AC-
CESS trial comparing atorvastatin 10 to 80 mg/day
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Table IV. Summary of randomised clinical trials comparing the efficacy of atorvastatin (ATO) with other HMG-CoA reductase inhibitors in
patients with primary hypercholesterolaemia

Reference Study design and
duration

No. of
patients

Dosage
regimen
(mg/day)

Mean change (%) in serum lipid levels from
baseline to treatment end-point

Patients
reaching
NCEP target
LDL-C levels

total-C LDL-C TG HDL-C

Short-term studies
Crouse III et al.[114] nb, pg, mc

12wk
210 ATO 20 –45 –23 4

215 ATO 40 –51 –29.6 3
202 SIM 40 –43* –23 6.7**
215 SIM 80 –49 –25** 6.6**

Farnier et al.[116] nb, pg, mc
16wk

109
54
109

ATO 10
SIM 10
SIM 20

–30
–23***
–27

–37
–29**
–33*

–19
–5**
–16*

5.7
2.2
3.0

Recto et al.[117] nb, co, mc
6wk

125
125

ATO 10
SIM 20

–27
–26

–37
–35

–22
–22

8.1
8.7

126
126

ATO 20
SIM 40

–31
–30

–42
–41

–25
–21

8.5
9.3

Davidson et al.[118] a db, pc, pg, mc
12wk

127
128
129
132

ATO 10
ROS 5b

ROS 10b

PL

–25
–28*
–30***
0

–35
–40**
–43***
0

–19
–17
–19
–1

8
13**
12*
4

Long-term studiesc

Assmann et al.[119] db, mc
52wk

210
69

ATO 10-20
PRA 20-40

–28
–20*

–39
–29†

–13
–8*

7
9

91
48†

Barter & O’Brien[120]

(AAA)
nb, tt, pg, mc
6mo

691
337

ATO 10-80
SIM 20-40 +
CHY 4gd

–32
–27**

–43
–38**

–20
–9**

8.4
10.2

83e

66**

Bertolini et al.[121] db, mc
52wk

214
74

ATO 10-20
PRA 20-40

–25
–16*

–35
–23*

–14
–3*

7
10

71
26**

Dart et al.[60] db, mc
52wk

132
45

ATO 10-20
SIM 10-20

–30
–25*

–38
–33*

–21
–12*

7
7

Davidson et al.[57] db, mc
52wk

789f

260f
ATO 10-20
LOV 20-40

–27
–21*

–37
–29*

–16
–8*

7
7

78
63*

Hunninghake et
al.[122]

nb, pg, tt, mc
54wk

85 ATO 10-80 +
COL 10gd

–28 –36 –20 9 95

82 FLU 20-40 +
COL 20gd

–15* –22* –2* 6 60*

83 LOV 20-80 +
COL 20gd

–21* –28* –16 10 77*

87 SIM 10-40 +
COL 20gd

–24* –33 –11 11 83*

Illingworth et al.[123] g db, pg, mc
36wkg

394 ATO 80 –53.6 –31.3 3

385 SIM 80 –48.1*** –23.6* 7.5***
a Abstract.
b Rosuvastatin is currently under development and optimal dosages are not known.
c Patients received the lower dose initially, then dose was increased if LDL-C target level not achieved.
d Colestipol or cholestyramine was added if target LDL-C was not achieved with highest dose of first drug.
e Target total cholesterol ≤5.0 mmol/L.
f 70 atorvastatin and 67 lovastatin recipients received placebo for the first 16wk.
g Extension of Crouse et al.[114] Data are for weeks 18 to 36 of the study.
AAA = Australian Atorvastatin Assessment study; C = cholesterol; CHY = cholestyramine; co = crossover; COL = colestipol; db = double-blind;
FLU = fluvastatin; HDL = high-density lipoprotein; LDL = low-density lipoprotein; LOV = lovastatin; mc = multicentre; nb = nonblind; NCEP
= National Cholesterol Education Programme; pc = placebo-controlled; pg = parallel group; PL = placebo; PRA = pravastatin; ROS =
rosuvastatin; SIM = simvastatin; TG = triglycerides; tt = treat-to-target; * p < 0.05, ** p < 0.01, *** p < 0.001, † p ≤ 0.0001, all vs ATO.
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with simvastatin, pravastatin (both 10 to 40 mg/day),
fluvastatin and lovastatin (both 20 to 80 mg/
day).[127] At 6 weeks LDL-cholesterol levels de-
creased by 36% with atorvastatin and by 30, 20, 19
and 27%, respectively, with the other drugs (p <
0.0001 for all comparisons).

Effects on HDL-Cholesterol Levels
Atorvastatin increased HDL-cholesterol levels

by about 5 to 9% in most studies (table IV). The
size of the increase relative to that with other
HMG-CoA reductase inhibitors tended to be
smaller than with simvastatin in short-term studies
(<16 weeks) [table IV]. In the 8-week CURVES
study, simvastatin 40 mg/day caused a greater in-
crease in HDL-cholesterol (9.6%) than atorvastatin
40 mg/day (4.8%; p < 0.05).[55] The elevation in
apolipoprotein A-1 was also greater with simva-
statin than with atorvastatin in a 12-week study
measuring this parameter.[114]

Importantly, most long-term, mainly double-
blind studies found no difference in the changes in
HDL-cholesterol produced by atorvastatin and

other HMG-CoA reductase inhibitors, including sim-
vastatin, over 6 to 12 months (table IV).[57,60,119,121]

An exception is the Illingworth et al. study[123] in
which atorvastatin 80 mg/day produced signifi-
cantly smaller increases in HDL-cholesterol levels
than simvastatin 80 mg/day over the last 18 weeks
of a 36-week trial (table IV).

4.2 Patients with Mixed Hyperlipidaemia
and Hypertriglyceridaemia

Patients with mixed hyperlipidaemia have ele-
vated serum levels of triglycerides as well as LDL-
cholesterol. These patients require drug therapy to
reduce levels of serum VLDL and VLDL remnants
(triglycerides being their main component), as well
as levels of LDL-cholesterol, to decrease the risk
of premature atherosclerosis.[128,129] Monotherapy
with HMG-CoA reductase inhibitors or with
fibrates is often inadequate and combination ther-
apy is required. In patients with isolated hyper-
triglyceridaemia, treatment with fibrates is effica-
cious but often produces significant adverse
effects. A number of randomised, nonblind trials
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Fig. 1. Lipid-lowering efficacy of atorvastatin. Comparison of reductions in low-density lipoprotein (LDL)-cholesterol with various
dosages of atorvastatin and other HMG-CoA reductase inhibitors in an 8-week randomised multicentre study (the CURVES study)
in 534 patients.[55] * p < 0.02 vs atorvastatin 10 mg/day; ∆ p < 0.02 vs atorvastatin 20 mg/day.
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have evaluated the efficacy of monotherapy with
atorvastatin in patients with mixed hyperlipid-
aemia as well as those with isolated hypertri-
glyceridaemia (table V).

Atorvastatin 10 to 20 mg/day reduced serum
LDL-cholesterol as well as triglyceride levels and
increased HDL-cholesterol levels in patients with
mixed hyperlipidaemia (table V). The efficacy of
atorvastatin, as well as other HMG-CoA reductase
inhibitors, in reducing triglycerides has been found
to be dose-related in patients with hypertri-
glyceridaemia but not in those with normal triglyc-
eride levels, as shown by an evaluation of a pooled
database of 2689 patients with triglyceride levels
<4.5 mmol/L (400 mg/dl) who participated in 7
separate studies with similar designs.[136] There
was a greater reduction in triglyceride levels in pa-

tients with baseline levels >2.8 mmol/L (250
mg/dl) than in those with levels <1.7 mmol/L (150
mg/dl). Similarly, the decrease in serum triglycer-
ide levels was significantly related to baseline lev-
els (r = 0.63; p < 0.001) in 49 patients who received
atorvastatin 10 mg/day for 2 months.[134]

Although there are few data comparing atorva-
statin with HMG-CoA reductase inhibitors other than
simvastatin, available nonblind comparisons of re-
ductions in triglyceride levels by various HMG-CoA
reductase inhibitors have shown the superiority of
atorvastatin over simvastatin and, in a smaller
study, pravastatin and fluvastatin (table V).

Monotherapy with atorvastatin 10 mg/day was
more efficacious than that with simvastatin 10 mg/
day over a 6-week period in the large, randomised
treat-to-target ASSET trial.[135] Table V shows that

Table V. Summary of randomised clinical trials comparing the efficacy of atorvastatin (ATO) with that of other lipid-lowering drugs in patients
with mixed hyperlipidaemia

Reference Study design
and duration

No. of
patients

Dosage
regimen
(mg/day)

Mean change (%) in serum lipid levels from baseline to
treatment end-point

total-C LDL-C TG HDL-C

Comparisons with fibrates

Bairaktari et al.[130] nb, pg 16wk 45
46

ATO 10
FEN 200

–29*
–16

–35*
–18

–13
–26**

5.0
16.6*

Bottazzo et al.[131] a nb, pg
6wk

30
29
27

ATO 10
BEZ 400
PL

–25*
–14
–1

–28
–37
–2*

8.5
9.8
2.4***

Ooi et al.[132] nb, pg, mc
24wk

39
35

ATO 10-20
FEN 300

–33*
–14

–38*
–6

–28
–40*

10
23*

Comparison with nicotinic acid

McKenney et al.[133] nb, pg, mc
12wk

55
53

ATO 10
NIC 3g

–26*
–7

–30*
–2

–17
–29*

4
25*

Comparisons with other HMG-CoA reductase inhibitors

Branchi et al.[134] nb, pg
2mo

49
48
50
50

ATO 10
FLU 40
PRA 20
SIM 10

–30*
–21
–24
–27

–38*
–30
–32
–36

–20*
–7
–12
–18

3
11*
3
4

Insull et al.[135]

(ASSET)
nb, pg, mc
6wk

712
666

ATO 10
SIM 10

–28***
–22

–37***
–30

–22***
–16

7.4
6.9

a Abstract.

ASSET = Atorvastatin/Simvastatin Safety and Efficacy Trial; BEZ = bezafibrate; C = cholesterol; FEN = fenofibrate; FLU = fluvastatin;
HDL = high-density lipoprotein; LDL = low-density lipoprotein; mc = multicentre; nb = nonblind; NIC = nicotinic acid; pc = placebo controlled;
pg = parallel group; PL = placebo; PRA = pravastatin; SIM = simvastatin; TG = triglycerides; * p < 0.05, ** p < 0.005, *** p < 0.0001, all vs
comparator/s.
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reductions in levels of triglycerides, total choles-
terol and LDL-cholesterol were significantly greater
with atorvastatin, while HDL-cholesterol levels in-
creased by similar amounts in both groups. More
patients achieved LDL-cholesterol goals with
atorvastatin (56%) than with simvastatin (38%; p
< 0.0001).

The greater efficacy of atorvastatin in reducing
triglyceride levels is considered to be related to its
superior efficacy in reducing serum LDL-cholesterol
levels.[134,136] In a randomised 2-month study in-
volving 191 patients with hypercholesterolaemia
and triglyceride levels <4.5 mmol/L (400 mg/dl),
patients receiving atorvastatin 10 mg/day had a
greater reduction in serum triglyceride as well as
LDL-cholesterol levels than those receiving simva-
statin 10mg, fluvastatin 40mg and pravastatin
20mg daily.[134] The ratio of the percentage triglyc-
eride reduction to the percentage LDL-cholesterol
reduction was not significantly different in the 4
treatment groups, supporting the concept that greater
efficacy in reducing serum triglyceride levels is related
to that in reducing serum LDL-cholesterol.[134]

In patients with mixed hyperlipidaemia, ator-
vastatin, usually 10 mg/day for 6 to 24 weeks, pro-
duced greater reductions in serum LDL-cholesterol
and total cholesterol but smaller reductions in se-
rum triglyceride levels than fenofibrate 200[130] or
300[132] mg/day, bezafibrate 400 mg/day[131] and
nicotinic acid 3 g/day.[133] The increase in HDL-
cholesterol levels with atorvasatin was signifi-
cantly less than that with fenofibrate and nicotinic
acid and similar to that with bezafibrate (table V).

4.3  Patients with Type 2 Diabetes Mellitus
and Dyslipidaemia

The principal features of dyslipidaemia in pa-
tients with type 2 diabetes mellitus are elevated
levels of triglycerides and reduced levels of HDL-
cholesterol, and an increased number of smaller,
denser LDL particles. Superimposed on these ab-
normalities is a prevalence of hypercholesterolae-
mia similar to that found in the general popula-
tion.[137]

Hypertriglyceridaemia has been implicated as a
risk factor in several prospective clinical stud-
ies,[138] and available data suggest that LDL-cho-
lesterol is more atherogenic in patients with type 2
diabetes mellitus than in other individuals.[139] Ag-
gressive lowering of serum LDL-cholesterol and
maintenance of triglycerides at the lowest possible
level are recommended in patients with type 2 dia-
betes mellitus.[140]

4.3.1 Noncomparative Studies 
About two-thirds or more of patients achieved

target LDL-cholesterol levels in this type of trial.
In two 16-week trials of atorvastatin 10 to 80
mg/day, all 88 patients with diabetes mellitus and
hyperlipidaemia achieved target LDL-cholesterol
levels in one study;[141] LDL-cholesterol levels
were reduced by 50 to 66% and total cholesterol
levels by 37 to 53% in another study of 100 such
patients.[142] Approximately 59%[141] and 66%[142]

of patients achieved LDL-cholesterol levels <2.6
mmol/L with the lowest dose.

The efficacy of atorvastatin in lowering serum
LDL-cholesterol levels is similar in patients with
type 2 diabetes mellitus and those without the con-
dition (table VI).[135,143,144] Although reductions in
triglyceride levels, in most studies, were also sim-
ilar to those in patients without diabetes mellitus,
a multicentre treat-to-target trial involving 200 pa-
tients with CHD (93 with type 2 diabetes mellitus
and 107 without) reported a greater reduction in
triglyceride levels in patients with type 2 diabetes
mellitus than in nondiabetic patients (29 vs 19%; p
= 0.04).[144]

In 155 patients with type 2 diabetes mellitus,
including some patients with established CHD and
those with familial hypercholesterolaemia, treat-
ment with atorvastatin up to 40 mg/day (the ma-
jority receiving 10 mg/day) over a 9-month period
resulted in a significant reduction in serum LDL-
cholesterol (p < 0.01) and elevation of HDL-cho-
lesterol (p < 0.05). Triglyceride levels decreased by
38% (p < 0.01).[149]

4.3.2 Comparative Studies
The larger reductions in LDL-cholesterol levels

with atorvastatin than with other available HMG-
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CoA reductase inhibitors (section 4.1.2) are also
apparent in patients with type 2 diabetes mellitus
(table VI). The 54-week ASSET[147] trial demon-
strated that the larger decreases in LDL-cholesterol
with atorvastatin than with simvastatin were main-
tained in the longer term, although differences in
triglyceride levels were not significant (table VI).
Increasing the atorvastatin dosage from 10 to 80
mg/day had no further effect on triglyceride levels

but increased the percentage of patients achieving
NCEP LDL-cholesterol goals in the DALI study.[148]

4.4 Patients with Familial
Hypercholesterolaemia 

Cholesterol levels are often difficult to control
with HMG-CoA reductase inhibitor monotherapy
in patients with familial hypercholesterolaemia,

Table VI. Summary of clinical trials evaluating the efficacy of atorvastatin (ATO) in the management of dyslipidaemia in patients with type 2
diabetes mellitus

Reference Study design
and duration

No. of patients Dosage regimen
(mg/day)

Mean change (%) in serum lipid levels from
baseline to treatment end-point

Patients
reaching NCEP
target LDL-C
levels (%)

total-C LDL-C TG HDL-C

Comparisons in patients with and without type 2 diabetes mellitus
Black et al.[143] Analysis of

21 studies
DM 156
NDM > 2400

ATO 10
ATO 10

–27
–27

–36
–36

–21
–17

Bogaty et al.[144] a nb, tt, mc
1-4mo

DM 93
NDM 107

ATO 10-8 0
ATO 10-80

–46
–49

–29
–19†

0.8
3.4

98
93

Insull Jr et al.[135]

(ASSET)
r, nb, mc
6wk

DM 343
NDM 369

ATO 10
ATO 10

–37
–37

Comparisons with placebo (PL) and other HMG-CoA reductase inhibitors
Djordjevic et al.[145] a nb, pg

3mo
20 ATO 10-20 –27 –37 –25 14.1 37b

30 FLU 20-40 –20* –25* –4* 8.8** 6b*

20 SIM 20-40 –28 –36 –27 14.5 39b

Gentile et al.[146] r, nb, pg, mc,
pc
24wk

84 ATO 10 –29 –37 –24 7.4

78 SIM 10 –21* –26* –14* 7.1

81 PRA 20 –16** –23** –12* 3.2*

80 LOV 20 –18* –21** –11* 7.2

86 PL +1** –1** –1** –0.5

Insull Jr et al.[147]

(ASSET) a
r, nb, mc
54wk

346 ATO 10-80 –44.4 –15.2 to
–32.7

ATO>SIM

328 SIM 10-40 –36.5*** –5.5 to
–27.8

The DALI Study
Group[148] c

r, db, pg, mc,
pc
30wk

73 ATO 10 –30 –41 –25 6 71 (79.5)d

72 ATO 80 –39†† –52†† –35 5.2 85† (76.4)d

72 PL 0.5 –2.7 +10 –0.9 11*** (ND)d

a Abstract.

b European Diabetes Policy Group targets.

c All values for ATO 10 and 80 mg/day were significantly different from baseline (p < 0.05); no p-values versus PL were given.

d Percent reaching target triglyceride levels.

ASSET = Atorvastatin/Simvastatin Safety and Efficacy Trial; C = cholesterol; DALI = Diabetes Atorvastatin Lipid Intervention study;
DM = patients with type 2 diabetes mellitus; FLU = fluvastatin; HDL = high-density lipoprotein; LDL = low-density lipoprotein; LOV = lovastatin;
mc = multicentre; nb = nonblind; NCEP = National Cholesterol Education Programme; ND = no data; NDM = patients without diabetes
mellitus; pc = placebo controlled; pg = parallel-group; PL = placebo; PRA = pravastatin; r = randomised; SIM = simvastatin; TG = triglycerides;
tt = treat-to-target; * p < 0.05, ** p < 0.01, *** p < 0.0001 vs ATO; † p < 0.05, †† p < 0.005 vs DM group or ATO 10mg; > greater efficacy
than (p < 0.001).
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most of whom require additional therapy with a
bile-acid sequestrant. The efficacy of atorvastatin
in lowering LDL-cholesterol levels in patients with
primary hypercholesterolaemia has prompted a
number of attempts to use the drug as a high-dose
monotherapy in patients with familial hyperchol-
esterolaemia.

4.4.1 Noncomparative Trials
In a noncomparative study in 40 patients, 6

weeks’ therapy with atorvastatin 40 and 80 mg/day
reduced serum LDL-cholesterol levels by 44 and
50%, respectively.[150] Atorvastatin reduced serum
LDL-cholesterol levels further in patients with fa-
milial hypercholesterolaemia who had previously
received simvastatin alone or in combination with
cholestyramine in nonblind 12-week trials.[151-153]

Reductions were similar to those in patients pre-
viously treated with combinations of simvastatin
and fenofibrate or nicotinic acid.[152,154] These
findings are supported by results of a prospective
observational study in patients with severe familial
hypercholesterolaemia who received daily doses of
atorvastatin 10mg (n = 56), 20mg (n = 55), 40mg
(n = 38) and 80mg (n = 51) substituted, respec-
tively, for previous therapy with simvastatin 20 or
40 mg/day, simvastatin 40 mg/day with cholesty-
ramine 32 g/day or simvastatin 40 mg/day with
cholestyramine and fenofibrate 200 mg/day.[153]

4.4.2 Comparisons with Other HMG-CoA
Reductase Inhibitors
Two randomised double-blind parallel group

trials have directly compared atorvastatin with
other HMG-CoA reductase inhibitors (table VII).
The long-term effect of atorvastatin 80 mg/day on
the progression of carotid atherosclerosis in pa-
tients with familial hypercholesterolaemia was
compared with that of simvastatin 40 mg/day
(maximum recommended dose at the time of the
study) in the ASAP trial. This 2-year randomised
double-blind study in 325 patients used carotid in-
tima media thickness (IMT), measured by quanti-
tative B-mode ultrasound, as the primary end-
point.[61]

There was a significant reduction in IMT
(−0.031mm; p < 0.0017) in patients receiving ator-

vastatin but an increase in IMT (+0.036mm) in pa-
tients receiving simvastatin. The reduction in IMT
was correlated to the decrease in LDL-cholesterol
levels (r = 0.41; p = 0.01) which was significantly
greater with atorvastatin than with simvastatin, as
were decreases in levels of total cholesterol and
triglycerides. HDL cholesterol levels increased by
13% in both groups (table VII).

Preliminary results of another randomised, dou-
ble-blind, 18-week trial showed rosuvastatin up to
80 mg/day (n = 435) to be more efficacious than
atorvastatin up to 80 mg/day (n = 187) in reducing
LDL-cholesterol and increasing HDL-cholesterol
levels (table VII).[155]

Homozygous familial hypercholesterolaemia is
characterised by high LDL-cholesterol levels, tendon
xanthomas and premature CHD and is refractory to
many therapies.[26] Atorvastatin 80 mg/day for 2
months reduced LDL-cholesterol levels by about 25
to30%insmallnumbersofpatients(n<35)with homo-
zygous familial hypercholesterolaemia.[15,26,27]

4.5 Special Patient Groups

4.5.1  Patients with Resistant
Hypercholesterolaemia 
A significant number of patients with hyper-

cholesterolaemia do not achieve target LDL-
cholesterol levels with maximum tolerated doses
of usual drugs such as HMG-CoA reductase inhib-
itors, with or without fibrates. Use of atorvastatin
in place of the previous unsuccessful lipid-lowering
therapy in patients with severe resistant hyperchol-
esterolaemia resulted in a significant further reduc-
tion in serum LDL-cholesterol and triglyceride levels
and achievement of target serum LDL-cholesterol
in a significant proportion of these patients.

In a nonblind study in patients refractory to
simvastatin monotherapy,[157] reductions in serum
LDL-cholesterol and triglyceride levels were sig-
nificantly greater with atorvastatin than with
simvastatin plus cholestyramine after 30 weeks
(table VII). Similarly, in a large (n = 770) ran-
domised, nonblind study in patients with hyper-
cholesterolaemia refractory to monotherapy with
other lipid-lowering agents, target serum LDL-
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cholesterol levels were achieved in more than 3
times as many atorvastatin recipients than in those
continuing usual care including intensive diet ther-
apy, increasing dosages or combinations of other
drugs for 12 weeks (p = 0.001) [table VII].[156]

Atorvastatin in doses of 10, 20 or 80 mg/day
depending on baseline LDL-cholesterol and pres-
ence of risk factors for CHD, when administered
to 531 patients with hypercholesterolaemia refrac-
tory to treatment with other lipid-lowering agents
(78% having received other HMG-CoA reductase
inhibitors), resulted in achievement of EAS target
LDL-cholesterol levels in 86, 88 and 52% patients

with mild, moderate and high risk for CHD, re-
spectively.[160] LDL-cholesterol levels decreased
by 33, 48 and 53% in patients receiving atorva-
statin 10, 20 and 80 mg/day, respectively.

In 21 patients with severe hypercholesterol-
aemia who had uncontrolled LDL-cholesterol levels
despite receiving apheresis therapy in addition to
simvastatin 40 mg/day, replacement of simvastatin
with atorvastatin up to 80 mg/day resulted in a sig-
nificant reduction in serum LDL-cholesterol in
twenty of them.[161] Target LDL-cholesterol levels
were achieved in 4 patients and apheresis could be
discontinued in three.

Table VII. Summary of randomised clinical trials evaluating the comparative efficacy of atorvastatin (ATO) in various subgroups of patients

Reference Study design
and duration

No. of
patients

Dosage regimen
(mg/day)

Mean change (%) in serum lipid levels from
baseline to treatment end-point

Patients reaching
NCEP target
LDL-C levelstotal-C LDL-C TG HDL-C

Patients with familial hypercholesterolaemia
Smilde et al.[61]

(ASAP)
db, mc, pg
2y

160
165

ATO 40-80
SIM 20-40

–42
–34***

–51
–41***

–29
–18**

13
13

Stein et al.[155] a db, mc, pg
18wkb

187
435

ATO 20-80
ROS 20-80

–42***
–46

–50***
–58

–32
–28

3***
12

46
61

Patients with resistant hypercholesterolaemia
Habib et al.[156] nb, pg, mc

12wkb
385
385

ATO 10-40c

Othersc,d
–18
–7***

–26
–10**

–3
+2

+4
+2

37
11***

Simons[157] nb, mc
30wkb

92
44

ATO 10-80
SIM 10-40 + CHY 4g

–42***
–32

–49***
–38

–33**
–25

7
10

19e

6

Patients with established coronary heart disease (CHD)
Brown et al.[158] nb, pg, mc, ttb

54wk
78
76
78
76

ATO 10-80
FLU 20-40
LOV 20-80
SIM 10-40
(all with COL up to
10g if required)

–30
–20*
–29
–26

–41
–30*
–41
–37

–19
–2*
–14
–15

7
7
12
11

79*f

11
56
59

Marz et al.[159]

(TARGET
TANGIBLE)

nb, pg, mc
14wkb

1897
959

ATO 10-40
SIM 10-40

–33***
–29

–44***
–40

–19***
–13

67***
53

a Abstract.

b Patients initially received lowest dose of each drug, then dose was increased at 6-weekly intervals if target levels not achieved, to the
maximum shown; additional drug was added if target LDL-C levels were not achieved with highest dose.

c Baseline taken as levels achieved with previous therapy.

d Adjusting dose of previous drug, switching drugs, combining drugs, more aggressive diet.

e Target LDL-C <3.5 mmol/L.

f Percentage of patients achieving targets on monotherapy.

ASAP = the effects of Atorvastatin versus Simvastatin on Atherosclerosis Progression study; C = cholesterol; CHY = cholestyramine; COL
= colestipol; db = double-blind; FLU = fluvastatin; HDL = high-density lipoprotein; LDL = low-density lipoprotein; LOV = lovastatin; mc =
multicentre; nb = nonblind; NCEP = National Cholesterol Education Program; pg = parallel group; ROS = rosuvastatin; SIM = simvastatin;
TG = triglycerides; tt = treat-to-target; * p ≤ 0.05, ** p < 0.01, *** p ≤ 0.001 vs other groups.
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4.5.2 Patients with Established CHD
Atorvastatin has been found to be more effica-

cious than the other HMG-CoA reductase inhibitors
in achieving the stricter serum LDL-cholesterol
target levels in patients with established CHD.
Terms of assessment were the percentage of pa-
tients achieving the targets on monotherapy with
these drugs, as well as the proportion of patients
requiring upward dose titration or a combination
with other lipid-lowering agents.[57,158,159]

In the largest of these trials, the nonblind
randomised TARGET TANGIBLE study, about
two-thirds of patients receiving atorvastatin 10 to
40 mg/day for 14 weeks achieved the target serum
LDL-cholesterol (≤2.6 mmol/L) compared with
about half of those receiving simvastatin 10 to 40
mg/day (p < 0.001) [table VII].[159] Fewer patients
in the atorvastatin group required titration to 40
mg/day than in the simvastatin group (38 vs 54%;
p < 0.05). 58% of patients in this study had proven
CHD.

In a similar nonblind 54-week treat-to-target
study in 308 patients with documented atheroscle-
rosis,[158] the percentage of atorvastatin-treated
patients (32%) who achieved the target LDL-
cholesterol level of ≤2.6 mmol/L (100 mg/dl) with-
out the addition of colestipol was significantly
greater than in the fluvastatin, lovastatin and simva-
statin groups. Colestipol was added if target levels
were not achieved at maximum dosages. At 54
weeks, 83% of patients in the atorvastatin group
achieved target LDL-cholesterol levels; this per-
centage was significantly higher (p < 0.05) than
that in the fluvastatin group (50%) and similar to
that in the lovastatin and simvastatin groups (81
and 75%, respectively). Table VII gives response
rates for monotherapy with the various drugs.

Furthermore, 37% of a subgroup of patients
with CHD in a 52-week double-blind placebo-con-
trolled randomised study reached LDL-cholesterol
targets with atorvastatin up to 20 mg/day (n = 120),
compared with 11% of those receiving lovastatin
up to 40 mg/day (n = 41) [p < 0.05].[57]

The efficacy of atorvastatin in achieving target
LDL-cholesterol levels in women with risk factors

or CHD has been assessed in a 16-week treat-to-
target study involving 318 female patients (the
WATCH trial).[162] Of 198 women with estab-
lished CHD, 34 and 60% achieved target LDL-cho-
lesterol levels with atorvastatin 10 and 20 mg/day,
respectively. With maximal titration up to 80
mg/day, 80% of these women were able to reach
target LDL-cholesterol levels. In those with ≥2 risk
factors for CHD (n = 120), atorvastatin 10 and 20
mg/day resulted in lowering of LDL-cholesterol
levels to target values in 63 and 79%, respectively.

A significantly greater change towards coronary
atherosclerotic plaque stabilisation, as measured
by the increase in percentage of hyperechogenic
volume (assessed by using 3-dimensional in-
tracoronary ultrasound), was observed in patients
receiving atorvastatin 20 to 80 mg/day (40%) than
those receiving other usual care (other HMG-CoA
reductase inhibitors, fibrates or cholestyramine:
11%; p = 0.01) in the 12-month randomised GAIN
trial in 131 patients.[163]

4.5.3 Aggressive Therapy in Patients with CHD
The reduction in long-term cardiac morbidity

and mortality in patients with CHD with lowering
of serum LDL-cholesterol levels to below 2.6
mmol/L has been proven without doubt. Whether
aggressive lowering of serum LDL-cholesterol lev-
els to 1.9 mmol/L (75 mg/dl) or below will achieve
greater reduction in CHD remains to be deter-
mined. A number of studies evaluating the benefits
of achievement of very low LDL-cholesterol levels
with high-dose atorvastatin in patients with CHD
are in progress (see section 8) and the results of
two of these are available (table VIII).[164,165]

The MIRACL Study
Aggressive reduction of serum LDL-cholesterol

to 1.9 mmol/L, well below the recommended tar-
get, was investigated in patients with acute coro-
nary syndromes (unstable angina or non-Q-wave
myocardial infarction) in the randomised double-
blind MIRACL trial. 3086 patients received ator-
vastatin 80 mg/day or placebo for 16 weeks, start-
ing 24 to 96 hours after hospital admission.[164]

The combined primary end-point (death, nonfatal
myocardial infarction, cardiac arrest with resusci-
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tation, or recurrent ischaemia requiring rehospital-
isation) occurred in 14.8% of patients in the
atorvastatin group compared with 17.4% in the pla-
cebo group (p = 0.048, relative risk 0.84; 95% con-
fidence interval 0.7 to 1.0). Although there was no
significant between-group difference in risk of the
individual components (secondary end-points) of
death, nonfatal myocardial infarction or resusci-
tated cardiac arrest, atorvastatin treatment signifi-
cantly reduced the incidence of recurrent ischaemic

events requiring emergency rehospitalisation com-
pared with placebo (6.2 vs 8.4%; p = 0.02).[164] The
incidence of nonfatal or fatal stroke was also lower
in patients receiving atorvastatin than in those re-
ceiving placebo (0.8 vs 1.6%; p = 0.045) [table
VIII]; the number of patients with stroke was small
in both groups. There was no significant relationship
between the occurrence of a primary end-point event
and the baseline LDL-cholesterol levels or the per-
centage reduction in LDL-cholesterol levels.

Table VIII. Summary of trials evaluating aggressive lowering of low-density lipoprotein cholesterol (LDL-C) with atorvastatin (ATO) in patients
with coronary heart disease (CHD)

The MIRACL study[164]a The AVERT trial[165]b

Design Randomised, double-blind, placebo
(PL)-controlled, multicentre

Randomised, nonblind, multicentre

No. of patients 3086 (ATO 1538, PL 1548) 341 (ATO 164, PTCA 177)

Patients Unstable angina or non-Q-wave MI Stable CHD, asymptomatic or mild to moderate angina,
candidates for PTCA for stenosis of at least 1 coronary
artery

Intervention ATO 80 mg/day initiated at 24 to 96 hours after
admission

ATO 80 mg/day with usual antianginals

Control Placebo PTCA procedure with usual care

Duration 16wk 18mo

Primary combined
end-point (PEP)

Death, nonfatal acute MI, cardiac arrest with
resuscitation, recurrent symptomatic myocardial
ischaemia requiring emergency hospitalisation
(RSMIH)

Ischaemic events (death from cardiac causes, nonfatal
MI, resuscitated cardiac arrest, stroke, CABG, PTCA,
worsening angina requiring hospitalisation)

Results ATO PL Significance ATO PTCA Significance

Serum LDL-C levels 1.87
mmol/L
(72
mg/dl)

3.2 mmol/L
(124 mg/dl)

2 mmol/L (77 mg/dl) 3 mmol/L (119
mg/dl)

p < 0.05

PEP 14.8% 17.4% RR 0.84; CI 0.7-1.0;
p = 0.048

13.4% 20.9% NS; p = 0.048
(designated
significance
value 0.045)

Subgroup analysis RSMIH lower in ATO group (6.2 vs 8.4%; p =
0.02)
Other PEP : NS

Ischaemic events after 6 months lower in ATO group
(7 vs 10%; p = 0.045)
Time to a first ischaemic event shorter in ATO group
(p = 0.03)

Secondary end-points No significant between-group differences in the
individual components of death, nonfatal acute
MI, cardiac arrest with resuscitation, coronary
revascularisation, worsening heart failure,
worsening angina
Incidence of nonfatal stroke (0.6 vs 1.4%, p =
0.02) and fatal plus nonfatal stroke (0.8 vs 1.6%;
p = 0.045) lower in atorvastatin group

a The Myocardial Ischemia Reduction with Aggressive Cholesterol Lowering study.

b The Atorvastatin Versus Revascularisation Treatment trial.

CABG = coronary artery bypass graft surgery; CI = 95% confidence interval; MI = myocardial infarction; NS = not significant; PL = placebo;
PTCA = percutaneous transluminal coronary angiography; RR = relative risk.
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The AVERT Study
The results of the AVERT trial showed that ag-

gressive lipid-lowering therapy with atorvastatin
80 mg/day for 18 months was at least as effective
as coronary angioplasty and usual care in reducing
the incidence of ischaemic events in low-risk pa-
tients with stable CHD.[165] In this nonblind multi-
centre study, 341 patients with stable CHD who
were candidates for elective angioplasty for at least
one significant coronary artery stenotic lesion were
randomised to receive either the indicated angio-
plasty (n = 177), with the usual care, or atorvastatin
80 mg/day (n = 164) with the usual antianginal
therapy.

As shown in table VIII, after 18 months serum
LDL-cholesterol levels achieved were signifi-
cantly (p < 0.05) lower in the atorvastatin-treated
group [2 mmol/L (77 mg/dl)] compared with the
angioplasty group [3 mmol/L (119 mg/dl)]. 22 pa-
tients in the atorvastatin-treated group (13.4%) had
at least one primary end-point event (CHD death,
nonfatal myocardial infarction, coronary bypass
surgery, angioplasty and worsening angina pecto-
ris requiring hospitalisation) compared with 37 pa-
tients (20.9%) in the angioplasty group (p = 0.048;
designated significance level adjusted by interim
analysis was p = 0.045). Subgroup analysis showed
that patients who achieved LDL-cholesterol below
1.9 mmol/L (75 mg/dl) experienced fewer isch-
aemic events (10%) than those who achieved levels
between 1.9 and 2.6 mmol/L (75 and 100 mg/dl),
and above 2.6 mmol/L (13 and 22%, respectively;
p-values not provided).[166] Time to a first isch-
aemic event was significantly lower in the atorva-
statin group (p = 0.03).

4.5.4 Patients with Organ Transplants
Hyperlipidaemia with elevation of cholesterol

and triglyceride levels occurs in a majority of pa-
tients with cardiac or renal transplants and contrib-
utes to the high morbidity and mortality due to car-
diovascular disease among these patients. There
have been concerns about a possible increase in
incidence of rhabdomyolysis as well as elevation
of cyclosporin levels because of interaction of
cyclosporin with HMG-CoA reductase inhibitors

(section 3.4). Lower doses of HMG-CoA reductase
inhibitors have been used in most studies in these
patients.

In noncomparative studies atorvastatin reduced
total and LDL-cholesterol levels in small numbers
of patients with renal transplants (table IX).[65,104]

Although there are no large controlled studies com-
paring atorvastatin with other HMG-CoA reduc-
tase inhibitors in patients with organ transplants,
small studies, some retrospective, have found
atorvastatin to produce further reductions in LDL-
cholesterol levels of up to 30% in patients pre-
viously treated with other HMG-CoA reductase in-
hibitors (simvastatin, pravastatin and fluvastatin)
[table IX]. Triglyceride levels decreased signifi-
cantly (by 26%) in patients with hypertrigly-
ceridaemia but not in those with previously normal
triglyceride levels (table IX).[169]

Atorvastatin produced significantly greater re-
ductions in LDL-cholesterol and triglyceride levels
compared with pravastatin (both p ≤ 0.001) in the
only directly comparative study, a 4-month ran-
domised crossover trial in 39 patients with cardiac
transplants (table IX).[103] More patients (74%)
achieved total cholesterol levels of <5.2 mmol/L
(200 mg/dl) with atorvastatin 10 mg/day than with
pravastatin 20 mg/day (26%).

4.5.5 Patients with HIV Infection
Patients with HIV infection who are receiving

drugs from the protease inhibitor group are prone
to develop a syndrome of abnormal fat redistribu-
tion, hyperlipidaemia, insulin resistance and hyper-
glycaemia.[170]

Three small studies of about 4 to 6 months’ du-
ration have reported the effects of atorvastatin on
protease inhibitor-related hyperlipidaemia. In ten
patients receiving atorvastatin as the sole anti-
hyperlipidaemic agent (starting daily dose of 10
mg/day), mean total cholesterol and triglyceride
levels were reduced by 19% (p = 0.004) and 21%
(not significant) respectively, after 5.3 months.[171]

In another study, 14 patients experienced 21 and
39% reductions in serum cholesterol and triglycer-
ide levels after 6 months of atorvastatin 10 to 20
mg/day.[172]
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Adding gemfibrozil produced greater reduc-
tions: in patients receiving a combination of ator-
vastatin with gemfibrozil (n = 19), there was a re-
duction of 30 (p = 0.004) and 60% (p = 0.01),
respectively, in cholesterol and triglyceride levels
at 6.5 months. However, this combination may in-
crease the risk of myopathies (section 7).

These limited data suggest potential efficacy of
atorvastatin in these patients, but no conclusions
can be drawn at present.

4.5.6 Patients with Renal Failure
Patients with end-stage renal disease (ESRD)

have a higher prevalence of dyslipidaemia,[173,174]

which is not corrected by renal replacement ther-
apy,[174] and a much greater risk of cardiovascular
disease than the general population.[175] These pa-
tients are considered to be a ‘highest-risk’ group
for cardiovascular events.[173]

At present, there are few studies of atorvastatin
in such patients. With the exception of a placebo-
controlled trial[176] most contain small patient
numbers, and the majority are presented as ab-
stracts (table X). However, a large prospective trial

of atorvastatin in patients undergoing haemodialy-
sis is under way (see section 8).

Among this high-risk population atorvastatin
consistently reduced total cholesterol and LDL-
cholesterol levels when given for 1 to 4 months.
Triglyceride levels decreased significantly in most
but not all studies (table X). In the large placebo-
controlled trial 85 and 16% of patients given
atorvastatin 10 mg/day and placebo, respectively,
achieved EAS targets for LDL-cholesterol after 4
weeks (p ≤ 0.001), and all changes in lipid levels
in the atorvastatin group were significant versus
placebo (table X).[176] Atorvastatin up to 40 mg/
day administered for 4 months resulted in achieve-
ment of target LDL-cholesterol levels in 19 of 20
patients without CHD and 7 of 9 patients with a
history of CHD undergoing peritoneal dialysis. 15
of 19 patients with hypertriglyceridaemia achieved
target triglyceride levels.[177]

Combining atorvastatin with α-tocopherol was
not more effective than atorvastatin plus placebo
in patients undergoing haemodialysis or peritoneal

Table IX. Summary of clinical trials evaluating the efficacy of atorvastatin (ATO) in patients with organ transplants (TX)

Reference Study design and
duration

No. of
evaluable
patients

Dosage regimen
(mg/day)

Mean change (%) in serum lipid levels from baseline to
treatment end-point

total-C LDL-C TG HDL-C

Noncomparative studies
Alvarez et al.[104] 6mo

(renal TX)
24 ATO 10-20 –31 –37 –22 –1

Åsberg et al.[65]a 4wk (renal TX) 22 ATO 10 –27 –42

Comparison with pravastatin (PRA)
Magnani et al.[103] r, nb, co 4mo

(cardiac TX)
39
39

ATO 10-20
PRA 20-40

–33***
–21

–45**
–30

–24***
–8

+2
–1

Comparisons after switchover to atorvastatinc

Kobashigawa et
al.[167]a

3mo
(cardiac TX)

28 ATO 10 –18* –17 –8 –5

Patel et al.[168]a 3mo (cardiac TX) 30 ATO 20-40 –31*** +3

Romero et al.[169] 3mo (renal TX) 10 ATO 10 –19* –26* –9
–26b*

–2

a Abstract.

b In 5 patients with TG >1.7 mmol/L.

c After previously unsuccessful therapy with other HMG-CoA reductase inhibitors.

C = cholesterol; co = crossover; HDL = high-density lipoprotein; LDL = low-density lipoprotein; nb = nonblind; r = randomised; TG =
triglycerides; * p < 0.05, ** p = 0.001, *** p < 0.001 vs previous therapy or comparator.

Atorvastatin: An Update 1861

 Adis International Limited. All rights reserved. Drugs 2001; 61 (12)



dialysis, although this randomised double-blind
study enrolled small numbers of patients.[180]

5. Tolerability

5.1 General Profile

Atorvastatin has been well tolerated in clinical
trials as revealed by an analysis of pooled data from
21 clinical studies, 17 of which were multicentre,
and 2502 patients given the drug.[181] Of these,
1253 patients (50%) received the drug for at least
1 year.

In placebo-controlled studies, the incidence of
adverse events (18%) in 1122 patients receiving
atorvastatin up to 80 mg/day was similar (18%) to
the incidence in those receiving placebo (n = 270)
(fig. 2a). No dose-related increase in adverse
events was observed in these studies. Overall, the
most frequently reported adverse events with
atorvastatin in these trials were constipation, flatu-

lence, dyspepsia and abdominal pain, headache and
myalgia. Adverse events reported with atorvastatin
have been mild and transient.

Fewer than 2% of the 2502 patients who re-
ceived atorvastatin withdrew from the trials due to
adverse effects related to treatment. The incidence
of withdrawal was not dose dependent.[181] The ad-
verse events responsible for withdrawal included
nausea, depression, myalgia, abdominal pain and
abnormalities in liver function tests, each of which
occurred in fewer than 0.3% of atorvastatin-treated
patients.

Serious adverse events were reported by ap-
proximately 30 of 2502 patients (5%) receiving
atorvastatin.[181] In only two patients (<1%) were
they considered to be related to treatment with
atorvastatin. These included one patient with acute
pancreatitis and another with cholestatic jaundice.
Both recovered without sequelae. One patient with
toxic epidermal necrolysis following atorvastatin

Table X. Efficacy of atorvastatin (ATO) in patients with dyslipidaemia and end-stage renal disease (ESRD) undergoing dialysis

Reference
(study design)

Patient
type

No. of
evaluable
patients

Dosage in
mg/day

Duration Mean change (%) in serum lipid levels from baseline to
end-point

total-C LDL-C TG HDL-C

Noncomparative trials

Hufnagel et al.[177] PD 20 no CHD ATO 10-40 4mo –33 –42** –37**

9 CHD –36 –46** –26**

Le Roux et al.[178] HD 19 ATO 20 4mo –29*** –27***b

Stegmayr et al.[179] a ESRD 40 ATO 10 1mo –26** –47** –16*

Comparative trials

Diepeveen et al.[180] a

(r, db, pc, pg) c
ESRD HD (6)

PD (5)
ATO 20 + TOC
800IU

12wk HD:–37* –58* –16 0

PD:–38* –52* –20 +9

HD (6)
PD (4)

TOC 800IU +
PL

HD:+4.5 +3.8 +10 0

PD:–3.7 +3.4 –24 +10

HD (6)
PD (7)

ATO 20 + PL HD:–35* –48* –27* –10

PD:–34* –50 –39* 0

Wheeler et al.[176] a

(r, db, mc, pc, pg)
PD 82 ATO 10-40 16wk –29†† –40†† –14†† +7†

95 PL –6 –9 +11 –3

a Abstract.

b Change in total-C/HDL-C ratio.

c Results for the placebo group not shown. There were no significant differences from baseline for this group in any parameter except
HDL-C (p < 0.05).

C = cholesterol; CHD = coronary heart disease; db = double-blind; HD = haemodialysis; HDL = high-density lipoprotein; LDL = low-density
lipoprotein; mc = multicentre; pc = placebo controlled; PD = peritoneal dialysis; pg = parallel group; PL = placebo; r = randomised; TG =
triglyceride; TOC = α-tocopherol. * p < 0.05, ** p < 0.001, *** p < 0.0005 vs baseline; † p < 0.001, †† p < 0.0001 vs PL.
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Fig. 2. Tolerability of atorvastatin. Pooled tolerability data from 21 clinical trials comparing the incidence of various adverse events
in patients receiving atorvastatin (n = 2502) with those receiving (a) placebo (n = 270) and (b) other HMG-CoA reductase inhibitors
(n = 742);[181] (statistical analysis not conducted).
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use has been reported.[182] In another patient, se-
vere thrombocytopenia was presumed to be caused
by an idiosyncratic reaction to atorvastatin.[183]

5.2 Compared with Other Drugs

In general, the adverse event profile for ator-
vastatin was similar to that observed with other
HMG-CoA reductase inhibitors (fig. 2b).[181] In a
large study in 2856 patients with CHD, the inci-
dence of drug-related adverse events in patients re-
ceiving atorvastatin (n = 1897) in doses of 10 to 40
mg/day for 14 weeks was similar to that in patients
receiving simvastatin 10 to 40 mg/day.[159] Myal-
gia, nausea and abdominal pain occurred in <1% of
patients in each group. Asthenia was experienced
by 0.3 and 0.8% of patients in the atorvastatin and
simvastatin group, respectively (p < 0.05).

A number of studies evaluating the benefits on
prevention of CHD of aggressive lowering of LDL-
cholesterol with atorvastatin are in progress and
two have been completed (section 4.5.3). The
safety profile of atorvastatin in patients in whom
very low LDL-cholesterol levels were achieved has
been examined in a subgroup of a pooled analysis
of data from 21 clinical trials.[184] The incidence of
adverse events in patients with at least one LDL-
cholesterol value below 2.1 mmol/L (80 mg/dl)
with atorvastatin therapy (n = 319) was 24%, which
was similar to that with all atorvastatin-treated pa-
tients (20%) and patients receiving other HMG-
CoA reductase inhibitors (24%).

The tolerability profile of atorvastatin has been
found to be better than that of fenofibrate or nico-
tinic acid. Fewer patients had adverse events with
atorvastatin 10 to 20 mg/day (29%) than with
fenofibrate 300 mg/day (42%) over a 12-week
study period (n = 84).[132] More patients receiving
fenofibrate (14%) were withdrawn because of ad-
verse events than those receiving atorvastatin
(2%). The incidence of adverse events with nico-
tinic acid 3 g/day administered for 12 weeks (66%)
was 6-fold greater than with atorvastatin 10 mg/
day (11%) in 105 patients with hypertriglycer-
idaemia.[133]

Studies with a follow-up of 1 year or more have
confirmed the safety profile of atorvastatin. Data
over a 2-year period are available from the exten-
sion of a 1-year randomised double-blind study
comparing the efficacy and safety of atorvastatin
(10 to 80 mg/day) with lovastatin (20 to 80 mg/
day). 655 and 212 patients receiving atorvastatin
and lovastatin, respectively, completed a second
year of follow-up for analysis of safety parame-
ters.[185] In this abstract report, the overall safety
profile of atorvastatin was similar for the first and
second years and was similar to that of lovastatin.
Drug-related adverse events occurred in 19 and
12% of patients receiving atorvastatin in the first
and second year, respectively.[181]

5.3 Specific Events

5.3.1 Effects on Hepatic Function
Mild hepatic involvement in the form of asymp-

tomatic elevations in serum transaminase levels
has been reported during treatment with HMG-
CoA reductase inhibitors. In the pooled analysis of
clinical trials with atorvastatin, persistent elevation
of greater than three times the upper limit of normal
was reported in 0.7% of patients and was responsi-
ble for discontinuation of atorvastatin in 0.3%.[181]

The incidence of persistent elevation of transamin-
ases was higher in patients receiving atorvastatin
in doses of 80 mg/day (2.3%) than in those receiv-
ing lower doses. In patients receiving doses of 10,
20 and 40 mg/day, the incidence (0.2, 0.6 and 0.6%,
respectively) was similar to that with placebo
(0.4%). At all doses, the majority of episodes of
elevation in transaminase levels occurred in the
first 16 weeks after initiation of treatment with
atorvastatin.[181] There was no relationship to age,
sex, alcohol intake or body mass index.[181]

There have been isolated reports of cholestatic
hepatitis in two patients with familial hyperchol-
esterolaemia[186] and one patient with systemic lu-
pus erythematosus.[187] Acute hepatitis occurred in
one patient who was also receiving phenobar-
bital.[188] In all these patients, liver function im-
proved on stopping atorvastatin.
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5.3.2 Effects on Muscle
The incidence of myalgia with the use of

atorvastatin (1%) has been found to be similar to
that with placebo (1%) and other HMG-CoA re-
ductase inhibitors (2%).[181] Although isolated
asymptomatic elevation of creatine phosphokinase
(CPK) has been observed in patients receiving
atorvastatin, persistent elevation of CPK (>10
times elevation on two consecutive occasions)
along with muscle pain, tenderness or weakness
has not so far been reported with the use of ator-
vastatin.[181]

Rhabdomyolysis[153] and dermatomyositis[189]

have each been reported in one patient with fam-
ilial hyperlipidaemia receiving atorvastatin mono-
therapy. In the few other published case reports
of patients developing rhabdomyolysis while re-
ceiving atorvastatin, concomitant therapy in-
cluded gemfibrozil,[190] fusidic acid[191] or cyclo-
sporin.[100,101] The combined use of fibrates and
HMG-CoA reductase inhibitors is generally not
recommended because of the potential for in-
creased risk of myopathy and rhabdomyolysis
(section 7).[192]

In patients with organ transplants receiving
cyclosporin, use of atorvastatin 10 mg/day resulted
in myalgia and myositis in two of 48 patients in one
study.[168] In two other studies using atorvastatin
in doses up to 20 mg/day in patients receiving
cyclosporin, serum CPK levels were elevated in
two of 24[104] and two of 39 patients.[103]

6. Pharmacoeconomic Studies 

The long-term benefits of lowering serum cho-
lesterol and LDL-cholesterol in patients with
hypercholesterolaemia are well established. How-
ever, to utilise health resources optimally it is es-
sential that economic evaluation of costs and ben-
efits of lowering lipids in various subsets of
patients at risk for CHD is available to physicians
and health policy-makers to guide them in deciding
which patients to treat.

A number of studies used modelling analysis to
compare the economic benefits of lowering serum
lipids with various HMG-CoA reductase inhibitors

in terms of cost per year of life saved (YLS).[193,194]

Others used cost of achievement of target LDL-
cholesterol or of per unit lowering of serum lipid
as surrogate markers to compare the cost effective-
ness of various lipid-lowering agents.[195-201]

6.1 Studies Using Analytical Models 
of Cost Effectiveness

A study utilising a decision analytical Markov
model compared the cost and consequences of us-
ing five HMG-CoA reductase inhibitors at their
usual starting daily doses (atorvastatin 10mg,
simvastatin 10mg, lovastatin 20mg, fluvastatin
20mg and pravastatin 20mg) in various risk cate-
gories for primary as well as secondary prevention
of CHD.[193] The reductions in serum lipid levels
for each drug were derived from data approved by
the US Food and Drug Administration (FDA) for
product labelling. Annual risks of coronary event
occurrence were estimated using the Framingham
Heart Study coronary risk equations. The perspec-
tive of cost was for a third-party payer with current
estimates of only the direct medical costs of CHD
used to assign costs to health states and acute cor-
onary events. Net cost was measured as total cost
of therapy minus savings in CHD treatment dis-
counted at an annual rate of 3%. Outcome meas-
urements were net cost, maximum gain in life ex-
pectancy and cost per YLS.

Results showed that the maximum gain in life
expectancy was achieved with the use of ator-
vastatin. Although the net cost was lower with flu-
vastatin than with atorvastatin because of the lower
acquisition cost of the former, cost effectiveness
was greater with atorvastatin than all the other
HMG-CoA reductase inhibitors studied resulting
in a greater gain in life expectancy for a given level
of expenditure. The incremental cost per YLS
among all the HMG-CoA reductase inhibitors was
the lowest with atorvastatin. When the cost effec-
tiveness of lipid-lowering was studied in various
risk groups, the incremental cost per YLS with
atorvastatin versus no therapy was below $US40 000
(currency year 1997) among males in all categories
except those in the 45-year age group with moder-
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ate elevation of LDL-cholesterol (4.9 mmol/ L) and
no additional risk factors. Among women, similar
cost effectiveness was achieved in only those with
at least three risk factors or those with existing
CHD.[193]

A similar model was used in another study that
compared the cost effectiveness of use of HMG-
CoA reductase inhibitors (atorvastatin, simva-
statin, pravastatin, lovastatin and fluvastatin) in a
cohort of patients between the ages of 60 and 85
years with established CHD.[194] Percent reduc-
tions in incidence of CHD secondary to reductions
in LDL-cholesterol levels with HMG-CoA reduc-
tase inhibitors were derived from the results of the
Scandinavian Simvastatin Survival Study (4S).[202]

The patients were assumed to be taking doses of
HMG-CoA reductase inhibitors necessary to pro-
vide a long-term reduction of 35.57% in LDL-
cholesterol levels as seen in 4S. The maximum
daily doses considered were atorvastatin 20mg,
simvastatin 40mg, lovastatin 80mg, fluvastatin
80mg and pravastatin 40mg. Only direct costs of
HMG-CoA reductase inhibitor therapy and cardiac
events were considered. Cost effectiveness was
measured as ratio of costs to YLS discounted at
3% per year. Using the baseline assumptions of this
model, the cost per YLS saved was found to be the
lowest with atorvastatin ($US5421; currency year
1999) and highest with lovastatin ($US15 073).

6.2 Studies Using Surrogate Markers

Although ideal measures of effectiveness of
lipid-lowering therapy would include clinical out-
comes such as incidence of fatal or non-fatal CHD,
life expectancy, or quality-adjusted life-years,
their use is often not feasible because of the expen-
diture of time and money required to conduct clinical
trials. Hence, a number of surrogate markers such
as the percent change in LDL-cholesterol levels,
the ratio of LDL-cholesterol to HDL-cholesterol,
and percentage of patients attaining goal LDL-cho-
lesterol levels have been used to examine the cost
effectiveness of lipid-lowering therapies.

Two cost-effectiveness analysis studies have
compared atorvastatin with other HMG-CoA re-

ductase inhibitors (fluvastatin, lovastatin, prava-
statin and simvastatin) by calculating the annual
acquisition cost of the drug per percent reduction
in LDL-cholesterol achieved (table IX). While in-
vestigators in one performed a meta-analysis on
patients in 56 trials evaluating HMG-CoA reduc-
tase inhibitor monotherapy,[195] the other investi-
gators conducted a post hoc pharmacoeconomic
analysis[196] of a multicentre, randomised 8-week
efficacy study (CURVES).[55] Both studies found
atorvastatin to be the most cost-effective regimen
in terms of cost per percentage reduction in LDL-
cholesterol levels achieved (table XI).

The total treatment costs of achieving the target
LDL-cholesterol levels with various HMG-CoA
reductase inhibitors have been compared in a num-
ber of studies (table XII). These included the cost

Table XI. Annual acquisition costsa of various HMG-CoA reductase
inhibitors for each percentage reduction in LDL-C at various doses

Drug (mg/day) US dollars spent per % reduction in LDL-C
levels

Hilleman et al.[195] b Hilleman et al.[196] c

ATO 10
20
40
80

18
22
24

18
23
25
47

FLU 20
40
80

21
20
34d

27
20

LOV 20
40
80

34
49
76d

30
51
67

PRA 10
20
40
80

35
30
46
68d

37
31
40

SIM 5
10
20
40
80
160

28
26
39
34
57d

101d

28
39
34

a Figures rounded off.

b 1998 prices; results from a meta-analysis.

c 1999 prices; post hoc analysis of the CURVES study.[55]

d Based on 40mg preparations.

ATO = atorvastatin; FLU = fluvastatin; LDL-C = low-density
lipoprotein-cholesterol; LOV = lovastatin; PRA = pravastatin; SIM
= simvastatin.
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of acquisition of the study drug as well as any ad-
ditional combination drug, if required to achieve
the goal, general practitioner/specialist visits and
laboratory tests. The cost of adverse events was
included in several studies.[195,197,200]

Atorvastatin was found to be the most cost-
effective single drug compared with simvastatin,
fluvastatin, pravastatin and lovastatin for achiev-
ing target serum LDL-cholesterol in the overall
patient population in a meta-analysis of 56 trials
with 101 monotherapy cohorts.[195] Analysis of
various subgroups showed that atorvastatin was
the most cost-effective drug for high-risk patients
(those with CHD) whereas fluvastatin was the
most cost-effective agent for low-risk (<2 risk
factors for CHD) and moderate-risk patients (≥2
risk factors for CHD).[195] However, another model
using a meta-analysis of current literature found
atorvastatin to have the lowest incremental cost-

effectiveness ratio (relative to no treatment) in pa-
tients with moderate risk.[199]

Preliminary pharmacoeconomic analysis[201] of
the results of the large ACCESS trial[127] showed
that atorvastatin recipients had fewer physician
visits than patients given comparator drugs in
weeks 6 to 18 (2.81 vs 2.95 to 3.45; p < 0.01 for all
comparisons) and a lower cost per outcome (table
XII).

In a prospective randomised controlled multi-
centre study comparing the efficacy and cost effec-
tiveness of atorvastatin, simvastatin, lovastatin and
fluvastatin in 662 patients with mild to moderate
hypercholesterolaemia, atorvastatin was the most
cost-effective agent for achieving target LDL-cho-
lesterol levels in the overall study population as
well as in the subgroups of patients with and with-
out CHD.[198] Another prospective randomised
multicentre study comparing atorvastatin, simva-

Table XII. Comparison of cost per patient of achieving NCEP LDL-cholesterol targets with various HMG-CoA reductase inhibitors

Reference Design Level of
CHD risk

Cost per patient to achieve target LDL-cholesterol level

atorvastatin fluvastatin lovastatin pravastatin simvastatin

Hilleman et al.[195] Meta-analysisa

US$ (1998)
High
Moderate
Low
Overall

954b

673
664
842b

1308
619b

457b

1014

2556
1045
850

1935

2173
1112
737

1703

3368
824
652

2344

Koren et al.[198] r, mc (54wk)c,d

n = 662
US$ (1996)

High
Overall

1313b

1064b
1670
1542

2235
1972

1614
1471

MacLaine &
Patel[199]

Meta analysisa

plus newer
literature
£ (not stated)

Moderate 3721 (383)e 3382 (820)e 4296 (1213)e 4086 (431)e

Smith et al.[197] r, mc (54wk)d

n = 336
£ (1997)

High 501b 1130 906 613

Smith[201] f r, mc (54wk)g

n = 3262
US$ (not stated)

Moderate-high 915 1393-2421h 1393-2421h 1393-2421h 1393-2421h

a Meta-analysis of 56 studies with 101 monotherapy cohorts.

b Included costs related to adverse events.

c Lowest cost among drugs evaluated.

d Modified European Atherosclerosis Society targets (2.63 mmol/L).

e Incremental cost-effectiveness ratio relative to no treatment.

f Abstract.

g Used clinical data from the ACCESS trial.[127]

h Specific costs per patient were not given for each comparator drug (p < 0.01 vs atorvastatin for each comparison).

ACCESS = Atorvastatin Comparative Cholesterol Efficacy and Safety Study; CHD = coronary heart disease; LDL = low-density lipoprotein;
mc = multicentre; NCEP = US National Cholesterol Education Program Adult Treatment Panel II guidelines; r = randomised.
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statin, fluvastatin and pravastatin in patients with
established CHD found the cost of achieving
modified EAS target LDL-cholesterol levels
(<3 mmol/L; 115 mg/dl) to be the lowest with
atorvastatin.[197] However, in a cost-minimisation
analysis based on the results of the study men-
tioned above[197] and comparing the total annual
cost of drug acquisition for simvastatin and ator-
vastatin, the average daily maintenance cost of
simvastatin was lower than that of atorvastatin in
the majority of European countries.[203]

7. Dosage and Administration

Oral atorvastatin 10 to 80 mg/day may be used
to lower lipid levels of patients with primary hyper-
cholesterolaemia (heterozygous familial, homo-
zygous familial or nonfamilial), mixed hyperlipid-
aemia and diabetic dyslipidaemia, who do not
respond to lifestyle measures (including standard
cholesterol-lowering diet). The usual starting dos-
age is 10mg once daily.[204]

Lipid levels should be analysed within 2 to 4
weeks of treatment onset or titration and the dosage
of atorvastatin should be tailored according to re-
sponse. Liver function tests should be performed
before initiating treatment with atorvastatin and
periodically thereafter.[86]

Atorvastatin may be taken with or without food
at any time of day. No dosage adjustment is re-
quired in older patients and patients with renal fail-
ure. However, dosage reductions may be required
in patients with hepatic insufficiency. Atorvastatin
is contraindicated in patients with active hepatic
disease or unexplained elevations in serum trans-
aminase levels, and pregnant or breast-feeding
women.[204]

As with other HMG-CoA reductase inhibitors,
concomitant use of atorvastatin with cyclosporin,
nicotinic acid, fibrates, erythromycin or azole anti-
fungals is likely to increase the risk of adverse
events such as myopathy and rhabdomyolysis (see
also section 5.3.2).[204-207]

8. Place of Atorvastatin in the
Management of Dyslipidaemias

CHD remains the leading cause of death and is
a major cause of morbidity among men and women
in the US and other developed countries.[3,208,209]

The role of elevated levels of cholesterol and LDL-
cholesterol in the pathogenesis of atherosclerosis
has been well established.[3,210] Reduction of
plasma cholesterol levels by pharmacological
means in patients with hypercholesterolaemia has
been shown to prevent atherosclerotic plaque pro-
gression[211] and reduce both fatal and nonfatal cor-
onary events in patients with or without coronary
artery disease.[202,212-215]

The considerable evidence showing reduction of
CHD risk with the reduction of elevated cholesterol
levels is reflected in the inclusion of cholesterol
lowering as an essential part of the recommenda-
tions on CHD prevention. The treatment guidelines
for primary and secondary prevention, both from
the US and Europe, emphasise the need for assess-
ment of overall CHD risk in an individual in order
to determine when to start lipid-lowering treatment.
The US NCEP guidelines recognise risk factors for
CHD and classify patients into low, moderate and
high risk for CHD depending on the number of risk
factors present. Target LDL-cholesterol levels are
allocated for each of the three risk groups. The up-
dated clinical guidelines of the NCEP have in-
cluded in the high-risk group patients with diabetes
mellitus without CHD and persons with a more
than 20% risk for CHD within 10 years, based on
Framingham projections.[105] In the Joint European
Guidelines for Coronary Prevention, the prob-
ability of experiencing a coronary event is calcu-
lated using a risk chart and the decision to start
therapy made accordingly.[71]

It is generally recommended that initial cholesterol
lowering should begin with lifestyle changes.[208]

These include increased physical activity, weight
reduction and change in dietary habits. The reduc-
tions in cholesterol levels achieved by these meas-
ures are modest and most patients require drug
therapy to achieve cholesterol reduction goals.[208]
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HMG-CoA reductase inhibitors are more effec-
tive than other classes of lipid-lowering drugs in
reducing LDL-cholesterol to target levels and re-
ducing CHD risk. As a result, HMG-CoA reduc-
tase inhibitors are recommended as first-line
lipid-lowering drug therapy in patients who are at
risk of CHD or who have established CHD.[71,209]

The efficacy and safety profile of HMG-CoA
reductase inhibitors (statins) has prompted a num-
ber of large-scale placebo-controlled trials to eval-
uate the effect of long-term use of these drugs on
mortality and morbidity due to atherosclerotic dis-
ease. Long-term reduction of cholesterol by use of
these drugs has been shown to reduce the incidence
of CHD when used for primary prevention in pa-
tients with moderate to severe hypercholesterolae-
mia (WOSCOPS; pravastatin)[214] as well as those
with normal to mildly elevated cholesterol but low
HDL-cholesterol (AFCAPS; lovastatin).[215] Several
secondary prevention trials have also demon-
strated survival benefit with the use of HMG-CoA
reductase inhibitors in patients with moderate to
severe hypercholesterolaemia (4S; simvastatin)[202]

as well as normal cholesterol levels (CARE,[212]

LIPID;[213] both pravastatin).
These benefits are generally believed to be re-

lated to LDL-cholesterol reduction.[216,217] Similar
benefits are likely to be achieved by LDL reduction
with other HMG-CoA reductase inhibitors such as
atorvastatin, which have not been tested directly
for reduction in CHD except in trials involving ag-
gressive reduction of LDL-cholesterol with
atorvastatin in specific groups of patients with
CHD (section 4.5.3). A number of long-term clin-
ical trials assessing the effect of atorvastatin on
clinical end-points in various patient groups are
now under way (table XIII).

The HMG-CoA reductase inhibitors currently
available are atorvastatin, lovastatin, pravastatin,
fluvastatin and simvastatin. Comparative efficacy
studies involving lovastatin, pravastatin, fluva-
statin, simvastatin and atorvastatin have estab-
lished that atorvastatin produces the greatest re-
ductions in LDL-cholesterol levels at milligram
equivalent doses as well as at maximum recom-

mended doses (section 4.1.2). Atorvastatin therapy
is also more likely to achieve target LDL-choles-
terol levels at the starting dose than treatment with
the other HMG-CoA reductase inhibitors, thus re-
quiring less frequent dose titration. Fewer patients
with high risk for CHD require the addition of an-
other lipid-lowering agent to atorvastatin than to
other HMG-CoA reductase inhibitors to achieve
the stricter LDL-cholesterol goals. Data reported
in abstracts suggests that rosuvastatin, an HMG-
CoA reductase inhibitor under development, may
produce greater reductions in LDL-cholesterol lev-
els than atorvastatin, but efficacy and safety data
with this new agent are limited relative to others of
this class, and the optimal dosage has not been de-
termined.

The available long-term trials of HMG-CoA re-
ductase inhibitors, apart from showing clinical
benefits, have provided substantial evidence for
the long-term safety profile of these drugs. How-
ever, the HMG-CoA reductase inhibitor ceriva-
statin, which had shown efficacy similar
to[102,226,229] or lower than[230,231] that of atorva-
statin in several trials, was recently voluntarily
withdrawn from the market worldwide by the man-
ufacturer following suggestions that 52 deaths may
be linked to the drug. Cerivastatin has been re-
ported to cause severe rhabdomyolysis, particu-
larly when given in high doses and with gemfib-
rozil.[232,233]

Atorvastatin has shown a similar safety profile
to currently available HMG-CoA reductase inhib-
itors and to placebo (section 5). Adverse events
have been mild and transient and rarely necessi-
tated drug withdrawal. Mild elevations in hepatic
transaminase levels have occurred infrequently.
As with other HMG-CoA reductase inhibitors cur-
rently on the market there have been rare instances
of rhabdomyolysis during atorvastatin therapy.
These, however, have mostly occurred during con-
comitant use of the drug with agents such as
fibrates which increase the risk of rhabdomyolysis
(section 5.3.2); such combinations should be
avoided.
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Table XIII. Ongoing randomised clinical trials of atorvastatin (ATO)

Acronym Full title No. and type of
patients

Comparator Duration (y) Primary clinical end-point

Clinical end-point studies

ALLIANCE[218] Aggressive Lipid
Lowering Initiation
Abates New Cardiac
Events study

2443 with history
of CHD

Usual
lipid-lowering
care

4 Rate of major cardiovascular events
(cardiac death, revascularisation, nonfatal
MI, unstable angina requiring
hospitalisation, resuscitated cardiac arrest)

ASCOT[219] Anglo-Scandinavian
Cardiac Outcomes Trial

9000 with
hypertension

Placebo
(+ AHT)

5 Rate of nonfatal MI and fatal CHD

ASPEN[220] Atorvastatin Study for
Prevention of Coronary
Heart Disease
Endpoints in NIDDM

2421 with type 2
DM with or
without MI

Placebo 4-8 Time to occurrence of a cardiovascular
event (cardiovascular-related death,
nonfatal MI, recanalisation, CABG, nonfatal
stroke)

CARDS[221] Collaborative
Atorvastatin Diabetes
Study

2750 type 2 DM;
no MI or CHD

Placebo 4 Time to occurrence of a cardiovascular
event (cardiovascular-related death,
nonfatal MI, recanalisation, CABG, nonfatal
stroke)

DDDD; 4D[222] Determination of
Cardiovascular
Endpoints in NIDDM
Dialysis Patients study

1200 type 2 DM
with dialysis for
<2y

Placebo 2.5 Incidence of cardiovascular mortality (fatal
MI, sudden death, death during coronary
intervention, death from heart failure; death
from other coronary causes)

IDEAL[223] Incremental Decrease in
Endpoints Through
Aggressive Lipid
Lowering trial

8600 with CHD Simvastatin 5.5 Incidence of a major coronary event (CHD
death or nonfatal MI)

SPARCL[224] Stroke Prevention by
Aggressive Reduction of
Cholesterol Levels study

4200 with TIA or
stroke

Placebo 5 Time to occurrence of fatal or nonfatal stroke

TNT[225] Treating to New Targets
study

10 000 with
clinically evident
CHD

ATO 10 vs 80
mg/day

5 Incidence of a major coronary event (CHD
death or nonfatal MI)

Regression/surrogate end-point studies

BELLES[226] Beyond Endorsed Lipid
Lowering with EBCT
Scanning trial

600 PM women Pravastatin 1 Percent change from baseline in total
coronary calcium volume score

REVERSAL[227] None 600 with CHD
presenting for
coronary
angiography or
intervention

Pravastatin 1.5 Change in total plaque volume for all slices
of anatomically comparable segments of the
target coronary artery, using intravascular
ultrasound

SAGE[221] Study Assessing Goals
in the Elderly

1500 elderly with
CHD

Pravastatin 1 Percent change in the total duration of
myocardial ischaemic events

TREADMILLa[228] TREatment of
peripheral Arterial
Disease with Moderate
or Intensive Lipid
Lowering

351 with
intermittent
claudication

ATO 10 vs 80
mg/day vs
placebo

1 Change from baseline in absolute
claudication distance

a Formerly PVD (Peripheral Vascular Disease study).

AHT = antihypertensive; CABG = coronary artery bypass graft; CHD = coronary heart disease; DM = diabetes mellitus; EBCT = electron
beam tomography scanning; MI = myocardial infarction; NIDDM = type 2 (non-insulin dependent) diabetes mellitus; PM = postmenopausal;
TIA = transient ischaemic attacks.

1870 Malhotra & Goa

 Adis International Limited. All rights reserved. Drugs 2001; 61 (12)



Given the similarity in safety profiles, the
choice of an HMG-CoA reductase inhibitor may
thus depend upon such factors as the cost of ther-
apy and the likelihood of achieving target LDL-
cholesterol levels in each individual situation.

A number of pharmacoeconomic studies have
evaluated lipid-lowering treatment interventions
including HMG-CoA reductase inhibitors. In gen-
eral, results showed a wide range of cost-effectiveness
ratios (cost per YLS) depending on specific risk
factors and treatment. For example, HMG-CoA re-
ductase inhibitors appear to be very cost effective
when used for secondary prevention in patients
with established CHD, but their cost effectiveness
in primary prevention of CHD has varied in dif-
ferent studies. Atorvastatin was cost effective
(<$US40 000/YLS) for primary prevention in all
categories of males except those in the 45-year age
group with moderate elevations of LDL-cholesterol
and no additional risk factors. Among women, a
similar cost effectiveness was found only in those
with at least three risk factors for CHD. Atorvastatin
was the most cost-effective HMG-CoA reductase
inhibitor in terms of cost per YLS in studies using
a Markov model comparing the drug with simvastatin,
fluvastatin, lovastatin and pravastatin[193] in all
categories of patients and with all available HMG-
CoA reductase inhibitors in elderly patients with
CHD.[194] The cost of achieving LDL-cholesterol
target levels was also lowest with atorvastatin
compared with simvastatin, fluvastatin, lovastatin
and pravastatin in the overall patient population
and among those at high risk for CHD. Among
patients at low or moderate risk for CHD, the cost
of achieving the target levels was lowest with
atorvastatin in one study and with fluvastatin in
another (section 6.2). The ongoing ALLIANCE
study (table XIII) includes a prospective economic
analysis comparing resource utilisation with ator-
vastatin versus usual lipid-lowering treatment.[221]

In patients with mild hypercholesterolaemia
without significant risk factors for CHD, the low
percent reduction in LDL-cholesterol required to
reach target levels is likely to be achieved by
monotherapy with any of the HMG-CoA reductase

inhibitors, including atorvastatin. Additionally, in
patients at high risk for CHD, atorvastatin is also
a good option as, apart from improved cost effec-
tiveness, it is more likely to succeed as monother-
apy than the other currently available HMG-CoA
reductase inhibitors in achieving the lower target
LDL-cholesterol levels recommended for these pa-
tients.

The higher efficacy of atorvastatin compared
with most other HMG-CoA reductase inhibitors in
reducing triglyceride levels makes it an effective
drug for patients with mixed hyperlipidaemia (sec-
tion 4.2). In patients with isolated hypertri-
glyceridaemia where reduction in LDL-cholesterol
levels is not the primary concern, nicotinic acid or
a fibrate are appropriate initial choices because of
their greater efficacy in lowering triglyceride lev-
els.[131-133] However, as the adverse effects of these
agents often lead to poor compliance, atorvastatin
may be considered a good alternative.

The safety and efficacy of atorvastatin in low-
ering lipid levels, and evidence from pharmacody-
namic studies of favourable effects of the drug on
atheromatous plaques and endothelial function
(section 2.2), have prompted studies evaluating ag-
gressive lowering of lipids with atorvastatin to
well below the recommended targets in patients
with CHD.

Results of the AVERT study (section 4.5.3)
showed that aggressive lipid lowering with
atorvastatin in patients with stable angina resulted
in a 36% lower incidence of ischaemic events than
in those receiving percutaneous transluminal cor-
onary angioplasty (PTCA) and usual care. This dif-
ference did not reach the designated significance
level of p = 0.045 adjusted from p = 0.05 by interim
analyses. However, the study showed a signifi-
cantly longer time to first ischaemic event (p =
0.03). There was a reduction in LDL-cholesterol
levels to 2 mmol/L, well below the target levels
advocated by the US and European guidelines,
without any significant increase in the incidence of
adverse events.

The authors concluded that aggressive lipid
lowering with an HMG-CoA reductase inhibitor is
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at least as effective as PTCA/usual care in decreas-
ing the number of ischaemic events in stable pa-
tients with 1- or 2-vessel CHD. This has been con-
tested in the literature by others who have pointed
out certain shortcomings of the study.[234-236] Stud-
ies aimed at evaluating the additional benefit of
aggressive lowering of LDL-cholesterol in patients
receiving angioplasty or coronary bypass grafts for
more severe CHD, and conversely, additional ben-
efit of these invasive procedures in patients who
have achieved very low LDL-cholesterol levels,
are required to settle some of the issues raised in
this debate.

Most studies evaluating the role of lipid-lower-
ing therapy in patients with CHD excluded patients
with recent cardiac events. These studies have es-
tablished the role of lipid-lowering therapy in pre-
vention of subsequent cardiac events and death.
However, the incidence of serious complications
including death, myocardial infarction and pro-
gressively recurrent unstable angina requiring in-
tervention is highest in the first month after a car-
diac event.

Early aggressive lipid-lowering therapy was
evaluated in the MIRACL trial (section 4.5.3),
where the use of high-dose atorvastatin (80mg
daily) started within 96 hours of an episode of un-
stable angina or non-Q wave myocardial infarction
resulted in a significant reduction in the incidence
of events in the combined primary end-point and
in the secondary end-point of recurrent symptom-
atic ischaemia requiring hospitalisation. However,
there was no reduction in the incidence of other
secondary end-point events including death, resus-
citated cardiac arrest and myocardial infarction.
Moreover, atorvastatin did not affect the incidence
of early coronary events occurring in the first 5
weeks after the initial event, which constituted
70% of the total coronary events documented dur-
ing the 16-week trial.

In most long-term trials evaluating the effect of
lipid lowering on CHD, clinical benefits have been
proportional to the decrement in LDL-cholesterol
achieved, although the incremental benefit is less
at lower levels. It has been possible to achieve very

low levels of LDL-cholesterol with atorvastatin
without any increase in adverse events. However,
whether achieving lower levels than those recom-
mended results in greater reductions in CHD re-
mains an unanswered question. Post hoc analyses
of major studies such as WOSCOPS, CARE and
4S have given conflicting results.[237-239]

Numerous long-term atorvastatin studies ad-
dressing these and other issues are in progress (ta-
ble XIII). The TNT study is evaluating the effects
of LDL-cholesterol lowering to ≤1.9 mmol/L (75
mg/dl) with atorvastatin in patients with history of
myocardial infarction.[225] The ALLIANCE trial
will compare the incidence of major cardiac events
in patients with CHD receiving atorvastatin up to
80 mg/day to achieve target LDL-cholesterol lev-
els of ≤2.0 mmol/L (80 mg/dl), or ‘usual’ ther-
apy.[218] Another randomised study, the IDEAL
trial, is designed to answer whether greater per-
centage reductions in LDL-cholesterol levels
achieved by atorvastatin 80 mg/day than with
‘usual therapy’ with simvastatin 20 to 40 mg/day
will demonstrate additional clinical benefit in pa-
tients with CHD.[223] As well, the BELLES trial
will compare atorvastatin 80 mg/day with
pravastatin 40 mg/day in 600 postmenopausal
women to assess the presence of asymptomatic
CHD; the primary end-point is the percent change
from baseline in total calcium volume scores in the
coronary artery tree, as measured by electron beam
tomography (EBT).[226] Results of the above studies
are likely to help decide whether the guidelines on
target LDL-cholesterol levels need to be revised to
lower values.

In patients with type 2 diabetes mellitus, lower-
ing of lipid concentrations with HMG-CoA reduc-
tase inhibitors has been shown to reduce cardiovas-
cular morbidity and mortality.[202,212] Patients with
diabetes mellitus without CHD, too, have now
been included in the high-risk group for CHD in
the recent NCEP guidelines for lipid lowering.[105]

The use of HMG-CoA reductase inhibitors may be
considered first-line therapy in patients with dia-
betic dyslipidaemia, especially in those with ele-
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vated levels of non-HDL-cholesterol and modestly
elevated triglycerides.[240]

Atorvastatin is equally efficacious in patients
with and without diabetes mellitus (section 4.3),
and its triglyceride lowering ability makes it a good
choice for lipid lowering in patients with type 2
diabetes mellitus. Patients with markedly elevated
levels of triglycerides or chylomicronaemia, how-
ever, are not candidates for first-line treatment
with HMG-CoA reductase inhibitors.[240]

Chronic renal disease, with or without diabetes
mellitus, carries a greater risk of cardiovascular
disease than is seen in the general population;
among patients undergoing haemodialysis or
chronic ambulatory peritoneal dialysis the preva-
lence of CHD is about 40%.[175] HMG-CoA reduc-
tase inhibitors are first-line treatment in these high-
risk patients.[173] Available data are limited at
present, but preliminary results demonstrate sig-
nificant and consistent reductions in total and
LDL-cholesterol levels in patients undergoing dia-
lysis who receive atorvastatin (section 4.5.6). Sev-
eral long-term studies – ASPEN,[220] CARDS[221]

and 4D[222] – are investigating the effect of ator-
vastatin on coronary events, including death, in pa-
tients with type 2 diabetes mellitus; patients in the
ASPEN trial are receiving dialysis.[220]

As well, several trials currently under way are
to examine the efficacy of atorvastatin on clinical
end-points in patients with hypertension (AS-
COT[219]) and stroke (SPARCL[224]), and its ef-
fects on surrogate end-points in patients with inter-
mittent claudication (TREADMILL[228]), the elderly
(SAGE[221]) and patients undergoing coronary
angiography or intervention (REVERSAL[227])
[table XIII].

In patients with organ transplants, hyperlipidae-
mia is an important factor contributing to increased
morbidity and mortality from CHD. Early start of
therapy within the first year of transplant has been
shown to reduce the incidence of CHD in these
patients.[241] There has been concern about in-
creased incidence of muscle-related adverse events
and altered cyclosporin concentrations because of
interaction between cyclosporin and HMG-CoA

reductase inhibitors. Although pravastatin, be-
cause of its different metabolic pathway, may be
considered to be the first-line drug in these pa-
tients,[242] in a few small trials low dose ator-
vastatin has been found to be well tolerated and has
been shown to improve lipid profiles in patients not
responding to other lipid-lowering therapy (sec-
tion 4.5.4).

Patients with familial hypercholesterolaemia
are difficult to treat and cholesterol levels often
remain uncontrolled despite the use of combina-
tions of lipid-lowering agents in maximum toler-
able doses. Monotherapy with atorvastatin in doses
up to 80 mg/day has been found to be at least as
efficacious as combinations of other HMG-CoA
reductase inhibitors and fibrates or resin-uptake in-
hibitors and more effective than simvastatin 40
mg/day monotherapy in one trial (section 4.4). In
patients with refractory hypercholesterolaemia, re-
placement of previous unsuccessful therapy with
atorvastatin monotherapy produces further im-
provements in LDL-cholesterol levels (section
4.5.1).[156,157]

Patients receiving protease inhibitors for HIV
disease are prone to hyperlipidaemia consisting of
elevated levels of triglycerides and LDL-choles-
terol and a reduction in HDL-cholesterol levels.
The long-term clinical significance of these abnor-
malities and the benefit of achieving NCEP targets
in these patients have not yet been defined. There
has been only limited experience with the use of
low dose atorvastatin or gemfibrozil, alone or in
combination, in these patients (section 4.5.5).

In conclusion, atorvastatin is an HMG-CoA re-
ductase inhibitor with a safety profile similar to,
and lipid-lowering efficacy higher than, other mem-
bers of its class, and thus is a first-line therapy in
low- to high-risk patients requiring lipid-lowering
drugs. In addition to this broad role, atorvastatin
has a definite place in the management of hyper-
cholesterolaemia in patients at high risk for CHD,
in patients with familial hypercholesterolaemia,
diabetes mellitus and in those with very high LDL-
cholesterol levels where a large percentage reduc-
tion in LDL-cholesterol levels is required. As well,
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the drug is a valuable option as monotherapy in pa-
tients who are refractory to, or who are intolerant
of, combination therapy with other drugs. The ability
of atorvastatin to achieve levels of LDL-cholesterol
well below the currently recommended targets is
likely to be utilised if the long-term trials currently
under way show additional benefits of very low LDL-
cholesterol levels on CHD morbidity and mortality.

References
1. Lea AP, McTavish D. Atorvastatin: a review of its pharmacol-

ogy and therapeutic potential in the management of
hyperlipidaemias. Drugs 1997 May; 53: 828-47

2. Moghadasian MH. Clinical pharmacology of 3-hydroxy-3-
methylglutaryl coenzyme A reductase inhibitors. Life Sci
1999; 65 (13): 1329-37

3. Illingworth DR. Management of hypercholesterolemia. Med
Clin North Am 2000; 84 (1): 23-42

4. Blum CBB. Comparison of properties of four inhibitors of 3-
hydroxy-3-methylglutaryl-coenzyme A reductase. Am J Car-
diol 1994; 73 Suppl. D: 3D-11D

5. Rackley CE. Monotherapy with HMG-CoA reductase inhibi-
tors and secondary prevention in coronary artery disease. Clin
Cardiol 1996 Sep; 19: 683-9

6. Bocan TMA, Ferguson E, McNally W, et al. Hepatic and non-
hepatic sterol synthesis and tissue distribution following ad-
ministration of a liver selective HMG-CoA reductase
inhibitor, CI-981: comparison with selected HMG-CoA re-
ductase inhibitors. Biochim Biophys Acta 1992 Jan 24; 1123:
133-44

7. Newton RS. Are all HMG-CoA reductase inhibitors (vastatins)
alike? [abstract]. In: 66th Congress of the European Athero-
sclerosis Society Abstract Book: 1996 July 13-17, Florence
Italy, 31

8. Shaw MK, Newton RS, Sliskovic DR, et al. Hep-G2 cells and
primary rat hepatocytes differ in their response to inhibitors
of HMG-CoA reductase. Biochem Biophys Res Commun
1990; 170 (2): 726-34

9. Auerbach BJ, Bousley RF, Stanfield RL, et al. Mechanism of
cholesterol lowering in casein-fed rabbits treated with
atorvastatin [abstract]. Atherosclerosis 1994 Sep 15; 109:
164-5

10. Sliskovic DR, Roth BD, Bocan TMA. Tissue selectivity of
HMG-CoA reductase inhibitors. Drug News Perspect 1992;
5 (9): 517-33

11. Bocan TMA, Mazur MJ, Mueller SB, et al. Antiatherosclerotic
activity of inhibitors of 3-hydroxy-3-methylglutaryl coen-
zyme A reductase in cholesterol-fed rabbits: a biochemical
and morphological evaluation. Atherosclerosis 1994 Nov;
111: 127-42

12. Krause BR, Newton RS. Lipid-lowering activity of atorvastatin
and lovastatin in rodent species: triglyceride-lowering in rat
correlates with efficacy in LDL animal models. Atheroscle-
rosis 1995 Oct; 117: 237-44

13. Auerbach BJ, Krause BR, Bisgaier CL. Comparative effects of
HMG-CoA reductase inhibitors on apo B production in the
casein-fed rabbit: atorvastatin versus lovastatin. Atheroscle-
rosis 1995 Jun; 115: 173-80

14. Naoumova RP, Marais AD, Mountney J, et al. Plasma meva-
lonic acid, an index of cholesterol synthesis in vivo, and re-
sponsiveness to HMG-CoA reductase inhibitors in familial
hypercholesterolaemia. Atherosclerosis 1996 Jan 26; 119:
203-13

15. Marais AD, Naoumova RP, Firth JC, et al. Decreased produc-
tion of low density lipoprotein by atorvastatin after apheresis
in homozygous familial hypercholesterolemia. J Lipid Res
1997; 38 (10): 2071-8

16. Cilla Jr DD, Gibson DM, Whitfield LR, et al. Pharmacodynamic
effects and pharmacokinetics of atorvastatin after administra-
tion to normocholesterolemic subjects in the morning and
evening. J Clin Pharmacol 1996 Jul; 36: 604-9

17. Le N-A, Innis-Whitehouse W, Li X, et al. Lipid and
apolipoprotein levels and distribution in patients with
hypertriglyceridemia: effect of triglyceride reductions with
atorvastatin. Metabolism 2000; 49 (2): 167-77

18. Mohammadi A, Macri J, Newton R, et al. Effects of atorvastatin
on the intracellular stability and secretion of apolipoprotein B
in HepG2 cells. Arterioscler Thromb Vasc Biol 1998 May;
18: 783-93

19. Naoumova RP, Dunn S, Rallidis L, et al. Prolonged inhibition
of cholesterol synthesis explains the efficacy of atorvastatin.
J Lipid Res 1997 Jul; 38: 1496-500

20. Ness GC, Chambers CM, Lopez D. Atorvastatin action involves
diminished recovery of hepatic HMG-CoA reductase activity.
J Lipid Res 1998 Jan; 39: 75-84

21. Bakker-Arkema RG, Davidson MH, Goldstein RJ, et al. Effi-
cacy and safety of a new HMG-CoA reductase inhibitor,
atorvastatin, in patients with hypertriglyceridemia. JAMA
1996 Jan 10; 275: 128-33

22. Conde K, Vergara-Jinenez M, Krause BR, et al. Hypercholes-
terolemic actions of atorvastatin are associated with alter-
ations on hepatic cholesterol metabolism and lipoprotein
composition in the guinea pig. J Lipid Res 1996; 37: 2372-82

23. Ma PTS, Gil G, Südhof TC, et al. Mevinolin, an inhibitor of
cholesterol synthesis, induces mRNA for low density lipopro-
tein receptor in livers of hamsters and rabbits. Proc Natl Acad
Sci U S A 1986; 88: 8370-4

24. Parhofer KG, Barrett PH, Schwandt P. Effect of atorvastatin on
postprandial lipoprotein metabolism in normolipidemic sub-
jects [abstract]. Circulation 2000 Oct 31; 102 Suppl.: II-601

25. Burnett JR, Barrett PHR, Vicini P, et al. The HMG-CoA reduc-
tase inhibitor, atorvastatin, increases the fractional clearance
rate of postprandial triglyceride rich lipoproteins [abstract].
13th International Symposium on Drugs Affecting Lipid
Metabolism; 1998 May 30-Jun 3, Florence, 78

26. Raal FJ, Pappu AS, Illingworth DR, et al. Inhibition of choles-
terol synthesis by atorvastatin in homozygous familial hyper-
cholesterolaemia. Atherosclerosis 2000; 150 (2): 421-8

27. Postiglione A, Montefusco S, Pauciullo P, et al. Effects of
atorvastatin in patients with homozygous familial hyper-
cholesterolemia. Atherosclerosis 1999; 147 (2): 423-4

28. Landray MJ, Hartland A, Hubscher D, et al. Effect of
atorvastatin on low-density lipoprotein subfraction profile.
Ann Clin Biochem 1999 Mar; 36 ( Pt 2): 240-1

29. Superko HR, Raul E, Davis V, et al. Atorvastatin and LDL
subclass distribution. J Am Coll Cardiol 2001 Feb; 37 (2)
Suppl. A: 248A

30. Aviram M, Rosenblat M, Bisgaier CL, et al. Atorvastatin and
gemfibrozil metabolites, but not the parent drugs, are potent

1874 Malhotra & Goa

 Adis International Limited. All rights reserved. Drugs 2001; 61 (12)



antioxidants against lipoprotein oxidation. Atherosclerosis
1998 Jun; 138: 271-80

31. Simons LA, Sullivan D, Simons J, et al. Effects of atorvastatin
monotherapy and simvastatin plus cholestyramine on arterial
endothelial function in patients with severe primary hyper-
cholesterolaemia. Atherosclerosis 1998 Mar; 137: 197-203

32. Perticone F, Ceravolo R, Maio R, et al. Effects of atorvastatin
and vitamin C on endothelial function of hypercholesterol-
emic patients. Atherosclerosis 2000; 152 (2): 511-8

33. Marchesi S, Lupattelli G, Siepi D, et al. Short-term atorvastatin
treatment improves endothelial function in hypercholesterol-
emic women. J Cardiovasc Pharmacol 2000 Nov; 36: 617-21

34. Wagner AH, Köhler T, Rückschloss U, et al. Improvement of
nitric oxide-dependent vasodilatation by HMG-CoA reduc-
tase inhibitors through attenuation of endothelial superoxide
anion formation. Art Thrombosis Vasc Biol 2000; 20 (1):
61-9

35. Feron O, Dessy C, Desager J-P, et al. Hydroxy-methylglutaryl-
coenzyme A reductase inhibition promotes endothelial nitric
oxide synthase activation through a decrease in caveolin
abundance. Circulation 2001 Jan 2; 103: 113-8

36. Ortego M, Bustos C, Hernández-Presa MA, et al. Atorvastatin
reduces NF-kappa B activation and chemokine expression in
vascular smooth muscle cells and mononuclear cells. Athero-
sclerosis 1999; 147 (2): 253-61

37. Bustos C, Hernández-Presa MA, Ortego M, et al. HMG-CoA
reductase inhibition by atorvastatin reduces neointimal in-
flammation in a rabbit model of atherosclerosis. J Am Coll
Cardiol 1998 Dec; 32: 2057-64

38. Bellosta S, Ferri N, Arnaboldi L, et al. Pleiotropic effects of
statins in atherosclerosis and diabetes. Diabetes Care 2000
Apr; 23 Suppl. 2: B72-8

39. Axel DI, Riessen R, Runge H, et al. Effect of the new HMG-
CoA reductase inhibitor atorvastatin on human vascular cell
growth in mono- and cocultures in comparison to lovastatin
[abstract]. Eur Heart J 1997 Aug; 18 Abstr Suppl.: 370

40. Tannous M, Cheung R, Vignini A, et al. Atorvastatin increases
ecNOS levels in human platelets of hyperlipidemic subjects.
Thromb Haemost 1999; 82 (5): 1390-4

41. Viigimaa M, Valkman R. Lipid-lowering and anti-aggregatory
efficacy of atorvastatin in coronary heart disease patients with
combined hyperlipidemia [abstract]. Atherosclerosis 1999
May 24; 144 Suppl. 1: 24

42. Fan B, Tomlinson B, Critchely JAJH. Effects of atorvastatin on
platelet aggregation in whole blood [abstract]. Atherosclero-
sis 1999 May; 35 (144) Suppl. 1: 35

43. Porreca E, Di Febbo C, Amore C, et al. Effect of lipid-lowering
treatment on factor VII profile in hyperlipidemic patients.
Thromb Haemost 2000 Nov; 84: 789-93

44. Atalar E, Acil T, Aytemir K, et al. Effects of atorvastatin treat-
ment on global fibrinolytic capacity, apoptosis, and leukocyte
activation in patients with coronary artery disease [abstract].
J Am Coll Cardiol 2001 Feb; 37 Suppl. A: 267A

45. Bocan TM, Mueller SB, Brown EQ, et al. HMG-CoA reductase
and ACAT inhibitors act synergistically to lower plasma cho-
lesterol and limit atherosclerotic lesion development in the
cholesterol-fed rabbit. Atherosclerosis 1998 Jul; 139: 21-30

46. Jialal I, Stein D, Balis D, et al. Effect of HMG-CoA reductase
inhibitors therapy on C-reactive protein levels [abstract]. Cir-
culation 2000 Oct 31; 102 Suppl.: II-833

47. Aristegui R, Gomez-Gerique JA, Gil R, et al. Atorvastatin de-
creases elevated levels of C-reactive protein in patients with

cardiovascular disease and mixed dyslipidaemia: the
ATOMIX Study [abstract]. Eur Heart J 2000 Aug-Sep; 21
Suppl.: 497

48. Joukhadar C, Klein N, Prinz M, et al. Similar effects of
atorvastatin, simvastatin and pravastatin on thrombogenic
and inflammatory parameters in patients with hyperch-
olesterolemia. Thromb Haemost 2001 Jan; 85: 47-51

49. Van de Ree MA, Huisman MV, Princen HMG, et al. Dose
dependent effects of atorvastatin on C-reactive protein in type
2 diabetes mellitus [abstract no. 684-P]. Diabetes 2001 Jun;
50 Suppl. 2

50. Marais AD, Firth JC, Bateman ME, et al. Atorvastatin: an ef-
fective lipid-modifying agent in familial hypercholesterole-
mia. Art Thrombosis Vasc Biol 1997; 17: 1527-31

51. Wierzbicki AS, Lumb PJ, Semra YK, et al. Effect of
atorvastatin on plasma fibrinogen [letter] [see comments].
Lancet 1998 Feb 21; 351: 569-70

52. Nair DR, Papadakis JA, Jagroop IA, et al. Statins and fibrinogen
[letter; comment]. Lancet 1998 May 9; 351: 1430. discussion
1431-2

53. Bertolotto A, Pucci L, Bandinelli S, et al. Effects of atorvastatin
on plasma homocysteine levels in subjects with familial
hypercholesterolemia [abstract]. Diabetologia 1999 Aug; 42
Suppl. 1: 288

54. Wierzbicki AS, Lumb PJ, Chik G, et al. Fibrinogen response
with simvastatin versus atorvastatin in familial hyper-
cholesterolemia. Am J Cardiol 2001 Feb 1; 87: 338-40

55. Jones P, Kafonek S, Laurora I, et al. Comparative dose efficacy
study of atorvastatin versus simvastatin, pravastatin,
lovastatin, and fluvastatin in patients with hypercholesterole-
mia (the CURVES study) [published erratum appears in Am
J Cardiol 1998 Jul 1;82(1):128] [see comments]. Am J Car-
diol 1998 Mar 1; 81: 582-7

56. Otto C, Schwandt P. More on atorvastatin and fibrinogen. Ath-
erosclerosis 2000; 151 (2): 591-2

57. Davidson M, McKenney J, Stein E, et al. Comparison of one-
year efficacy and safety of atorvastatin versus lovastatin in
primary hypercholesterolemia. Atorvastatin Study Group I.
Am J Cardiol 1997 Jun 1; 79: 1475-81

58. Goudevenos JA, Bairaktari ET, Chatzidimou KG, et al. The
effect of atorvastatin on serum lipids, lipoprotein(a) and
plasma fibrinogen levels in primary dyslipidaemia − a pilot
study involving serial sampling. Curr Med Res Opin 2001;
16 (4): 269-75

59. Rosenson RS, Tangney C, Schaefer EJ. Comparative study of
HMG-CoA reductase inhibitors on fibrinogen. Atherosclero-
sis 2001; 155: 463-6

60. Dart A, Jerums G, Nicholson G, et al. A multicenter, double-
blind, one-year study comparing safety and efficacy of
atorvastatin versus simvastatin in patients with hyperchol-
esterolemia. Am J Cardiol 1997 Jul 1; 80 (1): 39-44

61. Smilde TJ, van Wissen S, Wollersheim H, et al. Effect of ag-
gressive versus conventional lipid lowering on atherosclero-
sis progression in familial hypercholesterolaemia (ASAP): a
prospective, randomised, double-blind trial. Lancet 2001 Feb
24; 357: 577-81

62. Henderson AH. Endothelium in control. Br Heart J 1991; 65:
116-25

63. Boger RH, Bode-Boger SM, Froloch JC. The L-arginine-nitric
oxide pathway: role in atherosclerosis and therapeutic impli-
cations. Atherosclerosis 1996; 127: 1-11

Atorvastatin: An Update 1875

 Adis International Limited. All rights reserved. Drugs 2001; 61 (12)



64. Schachinger V, Britten MB, Zeiher AM. Prognostic impact of
coronary vasodilator dysfunction on adverse long-term out-
come of coronary heart disease. Circulation 2000 Apr 25; 101
(16): 1899-906

65. Åsberg A, Hartmann A, Fjeldsa E, et al. Atorvastatin improves
endothelial function in renal transplant recipients [abstract].
Nephrol Dial Transplant 2001 Jun; 16 (6): A214

66. Mullen MJ, Wright D, Donald AE, et al. Atorvastatin but not
L-arginine improves endothelial function in type I diabetes
mellitus: a double-blind study. J Am Coll Cardiol 2000; 36
(2): 410-6

67. Ohara Y, Peterson TE, Harrison DG. Hypercholesterolemia in-
creases endothelial superoxide anion production. J Clin Invest
1993; 91: 2546-51

68. Alber HFW, Dulak JJ, Hugal H, et al. Atorvastatin reduces the
blood levels of vascular endothelial growth factor in patients
with coronary artery disease [abstract]. J Am Coll Cardiol
2001 Feb; 37 (2) Suppl. A: 237A

69. Kumar S, Brown CD, Zhao Z, et al. Reduction in LDL choles-
terol improves RBC deformability in patients with primary
hypercholesterolemia [abstract]. J Invest Med 2001 Mar; 49
(2): 195A

70. Bertolotto A, Pucci L, Bandinelli S, et al. Effects of atorvastatin
on the fibrinolytic system in patients with primary
hypercholesterolemia [abstract]. Diabetologia 2000 Aug; 43
Suppl. 1: 288

71. Tracy RP. Inflammation markers and coronary heart disease.
Cur Opin Lipidol 1999; 10: 435-551

72. Morrow DA, Ridker PM. C-reactive protein, inflammation, and
coronary risk. Med Clin North Am 2000; 84: 149-61

73. Kent SM, Markwood TT, Coyle LC, et al. Do different statins
possess different antiinflammatory and antithrombogenic
properties? [abstract no. 1007-203]. J Am Coll Cardiol 2001
Feb; 37 Suppl. A: 267

74. Danesh J, Collins R, Appleby P, et al. Association of fibrinogen,
C-reactive protein, albumin or leukocyte count with coronary
artery disease: meta-analyses of prospective studies. JAMA
1998; 279: 1477-82

75. Salomaa V, Rasi V, Pekkanen J, et al. Hemostatic risk factors
and prevalent coronary heart disease: the FINRISK study. Eur
Heart J 1994; 15: 1293-9

76. Athyros VG, Papageorgiou AA, Hatzikonstandinou HA, et al.
Effect of atorvastatin versus simvastatin on lipid profile and
plasma fibrinogen in patients with hypercholesterolaemia. A
pilot, randomised, double-blind, dose-titrating study. Clin
Drug Invest 1998; 16 (3): 219-27

77. Black DM. Statins and fibrinogen [letter; comment]. Lancet
1998 May 9; 351: 1430; discussion 1431-2

78. Corsini A, Bellosta S, Baetta R, et al. New insights into the
pharmacodynamic and pharmacokinetic properties of statins.
Pharmacol Ther 1999; 84 (3): 413-28

79. Gibson DM, Stern RH, Abel RB, et al. Absolute bioavailability
of atorvastatin in man [abstract]. Pharm Res 1997 Nov; 14
Suppl.: 253

80. Nemoto H, Oyama T, Karasawa Y, et al. Pharmacokinetic stud-
ies on CI-981 (3): in vitro and in vivo plasma protein binding
[in Japanese]. Yakuri to Chiryo 1998 Aug; 26: 1229-40

81. Whitfield LR, Stern RH, Sedman AJ, et al. Effect of food on the
pharmacodynamics and pharmacokinetics of atorvastatin, an
inhibitor of HMG-CoA reductase. Eur J Drug Metab Phar-
macokinet 2000 Apr; 25 (2): 97-101

82. Oishi S, Watanabe T, Higuchi S, et al. Atorvastatin (CI-981)
clinical pharmacokinetic study (III) - effect of food on bio-
availability of atorvastatin [in Japanese]. J Pharmacol Ther
1998; 26 (8): 93-103

83. Oishi S, Watanabe T, Higuchi S, et al. Atorvastatin (CI-981)
clinical pharmacokinetic study (II) - pharmacokinetics of sin-
gle dose atorvastatin in healthy male volunteers [in Japanese].
J Pharmacol Ther 1998; 26 (8): 79-92

84. Stern RH, Yang B-B, Hounslow NJ, et al. Pharmacodynamics
and pharmacokinetic-pharmacodynamic relationships of
atorvastatin, an HMG-CoA reductase inhibitor. J Clin Phar-
macol 2000 Jun; 40: 616-23

85. Black AE, Hayes RN, Roth BD, et al. Metabolism and excretion
of atorvastatin in rats and dogs. Drug Metab Dispos 1999
Aug; 27: 916-23

86. LipitorTM (atorvastatin calcium) tablets. Data sheet. Parke-
Davis, Division of Warner-Lambert Company, Morris Plains,
NJ 07950, USA. 1996. (Data on file)

87. Oishi S, Watanabe T, Higuchi S, et al. Atorvastatin (CI-981)
clinical pharmacokinetic study (IV) - pharmacokinetics of
multiple dose atorvastatin in healthy male volunteers [in Jap-
anese]. J Pharmacol Ther 1998; 26 (8): 105-19

88. Heinonen T, Stein E, Issacsohn J, et al. Atorvastatin in the treat-
ment of severe hypercholesterolemia [abstract]. In: 66th Con-
gress of the European Atherosclerosis Society Abstract Book;
1996 Jul 13-17; Florence, Italy: 214

89. Gibson DM, Bron NJ, Richens A, et al. Effect of age and gender
on pharmacokinetics of atorvastatin in humans [437340]. J
Clin Pharmacol 1996; 36: 242-6

90. Gibson DM, Yang B-B, Abel RB, et al. Effects of hepatic and
renal impairment on pharmacokinetics (PK) and pharmaco-
dynamics (PD) of atorvastatin [abstract]. Pharm Res 1996; 13
(9) Suppl.: S428

91. Yang B-B, Smithers JA, Abel RB, et al. Effects of Maalox TC
on pharmacokinetics and pharmacodynamics of atorvastatin
[abstract]. Pharm Res 1996; 13 (9) Suppl.: S437

92. Stern RH, Gibson DM, Whitfield LR. Cimetidine does not alter
atorvastatin pharmacokinetics or LDL-cholesterol reduction.
Eur J Clin Pharmacol 1998 Feb; 53: 475-8

93. Vaughan CJ, Murphy MB, Buckley BM. Statins do more than
just lower cholesterol. Lancet 1996 Oct 19; 348: 1079-82

94. Yang B-B, Smithers JA, Siedlik PH, et al. Atorvastatin pharma-
cokinetic interactions with other CYP3A4 substrates: eryth-
romycin and ethinyl estradiol [abstract]. Pharm Res 1996; 13
(9) Suppl.: S437

95. Kantola T, Kivisto KT, Neuvonen PJ. Effect of itraconazole on
the pharmacokinetics of atorvastatin. Clin Pharmacol Ther
1998 Jul; 64: 58-65

96. Siedlik PH, Olson SC, Yang BB, et al. Erythromycin
coadministration increases plasma atorvastatin concentra-
tions. J Clin Pharmacol 1999 May; 39: 501-4

97. Lilja JJ, Kivistö KT, Neuvonen PJ. Grapefruit juice increases
serum concentrations of atorvastatin and has no effect on
pravastatin. Clin Pharmacol Ther 1999 Aug; 66: 118-27

98. Boyd RA, Stern RH, Stewart BH, et al. Atorvastatin coadmin-
istration may increase digoxin concentrations by inhibition of
intestinal P-glycoprotein-mediated secretion. J Clin Phar-
macol 2000 Jan; 40: 91-8

99. Carr RA, Andre AK, Bertz RJ, et al. Concomitant administra-
tion of ABT-378/ritonavir (ABT-378r) results in a clinically
important pharmacokinetic (PK) interaction with atorvastatin
(ATO) but not pravastatin (PRA) [abstract]. 40th Interscience

1876 Malhotra & Goa

 Adis International Limited. All rights reserved. Drugs 2001; 61 (12)



Conference on Antimicrobial Agents and Chemotherapy;
2000 Sep 17-20; Toronto (ON), 334

100. Chin C, Gamberg P, Miller J, et al. Efficacy and safety of
atorvastatin after pediatric cardiac transplantation [abstract].
J Heart Lung Transplant 2001 Feb; 20: 230

101. Maltz HC, Balog DL, Cheigh JS. Rhabdomyolysis associated
with concomitant use of atorvastatin and cyclosporine. Ann
Pharmacother 1999; 33 (11): 1176-779

102. Renders L, Mayer-Kadner I, Koch C, et al. Efficacy and drug
interactions of the new HMG-CoA reductase inhibitors
cerivastatin and atorvastatin in CsA-treated renal transplant
recipients. Nephrol Dial Transplant 2001 Jan; 16: 141-6

103. Magnani G, Carinci V, Magelli C, et al. Role of statins in the
management of dyslipidemia after cardiac transplant: ran-
domized controlled trial comparing the efficacy and the safety
of atorvastatin with pravastatin. J Heart Lung Transplant
2000 Jul; 19: 710-5

104. Alvarez ML, Errasti P, Gómez G, et al. Effect of atorvastatin
of the treatment of hypercholesterolemia after renal trans-
plantation. Transplant Proc 1999 Sep; 31: 2328-9

105. Executive summary of the Third Report of the National Cho-
lesterol Education Program (NCEP) Expert Panel on Detec-
tion, Evaluation and Treatment of High Blood Cholesterol in
adults (Adult Treatment Panel III). JAMA 2001 May 16; 285
(19): 2486-97

106. Pyörälä K, De Backer G, Graham I, et al. Prevention of coro-
nary heart disease in clinical practice: recommendations of
the Task Force of the European Society of Cardiology, Eu-
ropean Atherosclerosis Society and European Society of Hy-
pertension. Eur Heart J 1994 Oct; 15: 1300-31

107. Schrott H, Fereshetian AG, Knopp RH, et al. A multicenter,
placebo-controlled, dose-ranging study of atorvastatin. Jour-
nal of Cardiovascular Pharmacology and Therapeutics 1998;
3 (2): 119-24

108. Nakamura H, Ohashi Y, Maruhama Y, et al. Efficacy of
atorvastatin in primary hypercholesterolemia. Am J Cardiol
1997; 79 (9): 1248-52

109. Davidson MH, Nawrocki JW, Weiss SR, et al. Effectiveness of
atorvastatin for reducing low-density lipoprotein cholesterol
to National Cholesterol Education Program treatment goals.
Am J Cardiol 1997 Aug 1; 80: 347-8

110. Nawrocki JW, Weiss SR, Davidson MH, et al. Reduction of
LDL cholesterol by 25% to 60% in patients with primary
hypercholesterolemia by atorvastatin, a new HMG-CoA re-
ductase inhibitor. Art Thrombosis Vasc Biol 1995 May; 15:
678-82

111. Heinonen TM, Stein E, Weiss SR, et al. The lipid-lowering
effects of atorvastatin, a new HMG-CoA reductase inhibitor:
results of a double-masked study. Clin Ther 1996; 18 (5):
853-63

112. Schrott HG, Knapp H, Davila M, et al. Effect of atorvastatin on
blood lipid levels in the first 2 weeks of treatment: a random-
ized, placebo-controlled study. Am Heart J 2000 Aug; 140:
249-52

113. Kastelein JJP, Isaacsohn JL, Ose L, et al. Comparison of effects
of simvastatin versus atorvastatin on high-density lipoprotein
cholesterol and apolipoprotein A-I levels. Am J Cardiol 2000;
86 (2): 221-3

114. Crouse III JR, Frohlich J, Ose L, et al. Effects of high doses of
simvastatin and atorvastatin on high-density lipoprotein cho-
lesterol and apolipoprotein A-I. Am J Cardiol 1999 May 15;
83: 1476-7

115. Nawrocki JW, Peters TK, Newell P, et al. Effect of statin ther-
apy on HDL-C levels in patients with type IIa and type IIb
hyperlipidemia [abstract]. Atherosclerosis 1999; 28 (144
Suppl. 1): 25-6

116. Farnier M, Portal J-J, Maigret P. Efficacy of atorvastatin com-
pared with simvastatin in patients with hypercholesterolemia.
J Cardiovasc Pharmacol Ther 2000; 5 (1): 27-32

117. Recto II CS, Acosta S, Dobs A. Comparison of the efficacy and
tolerability of simvastatin and atorvastatin in the treatment of
hypercholesterolemia. Clin Cardiol 2000 Sep; 23: 682-8

118. Davidson MH, Ma PTS, Stein E, et al. ZD4522 is superior to
atorvastatin in decreasing low density lipoprotein cholesterol
and increasing high density lipoprotein cholesterol in patients
with type IIa or IIb hypercholesterolemia [abstract]. J Am
Coll Cardiol 2001 Feb; 37 (2) Suppl. A: 292A

119. Assmann G, Hüwel D, Schussman K-M, et al. Efficacy and
safety of atorvastatin and pravastatin in patients with
hypercholesterolemia. Eur J Intern Med 1999; 10 (1): 33-9

120. Barter PJ, O’Brien RC. Achievement of target plasma choles-
terol levels in hypercholesterolaemic patients being treated in
general practice. Atherosclerosis 2000; 149 (1): 199-205

121. Bertolini S, Bon GB, Campbell LM, et al. Efficacy and safety
of atorvastatin compared to pravastatin in patients with
hypercholesterolemia. Atherosclerosis 1997 Apr; 130: 191-7

122. Hunninghake D, Bakker-Arkema RG, Wigand JP, et al. Treat-
ing to meet NCEP-recommended LDL cholesterol concentra-
tions with atorvastatin, fluvastatin, lovastatin, or simvastatin
in patients with risk factors for coronary heart disease. J Fam
Pract 1998 Nov; 47: 349-56

123. Illingworth DR, Crouse III JR, Hunninghake DB, et al. A com-
parison of simvastatin and atorvastatin up to maximal recom-
mended doses in a large multicenter randomized clinical trial.
Curr Med Res Opin 2001; 17 (1): 43-50

124. van Dam M, Basart DCG, Janus C, et al. Additional efficacy of
milligram-equivalent doses of atorvastatin over simvastatin.
Clin Drug Invest 2000; 19 (5): 327-34

125. White HD, Kush D, Bertolami M, et al. Simvastatin and
atorvastatin have different effects at high doses on high den-
sity lipoprotein cholesterol and apolipoprotein A-I [abstract].
Atherosclerosis 1999; 144 Suppl. 1

126. Schuster H, Berger J, Luft FC. Randomised, double-blind, par-
allel-group trial of atorvastatin and fluvastatin on plasma lipid
levels in patients with untreated hyperlipidaemia. Br J Cardiol
1998; 5 (11): 597-602

127. Edmundowicz D, Andrews TC, Shear CL, et al. Comparing
treatment success with statins: results from the Atorvastatin
Comparative Cholesterol Efficacy and Safety Study (AC-
CESS) [abstract]. J Am Coll Cardiol 2000; 35 Suppl. A: 314

128. Williams RR, Hopkins PN, Hunt SC, et al. Population-based
frequency of dyslipidemia syndromes in coronary-prone fam-
ilies in Utah. Arch Intern Med 1990; 150: 582-8

129. Gaw A. Evidence based approach for management of mixed
hyperlipidemia. Atherosclerosis 1998; 137: S97-100

130. Bairaktari ET, Tzallas CS, Tsimihodimos VK, et al. Compari-
son of the efficacy of atorvastatin and micronized fenofibrate
in the treatment of mixed hyperlipidemia. J Cardiovasc Risk
1999 Apr; 6: 113-6

131. Bottazzo S, Severi G, Fazzin G. Comparison of atorvastatin and
bezafibrate treatment in dyslipidemic patients with metabolic
syndrome (MS) [abstract]. 13th International Symposium
on Drugs Affecting Lipid Metabolism; 1998 May 30-Jun 3;
Florence, 59

Atorvastatin: An Update 1877

 Adis International Limited. All rights reserved. Drugs 2001; 61 (12)



132. Ooi TC, Heinonen T, Alaupovic P, et al. Efficacy and safety of
a new hydroxymethylglutaryl-coenzyme A reductase inhibi-
tor, atorvastatin, in patients with combined hyperlipidemia:
comparison with fenofibrate. Arterioscler Thromb Vasc Biol
1997 Sep; 17: 1793-9

133. McKenney JM, McCormick LS, Weiss S, et al. A randomized
trial of the effects of atorvastatin and niacin in patients with
combined hyperlipidemia or isolated hypertriglyceridemia.
Collaborative Atorvastatin Study Group. Am J Med 1998
Feb; 104: 137-43

134. Branchi A, Fiorenza AM, Rovellini A, et al. Lowering effects
of four different statins on serum triglyceride level. Eur J Clin
Pharmacol 1999 Sep; 55: 499-502

135. Insull W, Kafonek S, Goldner D, et al. Comparison of efficacy
and safety of atorvastatin (10 mg) with simvastatin (10 mg)
at six weeks. Am J Cardiol 2001 Mar 1; 87: 554-9

136. Stein EA, Lane M, Laskarzewski P. Comparison of statins in
hypertriglyceridemia. Am J Cardiol 1998 Feb 26; 81: 66B-9B

137. Best JD, O’Neal DN. Diabetic dyslipidaemia: current treatment
recommendations. Drugs 2000; 59 (5): 1101-11

138. Taskinen MR. Triglyceride is the major atherogenic lipid in
NIDDM. Diabetes Metab Rev 1997; 13: 93-8

139. Stamler J, Vaccaro O, Neaton JD, et al. Diabetes, other risk
factors, and 12-yr cardiovascular mortality for men screened
in the Multiple Risk Factor Intervention Trial. Diabetes Care
1993; 16: 434-4

140. Taskinen M-R. Strategies for the management of diabetic dys-
lipidaemia. Drugs 1999; 58 Suppl. 1: 47-51

141. Aguilar-Salinas CA, Gomez-Perez FJ, Posadas-Romero C, et
al. Efficacy and safety of atorvastatin in hyperlipidemic, type
2 diabetic patients. A 34-week, multicenter, open-label study.
Atherosclerosis 2000; 152 (2): 489-96

142. Posadas C, Aguilar C, Gοmez Perez F, et al. Atorvastatin is
effective and safe in patients with NIDDM: a multicenter,
open-label study [abstract no. 1047]. Diabetes 2001 May; 47
Suppl. 1: 23

143. Black DM, Bakker-Arkema R, Heinonen T, et al. Does the pre-
sence of either concurrent hypertension or non-insulin-de-
pendent diabetes mellitus affect the efficacy and safety of
atorvastatin in patients with hyperlipidaemia? [abstract]. Am
J Hypertens 1998 Apr; 11 (Pt 2): 75

144. Bogaty P, Leiter L, Murray P, et al. The Can-ADA Study: do
lipid parameters respond differently to atorvastatin therapy in
ischemic heart disease subjects with and without type 2 dia-
betes? [abstract]. Can J Cardiol 2000 Sep; 16 Suppl. F: 234F

145. Djordjevic PB, Lalic K, Lalic NM, et al. Effectiveness of statin
treatment in reducing vascular risk in type 2 diabetes: com-
parison between fluvastatin, simvastatin and atorvastatin [ab-
stract]. Diabetes Res Clin Pract 2000 Sep; 50 Suppl. 1: S347

146. Gentile S, Turco S, Guarino G, et al. Comparative efficacy study
of atorvastatin vs. simvastatin, pravastatin, lovastatin and pla-
cebo in type 2 diabetic patients with hypercholesterolaemia.
Diabetes Obes Metab 2000 Nov; 2: 355-62

147. Insull Jr W, The ASSET Investigators. The efficacy and safety
of atorvastatin versus simvastatin in mixed dyslipidemic pa-
tients with type 2 diabetes mellitus during 54 weeks [abstract
no. 576-P]. Diabetes 2001 Jun; 50 Suppl. 2: A143

148. The Diabetes Atorvastatin Lipid Intervention (DALI) Study
Group. The effect of aggressive versus standard lipid lower-
ing by atorvastatin on diabetic dyslipidemia. The DALI
Study: a double-blind, randomised placebo-controlled trial in

patients with type 2 diabetes and diabetic dyslipidemia. Dia-
betes Care 2001 Aug; 24 (8): 1335-41

149. Velussi M, Cernigoi AM, Tortul C, et al. Atorvastatin for the
management of Type 2 diabetic patients with dyslipidaemia.
A mid-term (9 months) treatment experience. Diabetes Nutr
Metab 1999; 12 (6): 407-12

150. Hoogerbrugge N, Jansen H. Atorvastatin increases low-density
lipoprotein size and enhances high-density lipoprotein cho-
lesterol concentration in male, but not in female patients with
familial hypercholesterolemia. Atherosclerosis 1999 Sep;
146: 167-74

151. Wierzbicki AS, Lumb PJ, Chik G, et al. Comparison of therapy
with simvastatin 80 mg and atorvastatin 80 mg in patients with
familial hypercholesterolaemia. Int J Clin Pract 1999; 53 (8):
609-11

152. Wierzbicki AS, Lumb PJ, Semra YK, et al. High-dose ator-
vastatin therapy in severe heterozygous familial hyperchol-
esterolaemia. Q J Med 1998 Apr; 91: 291-4

153. Wierzbicki AS, Lumb PJ, Semra Y, et al. Atorvastatin com-
pared with simvastatin-based therapies in the management of
severe familial hyperlipidaemias. Q J Med 1999 Jul; 92 (7):
387-94

154. Hoogerbrugge N. Effects of atorvastatin on serum lipids of pa-
tients with familial hypercholesterolaemia. J Intern Med 1998
Aug; 244: 143-7

155. Stein E, Strutt KL, Miller E, et al. ZD4522 is superior to
atorvastatin in the treatment of patients with heterozygous
familial hypercholesterolemia [abstract]. J Am Coll Cardiol
2001 Feb; 37 (2) Suppl. A: 292A

156. Habib G, Paillard F, Charpentier G, et al. A multicenter, open-
label, randomized study comparing the efficacy of
atorvastatin versus usual care in reducing refractory hyper-
cholesterolemia in high-risk patients to target levels. Curr
Ther Res Clin Exp 2000; 61 (4): 175-90

157. Simons LA. Comparison of atorvastatin alone versus
simvastatin ± cholestyramine in the management of severe
primary hypercholesterolaemia (the Six Cities Study). Aust N
Z J Med 1998 Jun; 28: 327-33

158. Brown AS, Bakker-Arkema RG, Yellen L, et al. Treating pa-
tients with documented atherosclerosis to National Choles-
terol Education Program − recommended low-density-
lipoprotein cholesterol goals with atorvastatin, fluvastatin,
lovastatin and simvastatin. J Am Coll Cardiol 1998 Sep; 32:
665-72

159. März W, Wollschläger H, Klein G, et al. Safety of low-density
lipoprotein cholesterol reduction with atorvastatin versus
simvastatin in a coronary heart disease population (the TAR-
GET TANGIBLE trial). Am J Cardiol 1999 Jul 1; 84: 7-13

160. McVey D, Patel H, Eminton Z, et al. An assessment of the
efficacy of atorvastatin in treating patients with dyslipidaemia
to target LDL-cholesterol goals: the Atorvastatin Matrix
Study. Int J Clin Pract 1999; 53 (7): 509-13

161. Geiss HC, Parhofer KG, Schwandt P. Atorvastatin compared
with simvastatin in patients with severe LDL hypercholester-
olaemia treated by regular LDL apheresis. J Intern Med 1999
Jan; 245: 47-55

162. McPherson R, Angus C, Murray P, et al. Efficacy of atorvastatin
in achieving National Cholesterol Education Program low-
density lipoprotein targets in women with severe dyslipidaemia
and cardiovascular disease or risk factors for cardiovascular dis-
ease: the Women’s Atorvastatin Trial on Cholesterol
(WATCH). Am Heart J 2001; 141: 949-56

1878 Malhotra & Goa

 Adis International Limited. All rights reserved. Drugs 2001; 61 (12)



163. Schartl M, Bocksch W, Koschyk D, et al. Use of intravascular
ultrasound to compare effects of different strategies of lipid-
lowering therapy on plaque volume and composition in pa-
tients with coronary artery disease. Circulation 2001; 104:
387-92

164. Schwartz GG, Olsson AG, Ezekowitz MD, et al. Effects of
atorvastatin on early recurrent ischemic events in acute coro-
nary syndromes. The MIRACL study: a randomized control-
led trial. JAMA 2001 Apr 4; 285 (13): 1711-8

165. Pitt B, Waters D, Brown WV, et al. Aggressive lipid-lowering
therapy compared with angioplasty in stable coronary artery
disease. Atorvastatin versus Revascularization Treatment In-
vestigators. N Engl J Med 1999 Jul 8; 341: 70-6

166. Brown WV, Avert I. Can aggressive lipid-lowering therapy
provide additional clinical benefit? Subgroup analysis of the
Atorvastatin VErsus Revascularization Treatments
(AVERT) trial [abstract]. Eur Heart J 2000 Aug-Sep; 21
Suppl.: 157

167. Kobashigawa JA, Moriguchi JD, Ro TK, et al. Atorvastatin for
refractory hypercholesterolemia in heart transplant patients
[abstract]. J Am Coll Cardiol 1998 Feb; 31 Suppl. 2A: 157

168. Patel DN, Pagani FD, Koelling TM, et al. Safety and efficacy
of atorvastatin in heart transplant recipients [abstract]. J Heart
Lung Transplant 2000 Jan; 19: 43

169. Romero R, Calviño J, Rodriguez J, et al. Short-term effect of
atorvastatin in hypercholesterolaemic renal-transplant pa-
tients unresponsive to other statins. Nephrol Dial Transplant
2000; 15 (9): 1446-9

170. Penzak SR, Chuck SK. Hyperlipidemia associated with HIV
protease inhibitor use: pathophysiology, prevalence, risk fac-
tors and treatment. Scand J Infect Dis 2000; 32: 111-23

171. Henry K, Melroe H, Huebesch J, et al. Atorvastatin and
gemfibrozil for protease-inhibitor-related lipid abnormalities
[letter] [see comments]. Lancet 1998 Sep 26; 352: 1031-2

172. Murillas J, Martin T, Ramos A, et al. Atorvastatin for protease
inhibitor-related hyperlipidaemia [letter]. AIDS 1999 Jul 30;
13: 1424-5

173. Kasiske BL. Hyperlipidemia in patients with chronic renal dis-
ease. Am J Kidney Dis 1998 Nov; 32 (5) Suppl. 3: S142-56

174. Wheeler DC. Should hyperlipidaemia in dialysis patients be
treated? [editorial comments]. Nephrol Dial Transplant 1997;
12: 19-21

175. Foley RN, Parfrey PS, Sarnak MJ. Clinical epidemiology of
cardiovascular disease in chronic renal disease. Am J Kidney
Dis 1998 Nov; 32 (5) Suppl. 3: S112-9

176. Wheeler CD, Harris KPG, on behalf of the UK CAPD Investi-
gators. A placebo-controlled trial examining the efficacy and
safety of atorvastatin in dyslipidaemic patients undergoing
CAPD [abstract]. Nephrol Dial Transplant 2001 Jun; 16 (6):
A196

177. Hufnagel G, Michel C, Vrtovsnik F, et al. Effects of atorvastatin
on dyslipidaemia in uraemic patients on peritoneal dialysis.
Nephrol Dial Transplant 2000; 15 (5): 684-8

178. Le Roux CW, McCarthy HJ, Almond MK. Correction of hyper-
cholesterolaemia in haemodialysis patients with atorvastatin
[abstract no. 30]. Clin Sci 2000; 98 (2): 11P

179. Stegmayr BG, Näsström BG, Brännström M, et al. Safety and
efficacy of atorvastatin in patients with severe renal dysfunc-
tion [abstract no. P 35]. Int J Artif Organs 1998; 21 (10): 631

180. Diepeveen SHA, Verhoeven GHWE, van der Palen J, et al.
Vitaestat 1: a prospective randomised placebo controlled trial
with a-tocopherol and atorvastatin in patients in hemo- and

peritoneal dialysis [abstract]. Nephrol Dial Transplant 2001
Jun; 16 (6): A87

181. Black DM, Bakker-Arkema RG, Nawrocki JW. An overview
of the clinical safety profile of atorvastatin (Lipitor), a new
HMG-CoA reductase inhibitor. Arch Intern Med 1998 Mar
23; 158: 577-84

182. Pfeiffer CM, Kazenoff S, Rothberg HD. Toxic epidermal
necrolysis from atorvastatin [letter]. JAMA 1998 May 27;
279: 1613-4

183. González-Ponte ML, González-Ruiz M, Duvos E, et al.
Atorvastatin-induced severe thrombocytopenia [letter]. Lan-
cet 1998 Oct 17; 352: 1284

184. Bakker A-RG, Nawrocki JW, Black DM. Safety profile of
atorvastatin-treated patients with low LDL-cholesterol levels.
Atherosclerosis 2000; 149 (1): 123-9

185. Bakker-Arkema RG, Davidson M, Black DM. Two year safety
of atorvastatin compared to lovastatin in patients with
hypercholesterolemia [abstract]. 13th International Sympo-
sium on Drugs Affecting Lipid Metabolism; 1998 May 30-
Jun 3; Florence, 58

186. Wierzbicki AS, Crook MA. Cholestatic liver dysfunction [let-
ter]. Lancet 1999 Sep 11; 354: 954

187. Jimenez-Alonso J, Osorio JM, Gutierrez-Cabello F, et al.
Atorvastatin-induced cholestatic hepatitis in a young woman
with systemic lupus erythematosus. Grupo Lupus Virgen de
las Nieves. Arch Intern Med 1999 Aug 9; 159 (15): 1811-2

188. Nakad A, Bataille L, Hamoir V, et al. Atorvastatin-induced
acute hepatitis with absence of cross-toxicity with simvastatin
[letter]. Lancet 1999 May 22; 353: 1763-4

189. Noel B, Cerottini J-P, Panizzon RG. Atorvastatin-induced
dermatomyositis [letter]. Am J Med 2001; 110 (8): 670-1

190. Duell PB, Connor WE, Illingworth DR. Rhabdomyolysis after
taking atorvastatin with gemfibrozil. Am J Cardiol 1998 Feb
1; 81: 368-9

191. Wenisch C, Krause R, Fladerer P, et al. Acute rhabdomyolysis
after atorvastatin and fusidic acid therapy [letter]. Am J Med
2000 Jul; 109: 78

192. Montvale NJ. Physicians’ Desk Reference. 54th ed: Medical
Economics Company, Inc., 2000

193. Huse DM, Russell MW, Miller JD, et al. Cost-effectiveness of
statins. Am J Cardiol 1998 Dec 1; 82: 1357-63

194. Elliott WJ, Weir DR. Comparative cost-effectiveness of HMG-
CoA reductase inhibitors in secondary prevention of acute
myocardial infarction. Am J Health Syst Pharm 1999 Sep 1;
56: 1726-32

195. Hilleman DE, Phillips JO, Mohiuddin SM, et al. A population-
based treat-to-target pharmacoeconomic analysis of HMG-
CoA reductase inhibitors in hypercholesterolemia. Clin Ther
1999 Mar; 21: 536-62

196. Hilleman DE, Heineman SM, Foral PA. Pharmacoeconomic
assessment of HMG-CoA reductase inhibitor therapy: an
analysis based on the CURVES Study. Pharmacotherapy
2000; 20 (7): 819-22

197. Smith DG, Leslie SJ, Szucs TD, et al. Cost of treating to a
modified European Atherosclerosis Society LDL-C target.
Comparison of atorvastatin with fluvastatin, pravastatin and
simvastatin. Clin Drug Invest 1999 Mar; 17 (3): 185-93

198. Koren MJ, Smith DG, Hunninghake DB, et al. The cost of
reaching National Cholesterol Education Program (NCEP)
goals in hypercholesterolaemic patients: a comparison of
atorvastatin, simvastatin, lovastatin and fluvastatin. Phar-
macoeconomics 1998; 14 (1): 59-70

Atorvastatin: An Update 1879

 Adis International Limited. All rights reserved. Drugs 2001; 61 (12)



199. MacLaine GDH, Patel H. A cost-effectiveness model of alter-
native statins to achieve target LDL-cholesterol levels. Int J
Clin Pract 2001; 55 (4): 243-9

200. Wlodarczyk J, Barter PJ, O’Brien R, et al. Cost of treatment of
hypercholesterolaemia to NHF goals in Australia [abstract no.
PCV39]. Value Health 2001 Mar-Apr; 4 (2): 110

201. Smith DG. The cost-effectiveness of statins: evidence from the
ACCESS trial [abstract no. PCV37]. Value Health 2001 Mar-
Apr; 4 (2): 109

202. Scandinavian Simvastatin Survival Study Group. Randomised
trial of cholesterol lowering in 4444 patients with coronary
heart disease: the Scandinavian Simvastatin Survival Study
Group (4S). Lancet 1994; 344: 1383-9

203. Attanasio E, Russo P, Allen SE. Cost-minimization analysis of
simvastatin versus atorvastatin for maintenance therapy in pa-
tients with coronary or peripheral vascular disease. Clin Ther
2001; 23 (2): 276-83

204. Lipitor prescribing information. Compendium of data sheets
and summaries of product characteristics. pp. 1122-4

205. Newman TJ, Kassler-Taub KB, Gelarden RT, et al. Safety of
pravastatin in long-term trials conducted in the United States.
J Drug Dev 1990; 3 Suppl. 1: 275-81

206. Thompson GR. Adverse reactions profile: 10. simvastatin and
pravastatin. Prescr J 1990; 33: 217-20

207. Garnett WR. Interactions with hydroxymethylglutaryl-coen-
zyme A reductase inhibitors. Am J Health System Pharm
1995; 52: 1639-45

208. Safeer RS, Lacivita CL. Choosing drug therapy for patients with
hyperlipidemia. Am Fam Physician 2000; 61 (11): 3371-82

209. Holme I. Lipid lowering in the patient at risk − the next decade
of discovery. Br J Cardiol 2000; 7 (4): 223-30

210. Stamler M, Wentworth D, Neaton JD, et al. Is the relationship
between serum cholesterol and the risk of premature death
from coronary heart disease continuous or graded? Findings
in 356,222 screenees of the Multiple Risk Factor Intervention
Trial (MRFIT). JAMA 1986; 256: 2823-8

211. Jacobson TA, Schein JR, Williamson A, et al. Maximizing the
cost-effectiveness of lipid-lowering therapy. Arch Intern Med
1998 Oct 12; 158: 1977-89

212. Sacks FM, Pfeffer MA, Moye LA, et al. The effect of
pravastatin on coronary events after myocardial infarction in
patients with average cholesterol levels. N Engl J Med 1996;
335: 1001-9

213. Long term Intervention with Pravastatin in Ischemic disease
(LIPID) study group: Prevention of cardiovascular events and
death with pravastatin in patients with coronary heart disease
and a broad range of initial cholesterol levels. N Engl J Med
1998; 339: 1349-57

214. Shepherd J, Cobbe SM, Ford I, et al. Prevention of coronary
heart disease with pravastatin in men with hypercholesterole-
mia. N Engl J Med 1995; 333 (20): 1301-7

215. Downs JR, Clearfield 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.
JAMA 1998; 279: 1615-22

216. Pedersen TR. Pro and con: low-density lipoprotein cholesterol
lowering is and will be the key to the future of lipid manage-
ment. Am J Cardiol 2001 Mar; 8 (87) Suppl. 5A: 8B-12B

217. Wilhelmsen L, Pyorala K, Wedel H, et al. Risk factors for a
major coronary event after myocardial infarction in the
Scandianavian Simvastatin Survival Study (4S): impact of

predicted risk on the benefit of cholesterol-lowering treat-
ment. Eur Heart J 2001 Jul; 22 (13) 1119-27

218. Isaacsohn JL, Davidson MH, Hunninghake D, et al. Aggressive
lipid-lowering initiation abates new cardiac events (ALLI-
ANCE)-rationale and design of atorvastatin versus usual care
in hypercholesterolemic patients with coronary artery disease.
Am J Cardiol 2000; 86 (2): 250-2

219. Dahlof B, Sever PS, Poulter NR, et al. The Anglo-Scandinavian
Cardiac Outcomes Trial. Am J Hypertens 1998; 11: 9A-10A

220. Gmerek A, McLain R, Nawrocki J. A 4-year, placebo-control-
led study of atorvastatin as prevention of CHD endpoints in
patients with non-insulin dependent diabetes mellitus [ab-
stract]. Diabetes 1997 May; 46 Suppl. 1: 363

221. Atorvastatin International Trials Compendium. Pfizer Inc,
2001. (Data on file)

222. Wanner C, Krane V, Ruf G, et al. Rationale and design of a trial
improving outcome of type 2 diabetics on hemodialysis. Kid-
ney Int 1999; 56 Suppl. 71: S222-6

223. Pedersen TR, Faergeman O, Holme I, et al. Effect of greater
LDL-C reductions on prognosis − the Incremental Decrease
in Endpoints through Aggressive Lipid Lowering (IDEAL)
trial [abstract]. Atherosclerosis 1999; 144 Suppl. 1: 38

224. Goldstein LB, Welch KMA, Amarenco P, et al. Stroke preven-
tion by aggressive reduction in cholesterol levels − the
SPARCL study [poster]. Presented at the 25th International
Stroke Conference; 2000 Feb 10-12; New Orleans

225. LaRosa JC, for the TNT steering committee. Effect of lowering
LDL-C beyond currently recommended targets − the treating
to new targets study. Poster presented at the 13th International
Symposium on Drugs Affecting Lipid Metabolism; 1998 May
30-Jun 3; Florence

226. Raggi P, Callister TQ, Davidson M, et al. Aggressive versus
moderate lipid-lowering therapy in postmenopausal women
with hypercholesterolaemia: rationale and design of the Be-
yond Endorsed Lipid Lowering with EBT Scanning
(BELLES) trial. Am Heart J 2001; 141: 722-6

227. Nissen S, for the REVERSAL investigators. Assessing the ef-
fects of statins on atherosclerosis progression using intravas-
cular ultrasound: rationale and design of the REVERSAL
study [abstract]. Atherosclerosis 2001; 2 (2) Suppl.: 51-2

228. Creager MA, Hiatt W, Mohler ER, et al. Effects of atorvasatin
on exercise time in patients with intermittent claudication (IC)
due to peripheral arterial disease (PAD) [poster]. Presented at
the XIVth International Symposium on Drugs Affecting Lipid
Metabolism, 2001 Sep 9-12; New York

229. Ekonomidou D, Kokolina E, Manou E, et al. Effects of
serivastatin and atorvastatin on dyslipidaemia of peritoneal
dialysis patients [abstract]. Nephrol Dial Transplant 2001 Jun;
16 (6): A191

230. Ma P, Hegele R, Yale JF, et al. CAVEAT: a randomised, dou-
ble-blind, parallel group evaluation of cerivastatin 0.4mg and
0.8mg compared to atorvastatin 10mg and 20mg once daily
in patients with combined (type IIB) dyslipidaemia. Br J Car-
diol 2000; 7 (12): 780-6

231. Hunninghake D, Insull W, Knopp R, et al. Comparison of the
efficacy and safety of atorvastatin versus cerivastatin in pa-
tients with hypercholesterolemia [abstract]. Atherosclerosis
1999; 144 Suppl. 1: 28-9

232. Bayer drug linked to more deaths [online]. Available from:
URL: http://news.bbc.co.uk/hi/english/business/newsid1488000/
1488486.stm [Accessed 2001 Aug 14]

1880 Malhotra & Goa

 Adis International Limited. All rights reserved. Drugs 2001; 61 (12)



233. Baycol news prompts EU review of cholesterol drugs [online].
Available from: URL: http://dailynews.yahoo.com/h/nm/
20010809/hl/baycol1.html [Accessed 2001 Aug 14]

234. Goldstein MR. Should reductase inhibitor therapy to lower cho-
lesterol be instituted in the setting of an acute coronary event?
[1]. Atherosclerosis 2000; 149 (1): 215-6

235. Cohen DJ, Carrozza JP, Baim DS. Aggressive lipid-lowering
therapy compared with angioplasty in stable coronary artery
disease [2] [in letter]. N Engl J Med 1999; 341 (24): 1853-4

236. Waters D. Is a mechanical or a metabolic approach superior in
the treatment of coronary disease? Results of the Atorvastatin
Versus Revascularization (AVERT) Trial. Eur Heart J 2000;
21 (13): 1029-31

237. West of Scotland Coronary Prevention Study Group. Influence
of pravastatin and plasma lipids on clinical events in the West
of Scotland Coronary Prevention Study (WOSCOPS). Circu-
lation 1998; 97: 1440-5

238. Sacks FM, Maye LA, Davis BR, et al. Relationship between
plasma LDL concentrations during treatment with pravastatin
and recurrent coronary events in the Cholesterol and Recur-
rent Events Trial. Circulation 1998; 97: 1446-52

239. Pendersen TR, Olsson AG, Faergeman O, et al. Lipoprotein
changes and reduction in incidence of major coronary heart
disease events in the Scandinavian Simvastatin Survival
Study. Circulation 1998; 97: 1453-60

240. Garg A. Treatment of diabetic dyslipidemia. Am J Cardiol 1998
Feb 26; 81: 47-51

241. Kato T, Tokoro T, Namii Y, et al. Early introduction of HMG-
CoA reductase inhibitors could prevent the incidence of trans-
plant coronary artery disease. Transplant Proc 2000; 32 (2):
331-3

242. Christians U, Jacobsen W, Floren LC. Metabolism and drug
interactions of 3-hydroxy-3-methylglutaryl coenzyme A re-
ductase inhibitors in transplant patients: are the statins
mechanistically similar? Pharmacol Ther 1998 Oct; 80: 1-34

Correspondence: Karen L. Goa, Adis International Limited,
41 Centorian Drive, Private Bag 65901, Mairangi Bay,
Auckland 10, New Zealand. 
E-mail: demail@adis.co.nz

Atorvastatin: An Update 1881

 Adis International Limited. All rights reserved. Drugs 2001; 61 (12)


	Contents 1837
	1. Cholesterol Synthesis and HMG-CoA Reductase Inhibition 1841
	2. Pharmacodynamic Properties 1842
	2.1 Effects on Lipid Metabolism 1842
	2.2 Non-Lipid Effects 1843
	2.2.1 Effects on Endothelial Function 1843
	2.2.2 Effects on Plaque Stabilisation 1844
	2.2.3 Effects on Platelet Activity and Red Blood Cell Deformability 1845
	2.2.4 Effects on the Coagulation Process 1845
	2.2.5 Effects on Non-Lipid Risk Factors for Coronary Heart Disease (CHD) 1846


	3. Pharmacokinetic Properties 1847
	3.1 Absorption and Distribution 1847
	3.2 Metabolism and Elimination 1847
	3.3 Pharmacokinetics in Special Patient Groups 1848
	3.4 Drug Interactions 1848

	4. Therapeutic Efficacy 1849
	4.1 Patients with Primary Hypercholesterolaemia 1849
	4.1.1 Noncomparative and Placebo-Controlled Studies 1849
	4.1.2 Comparisons with Other HMG-CoA Reductase Inhibitors 1850

	4.2 Patients with Mixed Hyperlipidaemia and Hypertriglyceridaemia 1852
	4.3 Patients with Type 2 Diabetes Mellitus and Dyslipidaemia 1854
	4.3.1 Noncomparative Studies 1854
	4.3.2 Comparative Studies 1854

	4.4 Patients with Familial Hypercholesterolaemia 1855
	4.4.1 Noncomparative Trials 1856
	4.4.2 Comparisons with Other HMG-CoA Reductase Inhibitors 1856

	4.5 Special Patient Groups 1856
	4.5.1 Patients with Resistant Hypercholesterolaemia 1856
	4.5.2 Patients with Established CHD 1858
	4.5.3 Aggressive Therapy in Patients with CHD 1858
	4.5.4 Patients with Organ Transplants 1860
	4.5.5 Patients with HIV Infection 1860
	4.5.6 Patients with Renal Failure 1861


	5. Tolerability 1862
	5.1 General Profile 1862
	5.2 Compared with Other Drugs 1864
	5.3 Specific Events 1864
	5.3.1 Effects on Hepatic Function 1864
	5.3.2 Effects on Muscle 1865


	6. Pharmacoeconomic Studies 1865
	6.1 Studies Using Analytical Models of Cost Effectiveness 1865
	6.2 Studies Using Surrogate Markers 1866

	7. Dosage and Administration 1868
	8. Place of Atorvastatin in the Management of Dyslipidaemias 1868
	References 1874
	Correspondence 1881
	E-mail 1881

