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INTRODUCTION N 

Itt is well established that aggressive reduction of elevated low-density-lipoprotein choles-
teroll  (LDL-C) plasma concentrations significantly reduces the risk of coronary events12345 

andd total mortality1 in patients with coronary heart disease (CHD) or risk factors for 
CHD.. For every i% reduction in plasma cholesterol level, CHD risk is reduced by approx-
imatelyy 2%.6 Minimum goals for the reduction of LDL-C have been set by the US 
Nationall  Cholesterol Education Program (NCEP)7 and the Second Joint Task Force of 
Europeann and other Societies on Coronary Prevention8 and many patients will require 
drugg therapy to achieve these levels. 

HMG-CoAA reductase inhibitors (statins) are considered to be the most effective, easi-
estt to use class of lipid-lowering drugs, with an established safety record.8 However, 
despitee the wide body of clinical evidence to highlight the efficacy and safety of the statins 
theree is concern that lipid-lowering agents are underutilised in patients who would bene-
fitt the most from treatment. To address this concern, it is timely to review the place in 
therapyy of the statins in primary and secondary prevention and in specific at-risk patient 
groups. . 

LIPID-LOWERIN GG EFFECTS 

Statinss are recommended as first-line treatment for hypercholesterolaemia and com-
binedd hyperlipidaemia in patients with triglyceride levels <5 mmol/L (450 mg/dL).78 

Comparativee studies have demonstrated that all statins produce changes in baseline 
plasmaa lipid/lipoprotein levels at approved dosages although there are differences within 
thee class. Notable differences include atorvastatirfs enhanced efficacy in achieving the tar-
gett LDL-C goals of NCEP when compared with simvastatin, fluvastatin, and pravastatin 
(p<o.oii  for each comparison),9 and the comparatively low doses (0.2 mg to 0.3 mg) of 
cerivastatinn required to produce changes in LDL-C.10 

Thee triglyceride lowering efficacy of statins appears to be related to their LDL-C lower-
ingg efficacy in hypertriglyceridaemic patients.11 In patients with primary hypertriglyceri-
daemia,, atorvastatin at 20 mg and 80 mg doses achieved triglyceride reductions of 32% 
andd 46%, respectively.12 This suggests that statin monotherapy may be an alternative to 
combinationn therapy in some patients with combined hyperlipidaemia. However, for 
severe,, isolated hypertriglyceridaemia, fibrates or niacin are the current treatment of 
choice.8 8 

Angiographicc studies in patients with symptomatic coronary artery disease and a wide 
rangee of baseline total cholesterol levels from 4.0 to 8.0 mmol/L (155 to 310 mg/dL)131415 

demonstratedd significant (p<o.o5) retardation of the progression of atherosclerotic 
lesionss in association with statin-induced LDL-C reductions of 24 to 31%. Although it was 
nott a primary endpoint, some of these studies also reported significant reductions in 
majorr coronary events (p< 0.05 vs controls).1314 

SECONDARYY PREVENTION 

Significantt reductions in total mortality, major coronary events, stroke, and revasculariza-
tionn procedures in CHD patients have been associated with 25 to 35% reductions in LDL-
CC in the Scandinavian Simvastatin Survival Study (4S), the Cholesterol and Recurrent 
Eventss (CARE) study and the Long-term Intervention with Pravastatin Ischemic Disease 
(LIPID)) study.13-516 LIPID and CARE also demonstrated that statin therapy is beneficial 
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evenn if patients have 'average' total cholesterol levels.35 In addition, post-hoc analysis of 
4SS data showed significant reduction in hospitalisation days for CHD patients treated 
withh statins (-34%; p<o.oooi).17 

PRIMARYY PREVENTION 

Thee previous trials involved patients who had a history of CHD. However, lipid-lowering 
therapyy can also favourably alter the clinical course in patients who have elevated choles-
teroll  levels but no evidence of CHD. Benefit with statin therapy has been extended to pri-
maryy prevention in two large studies. In the West of Scotland Coronary Prevention Study 
(WOSCOPS),, treatment with pravastatin reduced the 5-year incidence of new-onset fatal 
andd non-fatal major coronary events by 31% (p<o.ooi) in asymptomatic middle-aged men 
withh very high levels of LDL-C.2 The Air Force/Texas Coronary Atherosclerosis Preven-
tionn Study (AFCAPS/TexCAPS) was the first primary prevention trial to include both 
menn and women.4 Participants were selected on the basis of average total cholesterol and 
LDL-CC levels, and a below average HDL-C value. The risk for the first acute major coro-
naryy event (defined as the composite of fatal and non-fatal MI, unstable angina, and sud-
denn cardiac death) was reduced by 37% (p<o.ooi) with lovastatin. Only 17% of the 
participantss in AFCAPS/TexCAPS would have qualified for drug treatment according to 
thee current NCEP guidelines. These trials also demonstratedd that primary prevention sta-
tinn therapy can reduce revascularisation procedures24 and hospitalisations for cardiovas-
cularr events (-23% in WOSCOPS; p<o.ooi).18 

Thee AFCAPS/TexCAPS data extend the eligibility of lipid-lowering with statin therapy 
too millions of new individuals who would not be candidates for such treatment according 
too current NCEP guidelines. The results demonstrate that aggressive LDL-C lowering in 
individualss with no evidence of CHD substantially lowers cardiovascular risk, thereby 
confirmingg that there is no LDL-C threshold beyond which there is no additional benefit. 

Collectively,, these primary prevention trials leave no room for doubt about the value 
off  lipid-lowering therapy. The overwhelming burden of evidence favours, early, aggressive 
interventionn to decrease cholesterol levels. Furthermore, an early, preventive strategy can 
preventt coronary events, save lives, and decrease the need for bypass surgery and other 
coronaryy interventions. 

AGGRESSIVEE VERSUS MODERATE LIPID LOWERING 

Thee Post Coronary Artery Bypass Graft Study (Post-CABG) supports aggressive reduction 
off  elevated LDL-C levels for optimal clinical benefit (lovastatin  cholestyramine).19 In 
thiss study, a significantly greater reduction of atherosclerosis progression in grafted 
saphenouss veins was produced by aggressively lowering LDL-C to 2.4-2.5 mmol/L (93-97 
mg/dL)) than by moderately lowering LDL-C to 3.4-3.5 mmol/L (132-136 mg/dL) 
(p<o.ooi).. This study was designed to have adequate power to detect treatment-related 
differencess in angiographic characteristics, but not in clinical events. However, the life-
tablee curves for revascularisation procedures diverge progressively after 2.5 years (Figure 
1).. After 4 years, there was a 29% lower rate of revascularisation in the group whose LDL-
CC level was lowered aggressively compared with the group receiving moderate treatment 
(6.5%% vs 9.2%, p=o.o3). These results did not meet the study criteria for clinical signifi-
cancee during the trial. However, after a further 3.5 years of extended follow-up, the trend 
inn favour of aggressive therapy reached statistical significance (p=o.ooo6).20 
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Figur ee 1 Cumulative life-table rates of revascularisation procedures in the Post-CABC trial according to study 
group. 19 9 

Thee Post-CABG study definitively demonstrates that an aggressive approach to lipid low-
eringg confers strong benefits in reducing atherosclerosis progression compared with a 
moderatee strategy. However, are the findings in saphenous vein grafts applicable to the 
nativee coronary circulation? The results of the Atorvastatin VErsus Revascularisation 
Treatmentss (AVERT) trial suggest that they are.21 In the AVERT study, patients with sta-
blee CHD were randomly assigned to receive medical therapy with atorvastatin 80 mg/day 
plusplus conventional treatment or angioplasty followed by usual care for 18 months. Atorva-
statinn therapy resulted in a 46% reduction in the mean LDL-C level compared with an 
18%% decrease for patients in the angioplasty/usual care group. Patients treated with ator-
vastatinn had fewer ischaemic events compared with those who had angioplasty (13% ver-
suss 21%, p=o.048) and a significantly greater time to first ischaemic event (p=o.027) 
(Figuree 2). It would therefore appear that an aggressive approach to lipid-lowering ther-
apyy is beneficial in patients with existing CHD. 

EFFICACYY IN PATIENT SUBGROUPS 

Thee benefits of statins for the management of elevated cholesterol levels are clear, but 
mostt of the trials to date have been conducted in middle-aged men. It is also important to 
lookk at the effects of statin treatment on other high-risk groups. 

PostmenopausalPostmenopausal women 

AFCAPS/TexCAPSS demonstrated a 46% reduction in major coronary events in postmen-
opausall  study patients (n=997) receiving lovastatin for primary prevention.4 However, 
becausee of their lower overall risk and normally elevated HDL-C, intensive lifestyle modi-
ficationn is the preferred primary prevention strategy in women with moderately elevated 
LDL-CC levels and no additional risk factors. 
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Figur ee 2 Cumulative incidence of first ischaemic events in the AVERT trial. 

Primaryy prevention with lipid-lowering therapy may not be required in women receiving 
oestrogenn replacement therapy, as oestrogen therapy itself has been associated with LDL-
CC reductions.22 However, to date, oestrogen replacement therapy, with or without adjunc-
tivee progesterone, has not been shown to prevent CHD. The HERS study, a randomised, 
placebo-controlled,, trial of hormone therapy (conjugated oestrogens/medroxyprogester-
one)) for the secondary prevention of recurrent CHD events in postmenopausal women, 
foundd that hormone therapy did not reduce the overall rate of CHD events, during an 
averagee follow-up of 4.1 years.23 Indeed, a pattern of early increase in the risk of CHD 
eventss was observed. 

Inn general, primary prevention lipid-lowering therapy is reserved for postmenopausal 
womenn with exceptionally high LDL-C levels or multiple other risk factors.7 However, 
postmenopausall  women with CHD may benefit from secondary prevention with a statin. 
Post-hoc,, subgroup analyses of CARE (n=576)24 and 4S (n=827) datAl showed reductions 
inn major coronary events of 43 to 56%,24 and 35%,: respectively, in this patient group. 

ElderlyElderly coronary heart disease patients 

Secondaryy prevention with a statin in elderly CHD patients (>6o years of age) is sup-
portedd by both the 4S and the CARE subanalyses. The 4S subanalysis of elderly CHD 
patientss (n=io3) showed significant reductions with statin therapy in major coronary 
eventss (-29%; p<o.oooi) and total mortality (-27%; p<o.oi).1 The CARE subanalysis 
(n=ic>75)) showed a 27% reduction in major coronary events (p<o.ooi).3 

DiabetesDiabetes mellitus patients 

Cardiovascularr disease is the leading cause of mortality in patients with type 2 diabetes. 
Amongg the many factors that are involved in the pathogenesis of atherosclerosis in dia-
beticc patients, dyslipidaemia plays a major role. It is characterized by an increase in trig-
lycerides,, a decrease in HDL-C and normal or mildly elevated LDL-C. According to the 
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Americann Diabetes Association, the optimal LDL-C level for an adult with diabetes is <2.6 
mmol/LL (<ioo mg/dL).25 When Hpid-lowering medication is indicated, the choice of drug 
mustt take into account the other lipid abnormalities that are often present and the need 
too maintain optimal glycaemic control. Statins are considered first-line drug therapy for 
diabeticc dyslipidaemia due to their LDL-C and triglyceride lowering efficacy, as demon-
stratedd in primary and secondary prevention trials, and absence of glycaemic effects.26 

Too date, efficacy in diabetic patients has been documented for all of the statins.27-31 

Post-hocc subgroup analyses of CARE (n=304)3 and 4S (n=202) data32 showed reductions 
inn major coronary events in statin-treated diabetic patients of 25% (p=o.o5) and 55% 
(p=o.oo2),, respectively. The 4S subanalysis also showed significant reductions in athero-
scleroticc events (-37%; p=o.02).32 

Adjuvantt bile acid binding resin therapy is recommended if the LDL-C goal is not 
reachedd with statin monotherapy.8 For combined hyperlipidaemia, atorvastatin 40 or 80 
mg/dayy or simvastatin 80 mg/day have been recommended.30 For severe hypertriglyceri-
daemia,, fibrates are recommended, provided nephropathy is absent.26 

UnstableUnstable coronary syndromes 

Thee majority of statin trials have excluded patients who had experienced recent unstable 
anginaa or acute myocardial infarction. However, it is within the early period after an acute 
coronaryy syndrome that patients experience the highest rate of death and recurrent 
ischaemicc events. The Myocardial Ischemia Reduction with Aggressive Cholesterol Low-
eringg (MIRACL) study was therefore undertaken to determine whether initiation of treat-
mentt with a statin immediately following an acute coronary syndrome can reduce the 
occurrencee of these early events.33 Following a coronary event, patients were randomized 
withinn 24-96 hours, to receive atorvastatin 80 mg/day or placebo plus usual care. Ator-
vastatinn treatment for 4 months significantly reduced the primary combined endpoint of 
death,, non-fatal acute myocardial infarction, cardiac arrest with resuscitation, or recur-
rentt symptomatic myocardial ischaemia (with objective evidence) requiring emergency 
rehospitalisation,, analysed by time to first event.33 

SAFETYY A N D TOLERABILIT Y 

Overall,, the statins are well tolerated with low drug withdrawal rates due to adverse events 
(<3%% difference from placebo).u-34 Simvastatin, pravastatin, and lovastatin have been 
usedd safely for >5 years,1'2,3-35 fluvastatin for >3 years,36 and atorvastatin for >2 years.34 

Adequatee long-term safety data for cerivastatin are not yet available. 
Rare,, but clinically important, side effects can include hepatotoxicity and myopathy.37 

Statinss should not be used in patients who have active hepatic disease and routine screen-
ingg for hepatotoxicity is recommended for patients receiving long-term HMG-CoA 
reductasee inhibitor therapy.37 Rarely, myopathy can develop into rhabdomyolysis. In gen-
eral,, patients taking statins should be told to report any unexplained muscle pain, tender-
nesss or weakness when using any HMG-CoA reductase inhibitor.37 

Mostt hypercholesterolaemk patients are middle-aged or older. Therefore, it is highly 
probablee that medication for one or more concomitant disorders will be required during 
long-termm cholesterol-lowering therapy. Statins have been used safely in patients treated 
concomitantlyy with commonly used antihypertensive drugs, including beta-blockers, diu-
retics,, calcium channel blockers and angiotensin converting enzyme inhibitors. However, 
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interactionss between HMG-CoA reductase inhibitors and immunosuppressive agents 
suchh as cyclosporine, systemic antifungal agents, and possibly, with erythromycin, have 
beenn observed (skeletal muscle toxicity and rhabdomyolysis have occasionally been 
reportedd when these agents were administered together).37 In warfarin-treated patients, 
pravastatin,, cerivastatin, or atorvastatin should be used, because these statins show no 
interactionn with warfarin. 

Combinationn therapy for hyperlipidaemia necessitates several additional safety con-
siderations.. Statin-fibrate or statin-niacin combinations should not be used routinely due 
too an increased risk of myopathy. In addition, if statins and resins are used together, the 
statinn should be administered i hour before or 4-6 hours after the resin.37 

COSTT EFFECTIVENESS 

Cost-efficacyy analyses using WOSCOPS38 and 4S39 data have shown that primary and sec-
ondaryy prevention therapy with a statin (simvastatin, pravastatin) is cost-effective in high-
riskk individuals with moderate hypercholesterolaemia. The calculated cost per life-year 
savedd with simvastatin therapy in 4S (<55oo) was within the range considered cost-effec-
tivee in many European countries, Australia and New Zealand.39 Furthermore, drug acqui-
sitionn costs were markedly offset by cost-savings gained from reduced hospitalisations for 
acutee cardiovascular events or revascularisation procedures during statin therapy.5-21 

WOSCOPSS data also showed that pravastatin primary prevention therapy was as cost-
effectivee as other common US cardiovascular disease prevention programmes, including 
smokingg cessation, and antihypertensive drug therapy.40 

AA prospective, US multicentre study has shown that treating to the target US LDL-C 
goall  with atorvastatin is more cost-effective than simvastatin, lovastatin, or fluvastatin, 
duee to fewer office visits (p<o.ooi), use of lower doses, and less adjuvant colestipol use 
(p<o.ooi).99 These comparisons, however, are based on US costs, and may not be entirely 
validd in other countries. Nonetheless, the data suggest the economic benefit of treatments 
thatt achieve the target LDL-C goal at the lowest dose and with littl e or no dosage titration. 

CONCLUSION S S 

Loweringg LDL-C levels to or below target levels recommended by US or European guide-
liness prevents coronary events. The statins are a highly effective, well tolerated class of 
drugg with potent LDL-C lowering effects. Statins may also reduce triglycerides in patients 
withh hypertriglyceridaemia and have been associated with a retardation of the progres-
sionn of atherosclerotic lesions. It is well established that statins reduce coronary morbid-
ityy and mortality in patients with and without CHD and prolong survival in patients with 
CHD.. Among the available statins, the LDL-C and triglyceride lowering ability may vary, 
butt safety and tolerability profiles are similar within approved dosage ranges. Given the 
weightt of evidence for the clinical and economic benefits of statin therapy in both pri-
maryy and secondary prevention of CHD, continued underutilisation is inappropriate and 
unjustifiable. . 
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