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ABSTRAC T T 

Feww things are better understood within the medical community than the relationship 
betweenn elevated total and low-density lipoprotein cholesterol (LDL-C) levels, cardiovas-
cularr disease, and death. There is consensus in the treatment guidelines of numerous 
nationall  and international bodies that cholesterol levels in at-risk patients should be 
reducedd to target levels that have been shown in population studies to be associated with 
loww rates of coronary heart disease (CHD). However, dyslipidemia continues to be under-
diagnosedd and undertreated. The 'landmark*  statin trials have demonstrated unequivo-
callyy that effective lipid-lowering therapy significantly decreases CHD morbidity and 
mortality.. Furthermore, these benefits of lipid-lowering therapy are not limited to middle-
agedd men, but extend across a broad range of patient populations. Recent trial data sug-
gestt that lowering LDL-C to target levels is possible in a substantial proportion of patients 
whenn statins are administered aggressively and results in a greater reduction in the risk 
off  major coronary events. This reduction in events is seen in patients with stable coronary 
diseasee as well as those treated immediately after an acute coronary syndrome. Although 
strongg clinical and angiographic evidence shows that intensive treatment prevents mor-
bidityy and saves lives, indications are that clinicians are still waiting too long to treat dys-
lipidemia.. Undertreatment of dyslipidemia is an issue that the healthcare community can 
noo longer ignore. 
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INTRODUCTION N 

Thee reduction of coronary heart disease (CHD) risk factors is a crucial public health 
endeavor.. In the majority of developed and developing countries, CHD is a leading cause 
off  death in adults and the elderly1. According to the most recent statistics from the Ame-
ricann Heart Association2, CHD is the single largest cause of death in males and females 
inn the United States. Every 29 seconds an American will suffer a coronary event, and 
aboutt every minute someone will die from one. 

Dataa from epidemiological studies have suggested that lower cholesterol levels, and 
levelss of low-density lipoprotein cholesterol (LDL-C) in particular, are associated with a 
lowerr overall risk of morbidity and mortality due to CHD3,4. Numerous clinical trials sup-
portt these epidemiological data5-6, and of these, studies with the HMG-CoA reductase 
inhibitors,, or statins, have shown the greatest lipid-lowering effects and benefits on mor-
bidityy and mortality7-11. Despite the benefits of lipid-lowering therapy in patients with 
CHDD or risk factors for CHD, underutilisation of effective lipid-lowering treatment is 
common12.. This paper examines the clinical evidence to support a persistent and inten-
sivee approach to the treatment of dyslipidemia, and the clinical and angiographic evi-
dencee that positions the HMG-CoA reductase inhibitors or statins as first line therapy. 

UNDERTREATMENT::  A COMMON PROBLEM 

Thee most recent recommendations of the European12 and US National Education Pro-
gramm (NCEP)13 guidelines advocate an LDL-C level of <ii5 mg/dL (3.0 mmol/L) in 
Europee and <ioo mg/dL (2.6 mmol/L) in the USA. However, evidence shows that drug 
therapyy for dyslipidemia is not as widely used as the guidelines recommend, even in 
high-riskk patient groups, the population identified as most likely to benefit from compre-
hensivee risk-factor management1415. The European Action on Secondary Prevention 
throughh Intervention to Reduce Events (EUROASPIRE) study demonstrated that patients 
whoo have already exhibited heart disease are inadequately managed in terms of control-
lingg modifiable risk factors such as elevated cholesterol levels14. A follow-up to this survey 
(EUROASPIREE II)16 was undertaken in 1999-2000 in the same countries and almost 
identicall  centers to see whether preventive cardiology had improved. The results of 
EUROASPIREE II have recently been published and demonstrate that there has been a 
failuree of medical practice in Europe to achieve the substantial potential for reducing the 
riskrisk of recurrent disease and death in patients with CHD. 

Riskk factor management also needs to be improved in patients hospitalized with acute 
myocardiall  infarction. A US study17 collected demographic, procedural, and medication 
dataa from 138 001 patients with acute myocardial infarction, discharged from 1470 hospi-
talss participating in the National Registry of Myocardial Infarction 3 from July 1998 to 
Junee 1999. Only 31.7% of patients were receiving lipid-lowering therapy at time of dis-
charge.. Among patients with a prior history of coronary artery disease (CAD), revascular-
ization,, or diabetes, less than half of the patients were discharged on treatment. 
Severall  other assessments have shown that in addition to not being treated to NCEP and 
Europeann target cholesterol levels, many CHD patients are not even receiving serum cho-
lesteroll  screening tests18. In a survey of 2,332 US physicians19, only 1 in 12 adults was 
reportedd to receive cholesterol screening annually, although an estimated 29% of people 
inn the USA have lipid disorders warranting drug therapy1320. 
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Numerouss clinical trials indicate that lowering total cholesterol or LDL-C levels substan-
tiallyy reduces the risk of morbidity and mortality due to CHD. Of these trials, those with 
thee statins have shown the greatest lipid-lowering effects. As a result, the most recent rec-
ommendationss of the Second Joint Task Force of European and other Societies on Coro-
naryy Prevention endorse cholesterol lowering as both a primary and secondary 
preventionn measure12. In the USA, similar levels are advocated by the NCEP13. 

BENEFITSS OF LIPID-LOWERIN G THERAPY 

Thee clinical justification for an aggressive and intense approach to diagnosing and treat-
ingg dyslipidemia has been provided by the results of a number of primary and secondary 
preventionn trials. 

PrimaryPrimary prevention trials 
Earlyy primary prevention trials with lipid-lowering agents such as the Lipid Research 
Clinicc Coronary Primary Prevention Trial (LRC-CPPT) with cholestyramine21, and the 
Helsinkii  Heart study22 with gemfibrozil demonstrated that the reduction in coronary 
eventss was linearly related to reductions in LDL-C. However, these trials achieved only 
modestt reductions in plasma LDL-C of 8-13%. Furthermore, although they showed a favo-
rablee effect on reduced CHD mortality and non-fatal coronary events, there was no reduc-
tionn in all-cause mortality. 

Theree have been two primary prevention trials with statins: the West of Scotland Cor-
onaryy Prevention Study (WOSCOPS) with pravastatin in men with moderately severe 
hypercholesterolemia8;; and the Air Force/Texas Coronary Atherosclerosis Prevention 
Studyy (AFCAPS/TexCAPS) with lovastatin in men and women with average total choles-
teroll  levels10. In the WOSCOPS study, 6595 hypercholesterolemic men without docu-
mentedd CHD were treated with pravastatin for over 5 years. The study demonstrated a 
decreasee of 31% in the incidence of non-fatal myocardial infarction, a 28% reduction in 
CHDD and, for the first time in primary prevention, a 22% reduction in all-cause mortality. 

Thee AFCAPS/TexCAPS study cohort of 6,605 m e n a na women without evidence of 
CADD is most representative of the general population. The cohort had average total cho-
lesteroll  (180-264 mg/dL) and LDL-C {130-190 mg/dL) levels and low HDL-C levels (<45 
mg/dLL for men, £47 mg/dL for women). They were treated with either lovastatin or pla-
ceboo for a mean of 5.2 years. Treatment reduced the combined incidence of fatal and non-
fatall  myocardial infarction, unstable angina, and sudden cardiac death by 37% (p<o.ooi). 
Thee risk for fatal and non-fatal heart attack was reduced by 40% (p<o.oo2), and the need 
forr coronary revascularization procedures was reduced by 33% (p = 0.01). Collectively, the 
resultss of WOSCOPS and AFCAPS/TexCAPS demonstrate that in individuals with mod-
eratelyy severe hypercholesterolemia, or those with 'average' total cholesterol levels and 
suppressedd HDL-C levels, statin therapy sufficient to reduce LDL-C by approximately 
25%,, significantly lessens the risk of fatal or non-fatal myocardial infarction and tends to 
prolongg survival. 

SecondarySecondary prevention trials 
AA large amount of data from landmark clinical studies has demonstrated that reduction 
inn LDL-C with statin therapy markedly diminishes the risk for CAD. These trials include 
thee Scandinavian Simvastatin Survival Study (4S)7, the Cholesterol and Recurrent Events 



DECLARIN GG WAR O N UNDERTREATMEN T 55 

(CARE)) study9, and the Long-Term Intervention with Pravastatin in Ischemic Disease 
(LIPID)) trial11. Coronary event rates and, in some cases, all-cause mortality decreased sig-
nificantlyy after about 5 years of statin therapy in patients at risk for CAD, and those who 
hadd CAD at baseline. Subgroup analyses of data from these trials show that this benefit is 
seenn in all patient groups: male and female23, older and younger patients24, diabetics and 
non-diabetics25,26,, and patients with and without myocardial revascularization27. Despite 
thee substantial clinical benefits observed in these landmark studies, many patients still 
failedd to achieve the LDL-C levels recommended in national and international guidelines. 
InIn these cases, aggressive lipid lowering may be required. For example, an individual 
withh a low to moderate cholesterol level of 140 mg/dL (3.6 mmol/L) will require a 29% 
reductionn in LDL-C to achieve the NCEP target of <ioo mg/dL (2.6 mmol/L). However, 
onlyy those lipid-lowering agents with the greatest potential for lowering LDL-C will be 
ablee to achieve this reduction at their starting dose (Table 1). Individuals with higher chol-
esteroll  levels will therefore require more aggressive lipid lowering. 

Tablee 1 Comparativ e LDL-C lowerin g efficac y of the statin s at the startin g dose 

Meann chang e fro m baselin e LDL-C (%) 

38 8 
28 8 
19 9 
30 0 
29 9 
17 7 

RECENTT TRIALS DEMONSTRATIN G THE BENEFITS OF ACCRESSIVE LIPI D LOWERING 

InIn the past, there has been some ambiguity regarding how low LDL-C should be reduced. 
Meta-analysess of early intervention trials in CHD patients revealed that the reduction in 
CHDD mortality and morbidity was approximately proportional to the degree of cholesterol 
reductionn achieved during the trial28-29. The LRC-CPPT trial21 showed that for each 1% 
decreasee in plasma cholesterol level, CHD incidence was reduced by 2%. Evidence from 
thee recent landmark trials with the statins is equivocal. 

AA recent post-hoc analysis of WO SCO PS data30, found no clear relationship between 
thee degree of LDL-C reduction and CHD risk reduction in patients with moderately ele-
vatedd total cholesterol (mean, 272 mg/dL [7 mmol/L]). This analysis found that the maxi-
mumm reduction in CHD risk (45%) was derived from a 24% reduction in LDL-C; no fur-
therr benefit was gained by greater LDL-C reductions. However, this analysis should be 
viewedd with caution, as WOSCOPS was not sufficiently powered to detect a correlation 
betweenn differences in incidence of CHD events and the percent of LDL-C reduction. In 
contrast,, 4S data showed that the greater the reduction in LDL-C, the greater the reduc-
tionn in CHD risk7. Post-hoc analysis showed that for each additional 1% reduction in total 
cholesteroll  and LDL-C, the risk of major coronary events (CHD death or nonfatal myocar-
diall  infarction) was estimated to be reduced by 1.9% and 1.7%, respectively31. Because 
theree were more major coronary events in 4S than in WOSCOPS, the 4S trial had suffi-
cientt statistical power to allow a more reliable post-hoc analysis. 

Atorvastati nn 10 mg 
Simvastati nn 10 mg 
Pravastati nn i o mg 
Cerivastati nn 0.3 mg 
Lovastati nn 20 mg 
Fluvastati nn 20 mg 
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Compellingg data therefore show that the risk of morbidity and mortality associated with 
CHDD decreases with reductions in cholesterol levels. The weight of current evidence sug-
gestss that patients may benefit even further if cholesterol levels are reduced beyond cur-
rentlyy recommended targets. 

Post-CABG Post-CABG 
Thee Post-Coronary Artery Bypass Graft (Post-CABG) clinical trial32 was the first rand-
omizedd study prospectively designed to answer the question of whether an aggressive 
approachh to cholesterol lowering was more effective than a moderate approach for reduc-
ingg atherosclerosis progression. This multi-center, double-blind trial evaluated 1,351 
patientss with a history of a previous CABG over 4 years. Patients were randomized to 
eitherr lovastatin 40-80 mg/day or lovastatin 2.5-5 mg/day with or without cholestyr-
amine.. The primary endpoint of the study was substantial progression of graft disease. 
Theree was a 31% reduction in the percentage of grafts per patient that showed substantial 
progressionn of disease when aggressive therapy was compared with moderate (p<o.ooi). 
Thee degree of LDL-C reduction in the aggressive treatment group was 37-40%, compared 
withh 13-15% in the moderate treatment group. 

Ass the Post-CABG trial was designed to detect treatment-related differences in angio-
graphicc characteristics it did not have the statistical power to detect differences in clinical 
eventsevents between the treatment arms. However, strong trends were seen and aggressive 
treatmentt decreased the need for revascularization by 29% in a 3-4 year monitoring pro-
gram.. The Post-CABG trial demonstrated that a mean LDL-C reduction to <ioo mg/dL 
(2.66 mmol/L) markedly reduced disease progression in vein grafts. This is consistent 
withh the recommendation of the National Cholesterol Education Program that LDL-C 
shouldd be reduced to <ioo mg/dL (2.6 mmol/L) in patients with CHD13. 

AVERT AVERT 
Thee Atorvastatin VErsus Revascularization Treatments (AVERT) trial33 has also shown 
significantt benefits on clinical events with aggressive lipid lowering. A total of 341 
patientss with stable CHD were randomly assigned to receive medical therapy with atorv-
astatinn 80 mg/day plus conventional treatment, or angioplasty followed by usual care. 
Comparedd with baseline, LDL-C fell 46% from 145 to 77 mg/dL with atorvastatin. This is 
welll  below the target LDL-C goals advocated by current European and US guidelines (115 
mg/dLL [3 mmol/L] and <ioo mg/dl [2.6 mmol/L], respectively). In the angioplasty/usual 
caree group, LDL-C fell 18% from 147 to 120 mg/dL. Patients treated with atorvastatin had 
fewerr ischemic events compared with those who had angioplasty (13% versus 21%, 
p=o.o48)) and a significantly greater time to first ischemic event (p=o.027). 

ASAP ASAP 
Dataa from prospective studies have shown that carotid intima-media thickness (IMT) as 
measuredd by quantitative B-mode ultrasound, is predictive of atherosclerotic disease and 
thee risk of future coronary events. As a result, the assessment of carotid IMT changes 
overr time has become an important tool in lipid-lowering intervention trials. Hetero-
zygouss familial hypercholesterolemia (FH) is an autosomal dominant disorder character-
izedd by highly elevated LDL-C levels and a severely increased risk of CAD. Carotid IMT is 
markedlyy higher in FH patients than among the general population; patients with FH are 
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thereforee considered an excellent model for assessing the effects of lipid-lowering inter-
ventionss on atherosclerosis. One such trial, The effects of Atorvastatin and Simvastatin 
onn Atherosclerosis Progression (ASAP)34 was designed to assess whetherr aggressive lipid 
loweringg with atorvastatin 80 mg/day can slow or reverse atherosclerosis progression 
moree effectively than moderate lipid lowering with simvastatin 40 mg/day. The primary 
efficacyy parameter was the change in carotid IMT. After 2 years of treatment, mean 
carotidd IMT showed significant regression in the atorvastatin group, but significant pro-
gressionn in the simvastatin group (Figure 1). The majority of this effect was seen within 1 
yearr and the change in IMT differed significantly between the two treatment groups 
(p=o.oooi).. ASAP therefore provides the first record of true regression in terms of IMT 
inn this population. During the course of the study, atorvastatin also provided significantly 
greaterr reductions than simvastatin in total cholesterol (42% vs 34%: p=o.oooi), LDL-C 
(51%% vs 41%: P=o.oooi) and triglycerides (29% vs 18%; p=o.oo2). HDL-C levels 
increasedd by approximately 13% in both treatment groups. Regression of carotid IMT was 
observedd in 106/160 (66%) and 69/165 (42%) of patients receiving atorvastatin and sim-
vastatin,, respectively. 

MIRACL MIRACL 
Furtherr evidence of the benefits of aggressive lipid lowering has been provided by the 
resultss of the Myocardial Ischemia Reduction with Aggressive Cholesterol Lowering 
(MIRACL)) study35. This trial has been designed to examine whether early and intensive 
reductionn in serum lipids with high-dose atorvastatin will stabilize plaques rapidly 
enoughh to reduce early recurrent ischemic events in patients who initially present with 
unstablee coronary syndromes. The randomized, double-blind trial compared atorvastatin 
800 mg/day with placebo in 3086 patients with unstable angina or non-Q-wave acute myo-
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cardiall  infarction. Treatment was initiated 24 to 96 hours after hospitalization and con-
tinuedd for 16 weeks. The primary combined endpoint was death, non-fatal acute 
myocardiall  infarction, resuscitated cardiac arrest, or worsening angina with new objective 
evidencee of ischemia requiring emergency rehospitalization. A primary endpoint 
occurredd in 228 (14.8%) patients in the atorvastatin group and 269 (17.4%) patients in 
thee placebo group (0.84, 95% CI=o.70-i.oo; p=o.o48). The greatest effect of atorvastatin 
wass on recurrent symptomatic ischemia requiring emergency rehospitalization (0.74, 
95%% CI-0.57-0.95; p=o.02). Death, non-fatal myocardial infarction, and cardiac arrest 
weree less frequent in the atorvastatin group than in the placebo group, but the differences 
weree not statistically significant. 

Off  the secondary endpoints, there were no significant differences between the groups 
inn terms of reducing the need for coronary artery bypass graft surgery or angioplasty, or 
reducingg the occurrence of congestive heart failure or hospitalization for worsening 
anginaa that did not meet the stringent criteria for ischemia. However, there were signifi-
cantt differences between the groups for the incidence of non-fatal stroke, which occurred 
inn nine patients in the atorvastatin group, compared with 22 patients in the placebo 
groupp (0.41, 95% CI-0.20-0.87; p=o.02). Fatal or non-fatal stroke occurred in 12 patients 
inn the atorvastatin group, compared with 24 patients in the placebo group (0.50, 95% 
CI-0.26-0.99;; p=o.45). 

Thee MIRACL study closes the gap between primary prevention studies and the sec-
ondaryondary prevention studies, which have focused on long-term event reduction in patients 
withh stable coronary disease. After an acute coronary event, patients experience a high 
ratee of serious complications including death, myocardial infarction and recurring unsta-
blee angina requiring intervention. The MIRACL study was undertaken to determine 
whetherr statin therapy, highly effective for reducing coronary events in patients with sta-
blee coronary disease, could also reduce the high incidence of events in the early unstable 
periodd after an acute coronary syndrome. MIRACL is the first study where Hpid-lowering 
therapyy was initiated during hospitalization to show an early reduction in the incidence of 
recurrentt ischemic events. It has demonstrated that intensive lipid lowering with atorvas-
tatinn reduces recurrent ischemic events in the first 16 weeks after an acute coronary syn-
drome.. Although based on a small number of events, atorvastatin also resulted in a sig-
nificantt reduction in the incidence of nonfatal stroke. 

http://CI-0.57-0.95
http://CI-0.20-0.87
http://CI-0.26-0.99
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CONCLUSIO N N 

Long-termm treatment with HMG-CoA reductase inhibitors is safe, well tolerated and is 
nott associated with an increase in non-cardiac mortality, or significant adverse events. 
Long-termm angiographic and clinical data provide strong support for the intensive treat-
mentt of dyslipidemia to achieve the LDL-C target goals set by the NCEP and European 
guidelines.. The results of recent, aggressive lipid-lowering trials suggest that this 
approachh is probably justified for secondary prevention in patients who have documented 
coronaryy disease (both stable and unstable) and for primary prevention in patients with a 
veryy high likelihood of coronary disease. Declaring victory in the war on undertreatment 
wil ll  require clinicians to consider using lipid-lowering agents that have the greatest 
potentiall  for lowering LDL-C and that are well tolerated and safe during long-term use. 
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