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Stellingenn behorend bij het proefschrift 

" D Y S L I P I D E M I A ;;  D I A G N O S I S A N D T R E A T M E N T " 

I .. Een verminderde ABCAi functie leidt tot een verdikking van het intima 
mediaa complex. Dit proefschrift. 

2.2. ABCAi is een uitstekend target om therapie te ontwikkelen om HDL-
cholesteroll  te verhogen en de kans op hart- en vaatziekten te verlagen. 
DitDit  proefschrift. 

3.. Met Young en Fielding: "...but predicting the consequences of ABC(A)i 
overexpressionn is not easy, as it might perturb plasma-membrane lipids 
andd adversely affect cell viability.""  Nature Genet. 22: 316-18(1999) zul je 
niett snel een oorlog winnen. 

4.. Hoewel uit klinische en angiografische studies blijkt dat intensieve 
behandelingg van lipidenstoornissen morbiditeit en mortaliteit 
vermindert,, wachten artsen te lang met de behandeling. Dit proefschrift. 

5.5. Nieuwe combinatie therapie van statines met selectieve cholesterol 
absorptieremmerss of MTP remmers lijk t veelbelovend. Dit proefschrift. 

6.. De behandeling van lipidenstoornissen staat in feite nog in de 
kinderschoenen. . 

7.. Het uit de handel nemen van een van de in dit proefschrift besproken 
geneesmiddelenn maakt duidelijk dat uiteindelijk veel in de wetenschap 
relatiefis. . 

8.. Herkenning van een erfelijke lipidenstoomis komt voor zover bekend de 
familiebandenn ten goede. 

9.. Volwassen drankjes worden steeds infantieler; het wachten is op de 
Roosviceee breezer. 

10.. Als je niets doet, betekent het niet dat je niets gedaan hebt. 
11.. Pizzakoeriers moeten verplicht worden een donorcodicil bij zich te 

dragen. . 
12.. Een deurknop aan het bureau in de spreekkamer zou wellicht het 

deurknopfenomeenn kunnen ondervangen. 
IJ.IJ. "Mi t Frauen soil man sich nie unterstehn zu scherzen." 

Mephistopheless Goethe, Faust I, V. 3160. 
14.. "Tegenwoordig krijg je overal wat van." Mbert Cuypmarkt, augustus 2000. 

Marjell  van Dam 
266 oktober 2001 
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Generall introduction 

Cardiovascularr disease (CVD), including coronary heart disease (CHD), stroke and 
peripherall  arterial disease, is the number one cause of death for adults in the western 
world.1,22 Although CHD mortality rates have fallen considerably over the past decades in 
somee industrialized countries due to improvements in medical care and the recognition 
andd approach of major risk factors, in many Central and Eastern European countries and 
developingg countries the incidence of CHD is increasing alarmingly.1 CVD is a multifac-
toriall  disease and control of multiple risk factors, such as hypercholesterolemia, hyper-
tension,, smoking, obesity and diet, is essential. This thesis focusses on disturbances of 
lipoproteinn metabolism and their diagnosis and therapy. 

Thee importance of both low-density lipoprotein cholesterol (LDL-C) and high-density 
lipoproteinn cholesterol (HDL-C) levels to identify individuals at increased risk of coronary 
heartt disease is now well established.3AS Data from observational cohort studies clearly 
demonstratee that both lipid parameters are important independent risk factors for future 
coronaryy events.6"9 Clinical guidelines for lipid screening and treatment have recognised 
thee importance of risk stratification based on LDL and HDL levels. Some even recom-
mendd using the total cholesterol/HDL ratio or the LDL/HDL ratio as a simple means to 
identifyy high-risk individuals.10 The ratio has repeatedly shown to be a strong, independ-
entt risk factor for coronary events and a significant improvement over either LDL or HDL 
levelss alone.8,1U2 

Gofman,, Barr and colleagues provided some of the earliest reports that high HDL lev-
elss were associated with a reduced risk of coronary events.1314 These observations were 
largelyy overlooked for over 25 years until Castelli and co-workers demonstrated the strong 
independentt association between LDL cholesterol, HDL cholesterol and coronary events 
inn the Cooperative Lipoprotein Phenotyping Study.6 This has also been confirmed by 
investigatorss at the Framingham Heart Study, the Lipid Research Clinics Study, the Pro-
spectivee Cardiovascular Munster Study and a score of smaller prospective cohort stud-
ies.7-8* 15 5 

Whilee increased levels LDL-cholesterol account for a significant proportion of coro-
naryy events, the burden of atherosclerosis attributable to low HDL-C levels may be as 
greatt of greater and is frequently under-appreciated. Among adults aged 30-74 without 
knownn cardiovascular disease, while approximately 23 % of men and 19% of women have 
LDL-CC levels of 4.13 mmol/1 or higher, 16% of men and 26% of women have high-risk 
HDL-CC levels (below 0.9 mmol/1 in men or 1.16 mmol/1 in women).16 

Overr the past two decades, numerous clinical trials have focused primarily on reduc-
ingg LDL-C levels and demonstrated convincingly that LDL reduction is associated with 
lowerr rates of coronary events.17"22 Most successful LDL interventions are also associated 
withh small but important changes in HDL-C. For instance, the NHLBI type II Coronary 
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Interventionn Study and the Lipid Research Clinic Primary Prevention Trial both observed 
smalll  changes in HDL-C with cholestyramine treatment that were important, indepen-
dentt predictors of benefit in the intervention arms of each study.23,24 In the Familial 
Atherosclerosiss Treatment Study (FATS), change in HDL-C was a stronger predictor of 
atherosclerosiss regression in the coronary arteries than changes in LDL-C25. More recent 
LDL-CC reduction studies using HMG-CoA reductase inhibitors (statins) have also demon-
stratedd that a small (i.e. <io%) increase in HDL-C is an important determinant of benefit 
inn most trials.26 Statin therapy may be particularly beneficial among individuals with low 
HDL-CC as demonstrated in the AFCAPS/TexCAPS and the Lipoprotein Coronary Athero-
sclerosiss Study (LCAS).20-27 The VA-HIT study has conclusively demonstrated that 
increasingg HDL-C, even in the absence of LDL-C changes, is associated with a reduction 
inn coronary events among patients with coronary disease and low HDL-C levels.28 This 
studyy is a landmark study for finally establishing that HDL-C is a modifiable risk factor 
independentt of LDL-C. What is often overlooked is the magnitude of the effect of raising 
HDL-CC in the VA-HIT study far surpassed the benefits of lowering LDL in the statin tri-
als.. A i% reduction in LDL-C has been shown to be associated with approximately a i% 
dropp in coronary events. However, the 6% increase in HDL-C in the VA-HIT study trans-
latedd into a 22% reduction in coronary events.29 

T H EE A I M AN D OUTLIN E OF THIS THESIS 

Thiss thesis describes novel approaches in the diagnosis and therapy of dyslipidemia. 
Firstly,, the diagnosis and assessment of genetic dyslipidemia comprises of a number of 
studiess performed in patients with mutations in the ATP Binding Cassette Al (ABCA1) 
gene.. In 1999 the molecular basis of Tangier disease, a rare lipid disorder characterised 
byy extremely low HDL-C, was discovered.30 We now report a patient with premature coro-
naryy disease and Tangier disease and the results of lipid-lowering therapy. Carriers of 
mutationss in the ABCA1 gene, ABCA1 heterozygotes, have a lower HDL-C compared to 
non-carriers.311 We also report that their age and cholesterol efflux affect their HDL-C 
levelss and incidence of coronary artery disease. Moreover, we can show that Intima-Media 
Thicknesss is increased in subjects with impaired ABCA1 driven cholesterol efflux, 
includingg atherosclerosis progression. This suggests that increasing efflux with safe and 
efficaciouss drugs can inhibit, or even reverse, atherosclerosis progression prior to the 
manifestationn of symptomatic disease. Secondly, we provide evidence for the benefits of a 
moree aggressive therapy of dyslipidemia. Statins have been extensively studied in the last 
decade,, mainly in the lower dosages, which is nowadays the standard for the treatment of 
hypercholesterolemia.. A relative newcomer to the statin arsenal, atorvastatin, is com-
paredd to milligram-equivalent doses of simvastatin and is also specifically studied in a 
cohortt of patients with dysbetalipoproteinemia and combined hyperlipidemia. 

Wee also assessed in a large cohort of hyperlipidemic patients the efficacy and tolera-
bilityy of fluvastatin in a titration dosage regimen and then compared simvastatin to 
fluvastatinn in a titrate-to-goal regimen in patients with moderate and high risk of cardio-
vascularr disease. 

Lastlyy we report on novel approaches to dyslipidemia, such as MTP (microsomal trig-
lyceridee transfer protein) inhibitors, plantsterols, fish oil and a novel statin. 
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88 PART I 

ABSTRAC T T 

Tangierr disease (TD) is a rare form of hereditary high-density lipoprotein (HDL)-choles-
teroll  deficiency. The genetic defect responsible for Tangier disease was recently identified 
andd proved to be a defective function of the ATP binding cassette Ai. This gene encodes a 
membrane-spanningg protein that is involved in the transport of cholesterol from cells. 
Clinicall  signs, resulting from the accumulation of cholesteryl esters, include enlarged yel-
loww tonsils, hepatosplenomegaly, peripheral neuropathy, and fatty deposits in the rectal 
mucosa.. A 38-year old man was referred to our Lipid Research Clinic after an acute 
myocardiall  infarction, and extensive coronary artery bypass grafting in conjunction with 
severee HDL deficiency (<o.io mmol/1). Full lipid and lipoprotein analysis showed low 
totall  cholesterol (2.30 mmol/1), very low low-density lipoprotein cholesterol (  1.39 
mmol/1),, and mildly elevated triglycerides (1.96 mmol/1). An extensive clinical work-up 
revealedd all characteristics of TD. Here, we discuss the clinical presentation and the 
responsee to lipid-lowering therapy in this TD patient. 
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INTRODUCTION N 

Decreasedd levels of high-density lipoprotein cholesterol (HDL-C), a condition known as 
hypoalphalipoproteinemia,, has been shown to be associated with an increased risk for 
coronaryy artery disease (CAD)1-2-3-4'5. Both genetic and environmental factors contribute 
too hypoalphalipoproteinemia. Conditions that lower HDL-C include liver disease, ciga-
rettee smoking, the use of thiazide diuretics, betablockers and anabolic steroids, as well as 
physicall  inactivity and increased body mass index. However, the magnitude of HDL-C 
reductionn associated with each of these secondary factors is limited6. Genetic factors are 
knownn to result in more pronounced reductions in HDL cholesterol levels as seen in 
patientss with apolipoprotein (Apo) AI gene defects and mutations in the ledthimcholes-
teroll  acyltransferase7,8. In addition, Tangier disease (TD), also a rare genetic disorder, is 
characterizedd by a near complete absence of HDL-C. 

TDD is described as an autosomal co-dominant or recessive lipid disorder, character-
izedd by extremely low plasma HDL-C and accumulation of cholesteryl esters (CE) in sev-
erall  tissues. Fredrickson et al. were the first to describe this disorder in 19 61 in two sib-
lingss from Tangier Island in the Chesapeake Bay in Virginia9. These patients presented 
withh a clinical syndrome, that included enlarged yellow tonsils, hepatosplenomegaly, and 
peripherall  neuropathy. So far TD has been diagnosed in over 50 patients worldwide10. 
Onlyy recently, the molecular basis of TD has only been discovered. Initially, linkage of the 
diseasee phenotype was reported to chromosome 9q3in and subsequently, three inde-
pendentt research groups simultaneously reported mutations in the gene encoding the 
ATPP binding cassette Al (ABCA1) transporter as the molecular defect in TD121314. 

Familiall  hypoalphalipoproteinemia (FHA) is a more frequent cause of isolated heredi-
taryy low HDL-C, where HDL levels are usually around half of normal15, i.e. between 0.4 
andd 0.7 mmol/1 for males and females respectively. On the basis of independent linkage 
andd meiotic recombinants, Brooks-Wilson and coworkers linked the FHA locus to the 
samee genomic region as the TD locus. Mutations in ABCA1 were detected in both TD 
andd FHA, indeed showing thatTD and FHA are allelic1216. This indicates that the protein 
encodedd by the ABCA1 gene has a strong influence on plasma HDL-C levels. 

Inn 1994, the index patient of the larger of the two Tangier kindreds (TD-i) was 
referredd to us after suffering from an acute myocardial infarction (MI) at age 38, and was 
subsequentlyy studied at our Lipid Research Clinic. 

CASEE DESCRIPTION 

AA 38-year old man was admitted because of sudden loss of consciousness during jogging 
hiss usual daily 5 kilometers. Without chest pain he suddenly lost consciousness with a 
circulatoryy and respiratory arrest. Bystanders started resuscitation within a few minutes. 
Onn arrival of the ambulance, ventricular fibrillation was detected and he was defibrillated 
twicee after which sinus rhythm and circulation were restored. The electrocardiogram 
(EKG)) at admission showed ST segment depression but no evidence of an acute MI. The 
clinicall  course during the first week was uneventful, while respiratory insufficiency 
resolvedd completely, and the patient could be extubated on the third day. He subsequently 
regainedd consciousness and recovered completely without brain damage. The creatine 
phosphokinasee was 280 U/l with a CPK-MB fraction of 38 U/l, consistent with minor 
myocardiall  injury. All other initial laboratory investigations revealed no abnormalities, 
exceptt for an aberrant lipid profile. The patient was discharged and underwent a full diag-
nosticc work-up. 
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CLINICA LL FINDINGS 

Att physical examination, we saw a healthy young man, 1.84 m, weight 79 kg, BMI 23.3. 
Pulsee was 100/ minute regular and blood pressure was 140/90 mmHg. After tonsillec-
tomyy in childhood, no changes in color were visible at the tonsil base, however biopsies of 
thee tonsil base did show accumulation of foamy histiocytes with lipid laden vacuoles (see 
beloww under 'histopathology'). In addition, we discovered splenomegaly and absence of 
thee pulsations of the arteriae tibiales posterior and arteriae dorsales pedis on both sides. 

CARDIOLOGICA LL FINDINGS 

Thee echocardiogram showed no abnormalities and left ventricular function was consid-
eredd normal with slight hypokinesis of a small part of the inferior wall. 

AA stress test was combined with Thallium imaging for myocardial perfusion during 
exercise;; the patient stopped because of fatigue. Maximal heart rate was 150 beats per 
minute,, and blood pressure rose from 120 to 160 mm Hg systolic. The EKG showed an 
increasee of the pre-existing ST-segment depression. Thallium imaging showed a per-
fusionn defect of the inferior wall with redistribution at rest, consistent with myocardial 
ischaemia,, however, no persistent perfusion defects were seen. 

Coronaryy angiography revealed an 80% stenosis in the proximal right coronary artery, 
whilee the left coronary artery showed extensive and diffuse atherosclerosis (figure 1). 

Figur ee 1 Coronary angiography with extensive and diffuse atherosclerosis in the left coronary artery 

Coronaryy bypass surgery was subsequently performed from which the patient recovered 
uneventful.. Interestingly, the cardiothoracic surgeon noted extensive atherosclerosis in 
bothh mammary arteries, a fact he had never seen before, and reverted to saphenous vein 
bypasss grafts, of which he performed 5. Now several years after the acute event, the 
patientt has no complaints of angina pectoris or arrhythmia. 
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GENERALL HISTORY 

Inn 1973, at age 17, this patient was referred to a neurologist because of weakness of his 
limbss and left shoulder. Neurogenic muscle atrophia was diagnosed as a subtype of Char-
cot-Marie-Toothh disease, a genetically heterogeneous group of hereditary motor and sen-
soryy polyneuropathies, which was not treated and his complaints persisted in a mild form 
withoutt obvious progression. The patient did not smoke, consumed less than 2 units of 
alcoholl  per day, was not obese, not hypertensive or diabetic, and followed a standard diet. 
Hiss family history indicated that the grandfathers died suddenly at the age of 45 and that 
hiss mother died acutely at the age of 44, as did one of her sisters. Unfortunately, no lipid 
dataa are available on any of these family members. 

LABORATOR YY FINDINGS 

ClinicalClinical  chemistry 
Bloodd was collected after overnight fasting. Routine hematology showed an abnormal low 
thrombocytee count (92 .io9/L), compatible with splenomegaly and hypersplenism. Rou-
tinee biochemistry was all within normal ranges, except for the lipid and lipoprotein meas-
urementss (see table 1). Total cholesterol (TC) was 2.30 mmol/1, almost a third of normal. 

Tablee 1 Lipi d and lipoprotei n levels in a patien t wit h Tangier diseas e and the effec t of 
lipid-lowerin gg therap y 

Noo therap y Atorvastati n 40mg 

1.40 0 
0.92 2 
0.10 0 
0.98 8 
0.01 1 
0.51 1 

Totall cholesterol, LDL-cholesterol, HDL-cholesterol and triglycerides are in mmol/l. Apolipoproteins are in g/L. Lp(a) 
iss in mg/dL HDL: high-density lipoprotein, LDL: low-density lipoprotein. Apo Al is apolipoprotein Al, Apo B is 
apolipoproteinn B100 and Lp{a) is lipoprotein (a). 

Low-densityy lipoprotein (LDL)-cholesterol as calculated by the Friedewald formul was also 
veryy low at approximately 1.39 mmol/117. HDL-C was less than 0.1 mmol/1 and triglycer-
idess (TG) were slightly elevated at 1.96 mmol/1. Apo AI was less than 0.25 g/1 and apo 
Biooo was relatively elevated (1.24 g/1) compared to the low plasma LDL-C level suggest-
ingg the presence of small-dense LDL-C particles. Lipoprotein (a) was not elevated and 
apoEE genotyping revealed an E3E3 genotype. Urinanalysis showed the absence of protein 
orr glucose. 

Histopathology Histopathology 
Lightt microscopic analysis of a biopsy of thee tonsil base and part of the rectum revealed 
similarlyy looking foamy histiocytes filled with small regular vacuoles, containing lipids as 
determinedd by Oil Red O staining (figure 2). 

Totall cholesterol 
LDL-C C 
HDL-C C 
Triglycerides s 
Apoo Al 
Apoo Bioo 
Lp(a) ) 

ApoEE genotyping 

2.30 0 
1.39 9 
<0.1 1 
1.96 6 
<0.1 1 
1.24 4 
<0.05 5 
E3E3 3 
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Figur ee 2 Section of rectum biopsy, (x 63) in the lamina propria abundant foamy macrophages with regular vacuoles. 

Electronn microscopy of the snap-frozen material of the rectum biopsy revealed that the 
macrophagess had an irregular and ill-defined surface. The cells were heavily laden with 
electronluscentt lipid deposits, which were not limited by membranes. The nuclei were 
indentedd by the lipid deposits (figure 3). 

Immunohistochemicall  observations showed that macrophages were present and 
stronglyy positive for KP1 (CD68) and negative for Mac 387. 

CholesterolCholesterol  efflux  analysis 

Fibroblastss were cultured from a skin biopsy and a cholesterol efflux assay was performed 
ass described previously15. Cholesterol efflux from skin fibroblasts from our patient was 
1.24%% (SD 2.48) while efflux data from normal controls generated values in the range of 
68-109%% (SD 3.2-9.5). 

LinkageLinkage  analysis  and DNA diagnosis 

Inn 1998, TD was reported to be linked to chromosomal region 9q3i-9 Brooks-Wilson and 
coworkerss performed genotyping in two TD families, including the family of our TD 
patient,, which resulted in the identification of mutations in the ABCA1 gene responsible 
forr TD12 Full sequence analysis revealed that our patient is heterozygous for two ABCA1 
mutations,, one in exon 30 predicting an amino acid substitution, Cys—>Arg at position 
1477,, and one in an intron-exon region, ivs25+iG—>C, likely causing a null allele due to 
prematuree truncation of the transcript.12 
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Figur ee 3 Electron micorscopy of rectum biopsy section (x 10.000): foamy histiocyte in rectal mucosa almost comple-
telyy filled with slightly angular or irregular lipid deposits. 

AdditionalAdditional examination 
Thee visual acuity of our patient was 20/15 in both eyes with a myopic correction while the 
corneall  epithelium was clear. A diffuse stromal clouding, more central than peripheral, 
wass observed in both corneas (figure 4). This clouding involved the deep layers in the 
centerr of the stroma. At the periphery (approximately the outer 2 mm) the cornea was 
completelyy clear. No arcus senilis or lipoides was present. A slight narrowing of the reti-
nall  arterioles and a slight retinal pigment mottling in the macular area was observed. 

Ultrasoundd examination revealed no hepatomegaly or focal liver pathology. The 
spleenn exhibited a length of 14 cm (upper limit of normal) in craniocaudal direction with 
aa homogeneous echo-pattern. 

Sigmoidoscopyy revealed brownish spotty discs with a normal overlying mucosa, a pat-
ternn that is often referred as an inverted 'starry sky'. No exudation or increased vulnerabil-
ityy was observed, and the spots were easy to distinguish from the more common melano-
siss coli (figure 5). 

THERAPY Y 

Ourr patient had severe generalized atherosclerosis and severely abnormal lipid values: 
absencee of HDL-C, very low TC, very low LDL-C, and mildly elevated TG. There were no 
secondaryy conditions present that can lower HDL-C such as acute illness, chronic disease 
orr prescribed drugs known to lower HDL-C. To date, there are no pharmacological com-
poundss available to normalize the severely decreased HDL-C although HMG-CoA reduc-
tasee inhibitors (statins) have been reported to slightly increase HDL-C levels. Over the 
pastt decade it has become evident that in patients with established coronary heart dis-
ease,, LDL-C should be lowered to prevent major coronary events18. In the landmark statin 
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Figur ee 4 Overview of the cornea showing fine opacities in all parts of the stroma. 

trials,, such as the Scandinavian Simvastatin Survival Study (4S), the West of Scotland 
Coronaryy Prevention Study (WOSCOPS) and the Cholesterol and Recurrent Events study 
(CARE),, subgroup analysis of those with low HDL-C levels demonstrated similar CHD 
riskk reductions compared with those with normal HDL-C levels19,20,21. 

Itt is obvious that in TD patients with established CHD and nearly absent HDL-C, it 
mayy be warranted to lower LDL-C even further than NCEP or European guidelines for 
secondaryy prevention. We decided to treat our patient with 4omg atorvastatin (results are 
shownn in table 1). This decision was also supported by the fact that our patient had 
slightlyy elevated TG levels, and elevated ApoBioo concentrations with respect to LDL-C 
levels,, conditions that suggest the presence of small dense LDL-particles. Atorvastatin has 
knownn efficacy towards both TG and small-dense LDL-C22. The lipid profile changed sig-
nificantlyy on atorvastatin use: TC was reduced from 2.30 to 1.40 mmol/1, LDL-C from 
1.399 to 0.92 mmol/1, TG levels were lowered from 1.96 to 0.98 mmol/1 but HDL-C 
appearedd unchanged. The most striking change was the reduction of ApoBioo levels 
fromm 1.24 to 0.51 g/1. This suggests a shift from small-dense to less atherogenic LDL-
particles23. . 

CONCLUSION S S 

Wee here describe a 38-year old man with severe generalized atherosclerotic vascular dis-
easee who was referred to our Lipid Research Clinic with extremely low HDL-C levels. 
Afterr extensive evaluation this patient was diagnosed with TD on the basis of the clinical 
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Figuree 5 Sigmoidoscopy with brownish spotty discs with a normal overlying mucosa. 

andd biochemical presentation. No gene was identified at the time of the initial investiga-
tion.. The classical symptoms of abnormal tonsils, hepatosplenomegaly, and peripheral 
neuropathyy caused by cholesterol ester deposition together with the classic laboratory 
findingss led us to the diagnosis of TD. In retrospect, it is our impression that the diagno-
siss Charcot-Marie-Tooth disease in the early seventies was not correct. Relapsing periph-
erall  neuropathy is present in over half of the patients with TD due to deposition of 
cholesteroll  ester in Schwann cells9. 

Finally,, therapy with atorvastatin resulted in a significant change in lipids and lipopro-
teins,, which we speculate to be beneficial. 
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ABSTRAC T T 

Wee and others have recently identified mutations in the ABCA1 gene as the underlying 
causee of Tangier disease (TD) and of a dominantly inherited form of hypoalphalipopro-
teinemiaa (FHA) associated with reduced cholesterol efflux. We have now identified 13 
ABCA11 mutations in 11 families (five TD, six FHA) and have examined the phenotypes of 
777 individuals heterozygous for mutations in the ABCA1 gene. ABCA1 heterozygotes 
havee decreased HDL- cholesterol(HDL-C) and increased triglycerides. Age is an impor-
tantt modifier of the phenotype in heterozygotes, with a higher proportion of heterozy-
gotess aged 30-70 years having HDL-C <5th percentile for age and sex compared to persons 
lesss than 30 years of age. Levels of cholesterol efflux are highly correlated with HDL-C 
levelss in heterozygotes, accounting for 82% of its variation. Each 8% change in ABCA1 
mediatedd efflux is predicted to be associated with a 0.1 mmol/L change in HDL-C. 
ABCA11 heterozygotes display a greater than three-fold increase in the frequency of coro-
naryy artery disease(CAD) with earlier onset than unaffected family members. CAD is 
moree frequent in heterozygotes with lower cholesterol efflux values. These data provide 
directt evidence that impairment of cholesterol efflux and consequently reverse choles-
teroll  transport is associated with reduced plasma HDL-C levels and increased risk of 
CAD. . 
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INTRODUCTION N 

Loww HDL-cholesterol (HDL-C) levels are an important risk factor for coronary artery dis-
easee (CAD). Epidemiological studies have shown strong inverse relationships between 
HDL-CC and CAD1, and although often seen in association with other lipid abnormalities, 
isolatedd low HDL is an independent risk factor for CAD23. 

Glomsett first proposed that the primary anti-atherogenic function of HDL might be 
relatedd to its key role in the transport of cholesterol from peripheral cells to the liver4. 
However,, until recently, littl e has been understood about the initial step of reverse choles-
teroll  transport, namely the removal of cholesterol from peripheral cells. In addition, there 
hass been no direct investigation of the relationship between efflux of cholesterol to 
plasmaa HDL-C levels and risk of CAD56. 

Tangierr disease (TD), originally described by Fredrickson et al. in 1961, is associated 
withh a near absence of HDL cholesterol and apoA-I, hepatosplenomegaly, neuropathy, 
andd marked cholesterol ester deposition within tissues7. Biochemically, TD is associated 
withh decreased cellular cholesterol and phospholipid efflux8,9. We and several others have 
recentlyy reported mutations in the ABCA1 (ABC1) gene as the underlying cause of 
TD'10"15'.. ABCA1 is a member of the large family of ATP binding cassette transporters, 
knownn to be involved in the energy dependent transport of a variety of substances16. We 
havee shown that familial hypoalphalipoproteinemia (FHA)17,18 with decreased cholesterol 
effluxx is allelic to TD10 and due to heterozygosity for mutations in the ABCA1 gene. 

Thee phenotype of heterozygosity for mutations in the ABCA1 gene has not been 
clearlyy defined. As many factors, both genetic and environmental, influence plasma 
HDL-CC levels and contribute to low HDL-C values, unambiguous identification of hetero-
zygotess for ABCA1 mutations has until now been impossible. Individuals from Tangier 
diseasee kindreds presumed to be heterozygous have shown a range of phenotypes, and 
muchh overlap with unaffected individuals has been noted19"21, possibly reflecting the fact 
thatt some individuals had been misclassified. Indeed, the inability to uniquely identify 
heterozygouss individuals created difficulty in mapping the gene for TD15. Studies in obli-
gatee heterozygotes have also been limited to small numbers22 often within a single 
family19,, and thus restricted in the ability to analyze the phenotypic expression with dif-
ferentt mutations, and over a range of ages. 

Wee have now identified a cohort of 77 individuals in whom heterozygosity has been 
definedd by mutation identification in the ABCA1 gene. For the first time it is now possi-
blee to characterize the phenotype in mutation-defined heterozygotes and to compare this 
too a large number of unaffected family members, thus controlling for other genetic and 
environmentall  factors. Furthermore, variation in ABCA1 activity as defined by levels of 
cholesteroll  efflux can be correlated with plasma HDL-C and risk of CAD. 

METHODS S 

IdentificationIdentification  of  subjects 
Subjectss heterozygous for mutations in the ABCA1 gene were individuals identified from 
thee seven TD and FHA families previously described10,23 In addition, heterozygous indi-
vidualss from three new Tangier disease families (TD3-5) and one new FHA kindred 
(FHA6)) were included. The second mutation has not been identified in one of the TD 
kindredss (TD4), however a marker immediately adjacent to ABCA1 cosegregates with the 
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loww HDL phenotype (data not shown). Individuals bearing the affected haplotype were 
consideredd heterozygotes. The presence or absence of mutations identified by genomic 
sequencingg of probands from each family was subsequently confirmed by restriction 
fragmentt length polymorphism (RFLP) assays, to define heterozygous and unaffected 
individuals,, respectively. 

Familiess with TD have been ascertained on the basis of the clinical features of TD, 
andd all heterozygotes available from each family were included. There has been no selec-
tionn on the basis of HDL-C levels or CAD status of these individuals. Two of the six FHA 
probandss (FHA2-301 and FHA3-301) were referred to the clinic on thee basis of CAD. The 
remainingg probands were identified solely on the basis of low HDL-C. Again, all hetero-
zygotess from the FHA families were included, with no selection for HDL-C or CAD. 

Ourr control cohort comprises unaffected members of the n families. These individu-
alss share a genetic background with the heterozygotes, and environmental factors are 
expectedd to be similar amongst family members. Thus, many additional factors that may 
influencee HDL-C are controlled for, and the phenotypic differences between heterozy-
gotess and unaffected individuals can be largely attributed to variation in ABCA1 gene 
activity. . 

Alll  subjects gave informed consent to their participation in this study, and the genetic 
analysiss protocol was approved by the Ethics committees of the University of British 
Columbia,, the Academic Medical Centre in Amsterdam and the Clinical Research Insti-
tutee of Montreal, as described elsewhere10-

LipidLipid  and cholesterol  efflux  measurements 

Lipidd levels in ABCA1 heterozygotes were measured as previously described10,23 at stan-
dardizedd lipid clinics in Vancouver, Montreal and Amsterdam. LDL cholesterol was calcu-
latedd by the method of Friedewald et al.24, modified to account for lipid measurements in 
mmol/L. . 

Cellularr cholesterol efflux from fibroblast cultures was measured as previously 
described10-23-- Briefly, fibroblast cultures were established from skin biopsies of subjects 
andd healthy controls. Efflux was measured over 24 hours in the presence of purified 
ApoAII  and was calculated as the percent of free cholesterol in the medium after incuba-
tion.. Each experiment was performed in triplicate wells and averaged. Measurements are 
reportedd as the percentage efflux in each subject relative to the average of two healthy 
controlss included as standards within the same experiment. Individual experiments were 
repeatedd at least twice, and the average relative efflux over all experiments was used. Note 
thatt the number of heterozygotes with efflux measurements is less than the number of 
mutations,, as not all TD families have efflux measured in heterozygous carriers of each 
mutation. . 

Statistics Statistics 

Inn analysis of the heterozygotes, differences in mean baseline demographics and lipid 
levelss between groups were compared by Student's t-test. Comparisons of frequency 
eitherr between the male/female ratio or of distributions across various percentile ranges 
weree made using the chi-square test. Analysis of potential interactions between affected 
statuss and either sex or body mass index (BMI) were performed using a general linear 
model.. Statistical analysis was performed using Prism (version 3.00, Graphpad Software 
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forr Science Inc., San Diego, California, USA) or Systat (version 8.0; SPSS Inc., Chicago, 
Illinois,, USA). All values are reported as mean + standard deviation (SD). 

RESULTS S 

ABCA1ABCA1  heterozygotes  have decreased  HDL-C and an increased  risk  far  CAD 
Ourr cohort comprised 77 individuals from 11 families identified as heterozygous for 
mutationss in the ABCA1 gene. A comparison of mean lipid levels in heterozygotes with 
meann levels in all available unaffected family members (n=i56) is presented in Table 1. 

Tablee 1 Characterizatio n of heterozygote s 

TDD Patient s Heterozygote s Unaffecte d p-valu e p-valu e 

Number r 
Agee (yrs) 
Range e 
m/f f 
TCC (mmol/L) 
TCC (mmol/L) 
HDLL (mmol/L) 
LDLL (mmol/L) 
ApoA-ll (g/L) 
ApoA-lll (g/L) 
ApoBB (g/L) 
CHD>20yrs s 
Oddss ratio 

(95%% CI) 
Agee of onset 

5 5 
43.4+9.0 0 
31-56 6 
3/2 2 
2.34+1.03 3 
1.95+0.97 7 
0.08+0.05 5 
1.37+1.02 2 
0.03+0.044 (3) 
0.10+0.088 (2) 
0.89+0.533 (2) 
20%% (1/5) 

38 8 

77A A 

42.5+19.6 6 
5-81 1 
33/44 4 
4.52+1.12 2 
1.66+1.59 9 
0.74+0.24 4 
3.03+0.99 9 
0.92+0.32 2 
0.35+0.08 8 
0.93+0.25 5 

(61) ) 
(46) ) 
(52) ) 

12.9%% (8/62) 

48.9+8.6 6 

famil y y 
member s s 

156A A 

39.9+21.0 0 
4-86 6 
82/74 4 
4.71+1.07 7 

1.20+1.03 3 
1.31+0.35 5 
2.84+0.87 7 
1.43+0.26 6 
0.39+0.08 8 
0.94+0.33 3 

(55) ) 
(43) ) 
(42) ) 

4 . 1 %% (5/122) 

60.4+12.8 8 

AA For TC, TC, LDL n = 76 for heterozygotes, 153 for unaffected family 

heterozygote s s 
vs.. unaffecte d 

0.35 5 

0.16 6 
0.23 3 
0.03 3 
<0.0001 1 
0.171 1 
<0.0001 1 
0.01 1 
0.88 8 
0.03 3 
3.47(1.08-11.09) ) 

0.08 8 

members s 

TDD patient s 
vs .. unaffecte d 

0.71 1 

0.74 4 
<0.0001 1 
0.11 1 
<0.0001 1 
0.0003 0.0003 
<0.0001 1 
<0.0001 1 
0.84 4 
0.10 0 
5.855 (0.55-62.4) 

Ass predicted, heterozygotes have an approximately 40-45% decrease in HDL-C and 
apoA-II  and a mild (approximately 10%) decrease in apoA-II compared to unaffected 
familyy members. Mean triglycerides (TG) were increased by approximately 40% in heter-
ozygotess compared with unaffected family members, and were further increased in 
patientss with TD. Unlike patients with TD, there is no significant decrease in either total 
cholesteroll  (TC) or LDL cholesterol in heterozygotes, and apoB levels were not different 
inn heterozygotes from controls. Mean HDL-C levels in carriers of each of the mutations 
weree similarly reduced by approximately 40-50% compared to unaffected family mem-
berss (Table 2). 

Wee further examined the heterozygote phenotype by calculating the percentage of 
individualss falling within a given range of age- and sex-specific percentiles25-26- Much var-
iabilityy in the heterozygote phenotype was evident. As shown in Figure 1, although a sig-
nificantlyy higher percentage of heterozygotes had HDL-C less than the 5th percentile for 
agee and sex compared to unaffected controls (65% vs. 5%, p<o.oooi), 5% of heterozy-
gotess had HDL-C greater than the 20th percentile, with HDL-C ranging up to the 31st 

percentilee for age and sex. Thus in some individuals clearly the phenotype is less severe. 
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Tablee 2 HDL-C by mutatio n 

Famil y y 

FHAi i 
FHA2 2 
FHA3 3 
FHA4 4 
FHA5 5 
FHA6 6 
TDi i 
TD4 4 

TD5 5 
TDi i 
TD2 2 
TD3 3 
TD4 4 

Mutatio n n 

Dell L 693 
R2144X X 
Dell E,D 1893,94 
R909X X 
M1091T T 
P2i5oL L 
ivs25+iG—>C C 
dell C 6825->2i45X 
CTC6952-4TT—«203X X 
C1477R R 

Q597R R 
T929I I 
unidentified d 

HDLL in 
hetero --
zygote s s 
meann  + SD (n) 

0.79+0.200 (8) 
0.56+0.233 (12) 
0.77+0.244 (8) 
0.59+0.266 (5) 
0.48+0.488 (4) 
0.61+0.077 (7) 
0.78+0.066 (4) 
0.91+0.10(2) ) 
0.80+0.200 (3) 
0.82+0.188 (9) 
0.82+0.077 (5) 
1.01+0.18(8) ) 
0.74+0.055 (2) 

HDLL in 
unaffecte d d 
famil y y 
member s s 
meann + SD (n) 

1.22+0.355 (11) 
1.07+0.222 (20) 
1.44+0.388 (9) 
1.04+0.37(9) ) 
1.37+0.433 (6) 
1.05(1) ) 
1.35+0.299 (70) 
1.00+0.055 (3) 
1.655 (1) 
1.35+0.299 (70) 
nonee available 
1.48+0.422 (26) 

1.00+0.055 (3) 

HDLL in 
hetero --
zygote s s 
% o f f 
unaffecte d d 

64.8 8 
52.3 3 
53.5 5 

56.5 5 
35.0 0 

58.1 1 
57.8 8 
91.0 0 
48.5 5 
60.7 7 

--
68.2 2 
73.5 5 

Agee and sex 
matche d d 

populatio n n 
median A A 

meann + SD 

1.39+0.08 8 
1.34+0.19 9 
1.30+0.17 7 
1.39+0.24 4 
1.56+0.05 5 
1.30+0.22 2 
1.22+0.22 2 
1.31+0.16 6 
1.39+0.19 9 
1.37+0.14 4 
1.39+0.17 7 

1.33+0.19 9 
1.49+0.09 9 

CADD in 
hetero --
zygote s s 

--
+ + 
+ + 
--
+ + 
+ + 
--
--
--
+ + 

--
--
+ + 

AA Calculated based on mean the age and sex specific 50th percentile levels in the LRC population 

AA broad distribution of triglyceride levels was also evident (Figure 1). A significantly lower 
percentagee of heterozygous individuals had TG below the 20th percentile for age and sex 
(p=o.03),, and a significantly larger percentage had TG greater than 80th percentile 
(p=o.oo5)) compared with unaffected family members, but substantial overlap between 
thee two distributions was seen. 

Anotherr important question is whether individuals heterozygous for ABCA1 muta-
tionss are at an increased risk of developing CAD. Studies on obligate TD heterozygotes 
havee reported conflicting findings19-22- In our large cohort, symptomatic vascular disease 
wass over three times as frequent in the adult heterozygotes as in unaffected family mem-
berss (Table 1). Interestingly, the presentation of vascular disease were generally more 
severee in the heterozygotes than their unaffected family members (Table 3). Heterozy-
gotess had myocardial infarctions (five, one fatal) and severe vascular disease requiring 
multiplee interventions, whereas in unaffected individuals, CAD was manifest as angina 
inn two cases and as a transient ischemic attack at the age of 80 in another. Furthermore, 
thee mean age of onset was on average a decade earlier in heterozygotes compared with 
unaffectedd controls (Table 1). 

CholesterolCholesterol  efflux,  HDL-C levels  and CAD 
Wee next sought to directly assess the relationship between cholesterol efflux levels, HDL-
CC and CAD. We have previously shown that individuals heterozygous for ABCA1 muta-
tionstions have decreased cholesterol efflux23; however, the extent to which variations in cho-
lesteroll  efflux are directly related to HDL-C levels is unknown. Relative cholesterol efflux 
inn individuals heterozygous for an ABCAi mutation was plotted against the mean HDL-C 
levelss observed in the carriers of that mutation, expressed as a percentage of the unaf-
fectedd members within that family (Figure 2). Efflux measures were not available in het-
erozygotess of some mutations from TD families in which efflux has only been measured 
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HDLL phenotype in ABC1 heterozygotes vs. unaffected 
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Figur ee 1 The percent of heterozygotes or unaffected family members with HDL and triglycerides (TG) within a given 
rangee of percentiles for age and sex, based on the Lipid Research Clinics criteria25 are shown. A broad 
distributionn of HDL levels was seen in the heterozygotes, extending up to the 31st percentile for age and sex. 
Theree is much overlap in the distribution of TG between heterozygotes and unaffected family members, 
althoughh a larger portion of heterozygotes have TG >8o percentile for age and sex. 

inn the TD probands. Cholesterol efflux levels associated with each mutation strongly pre-
dictt the corresponding HDL-C levels in our families, accounting for 82% of the variation 
inn HDL cholesterol (r2=o.82, p=o.oo5). Furthermore, in one large family (FHA2), where 
effluxx has been measured in three independent heterozygotes, an r2 value of 0.81 was 
obtainedd when individual plasma HDL-C levels were plotted against individual efflux 
measurements.. Using the regression equation of mean HDL-C levels in the heterozy-
gotess on the efflux level of the heterozygous carrier (p=o.02), we can estimate the rela-
tionshipp between expected changes in ABCA1 efflux activity and HDL-C levels. From this 
wee would predict that each 8% change in efflux levels would be associated with a 0.1 
mmol/LL change in HDL-C. 

Relativee cholesterol efflux levels are also related to CAD within the family. Families 
withh clearest evidence for premature CAD had individuals with the lowest cholesterol 
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Figur ee 2 Relativ e efflu x level s predic t HDL 
Averagee HDL in heterozygotes for each mutation (expressed as a percentage of mean HDL in the unaffected 
memberss of that family) are plotted against the efflux levels measured in a heterozygous carrier of each 
mutation.. Efflux levels are highly correlated with levels of HDL cholesterol and are associated with 82% of 
thee variation in HDL-C. 

effluxx (Table 2; Figure 2, boldface). These data suggest that the level of residual ABCA1 
functionn is a critical determinant of both HDL-C levels and risk of CAD. 

ABCAIABCAI mutation type and location do not influence the severity ofphenotype in 
heterozygousheterozygous individuals 
Wee have previously noted that the phenotypic presentation of our FHA heterozygotes was 
moree severe than that of our TD heterozygotes27, and we initially noted more deletions 
andd premature truncations of the protein in our FHA families than our TD families1023. 
Thus,, with our identification of several different ABCAi mutations, and as residual 
ABCAii  activity is an important predictor of severity of the phenotype, we sought to exam-
inee whether the nature of the mutation influenced the phenotypic expression of muta-
tionss in the ABCAi gene. Severe mutations were defined as deletions, those that caused 
prematuree truncation of the protein (frameshifts and nonsense mutations) or disrupted 
naturall  splicing of the protein, and would be expected to result in a nonfunctional allele. 
Missensee mutations, on the other hand, result in the change of only a single amino acid 
andd may result in a protein product that still retains partial activity. 

Lipidd levels were compared in heterozygous carriers of severe and missense muta-
tions.. Although there was a trend to decreased HDL-C levels in carriers of severe com-
paredd to missense mutations, this did not reach significance 6 vs. c1.7ctto.23; 
p== 0.18). A range of HDL-C levels in individual missense and severe mutations were 
observedd (Table 2). No significantdifferences in TG were evident between carriers of mis-
sensee and severe mutations 5 vs. 1.550.01; p=o.58). Interestingly, the M1091T 
missensee mutation is the most severe mutation both by effects on efflux and HDL-C 
levels,, with a more severe phenotype than even early truncations of the protein (e.g. 
R909X). . 

http://c1.7ctto.23
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Tablee 3 Coronar y arter y diseas e 

Individua l l 

TDD proband 
TDi i 
ABC! ABC! 

heterozygotes s 
TD4-201 1 
FHA5-215 5 
FHA5-303 3 
TD1-363 3 
FHA3-301 1 
FHA3-305 5 
FHA6-201 1 
FHA2-301 1 

Unaffecte dd famil y 

FHAs-212 2 
TD3-109 9 
FHA2-315 5 
TDi-205 5 
TDi-2i6 6 

Mutatio n n 

Ci477R,, ivs24+iG—»C 

unidentified d 
Miog iT T 
M1091T T 

D477R R 
Del(E.D)) 1893,94 
Del(E.D)) 1893,94 
P2150L L 
R2144X X 

member s s 

none e 
none e 
none e 
none e 
none e 

Exon n 

30,, intron 

--
22 2 
22 2 
30 0 
41 1 
41 1 
48 8 
48 8 

--
--
--
_ _ 
--

Diseas ee (age of onset ) 

255 CHD(38) 

Mll (<58) 
Mll (61) 
CHDD (<45) 
Mll (51) 
PVDD (<54) 
CHDD (44) 
CVAA (36), fatal Ml (58) 
CADD (42), PTCA 
angioplastyy {48) 

APP (62) 
TIAA (80) 
Mll (51) 
Mll (62) 

APP (47) 

(47),, femora 
CABC C 

Othe rr  risk  factor s 

--

--
--
--
--
smoker,, BMI 31.7 
ex-smoker r 

--
--

(<5o)) hypertensive 

_ _ 
diabetic c 
BMII 37 

--
--

Thee site of mutation (e.g. NH2-terminal or COOH-terminal) within the ABCA1 protein 
cudd not influence the phenotype (Figure 3). The presence of CAD is seen in carriers of 
mutationss in different domains of the protein. Patients with mutations on both alleles 
manifestt with splenomegaly alone or in association with CAD (TDi; data not shown). 
Thus,, the phenotype appears to be mutation specific, and most likely dependent on 
remainingg ABCA1 function of the wildtype allele and residual function of the mutant 
allele,, similar to what has been shown for mutations in ABCR, a close homologue of 
ABCA128. . 

TheThe phenotype  of  mutations  in  the ABCA1  gene is  modified  by age 

Onee factor influencing phenotypic expression that became apparent in our families was 
age.. This was first brought to our attention in two of the families initially investigated23. 
Inn family FHA3, although heterozygous individuals in older generations all had HDL-C 
levelss less than the fifth percentile for age and sex, those in the youngest generation had a 
muchh more variable phenotype, with HDL-C ranging up to the 20th percentile. In family 
FHA11 the same pattern was observed. 

Wee compared the distribution of individuals across HDL-C percentile ranges in those 
lesss than 30 versus those from 30 to less than 70 years of age (Figure 4). A significantly 
largerr percentage of individuals 30-70 years of age had HDL cholesterol less than the fifth 
percentilee than those less than 30 years. Mean HDL-C decreases in heterozygotes greater 
thann 30 years of age compared to those less than 30 years of age, whereas there is no sig-
nificantt change in unaffected controls (Table 4). Similar results are seen in males and 
femaless separately and are seen at both pre- and post-menopausal ages in women (Figure 
5).. TG increase with age in both heterozygotes and unaffected family members. 
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Figur ee 3 ABC1 Mutation s and CHD 
AA schematic diagram of the ABCAl protein, illustrating the location of mutations in the heterozygotes and 
thee presence of CAD in carriers of that mutation. The number of heterozygotes aged 40 years or greater that 
maymay be expected to have developed CAD is included. The number of unaffected family members greater than 
400 years old is 69. 
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Figur ee 4 HDL level s in ABC1 heteozygotes 
Thee percentage of individuals less than 30 years of age and from 30 to less than 70 years of age with HDL 
cholesteroll levels in a given percentile range are plotted. Younger individuals have a far broader distribution 
off HDL cholesterol levels, clearly indicating that the impact of ABCAl on HDL levels is influenced by age. 



ACEE AND RESIDUAL CHOLESTEROL EFFLUX AFFECT HDL CHOLESTEROL LEVELS 27 

Tablee 4 Mean HDL-C and TC by age in heterozygote s 

HDLL (mmol/L) 

<30 0 

>30 0 

Change e 

p-valuee <30 vs. 

TCC (mmol/L) 
<30 0 

>30 0 

Change e 

p-valuee <30 vs. 

>30 0 

>30 0 

Heterozygote s s 
mean+SDD (n) 

0.91+0.16(17) ) 

0.66+0.244 (52) 

-0.25 5 

0.0002 2 

1.07+0.96(16) ) 

1.84+1.79(52) ) 

+0.77 7 

0.03 3 

Unaffecte d d 
mean+SDD (n) 

1.26+0.29(51) ) 

1.32+0.36(90) ) 

+0.06 6 
0.23 3 

0.88+0.455 (51) 

1.36+1.24(87) ) 

+0.48 8 

0.001 1 

P-valu ee Heterozygote s 
vs .. Unaffecte d 

<0.0001 1 

<0.0001 1 

0.21 1 

0.26 6 

0.07 7 

0.97 7 

HDL-Candd TC in individuals less than 30 and from 30 to less than 70 years of age. 

AssessmentAssessment  of  the influences  of  sex and BMI on the phenotypic  expression  ofABCAl 

mutations mutations 

Femaless are known to have elevated HDL-C and decreased triglycerides compared to 
males26.. Thus, we sought to address whether the phenotype of ABCAi heterozygotes was 
influencedd by sex. HDL-C is significantly lower than unaffected controls in both hetero-
zygouss males and females (0.70+0.24 vs. 1.21+0.29, p<o.oooi; 0.76+0.25 vs. 1.41+0.38, 
p<o.oooi,, respectively). This was reflected in decreased apoAI (0.92+0.27 vs. 1.36+0.22, 
p<o.oooi;; 0.92+0.36 vs. 1.49+0.28, p<o.oooi in males and females, respectively), and a 
trendd toward a mild decrease in apoAII in both males and females compared to unaf--
fectedd family members (0.35+0.08 vs. 0.40+0.09, p=o.o8; 0.35+0.09 vs. 0.39+0.07, 
p=o.o6,, respectively). TG are higher in both male (2.07+2.16 vs. 1.30+1.30, p=o.o2) and 
femalee (1.34+0.86 vs. 1.09+0.63, p=o.o8) heterozygotes compared to unaffected family 
members.. Interestingly, the difference in HDL-C between males and females was 
reducedd in heterozygotes compared to controls (p=o,n), while the difference in TG was 
increasedd compared to controls (p=o.i3). 

Anotherr factor known to influence HDL-C and TG levels is BMI29. The entire cohort 
wass divided into tertiles of BMI, and the mean HDL-C and triglyceride levels of heterozy-
gotess and unaffected individuals by BMI tertile are shown in Figure 6. BMI had a signifi-
cantt effect on both HDL-C and TG in both heterozygotes and controls (p=0.0001). The 
effectt of BMI on HDL-C and TG was more severe in heterozygotes for ABCAI than in 
controls,, being evident at lower BMIs (mid-tertile) in heterozygotes. A raised BMI was 
moree obviously associated with changes in HDL-C and TG in heterozygotes compared to 
controls.. However, neither effect reached statistical significance. HDL-C was reduced in 
heterozygotess compared to controls in all BMI tertiles (p<0.0001 in each tertile). 
Althoughh TG were increased in all BMI tertiles in heterozygotes compared to unaffected 
familyy members, this difference was only significant in the middle BMI tertile (p=0.009). 
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Figur ee 5 Mean HDL-C in ABCA 1 heterozygou s men (A) and wome n (B) 
Thee mean HDL-C in heterozygous males and females(solid line) in io-year age groups (plotted at the half-
wayy point) are shown compared to the tenth percentile distribution in the Lipid Research Clinics population 
(dashedd line)25. Error bars represent the standard deviation of each mean. The number of individuals in 
eachh group is shown under each data point. Beyond the age of 30, mean HDL-C levels in heterozygotes fall 
muchh lower than the tenth percentile distribution, whereas at less than 30 years of age, mean HDL-C levels 
inn the heterozygotes more closely approximate the tenth percentile distribution. 

DISCUSSION N 

Thee reverse transport of cholesterol from peripheral cells to sites of catabolism, first 
describedd by Glomset and Norum4, has been hypothesized to be the primary mechanism 
wherebyy HDL-C is antiatherogenic. However, there has been littl e direct evidence that 
changess in this pathway are associated with changes in HDL-C levels and susceptibility to 
CAD30.. Specifically, there has been no direct evidence linking efflux of cholesterol from 
peripherall  cells, the initial step of the reverse cholesterol transport pathway, to CAD. 

Withh the identification of the ABCA1 protein as a key initiator of the efflux pathway, it 
hass now been possible to directly examine the relationship between efflux, HDL-C and 
CAD.. For the first time, we have been able to describe the phenotype in heterozygotes for 
differentt mutations in the ABCA1 gene in a large cohort where diagnosis has been made 
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Figur ee 6 Mean HDL and Triglyceride s by BMI tertil e 
Thee mean HDL-CandTG levels in heterozygotes and unaffected family members falling within each tertile of 
BMII are shown. The tertiles of BMI correspond to the following values: 1- BMI <2l.4; 2- 21-4<BMI<25.l; 
3-BMI>25.i. . 

byy mutation identification. Furthermore, we have been able to compare this to a cohort of 
unaffectedd family members, enabling us to control, at least in part, for other genetic and 
environmentall  influences. 

Here,, we have shown that ABCA1 heterozygotes have an approximate 50% decrease 
inn HDL-C and apoAI, and a mild but significant decrease in apoAII. In addition, hetero-
zygotess have increased TG, but in contrast to patients with TD, have no significant 
changee in total or LDL cholesterol. The changes in HDL-C, apoAI, and TG were gene-
dosee dependent, suggesting they are directly related to ABCA1 function. Furthermore, 
heterozygotess have a more than threefold increased risk of developing CAD, and younger 
averagee age of onset compared to unaffected individuals. Further, those heterozygotes 
withh most severe deficiency in efflux had a higher frequency and greater severity of CAD. 
Itt should be noted, however, that the absolute number of CAD cases is small and two of 
thee 62 adult heterozygotes were identified on the basis of their CAD. Thus additional 
studiess examining the extent of CAD in a randomly ascertained heterozygote population 
wil ll  be important to confirm these findings. 

Interestingly,, the severity of the phenotype observed in the heterozygotes appeared to 
bee mutation-dependent, but there was no obvious relationship between the site of muta-
tionn and the phenotype. There was a trend towards lower HDL-C in carriers of the severe 
mutations,, causing truncations or null alleles, compared to carriers of missense muta-
tions.tions. One notable exception is the M1091T missense mutation, which had the most 
severee phenotype, with marked reductions in HDL-C and efflux in affected family mem-
bers,, suggesting that this mutation may act in a dominant-negative fashion, downregula-
tingg the function of the wild-type allele. Another interesting finding is the small cluster of 
mutationss at the very COOH-terminal region of the protein, which suggests that this 
regionn must be critical to ABCA1 function. 

Thee severe HDL-C deficiency in ABCA1 heterozygotes suggests that residual choles-
teroll  efflux is the major determinant of HDL-C levels. While this manuscript was being 
preparedd for submission, a report has appeared, correlating efflux with HDL-C levies in a 
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smalll  number (n=9) of heterozygotes from one family31. Our results extend these find-
ingss to multiple populations, directly linking residual ABCA1 efflux activity to HDL-C lev-
elss and now also the risk of CAD. From the regression equation of mean HDL-C on 
efflux,, we would predict that each 8% increase in relative efflux is associated with a o.i 
mmol/LL increase in HDL-C levels. Alternatively, a 50% increase in ABCAl-mediated 
cholesteroll  efflux would be predicted to result in a 30% increase in HDL-C in a normal 
40-yearr old male. Although these numbers may not directly extrapolate to what is 
observedd in a general population where other genetic and environmental factors have not 
beenn controlled for, these data nonetheless suggest that relatively small changes in 
ABCA11 function may have a significant impact on plasma HDL-C levels. Furthermore, 
thee data presented here suggest that variations in efflux due to variations in ABCA1 func-
tionn directly reflect not only plasma HDL-C levels but also CAD susceptibility, thus pro-
vidingg direct validation of the reverse cholesterol transport hypothesis and validation of 
ABCA11 as a therapeutic target to raise HDL-C and protect against atherosclerosis. 

Wee have also shown that the phenotype in ABCA1 heterozygotes is age modulated. 
Beginningg at 20 years of age, there is a small but definite increase in HDL-C with advan-
cingg age that is obviously absent in the heterozygotes. One explanation for this finding is 
thatt there is normally an age-related increase in ABCA1 function, which is not seen in 
heterozygotes,, perhaps because the remaining functioning allele has already been maxi-
mallyy upregulated secondary to an increase in intracellular cholesterol. This would exag-
geratee the phenotype in older age groups. There is some evidence for an age-modulated 
increasee of the ABC transporters32- Further evidence of a potential age-related increase in 
ABCA11 function comes from the observation that the percentage of apoAI found in the 
prebll  subtraction of HDL, the predominant cholesterol acceptors, decreases with age 33, 
suggestingg increased formation of mature a-migrating HDL with age. Clearly, additional 
experimentss directly assessing the impact of age on ABCA1 function are needed to 
addresss this. 

Heree we have shown that heterozygotes for ABCA1 mutations have age modulated 
decreasess in HDL-C with significantly increased risk for CAD. Furthermore, this pheno-
typee was highly correlated with efflux, clearly demonstrating that impairment of reverse 
cholesteroll  transport is associated with decreased plasma HDL cholesterol and increased 
atherogenesis.. In conclusion, our data suggests that therapies designed to specifically 
increasee ABCA1 function should be associated with increased plasma HDL-C and protec-
tionn against atherosclerosis. 
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SUMMAR Y Y 

Background Background 
Individualss with decreased high-density lipoprotein cholesterol (HDL-C) present with 
sharplyy increased cardiovascular risk. HDL-C levels are directly related to cholesterol 
effluxx from cells, the first step and a key process in reverse cholesterol transport (RCT). 
Cholesteroll  efflux is mediated by the ATP-binding cassette AI transporter (ABCA1), a 
rate-limitingg step in the production of HDL. We aimed to assess the relationships 
betweenn cholesterol efflux, HDL-C and arterial wall changes in individuals with impaired 
ABCA11 function. 

Methods Methods 
Wee measured cholesterol efflux from skin fibroblasts, plasma HDL-C levels and intima-
mediaa thickness (IMT) of the carotid and femoral arteries by B-mode ultrasound in heter-
ozygotess for mutations in the gene for the ABCA1 transporter and in controls matched 
forr age, sex and ethnicity. 

Findings Findings 
ABCA11 heterozygotes exhibited a decrease in both cholesterol efflux and HDL-C levels 
andd increased IMT measurements (p=o.oo4). An IMT of 0.75 mm was reached by age 
555 in these ABCA1 heterozygotes instead of the usual age of 80 in unaffected controls 
(p<o.ooi),, indicating a much more rapid initiation and severity of preatherosclerotic arte-
riall  wall abnormalities. In addition, strong correlations were observed between HDL-C 
andd cholesterol efflux {R= 0.9; p= 0.001), HDL-C and IMT (R= -0.70; p= 0.01) and, 
strikingly,, cholesterol efflux and IMT (R= -0.60; p= 0.018). 

Interpretation Interpretation 
Thesee results reveal, for the first time, a direct relationship between ABCA1 driven cho-
lesteroll  efflux and arterial wall thickness and therefore suggest that increasing efflux 
couldd inhibit, or even reverse, atherosclerosis progression prior to the manifestation of 
symptomaticc cardiovascular disease. 



INCREASEDD ARTERIAL WALL THICKNESS CAUSED BY IMPAIRMENT IN ABCA1 CHOLESTEROL EFFLUX 35 

INTRODUCTION N 

Atheroscleroticc cardiovascular disease (CVD) the worldwide leading cause of death.1 Dis-
orderss of lipoprotein metabolism constitute a frequent cause for premature CVD, with 
decreasedd high-density lipoprotein cholesterol (HDL-C) values being the most frequent 
abnormality.2,33 One current theory to explain this relationship is that HDL mediates the 
fluxx of cholesterol from macrophage-derived foam cells in the arterial wall back to the 
liver,, where it is excreted into the bile, a process called reverse cholesterol transport 
(RCT).44 Evidence that definitely establishes the relationship between HDL, RCT and early 
atherogenesiss in humans has till now been unavailable.5 The elucidation of the molecular 
basiss of Tangier disease (TD) and familial HDL deficiency (FHD) has significantly 
changedd this situation.6-10 Both TD and FHD are characterized by a sharply increased 
riskrisk for premature CVD and the molecular defect for both disorders has proven to be 
mutationss in an ATP binding cassette transporter, ABCA1.6-10 

ABCA11 stimulates cholesterol and phospholipid efflux particularly to lipid free Apo 
AI,, the initial step in the formation of nascent HDL particles, and this discovery has pro-
videdd the scientific basis for establishment of the link between defective cholesterol 
efflux,, decreased HDL and defined coronary artery disease (CAD) endpoints. We have 
recentlyy provided further evidence of this relationship in a substantial number of differ-
entt ABCA1 deficient kindreds where we could show a sharp reduction of levels of HDL-C 
andd Apo AI and a more than threefold excess of CVD in individuals with ABCA1 muta-
tionss compared to unaffected family members.11 In addition, it became evident that varia-
tionn in ABCA1 function, as assessed by cholesterol efflux in a cellular assay, correlates 
significantlyy with HDL levels.11 However, in the previous study the number of CVD end-
pointss was small and might have been further complicated by selection bias as only 
patientss with established coronary endpoints were studied. 

Carotidd and femoral B-mode ultrasound intima-media thickness measurements are a 
validatedd surrogate marker for atherosclerosis.12 In cross-sectional and prospective stud-
iess IMT has emerged as a predictor of future CAD endpoints13-17 and is increasingly used 
too assess the effects of intervention strategies in cardiovascular disease.18 To explore the 
relationshipp between cholesterol efflux, HDL-C and early atherogenesis, we measured 
apoo AI and HDL-particle driven cholesterol efflux in skin fibroblasts and assessed carotid 
andd femoral arterial wall thickness in unselected ABCA1 heterozygotes and controls. 
Thesee individuals share their genetic background, and were not selected by a history of 
CAD. . 

METHODS S 

Subjects Subjects 
Exhaustivee efforts were made to find all available family members of four Dutch kindreds 
withh known mutations in the ABCA1 gene. Two index patients were described previ-
ously.6-99 No selection was made on the basis of HDL-C levels or CAD status of the partici--
pants.. The control cohort (N=III ) represented ethnically matched, normolipidemic, 
normotensivee persons free of clinical signs or symptoms of CVD, comprising 54 male 
andd 57 female subjects, with an age range of 11-76 years. All subjects gave their written 
informedd consent for participation in this study. The protocol was approved by both Insti-
tutionall  Review Boards of the University Hospitals of Amsterdam and Groningen. 
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LaboratoryLaboratory  analyses 

Genomicc DNA extraction was isolated from leucocytes used for mutation detection as 
previouslyy described.6-911 

Lipidd and lipoprotein levels in ABCA1 heterozygotes were measured as described pre-
viously.6-99 LDL-cholesterol was calculated by use of the Friedewald formula.20 Cellular 
cholesteroll  efflux from fibroblasts was measured as described previously.21 

B-modeB-mode  ultrasound  IMT measurements 

B-modee ultrasound images were acquired in a standardized fashion as reported previ-
ously.22,233 In short, images of three right and three left carotid and two right and two fem-
orall  arterial segments were acquired. An Acuson 128XP/10V ultrasound machine with a 
7MHzz linear array transducer and Extended Frequency software was used (Acuson Corp., 
Mountainview,, CA). Images were saved as JPEG still image files on the minidisk of a 
SONYY DKR-700P video still image recorder (SONY Corporation). Analyses were done 
off-line.. Image analysis software as described by Selzer et al.24and Stok et al.25 was used. 
Sonographerss and image analysts were unaware of the disease state of subjects. 

StatisticalStatistical  analyses 

IMT'ss of segments were combined to a per subject average. Student's t-test for unpaired 
dataa was used to compare ABCA1 heterozygotes and controls. Linear regression analysis 
wass used to evaluate the relation between IMT and efflux data. The relationships between 
IMTT and data were adjusted for age and smoking. The strength of the relationships was 
quantifiedd by (partial) correlation coefficients. A p-value <o.c»5 was considered sig-
nificant.. SPSS 10.0 (SPSS, Inc., Chicago, IL, USA.) statistical packages were used. 

RESULTS S 

SubjectsSubjects  and DNA analysis 

Ourr cohort consisted of 30 ABCA1 heterozygotes identified by active screening efforts in 
44 unrelated families (NL-oi4=TDi (N=8), NL-oi6=FHA5 (N-4), NL-020=FHA6 (N=c>) 
andd NL-027=TD3 (N=9). The ABCA1 mutations in NL-014 and NL-016 were previously 
describedd and consist of T4369C (C1477R) and T3212C (M1091T), respectively6,9. Fur-
thermore,, heterozygotes from two newly discovered FHD families were included; NL-
0200 had a C6844T (P2150L) mutation in the ABCA1 gene and NL-027 carried a C3181T 
(T929I)) mutation, respectively. All of the confirmed ABCA1 heterozygotes of the four 
kindredss were approached for IMT examination and consented to participation, except 
forr one subject who died earlier this year and four subjects who were living abroad. Of the 
totall  cohort of 30, the male/female distribution was equal, with an age range of 6-81 
years. . 

LaboratoryLaboratory  analyses 

Lipidss and lipoproteins of ABCi heterozygotes were characterized by decreased mean 
HDL-cholesteroll  levels (0.80(0.30) vs 1.40(0.40) mmol/1; p< 0.001) and slightly 
increasedd TG levels (1.50(0.10) vs 1.20(0.30) mmol/1; p=n.s.), as previously reported.11 

Controlss were normolipidemic (Table 1). 
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B-modeB-mode ultrasound and cholesterol efflux measurements 
Thee relationship between HDL-C and HDL particle driven efflux is illustrated in Figure 1. 

Meann IMT in ABCA1 heterozygotes was increased; o.73(o.22)mm versus 
o.63{o.i4)mmm in controls: AIMT=o.oo,6mm; p=o.oo4. The IMT increase with age was 
o.oo7o(o.ooi3)mmm per year in ABCA1 heterozygotes vs. o.oo47(o.ooo3)mm per year in 
controls:: p<o.oooi (Figure 2). From these estimates, it was calculated that heterozygotes 
forr the ABCA1 mutation reach an IMT of 0.75mm at age 55 years compared to age 80 in 
unaffectedd controls, indicating a much more rapid initiation and progression of athero-
genesis.. Since IMT is a validated surrogate marker for atherosclerosis, this extends our 
previouss findings of earlier onset of CAD in ABCA1 heterozygotes.11 Age, smoking and 
HDLL were all significantly correlated with IMT in both controls and heterozygotes. The 
correlationn coefficient between adjusted IMT and HDL-cholesterol was in heterozygotes 
-0.711 (p=o.oio). The correlation coefficient for the apoAI and HDL particle driven 
effluxess was R= -0.61 (p=o.03o) and R= -0.60 (p=o.oi8), respectively. The relationship 
betweenn IMT and HDL particle driven efflux is illustrated in Figure 3. 

DISCUSSION N 

Thee current study demonstrates that ABCA1 heterozygotes possess significantly larger 
meann IMT's than controls and therefore have increased arterial wall thickness. These 
individualss reach the upper limit of normal IMT of 0.75 mm at the age of 55 compared to 
80,, in controls. Even more striking, a strong correlation was observed between levels of 
cholesteroll  efflux in skin fibroblasts and mean arterial wall IMT's. These findings there-
foree unequivocally show that compromised ABCA1 activity leads to accelerated and early 
atherogenesiss and suggests that HDL mediated removal of excess cholesterol from the 
arteriall  wall would be associated with atheroprotection. 

Ourr data therefore provide a link for the sequence of events starting with cholesterol 
depositionn in macrophages in the arterial wall, followed by ineffective cholesterol efflux 
andd lack of protection against the LDL driven increase of the intima of the arterial wall. 

Currentt strategies to intervene in this process, including lipid lowering therapy, have 
failedd to produce results in at least half of the patients in large controlled trials.26 Pharma-
cologicall  modalities to specifically raise HDL-C are currently lacking, but could contri-
butee significantly to our intervention strategy.5 Our findings suggest that therapies 
designedd to promote cholesterol efflux, raise HDL and increase RCT may have a signifi-
cantt therapeutic benefit. It can be predicted from the steep correlations between efflux, 
HDLL levels and IMT that only small changes in efflux will have measurable impact on 
arteriall  wall thickness and therefore on CAD prevalence. It has been estimated that for 
everyy 0.026 mmol/1 increase in HDL-C, the risk for CAD would be reduced by 3.1-3.5%. 
27,288 Furthermore, we have predicted, using the regression equation of HDL-C and efflux, 
thatt a 50% increase in ABCA1 mediated cholesterol efflux would be predicted to result in 
aa 30% increase in HDL-C.11 
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Figuree 1 
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High-densityy lipoprotein cholesterol (HDL-C) and HDL-C efflux values are significantly correlated (R=0-9O, 
p=o.oi8). . 
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Figur ee 2 Estimated IMT increase with age in subjects with ABCAl-transporter gene mutations and unaffected 
asymptomaticc controls. IMT increase with age was 0.0070 {SE 0.0013) mm/year in ABCAl heterozygotes 
comparedd to o.oo47(SE 0.0003) mm/year in controls (p<o.oooi). Subjects heterozygous for the ABCAi 
mutationn reach an IMT of 0.75mm at age 55 years compared to age 80 in the unaffected controls. 
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Figur ee 3 The relation between IMT (adjusted for the major confounders age and smoking) and HDL particle driven 
effluxx exhibited a significant correlation (R=-o.6o; p=o.ol8). 

Mostt CAD patients have mildly depressed HDL-C levels, typically around 0.9 mmol/129. 
AA 30 % increase would translate into a 0.3 mmol/1 rise or to an additional 35 to 50% 

reductionn of CAD risk. 
Wee have shown a clear relationship between cholesterol efflux and arterial wall thick-

ness,, directly linking, for the first time in humans, ABCA1 function and the pathogenesis 
off  early presymptomatic atherosclerotic vascular disease. 
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ABSTRACT T 

AA DNA- and family based screening programme for Familial Hypercholesterolemia is 
ongoingg in the Netherlands since 1994. In order to assess the extent of treatment and 
therapyy compliance, a follow-up study was performed in patients by means of a question-
naire,, two years after the diagnosis was established. The overall percentage of treated 
patientss had risen from 37.6% at screening up to 92.5% two years later. During follow-up, 
6%% of all patients discontinued their medication and 12% of untreated patients never 
startedd medication for various reasons, but unfortunately in the majority of cases as 
advisedd by their own physicians. The mean reduction in LDL-cholesterol levels in previ-
ouslyy untreated patients was 30%, while for those already on treatment, an additional 
reductionn of 12% was obtained in the course of the programme. The results of our survey 
indicatee that the vast majority of patients was on treatment two years after identification 
andd had a positive attitude towards the screening programme. 

However,, the reduction of cholesterol levels was up to par with nationally and interna-
tionallyy accepted goals of treatment. This underscores the fact that additional education is 
requiredd to improve the treatment of individuals with Familial Hypercholesterolemia. 
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INTRODUCTION N 

Familiall  Hypercholesterolemia (FH) constitutes a common inherited disorder of lipopro-
teinn metabolism with a prevalence of 1 in 400 to 500 persons in Western Societies. The 
majorr risk conferred by F H is due to pronounced atherosclerosis leading to premature 
cardiovascularr disease (CVD) and untimely death.1 With the introduction of 3-hydroxy-3-
methylglutaryll  coenzyme A reductase inhibitors (statins), effective treatment for FH 
patientss has become feasible.2,3 Recently, it became evident that aggressive reduction of 
low-densityy lipoprotein (LDL) cholesterol levels in these patients can even lead to true 
regressionn of arterial wall abnormalities and that such a treatment is well tolerated and 
safe.44 The identification and subsequent treatment of FH patients has therefore become 
ann important task in the prevention of CVD. 

Inn 1994, a nation-wide screening programme for the identification of individuals with 
FHH has been instituted in the Netherlands.5 The aim of this programme is to identify FH 
patientss in the presymptomatic stage of the disorder, in order to offer them prophylactic 
therapy.. The approach followed consisted of genealogical studies combined with DNA 
diagnosticc testing in family members of patients with a proven mutation in the LDL-
receptorr gene. As we reported earlier, at the time of examination approximately one third 
off  adult FH patients were receiving some form of cholesterol-lowering treatment, 
whereass one year later this percentage had risen considerably.5 

Thee attainment of low LDL plasma levels often requires high dose or combination 
drugg therapy, which may be limited by poor tolerance.6 In patients with FH lifelong treat-
mentt with lipid lowering drugs is indicated. Therefore long-term appraisal of therapeutic 
goalss is warranted to provide a more accurate assessment of the effectiveness of the pro-
gramme.. We therefore performed a large-scale follow-up study two years after the diagno-
siss FH had been established. 

METHODS S 

ParticipantsParticipants  and inclusion  criteria 

Consecutivee participants of the programme, in whom a DNA diagnosis of FH was estab-
lished,lished, were eligible for the follow-up study two years after screening. Carriers younger 
thann 18 years at screening were excluded since drug therapy in this age groupp is currently 
nott established. Consenting participants received a letter explaining the purpose of the 
studyy and a questionnaire. In case of non-response a reminder was sent within one 
month.. If necessary, we sought to contact the participant through their relatives by tele-
phone. . 

TheThe questionnaire 

Thee questionnaire contained questions about type of treatment, diet, life style, adverse 
effectss of medication and in case therapy had not been initiated or had been discontin-
ued,, what the reason was. In addition, the opinion and perceived value of the screening 
programmee were assessed. The questionnaires had a specific numbered code and could 
bee returned anonymously. 
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TheThe screening programme 
Thee programme was executed as described previously.5 Briefly: at a Lipid Clinic, part of 
nation-widee network, patients were diagnosed with FH on clinical grounds, according to 
aa uniform diagnostic protocol.7 DNA samples were analysed for the presence of a LDL-
receptorr gene mutation. Once a functional mutation had been identified in such a 
patient,, this patient was referred to as an index case. Subsequently, first and second-
degreee relatives of the index patient were actively contacted and tested fort he mutation 
presentt in the index case. 

LaboratoryLaboratory methods 
Afterr an overnight fast, blood samples were obtained in EDTA-Vacutainers and concen-
trationss of plasma total cholesterol, HDL-cholesterol and triglycerides were measured 
usingg commercially available methods (Boehringer Mannheim, Mannheim, Germany). 
LDL-cholesteroll  concentrations were calculated by the Friedewald formula only when 
triglyceridee concentrations were below 4.5 mmol/1.8 Genomic DNA was isolated from the 
leukocytee fraction of 10 ml blood, followed by DNA testing using the polymerase chain 
reactionn (PCR) technique and restriction enzyme analysis as described previously.9 

StatisticalStatistical  analysis 

Alll  data were analysed using SPSS software (version 9.0, SPSS, Chicago, USA). Differ-
encess between baseline and two years plasma lipid and lipoprotein levels were tested 
usingg a paired Student's t-test. 

RESULTS S 

Participation Participation 

InIn the period between January 1994 and January 1998, 896 consecutive individuals {487 
women,, 409 men) were identified as carriers of a FH causing mutation. Of these, 761 
weree older than 18 years. Nine (1.1%) did not consent and 5 (0.7%) were lost to follow-up. 
Completee two-year follow-up was therefore obtained in 747 (98.2%) FH patients (415 
womenn and 332 men). 

EffectEffect  on therapeutic  status 

Inn figure 1 an overview is given of the therapeutic status of the 747 FH patients with com-
pletee follow-up after DNA diagnosis. At screening, 281 (37.6%) of the patients were 
alreadyy receiving cholesterol lowering medication. This percentage had risen to 92.5% 
afterr one year, but subsequently 14 F H carriers died and another 47 discontinued their 
medication.. The proportion of patients on lipid lowering treatment, two-years after diag-
nosis,, declined to 86.0% (630 out of the still living 733). The 47 patients discontinued the 
cholesteroll  lowering medication because of disinterest and own choice (29.8%), adverse 
effectss (14.9%), doctor's advice (34%), pregnancy (wish) or breast feeding (17.0%) and 
whilee 2 patients stopped for unknown reasons (4.3%). 

Att screening 466 (62.4%) patients were not receiving any cholesterol lowering treat-
ment,, but 56 patients (7.5%) never were initiated on medication because of. Reasons for 
thiss were: own choice and disinterest {26.8%), not necessary according to primary care 
physiciann (58.9%), pregnancy (wish) (7.1%) or unknown reasons {7.1%). 
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Totall number 
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NOT T 
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cholesterol l 
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follow-up p 
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Ownn choice 
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Other r 
88 (14.3%) 

Figur ee 1 Medication status of 747 FH patients after identification by DNA diagnosis 

Patientss who were still on medication after two years received their prescription from 
theirr general practitioner (41%), internist (37%) or cardiologist (21%). 

EffectEffect on plasma lipid and lipoproteins 
Inn the initial years of the programme, DNA testing was combined with a lipid and lipo-
proteinn measurement, which was discontinued in the years thereafter. In Table 1 mean 
levelss of total-, LDL-, HDL-cholesterol and triglycerides at screening and follow up, of 183 
FHH patients untreated at the time of screening, are presented. Mean total-, LDL-choles-
teroll  and triglyceride levels fell by 23%, 30% and 9% respectively while HDL-cholesterol 
increasedd by 6%. All these changes were statistically significant (p< 0.0001). Addition-
ally,, Table 1 shows the mean levels of total-, LDL -and HDL cholesterol and triglycerides of 
1188 FH patients that were on cholesterol lowering treatment at time of screening and had 
continuedd medication during two years. The levels of total- and LDL-cholesterol and trig-
lyceridess decreased by an additional 8%, 12% and 6%, respectively, whereas HDL-choles-
teroll  increased by 3%. All changes were statistically significant (p< 0.0001). 

OpinionOpinion of the participants 
AA total of 624 FH patients (85%) reported a positive attitude towards the screening pro-
gramme,, 95 (13%) expressed a neutral opinion and 14 (2%) communicated a negative 
opinionn and regretted the DNA testing. 

DISCUSSION N 

FHH represents the ideal paradigm for genetic testing, since effective medication for treat-
mentt of the disorder is widely available and effective therapy for FH can be easily 
assessedd by measurement of lipoprotein levels and possibly by non-invasive imaging of 
thee thickness of the intima-media complex of the carotid arteries.4 
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Tablee 1 Lipoprotei n levels at screenin g and two years later in FH patient s WITH and 
WITHOUTT cholestero l lowerin g medicatio n at the tim e of diagnosi s 

Receivin gg n at screenin g 2 years after % p-value * 
cholestero ll  (  s.d . in screenin g chang e 
lowerin gg mmol/l ) (  s.d . in mmol/l ) 
medicatio nn at 
screenin g g 

183 3 

118 8 

totall cholesterol 
triglycerides s 
HDLL cholesterol 
LDLL cholesterol 

totall cholesterol 
triglycerides s 
HDLL cholesterol 
LDLL cholesterol 

7.711 0 

1.877 9 
1.155 9 
5.677 7 

7.011 7 
1.911 4 
1.166 2 
5.066 5 

5.977 5 
1.700 9 
1.222 0 
3.966 7 

6.455 4 
1.788 2 
1.199 8 
4.533 6 

-22 .6 6 
-9 .1 1 
++ 6.1 
-30 .2 2 

- 8 . 0 0 
- 6 . 8 8 
++ 2.6 
-12 .2 2 

<< 0.0001 
<< 0.0001 
<< 0.0001 
<< 0.0001 

<< 0.0001 
<< 0.0001 
<< 0.0001 
<< 0.0001 

* :: p-value was calculated using a paired Student t-test. n: number of patients, s.d.: standard deviation. LDL: low 
densityy lipoprotein. HDL: high density lipoprotein. To convert lipoprotein levels from mmol/ l to mg/dl , multiply by 
38.66 for cholesterol and by 88.5 for triglycerides. 

FHH patients have a high risk for the development of cardiovascular disease at a relative 
youngg age. A risk that can be reduced by the timely institution of effective drug therapy. 
Stilll  many FH patients suffer from underdiagnosis and lack the appropriate risk reducing 
therapy.1011122 We recently proved that a DNA based screening programme was highly 
effectivee in identifying patients with FH.5 Our current findings extend these observations 
andd demonstrate that long-term adherence too therapeutic intervention is feasible and that 
aa sharp reduction in cholesterol plasma levels was achieved. 

Ourr study showed that following identification through screening, the percentage of 
FHH carriers treated with cholesterol lowering medication exhibited a striking increase 
fromm 38% to 93% after 2 years. Accordingly, total and LDL cholesterol and triglyceride lev-
elss decreased and HDL cholesterol increased significantly, both in the previously 
untreatedd group of FH carriers, as well as in those who were already receiving cholesterol 
loweringg medication at the time of screening. These changes are likely to result in an 
importantt decrease of CVD risk. Various studies have demonstrated that a 1% reduction 
off  LDL cholesterol will lead to a decrease in CVD incidence of 1 to i.7%.l ï14 Mean base-
linee LDL-cholesterol levels were 5.67 mmol/l, but fell to 3.96 mmol/l after two years, 
whichh represents a reduction of 35.4%. Therapeutic goals in these patients include a 
reductionn of LDL-cholesterol concentrations to less than 3.5 mmol/l for primary preven-
tionn according to the European guidelines.1516 It is therefore evident that efforts should 
bee directed towards more vigorous reduction of LDL-cholesterol levels in these FH 
patients. . 

Evenn in FH carriers already receiving cholesterol-lowering treatment, significant 
effectss on plasma lipoproteins were observed after identification by DNA-testing. Mean 
LDL-cholesteroll  levels at the time of screening (5.06 mmol/l) indicated that these 
patientss were severely undertreated. After two years these levels fell significantly to 4.53 
mmol/l,, but still did not reach the treatment target levels of 3.5 mmol/l or lower. 
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Thee psychosocial consequences and the unavoidable breach of privacy caused by active 
geneticc screening are widely discussed and often with a negative connotation. However 
studiess in families at risk for Huntington's disease or hereditary breast cancer have, as 
yet,, shown littl e evidence of significant psychological suffering as a result of genetic test-
ing.177 It is noteworthy that in the present study, under anonymous conditions, a high per-
centagee of FH carriers (85%) had a positive attitude, whereas only 2% expressed a 
negativee experience with the programme. Data on the percentage of participants that 
regrettedd predictive testing afterwards, except for the MEN-2 syndrome (5%) and for 
cysticc fibrosis (10-12%), is sparse but do no seem to indicate major dissatisfaction.18"20 

Recently,, Marteau and Lerman reported that behavioural change after identification of 
aa genetic risk was difficult to achive.21 In contrast, the results of our survey, such as the 
significantt increase in treatment levels and the overall positive attitude towards the 
screeningg programme, do not support their findings. Indeed, 103 of 733 patients {14%) 
stilll  living at the time of the follow-up study, discontinued or never initiated medication, 
butt the decision to do so was mainly based on general disinterest or on advice of the treat-
ingg physician. This indicates that for this relatively small group of patients and their treat-
ingg physicians additional education is required. 
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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. 



DECLARIN GG WAR O N UNDERTREATMENT 53 

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 
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(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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Chargee in intima media thickness (IMT) in the different segments of the carotid artery after 2 years of 
treatmentt with simvastatin 40 mg or atorvastatin 80 mg.3 4 CCA, common carotid artery. BUL, carotid 
bifurcation.. ICA, internal carotid artery. 

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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ADDITIONA LL EFFICACY OF MILLIGRAM-EQUIVALEN T DOSES OF ATORVASTATI N OVER 

SIMVASTATI NN - A SWITCH STUDY 

Background Background 

Elevatedd LDL-cholesterol (LDL-C) plays a pivotal role in the development of atherosclero-
siss and constitutes a conditional risk factor for subsequent coronary heart disease (CHD). 
Thiss single-blind multicenter study in a large cohort of hypercholesterolemic patients 
withh or without CHD, was designed to evaluate the additional LDL-C lowering effect of 
atorvastatinn over milligram-equivalent doses of simvastatin. 

MethodsMethods  and Results 

3788 patients treated with either simvastatin 20 or 40 mg, with baseline LDL-C values > 
2.66 mmol/1 were randomized to 4 groups: patients on 20 mg simvastatin were rand-
omizedd to either simvastatin 20 mg (n=i29) or atorvastatin 20 mg (n=i24) and patients 
onn 40 mg simvastatin were randomized to simvastatin 40 mg (11=64) o r atorvastatin 40 
mgg (n=6i). The investigator was blinded for study medication during the 8 weeks treat-
mentt phase, the patient not. Lipid profiles were measured at screening, randomization 
andd at study completion. The primary efficacy parameter was the relative change in LDL-
CC concentration within and between groups. Statistical significance was assessed with 
analysiss of variance. No significant differences in baseline patient characteristics were 
foundd with regard to demographic variables, vital signs, cardiovascular risk factors, con-
comitantt medication or lipid profiles. The mean {  SD) relative decreases of LDL-C from 
baselinee were: 14.0  14.1% for atorvastatin 20 mg (n=i07) versus 3.3  14.1% for simvas-
tatinn 20 mg (n=io8) and 14.7  15.2% for atorvastatin 40 mg (n=55) versus 2.9  12.7% 
forr simvastatin 40 mg (n=54). The relative change of LDL-C from baseline in the overall 
atorvastatinn group (n=i62) versus the overall simvastatin group (n=i62) was 14.2  14.4% 
versuss 3.2  13.6%. This entails an additional decrease of 11% in the atorvastatin versus 
thee simvastatin group. 

Adversee events, which were observed in a significantly higher frequency in the atorv-
astatinn groups, were mild of intensity in most cases. 

Conclusion Conclusion 

Ourr results indicate that hypercholesterolemic patients on simvastatin 20 or 40 mg who 
aree switched to a milligram-equivalent dose of atorvastatin, will reach significantly lower 
LDL-CC values within 8 weeks of treatment, with a greater percentage of high risk patients 
reachingg their EAS or NCEP targets. 
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INTRODUCTION N 

Elevatedd low-density lipoprotein (LDL)-cholesterol plays a pivotal role in the development 
off  atherosclerosis and constitutes an independent risk factor for subsequent coronary 
heartt disease (CHD)1"2. The results of several landmark studies have established that 
decreasingg LDL-cholesterol (LDL-C), using 3-hydroxy-3-methyl glutaryl coenzyme A 
(HMG-CoA)-reductase-inhibitorss (statins), has a beneficial effect in both primary and sec-
ondaryy prevention of cardiovascular disease (CVD), without influencing non-cardiovascu-
larr mortality3"7. 

Statinss competitively inhibit the enzyme HMG-CoA reductase, which catalyzes the 
conversionn of HMG-CoA to mevalonic acid, the rate-limiting step in the biosynthesis of 
cholesterol.. By inhibiting HMG-CoA reductase activity in the liver, the hepatocellular 
demandd for cholesterol is increased. This results in an increased number of LDL-recep-
torss on the surface of liver cells, which leads to an increased clearance of plasma LDL by 
thee liver8 and consequent lowering of plasma LDL-C levels. Furthermore, very low-den-
sityy lipoprotein (VLD L)-particle production by the liver is decreased, which yields a 
decreasee of plasma triglycerides and contributes to a further lowering of LDL-C9. 

Atorvastatin,, a well established statin, has been shown to be effective in lowering 
LDL-CC levels10. This LDL-C lowering effect has been verified in several studies11"12, and is 
greaterr than achieved by other milligram (mg)-equivalent dosages of marketed statins. 
Simvastatin,, another commonly used statin, has been available for ten years in many 
countries.. Its maximum approved daily dose is 80 mg13. Data from the 4S study showed 
thatt long-treatment with simvastatin is safe, improves survival in CHD patients and is 
costt effective314. 

Comparativee studies between atorvastatin and simvastatin with regard to LDL-C, over 
aa dosing range from 10 to 80 mg, have been performed elsewhere15"16, but these studies 
includedd a relatively small number of patients in some of the treatment arms. 

Wee therefore designed a single-blind multicenter study in a large cohort of hypercho-
lesterolemicc patients, to evaluate the additional LDL-C lowering efficacy of atorvastatin 
overr milligram-equivalent dosages of simvastatin. 

MATERIAL SS & METHODS 

Thiss multicenter, single-blind, randomized, parallel-group, 8-weeks comparative study, 
evaluatedd the efficacy of once-daily doses of atorvastatin 20 and 40 mg compared with 
once-dailyy doses of simvastatin 20 and 40 mg. Five centers in the Netherlands enrolled 
patientss in this study. The protocol and its amendments were approved by the Institu-
tionall  Review Boards. Patients provided a written informed consent prior to entering the 
study. . 

PATIENTS S 

Eligiblee participants were women and men between the age of 18 and 80 years, currently 
onn treatment with either 20 or 40 mg simvastatin with LDL-C values > 2.6 mmol/1, and 
triglyceridess values < 4.5 mmol/1 at week o and 4. Patients with any of the following con-
ditionss were excluded: all forms of secondary dyslipidemia; history of myocardial infarc-
tion,, coronary angioplasty, cerebrovascular disease, coronary bypass surgery or any other 
surgicall  procedure within the preceding 3 months; patients with active liver disease, 
hepaticc or renal dysfunction, or any significant abnormality the investigator believed 
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couldd compromise the patient's safety or successful participation in the study. Patients 
consumingg more than 4 alcoholic drinks per day or taking concurrently drugs known to 
affectt lipid levels or known to interact with the study medication were excluded. Pregnant 
orr breast-feeding women were excluded. Other lipid lowering medication than simvasta-
tinn was to be discontinued for a minimum of 8 weeks. 

TREATMENTT SCHEDULE 

Afterr a 4 week simvastatin-run-in phase, 378 patients were randomized to four parallel-
groups.. Patients in each treatment group received any of four single-blind medications: 
200 mg or 40 mg atorvastatin or 20 mg or 40 mg simvastatin for a period of 8 weeks. All 
patientss knew the medication they took, the investigator however was blinded for the 
studyy medication. 

LABORATOR YY METHODS 

Alll  centers used the Virtual Central Laboratory (VCL) in Zeist, the Netherlands, as the 
centrall  laboratory for validating measurement of efficacy and safety (clinical laboratory) 
results.. At all visits (week o, week 4 and week 12) the laboratory testing was performed at 
thee local laboratory site. For the standardization of results the laboratory test results were 
standardizedd using a calibrator sample measurement provided by "network VCL labs". 
Thee results of the calibrator sample were mathematically related to a reference measure-
ment.. The clinical laboratory results reported were converted using mathematical rela-
tionstions obtained from the calibrator measurement. Validity of the applied conversion 
factorss was monitored by regular check-ups and daily internal laboratory QC monitoring 
off  the participating laboratories, to which the VCL monitors had access. The Dutch regis-
trationn authorities have given their consent with this method. LDL-C was calculated 
accordingg to the formula of Friedewald1718. Total cholesterol and triglycerides were deter-
minedd by an enzymatic calorimetric procedure19"23. HDL-C was also determined, after 
precipitationn of VLDL-C and LDL-C, via an enzymatic calorimetric procedure24"25. 

SAFETY Y 

Adversee events were recorded at each clinic visit. Laboratory values were evaluated 
accordingg to guidelines established in the protocol. Alanine aminotransaminase (ALAT), 
andd creatine phosphokinase (CPK) were measured at all visits. Patients were withdrawn 
fromm the study if ALAT levels increased > 3 x upper limit of normal (ULN) for 2 consecu-
tivetive measurements or if CPK level increased to > 6 x ULN. All patients who were receiv-
ingg study medication were evaluated. 

Att each visit, patients were asked about their health status and adverse events. 
Adversee events that emerged during the treatment phase or that increased in intensity or 
frequencyy from the start of the study were summarized by the number and percentage 
(incidence)) of patients with an event for each treatment group. 

STATISTICA LL METHODS 

Thee primary analysis of efficacy was performed in all patients who took randomized med-
icationn and in whom baseline and 12 week LDL-C levels were available (intention to treat). 
Forr this purpose the average LDL-C of week o and 4 was used as baseline value (LDL-Cb) 
andd the LDL-C at week 12 as the treatment value (LDL-Ct). The relative change was calcu-
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latedd as a 100 x (LDL-Cb - LDL-Ct)/LDL-Cb % change in LDL-C concentration. The statis-
ticall  significance of the difference in treatment was calculated using analysis of variance, 
withh stratum (20 versus 40 mg) and center as covariates. Statistical analysis were per-
formedd at the 0.05 significance level using two-sided tests. Similar calculations were per-
formedd for the relative change in TC, HDL, and TC concentrations. LDL-C levels could be 
influencedd by sex, type of dyslipidemia (familial hypercholesterolemia versus other), 
baselinee LDL-C levels (above versus below 4.0 mmol/1) and cigarette smoking. Therefore, 
thesee variables were included in the ANOVA to estimate corrected intervention effects. 

Thee percentage of the patients who did not meet their E AS / NCEP goal at baseline, 
butt reached it at 12 weeks were compared between the treatment groups, using Mantel 
Haenszell  Chi-square tests. 

Safetyy analysis were performed in all patients who took randomized medication 
(intentionn to treat). Fisher's exact tests were used for comparing number of adverse 
eventss in medication groups. 

RESULTS S 

Patients Patients 
AA total of 381 patients gave informed consent. Of these 3 did not participate since in retro-
spectt the inclusion criteria were not met. A total of 324 of the 378 who received trial med-
icationn (86%) had LDL-C measurements (baseline and treatment LDL-C) available and 
thuss could be included in the efficacy evaluation. The characteristics of the four treatment 
groupss did not differ signficantly at baseline (table 1) nor did the lipid parameters (table 
2). . 

Tablee 1 Baselin e demographic s and clinica l characteristic s 

Treatmen tt  grou p 

Agee (years  SD) 
Malee sex 
Weightt (kg  SD) 
Lengthh (cm  SD) 
BMII (kg/mm2 ) 
Hypertension n 
Cigarettee smoking 
Familiall Hypercholesterolemia 
Historyy of myocardial infarction 
Historyy of angina pectoris 
Historyy of coronary atherosclerosis 
Historyy of premature CHD in 
parent,, offspring or sibling 
<555 years (if male) or 
<655 years (if female) 
EASS risk high/mod/mild* 
NCEPP risk high/mod/mild* 

Atorvastati n n 
20S-20A A 
n=124 4 

555 2 
877 (70%) 
811 5 
174174 9 
277 4 
400 (33%) 
311 (26%) 
455 (38%) 
422 (35%) 
555 (46%) 
588 (48%) 
600 (50%) 

103/2/2 2 
65/20/20 0 

40S-40A A 
n=61 1 

544 2 
400 (66%) 
799 1 

0 0 
277 3 
18(30%) ) 
10(16%) ) 
344 (57%) 
299 (48%) 
277 (44%) 
377 (61%) 
366 (59%) 

53/-/1 1 
39/8/8 8 

Simvastati n n 
20S-20S S 
n= l29 9 

2 2 
900 (70%) 
811 4 
1733 9 
277 4 
366 (29%) 
355 (28%) 
399 (32%) 
477 (38%) 
622 (50%) 
677 (54%) 
39(31%) ) 

100/6/2 2 
71/17/19 9 

40S-40S S 
tt=64 tt=64 

0 0 
322 (50%) 
799 7 
1722 0 
277 4 
155 (23%) 
13(20%) ) 
322 (50%) 
144 (22%) 
299 (45%) 
300 (47%) 
277 (42%) 

53/-/1 1 
31/10/13 3 

** some patients could not be classified 
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EffectsEffects on lipid concentrations 
Thee changes in LDL-C concentrations for the 20 mg and 40 mg groups are given in table 
22 and 3, respectively. Overall, the decrease of LDL-C levels versus baseline was 3.2 % (3.64 
too 3.50 mmol/1) in the simvastatin group versus 14.2 % (3.61 to 3.07 mmol/1) in the ator-
vastatinn group (p=o.oooi). Separate analysis per dosage group (20 or 40 mg) showed 
similarr results (p=o.ooi in the 20 mg and the 40 mg group). Corrected for differences in 
LDL-CC at baseline, center, dose, type of dyslipidemia, sex and cigarette smoking a 10.9% 
greaterr decrease in LDL-C concentration was associated with atorvastatin versus simva-
statinn use (95% confidence interval, 7.8 to 13.9%). 

Thee overall relative decrease in total cholesterol (11.1 versus 1.9%, p=o.oooi) was in 
favourr of atorvastatin. In the atorvastatin groups an overall relative decrease of 7.5% {1.59 
too 1.40 mmol/1) in TG concentrations was observed, versus an increase of 5.6% (1.61 to 
1.633 mmol/1) in the simvastatin groups (p=o.ooo2). 

Thee overall relative change in HDL-C concentration was a decrease of 1.3 % (1.28 to 
1.266 mmol/1) in the atorvastatin versus an increase of 1.3% (1.32 to 1.33 mmol/1) in the 
simvastatinn treated patients (p=o.o4). 

However,, when broken down per treatment arm, i.e. HDL-C change from 20 mg sim-
vastatinn to 20 mg atorvastatin or HDL-C change from 40 mg simvastatin to 40 mg ator-
vastatin,, these differences were not statistically significant, and very small in absolute 
numbers. . 

AdverseAdverse events 
InIn the atorvastatin groups 54 of the 185 patients experienced a total of 71 adverse events 
versuss 32 of the 193 patients in the simvastatin group, who experienced a total of 39 
adversee events (p=o.oo5). Most adverse events were considered to be of mild intensity. 
Influenza-likee symptoms were the most frequently reported adverse events followed by 
myalgiaa and headache, which were reported mostly in the atorvastatin group. Other 
adversee events were less frequent, elevations of ALAT and CPK above three times and six 
timess the upper limit of normal were not reported during the randomized treatment 
phase. . 

DISCUSSION N 

Wee have compared the relative efficacy and short-term safety of a switch from milligram 
equivalentt doses of simvastatin to atorvastatin, in a large cohort of hypercholesterolemic 
patients. . 

Ourr results clearly indicate that a change from 20 mg simvastatin to 20 mg atorvasta-
tinn and from 40 mg simvastatin to 40 mg atorvastatin yields additional LDL-C reductions 
off  14.0 and 14.7%, respectively (p=o.ooo2). Triglycerides in the atorvastatin group 
decreasedd by 7.5% while it incresased in the simvastatin groups by 5.6% (p=o.oooi). 

Ourr findings confirm and extend data from the literature16. The Comparative Dose 
Efficacyy Study of Atorvastatin Versus Simvastatin, Pravastatin, Lovastatin, and Fluvastatin 
inn Patients with Hypercholesterolemia (CURVES) trial was an open-label, parallel-group, 
8-weekk evaluation that enrolled 534 men and women, aged 18 to 80, with LDL-C concen-
trationss of > 4.2 mmol/1 and triglyceride concentrations of < 4.5 mmol/1. Findings in 
CURVESCURVES determined that atorvastatin is the most efficacious HMG-CoA reductase inhib-
itorr for lowering LDL-C, producing significantly greater reductions (p <o.oi) in the 10-, 
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20-,, and 40-mg dosages (-38%, -46%, and -51%, respectively) than the milligram equiva-
lentt doses of simvastatin, pravastatin, lovastatin, and fluvastatin16. 

Drugg therapy is almost always needed to achieve the target lipid goals set by the NCEP 
andd EAS. Aggressive therapy is justified in patients who exhibit clinical atherosclerotic 
disease,, including angina pectoris, and who have a history of documented myocardial inf-
arction,, coronary artery bypass graft or angioplasty, peripheral artery disease or aortic 
aneurysm26. . 

Yett data indicate that most of these patients are not receiving the treatment they need 
too prevent additional myocardial infarctions and cardiovascular events. One study showed 
thatt as few as 25% of hypercholesterolemic patients actually received cholesterol-lowering 
therapyy after surviving a myocardial infarction27. In another study, only about 30% of 
individualss with heterozygous familial hypercholesterolemia reported being told by their 
physicianss that they had this disorder and of those, only 40% were receiving cholesterol-
loweringg medication28. Altogether, approximately 23% showed reasonably controlled 
cholesteroll  levels28. Several other assessments have determined that most CHD patients 
aree not only not being treated to NCEP and EAS target5, but a major proportion is not 
evenn offered cholesterol screening29. 

Thee importance of treating patients to lower cholesterol levels to decrease the risk of 
developingg atherosclerosis is well accepted. However, whether there is a threshold below 
whichh cholesterol reduction does not translate into any additional clinical benefit is the 
subjectt of some debate. Clinical trials of cholesterol lowering have produced conflicting 
results.. In a subanalysis of the CARE study, researchers found that the incidence of cardi-
ovascularr events fell progressively as LDL-cholesterol levels were reduced from 4.5 to 3.2 
mmol/130.. However, further reductions to as low as 1.8 mmol/1 had littl e impact on risk, 
suggestingg a threshold effect at a LDL-cholesterol level of 3.2 mmol/130. 

AA subanalysis of the 4S study showed that, on average, drug therapy with simvastatin 
loweredd LDL-cholesterol levels by 35% and reduced the incidence of heart attacks by 
34%31.. The goal was to reduce total cholesterol to below approximately 5.2 mmol/1. How-
ever,, many patients achieved greater reductions, which produced continuing but progres-
sivelyy smaller reductions in heart attack risk. The subgroup analysis of the 4S trial esti-
matedd that each additional 1% reduction in LDL-cholesterol reduced the risk of major 
coronaryy events by i.j%n. The Post Coronary Artery Bypass Graft (Post-CABG) trial was 
thee first randomized study prospectively designed to answer the question of whether an 
aggressivee approach to cholesterol lowering is more effective than a moderate approach32. 
Ass the Post-CABG trial was designed as an angiographic trial, it did not have the statisti-
call  power to detect differences in clinical events between the aggressive and moderate 
treatmentt arms. However, strong trends were seen and there was a significant reduction 
inn the need for revascularization. The Post-CABG trial has demonstrated that an aggres-
sivee approach to lipid lowering is beneficial32. 

Withh regards to side effects, the increased prevalence of predominantly mild adverse 
eventss as reported in the atorvastatin groups, could partially be related to more aggressive 
lipidd lowering or, more likely, to the single-blind design. Fifty percent of patients insuffi-
cientlyy controlled by simvastatin, but who tolerated this medication well, were switched to 
atorvastatin.. This change of medication was open-label to the patient, but blinded to the 
investigator,, which might have caused an alleged rise in subjective side effects. These 
resultss should be regarded with caution, since controlled data from literature do not 
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supportt a higher adverse event rate of atorvastatin compared to other statins. 
Inn conclusion, our results indicate that hypercholesterolemic patients on simvastatin 

200 or 40 mg who are switched to a milligram-equivalent dose of atorvastatin, will reach 
significantlyy lower LDL-C values within 8 weeks of treatment, with a greater percentage 
off  patients reaching their EAS or NCEP targets. 
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ABSTRAC T T 

Aims Aims 
Familiall  dysbetalipoproteinemia and severe combined dyslipidemia are characterized by 
greatlyy elevated cholesterol and triglyceride levels and require aggressive lipid-lowering 
intervention.. Previous studies have shown that fibric acid derivatives and HMG-CoA 
reductasee inhibitors are effective in these patients, but a combination of these drugs is 
oftenn necessary to achieve target lipid and lipoprotein levels. Atorvastatin is an estab-
lishedd HMG-CoA reductase inhibitor that has demonstrated superior efficacy towards 
loweringg low-density lipoprotein cholesterol and triglyceride levels. The aim of this study 
wass to evaluate the efficacy and safety of atorvastatin as monotherapy in patients with dys-
betalipoproteinemiaa and severe combined dyslipidemia. 

METHODSS AN D RESULTS 

Wee tested atorvastatin as single drug therapy in 36 patients with familial dysbetalipopro-
teinemiaa and 23 patients with severe combined dyslipidemia. After 40 weeks of 40 mg 
atorvastatinn therapy a significant decrease in total cholesterol, triglycerides and apolipo-
proteinn B of 40%, 43% and 41%, respectively, was observed in the combined dyslipidemia 
group.. In addition, significant reductions of 46%, 40% and 43% for total cholesterol, 
triglyceridess and apolipoprotein B levels, respectively, were seen in dysbetalipoproteine-
miaa patients. Target levels of total cholesterol (< 5 mmol/1) were reached by 63% of the 
patients,, and target levels of triglycerides (< 3.0 mmol/1) by 66% of patients. Treatment 
withh atorvastatin was well tolerated and no serious adverse events were reported. 

CONCLUSIO N N 

Atorvastatinn is a very effective monotherapy in the treatment of familial dysbetalipopro-
teinemiaa and severe combined dyslipidemia. 
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INTRODUCTION N 

Typee 111 dyslipidemia or familial dysbetalipoproteinemia (FD) is a severe disturbance of 
plasmaa lipoprotein metabolism associated with premature vascular disease. FD is associ-
atedd with elevated levels of both cholesterol and triglycerides due to the accumulation of 
cholesterol-esterr enriched chylomicron- and VLDL-remnants (IDL cholesterol).1 FD has a 
recessivee mode of inheritance, a frequency of approximately 1:10 000 and usually mani-
festss in adulthood. The disease is far more prevalent in men than in women, who usually 
onlyy present with this disorder after menopause.1 

Almostt half of patients with FD have symptoms of premature cardiovascular disease. 
Thee distribution of vascular disease is somewhat different from other genetic lipoprotein 
disorderss as peripheral vascular disease is as prevalent as coronary artery disease.12 The 
metabolicc basis of accumulation of chylomicron- and VLDL remnants (IDL) lies in the 
impairedd clearance of these particles by hepatic lipoprotein receptors. Apolipoprotein E 
(Apoo E) is the major ligand for these receptors and mediates chylomicron and VLDL rem-
nantt uptake.3,6 Apo E is a 299-amino acid protein and a major constituent of plasma lipo-
proteinss such as chylomicrons, chylomicron remnants, VLDL, IDL and HDL.S Apo E has 
threee major isoforms (E2, E3 and E4). They are all products of alleles at a single gene 
locuss on chromosome 19.7"9 Apo E3/E3 is the most common genotype and therefore E2 
andd E4 are considered variants. The apo E3 isoform exhibits normal binding to the LDL 
receptorr while apo E4 binds with a somewhat higher affinity and the apo E2 isoform 
exhibitss very low affinity.10,11 FD occurs most commonly in association with the apo E2/ 
E22 genotype (>90%).1215 However, several rare apo E mutants also lead to dysbetalipopro-
teinemia,, but usually with a dominant expression (e.g. apo E3-Leiden, apo E2 
(Lysi46->Gln)).16-19 9 

Theree is a large discrepancy between the occurrence of homozygous apo E2 (1:100) in 
thee general population and the prevalence of FD (1:10 000). The vast majority of E2/E2 
carrierss are either normolipidemic or even slightly hypocholesterolemic.1 Other genetic 
orr environmental factors such as high alcohol intake, obesity or concomitant diseases 
(e.g.. diabetes mellitus or thyroid dysfunction) might be required for the development of 
thee FD phenotype. 

Patientss with FD have a high risk of premature cardiovascular disease and should 
thuss be treated aggressively.3-6 Fortunately, FD often shows a favorable response to lipid-
loweringg therapy.1 First line therapy is dietary control and weight reduction; however, 
drugss are often required to control elevated levels of plasma lipoproteins. Several lipid-
loweringg drugs can be administered to FD patients, such as fibric-acid derivates and 
HMG-CoAA reductase inhibitors.20"34 Often, a combination of these drugs is necessary to 
normalizee both cholesterol and triglyceride levels. 

Althoughh the focus for the use of HMG-CoA reductase inhibitors has been directed at 
decreasingg LDL cholesterol, over the last few years the triglyceride lowering effect of 
HMG-CoAA reductase inhibitors has gained considerable interest. Recently, it has been 
shownn that statins reduce triglycerides by almost the same percentage as they do LDL 
cholesteroll  in hypertriglyceridemic subjects.35"37 

Atorvastatin,, an established, third-generation statin with proven effectiveness in 
achievingg marked reductions in plasma LDL-cholesterol and triglyceride levels, could 
thereforee be well suited for the treatment of patients with FD.38"42 
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Inn this study we evaluated the efficacy and safety of atorvastatin monotherapy in out-
patientss with severe combined dyslipidemia, of whom a considerable subset had molecu-
larly-diagnoseddysbetalipoproteinemia. . 

MATERIAL SS AN D METHODS 

Patients Patients 

Wee recruited all consecutive patients with a tentative diagnosis of dysbetalipoproteinemia 
att the Lipid Research Clinic of thee University of Amsterdam (Academic Medical Centre 
andd Slotervaart Training Hospital). For that purpose, patient records were retrieved from 
ourr clinical database. Eligible patients were men and women between 18 and 80 years of 
agee with a tentative diagnosis of dysbetalipoproteinemia. This diagnosis was made when 
aa patient presented with severe combined dyslipidemia (both total cholesterol and trigly-
ceridee levels significantly above the 95% percentile for age and sex), occasionally typical 
xanthomass and in many cases accompanied by atherosclerotic vascular disease. All eligi-
blee patients were informed about atorvastatin and asked to participate in the study. 
Patientss were excluded from the study if they had diabetes mellitus or hypothyroidism 
thatt was not well controlled, and hepatic or renal dysfunction. Pregnant or breast-feeding 
womenn were also excluded. Prior to entry and after completion of the study, all patients 
underwentt a complete physical examination and were diligently counseled on the use of a 
lipid-loweringg diet, according to the Dutch National Guidelines. Written informed con-
sentt was obtained from all patients. 

StudyStudy  design 

Att the start of the study all lipid-lowering medication was discontinued for a period of 8 
weeks.. After this period, baseline lipids, apolipoproteins and apo E genotyping were per-
formedd in all patients, as well as routine biochemistry. Upon confirmation of homozygos-
ityy for apo E2 (arg 158—»cys) {E2/E2) or the presence of the apo E2 (lys i46-»gln) variant, 
lipoproteinn ultracentrifugation was performed. Subsequently, atorvastatin was pre-
scribed,, and patients were examined at regular 12 week intervals and, lastly, at week 40. 
Duringg all visits, patients were questioned about adherence to the diet and possible side 
effectss of the medication, followed by a physical examination. For each visit, blood sam-
pless were taken after an overnight fast for the determination of plasma lipids, apolipopro-
teinss and safety parameters. These measurements were performed at the central 
laboratoryy of both hospitals in Amsterdam. Extra blood samples were drawn from apo 
E2/E22 subjects or heterozygous carriers of the apo E2 (lys 146—»gln) variant to assess the 
efficacyy of atorvastatin towards VLDL-, IDL-, LDL- and HDL- cholesterol and towards 
VLDL-- and LDL-triglycerides. These ultracentrifugation samples were taken at baseline 
andd at the end of the study (after 40 weeks of treatment) and were analyzed at TNO-PG, 
Gaubiuss Laboratory, Leiden. After completion of the study we compared our results with 
thosee of other pharmacological studies already performed in patients with FD and to pre-
viouss lipid results in our patient cohort. 

LipidLipid  and apoiipoprotein  measurements 

Totall  plasma cholesterol was determined by an enzymatic colorimetric procedure using 
cholesteroll  esterase and cholesterol oxidase (CHOD-PAP, Boehringer Mannheim, 
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Mannheimm Germany). HDL-cholesterol was determined after precipitation of apo B-con-
tainingg lipoproteins, using phosphotungstic add and magnesium ions. Triglycerides 
weree quantified by an enzymatic colorimetric procedure using lipase, glycerokinase and 
glycerol-3-phosphatee oxidase. Apo Al and apo B were measured by immunonephelome-
try. . 

LipoproteinLipoprotein  analysis 

Bloodd samples were collected in EDTA tubes and placed on melting ice. Plasma was 
obtainedd by centrifugation at 1500 g for 10 minutes at 4 °C within 4 hours after sampling. 
Plasmaa samples were then brought to a final concentration of 10 % (w/v) sucrose, capped 
underr nitrogen, snap-frozen in liquid nitrogen and stored at -80 °C until further analysis. 
Underr these conditions, lipoprotein size and biological properties have been shown to 
remainn intact for months.47 

Separationn of lipoproteins was performed by density-gradient ultracentrifugation 
accordingg to Zhao et al,AS with some slight modifications. Briefly, the gradient consisted 
off  2 ml plasma (adjusted to d=i.2i g/ml by adding o.65g KBr), overlayered by 5 ml of 
d=i.o33 g/ml, 3.5 ml of d=i.oo6 g/ml and 1.5 ml of d=i.oo g/ml solutions. The gradient 
wass centrifuged at 285 000 g in a SW-40 swingout rotor (Beekman, Geneva, Switzerland) 
forr 18 hours at 4 °C. The gradient was then fractionated in fractions of 0.5 ml. In each 
fraction,, cholesterol and triglyceride levels were measured with enzymatic assay kits 
(Boehringerr Mannheim, Mannheim, Germany). 

ApolipoproteinApolipoprotein  E phenotyping  and genotyping 

Homozygosityy for the apo E2 (arg 158-Kys) isoform was determined by isoelectric focus-
ingg of delipidated serum samples followed by immunoblotting with a polyclonal anti-apo 
EE antiserum,48 and confirmed by apo E genotyping as previously described by Reymer et 
al.al.4646 Identification of the apo E2 (lys i46-»gln) variant was performed by PCR using a 
mutagenicc amplification primer assay followed by digestion with restriction enzyme Pvu 
III  as described previously.18 

StatisticalStatistical  analysis 

Thee analysis addressed the change in lipid and apolipoprotein parameters and lipopro-
teinn subfractions before and after atorvastatin therapy. The statistical analyses were per-
formedd using SAS 6.1.2. Before analysis, triglyceride, VLDL-C, VLDL-TG and IDL-TG 
valuess were logarithmically transformed. Untransformed levels are reported in the tables. 
Statisticall  significance was assessed at the 5% level of probability. 

RESULT S S 

PatientPatient  characteristics 

Fifty-ninee patients (43 men and 16 women) were included in the study. Clinical and bio-
chemicall  baseline characteristics are summarized in Table 1. Mean age of the patient 
groupp was 51.5 years (range 28-79) an(^ mean body mass index was 27.2  4.6 kg/m3. 
Mostt patients included in the study were of Caucasian descent {97%). Thirty-four 
patientss exhibited homozygosity for the apo E2 genotype and two patients were hetero-
zygouss carriers of the apo E2 (lys —M46 gin) variant. The remaining 23 patients either 
hadd an apo E2/E3 or an apo E2/E4 genotype. Baseline lipoprotein profiles of both groups 



788 PART II 

Tablee 1 Baselin e Characteristic s 

Demographic s s 
Totall number of patients 59 

Agee (years) (range) 51.5 (28-79) 
Male/femalee (%) 43 (73)/16 (27) 
Postmenopausall status (%) 16.7 

Histor y y 
Smokingg (%) 30.5 
Hypertensionn (%) 15.3 
Diabetess mellitus (%) 10 
Alcoholl use (%) 80.5 
<< 2 units per day 6.7 
>> 2 units per day 

Vita ll  sign s 
Bodyy mass index (kg/m2 )* 27.2 (4.6) 
Systolicc blood pressure (mmHg)* 128 (10.5) 
Diastolicc blood pressure (mmHg)* 81.5 (5.4) 

Apolipoprotei nn E genotype*) * 
E2/E22 34 
E2(lysi46gln)) 2 
E2/E33 16 

E2/E44 7 

*Valuess are given as mean  SD. 'i"Apo E genotypes are given in absolute numbers. 

aree shown in Tables 2 and 3. Mean plasma lipid levels in both groups were markedly ele-
vated.. Mean total cholesterol and median triglyceride levels were 8.1  2.3 mmol/1 and 3.5 

77 mmol/1, respectively, in the group with severe combined dyslipidemia. In the group 
withh dysbetalipoproteinemia the baseline values were 9.1  2.8 mmol/1 for total choles-
teroll  and 4.6  2.0 mmol/1 for triglycerides. A baseline lipoprotein subfractionation could 
bee performed in 28 patients with an apo E2/E2 genotype. Six patients had well controlled 
diabetess mellitus (one patient on insulin and the other patients on oral antidiabetic ther-
apy).. Twenty patients were known to take one or more drugs that might affect lipid 
metabolismm including beta-blocking agents (n=i8), diuretics (n=6) and oral contracep-
tivess (n=7). These drugs were prescribed continuously during the course of the study. 

Fiftyy patients completed the study. Five patients dropped out because of adverse 
events:: three patients due to gastric complaints (all E2/E3 or E2/E4), one patient suffered 
fromm psychological problems and in one patient a viral hepatitis was diagnosed (both E2/ 
E2).. Four patients dropped out (all E2/E3 or E2/E4) due to non-compliance. 

Efficacy Efficacy 

LipidsLipids and lipoproteins 
Att 40 weeks of therapy, the efficacy of atorvastatin 40 mg, was examined in both patient 
groupss (Tables 2 and 3). After 40 weeks of 40 mg atorvastatin therapy a significant 
decreasee in total cholesterol, triglycerides and apo B of 40%, 43% and 41 %, respectively, 
wass observed in the combined dyslipidemia group (Table 3); all reductions were highly 
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Tablee 2 Lipoprotei n and apolipoprotei n level s befor e and afte r atorvastati n therap y in 

patient ss wit h combine d dyslipidemi a 

Totall cholesterol (mmol/l) 

HDL-C(mmol/l) ) 

Triglycerides-!"" (mmol/l) 

Apolipoproteinn Ai(g/I) 

Apolipoproteinn B(g/I) 

n n 

20 0 

20 0 

19 9 

18 8 

18 8 

Baseline * * 

8.088 (2.28) 

1.09(0.30) ) 

3.49(1.70) ) 

1.36(0.26) ) 
1.86(0.70) ) 

Atorvastati n n 
400 mg * 

4.811 (1.53) 

1.12(0.38) ) 

2.000 (0.89) 
1.38(0.26) ) 

1.10(0.37) ) 

p-valu e e 

0.0001 1 
0.60 0 
0.0002 2 
0.68 8 

0.0001 1 

*Valuess are given as mean  SD. -jTriglyceride values were log-transformed before statistical analysis. HDL-C, 
high-densityy lipoprotein cholesterol. 

Tablee 3 Lipoprotei n and apolipoprotei n level s befor e and after atorvastati n therap y in 

patient ss wit h dysbetalipoproteinemi a 

Totall cholesterol (mmol/l) 

HDL-C(mmol/l) ) 

Triglyceridess f (mmol/l) 

Apolipoproteinn Ai(g/I) 
Apolipoproteinn B(g/I) 

n n 

34 4 

33 3 
34 4 

28 8 

28 8 

Baseline* 1 1 

9.111 (2.75) 

1.18(0.26) ) 
4.644 (2.02) 

1.34(0.21) ) 

1.28(0.39) ) 

Atorvastati n n 
400 mg * 

4.89(1.47) ) 

1.16(0.24) ) 

2.80(1.20) ) 

1.37(0.23) ) 

0.733 (0.19) 

p-- valu e 

0.0001 1 
0.57 7 

0.0001 1 
0.36 6 

0.0001 1 

*Valuess are given in means  SO.. f Triglyceride values were log-transformed before statistical analysis. HDL-C, 
high-densityy lipoprotein cholesterol. 

significantt (p < 0.0002). Significant reductions were also seen for total cholesterol, trig-
lyceridess and apo B levels (46%, 40% and 43%, respectively, p = 0.0001) in patients with 
dysbetalipoproteinemiaa (Table 2). Target levels of total cholesterol (< 5 mmol/l) were 
reachedd by 63% of patients, and target levels of triglycerides (< 3 mmol/l) by 66% of 
patients. . 

LipoproteinLipoprotein subjractions 
Inn patients with homozygosity for apo E2 and heterozygous carriers of the apo E2 (lys 
146—>gln)) variant the efficacy of atorvastatin 40 mg on lipoprotein subtractions was 
examinedd at baseline and after 40 weeks. A sharp and statistically significant decrease 
wass observed in almost all lipoprotein subtractions (Table 4). Moreover, for LDL-C, VLDL-
CC and IDL-C these reductions were 38%, 59% and 51%, respectively (p = 0.0001). The 
VLDL-C/triglyceridess ratio, an important marker for dysbetalipoproteinemia, decreased 
fromfrom 1.15 at baseline to 0.79 after 40 weeks of atorvastatin treatment. 

SideSide  effects  and tolerabifity 

Treatmentt with atorvastatin was well tolerated. Eleven of the 59 patients reported side 
effectss that could possibly be related to atorvastatin therapy. Three patients suffered from 
gastricc complaints, another four patients had joint and/or muscle complaints. Two 
patientss had a skin rash, which was, in one patient, most likely related to moisturizing 
products.. One patient suffered from impotence. Five patients dropped out due to side 
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Tablee 4 Lipoprotei n subfraction s befor e and after atorvastati n therap y in patient s wit h 
dysbetalipoproteinemi a a 

VLDL-Ct(mmol/l) ) 
IDL-C(mmol/l) ) 
LDL-C(mmol/l) ) 
HDL-C(mmol/l) ) 
VLDL-TCt(mmol/l) ) 
IDL-TCt(mmol/l) ) 
VLDL-C/TCC (ratio) 

Baseline4 4 

(n=28) ) 

4.244 (3.39) 
1.800 (0.80) 
1.87(0.56) ) 
1.088 (0.28) 
4.088 (4.00) 
0.599 (0.24) 
1.155 (0.32) 

Atorvastatin n 
400 mg*(n=28) 

1.72(1.21) ) 
0.899 (0.38) 
1.16(0.47) ) 
1.19(0.32) ) 
2.211 (1.70) 
0.322 (0.14) 
0.799 (0.32) 

p-valu e e 

0.0001 1 
0.0001 1 
0.0001 1 
0.06 6 
0.0014 4 
0.0001 1 
0.0001 1 

** Values are given as mean  SD. fVLDL-C, VLDL-TC and IDL-TG values were log-transformed before statistical 
analysis.. VLDL-C, very low-density lipoprotein cholesterol. VLDL-TC, very low-density lipoprotein triglycerides. IDL-C, 
intermediate-densityy lipoprotein cholesterol. IDL-TC, intermediate-density lipoprotein triglycerides. LDL-C, low-
densityy lipoprotein cholesterol. 

effects,, three due to gastric complaints, one for psychological problems and one with viral 
hepatitis.. Other reported side effects, all occurring during the first 8 weeks of treatment, 
disappearedd during the course of the study. Clinical laboratory changes were minimal in 
bothh study groups. No clinically significant elevations of greater than 3 times the upper 
limi tt of normal creatinine phosphokinase (193 U/L) activity were reported. Only gamma-
glutamyll  transferase (gGT) showed mild elevations in four patients after the first 8 weeks 
off  treatment. These elevations disappeared during the study. In one person the gGT value 
exceededd 3 times the upper limit of normal (58 U/L) and remained too high, most likely 
duee to high alcohol intake. Mean baseline and 40 week levels of ALAT, ASAT and CPK 
cann be seen in Table 5. None of the differences reached statistical significance. 

Tablee 5 Safety parameter s befor e and after atorvastati n therap y in patient s wit h 
dysbetalipoproteinemi aa and combine d dyslipidemi a 

Baseline* * Atorvastatinn 40 mg* 

CPKK (U/l) 
ALATT (U/l) 
ASATT (U/l) 

50 0 
54 4 
54 4 

977 (73) 
233 (16) 
19(11) ) 

866 (52) 
244 (19) 
15(8) ) 

** Values are given as mean  SD. CPK, creatinine phosphokinase. ALAT, alanine-amino transferase. ASAT, 
asparginine-aminoo transferase. 

DISCUSSION N 

Wee have studied the efficacy and safety of atorvastatin in patients with severe combined 
dyslipidemiaa and dysbetalipoproteinemia. Our findings show that atorvastatin is a very 
effectivee cholesterol- and triglyceride-lowering agent in the treatment of both patient 
groups.. Target levels of total cholesterol (< 5 mmol/1) were reached in 63 % of patients, 
andd triglycerides {< 3 mmol/1) in 66 % of patients. 

FDD comprises a separate nosological entity in the spectrum of severe combined dysli-
pidemiaa with an extremely atherogenic lipoprotein profile and therefore a high risk for 
prematuree atherosclerosis. FD should be managed aggressively with lipid-lowering ther-
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apyy and is usually responsive to such intervention.1 First line therapy should be diet and 
lifestylee adjustments followed by the correction of pre-existing metabolic disorders. In the 
majorityy of FD patients, however, lipid-lowering drugs are required to control dyslipi-
demia.. Drugs with manifested efficacy in FD include nicotinic acid,25,26 clofibrate,20,25"27 

fenofibrate,28,29,322 gemfibrozil,26-30,31'33 lovastatin,20,27,34 and simvastatin.21'23 Unfortu-
nately,, a considerable proportion of patients remain hyperlipidemic on diet and single 
drugg therapy and often require combination therapy with a fibric acid derivate and a sta-
tin.. It is well established that combination therapy negatively affects compliance and 
increasess the risk of side effects such as liver dysfunction or myopathy.44 

Atorvastatinn is an established and effective HMG-CoA reductase inhibitor. Clinical 
studiess with atorvastatin have shown that LDL-cholesterol levels may be decreased by up 
too 61% at doses of 80 mg and triglycerides may be reduced by 46%.3MO Furthermore, it 
hass been shown recently that atorvastatin reduces both VLDL and LDL apo B production 
and,, in addition, increases the clearance of triglyceride-rich lipoproteins.41,42 

McKennyy and colleagues recently reported that atorvastatin is very effective as mono-
therapyy to lower both cholesterol and triglycerides in patients with combined dyslipi-
demia.433 In this study, we addressed the question of whether atorvastatin might also be a 
goodd candidate as monotherapy in 23 patients with severe combined dyslipidemia and 36 
patientss with molecularly diagnosed dysbetalipoproteinemia. In keeping with the results 
off  McKenny et al, atorvastatin exhibited good efficacy and safety in our patient cohort. In 
thee patient group with severe combined dyslipidemia, total cholesterol, triglycerides and 
apoo B decreased by 40%, 43% and 41 %, respectively. In the patients with dysbetalipopro-
teinemia,, total cholesterol, triglycerides and apo B decreased by 46%, 40% and 43 %, 
respectively.. Furthermore, VLDL-C and VLDL-TG were decreased by 59 % and 46 %, 
respectively,, and IDL-C and IDL-TG fell by 51% and 46%, respectively, compared with 
baseline.. The VLDL-C/TG ratio fell from 1.15 to 0.79. 

Dataa on the treatment of FD with regard to the efficacy of lipid-lowering medication 
aree only available for small numbers of patients. The results of these studies exhibit large 
confidencee intervals making it difficult to draw firm conclusions about differences with 
regardss to the efficacy of the therapeutic regimens (see Table 6). Treatment of FD patients 
withh fibrates generally results in a decrease in total cholesterol of up to 48%, and an 
increasee in HDL of up to 33%. Triglyceride levels were conventionally decreased by up to 
68%.. IDL, as a marker of FD, exhibited a decrease of 34% when treatment with gemfibro-
zill  was initiated. 

Tablee 6 Literatur e report s on lipi d lowerin g therap y in familia l dysbetalipoproteinemi a 

Percentag ee chang e wit h dru g treatmen t 

Totall cholesterol (mmol/l) 
HDL-C(mmol/l) ) 
Triglycerides(mmol/l) ) 
VLDL-C(mmol/l) ) 

Gemfibrozil22 2 

(n=i2 ) ) 

48 8 
++ 13 

68 8 
72 2 

Fenofibrate29 9 

(n=9) ) 

35 5 
++ 33 

56 6 
63 3 

Lovastatin20 0 

(n-12) ) 

44 4 
++ 25 

42 2 
53 3 

Simvastatin n 

{"=19) ) 

39 9 

++ 18 
41 1 
44 4 

Atorvastatin n 

<n-36) ) 

46 6 
- 2 2 
40 0 
59 9 

HDL-C,, high-density lipoprotein cholesterol. VLDL-C, very low-density lipoprotein cholesterol. 
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InIn the treatment of FD with statins, total cholesterol was decreased by up to 46%, and 
HDLL raised by up to 25%. Triglycerides decreased by up to 42%. IDL showed a reduction 
off  50% after treatment with simvastatin 20 mg. 

Wee investigated the efficacy of atorvastatin in 36 FD patients, a substantially larger 
populationn than most studies. Moreover these patients were followed for a longer period 
off  time than in most other studies. 

AA definite disadvantage, however, of our study is the lack of a control or placebo 
group.. The use of placebo groups in treatment studies of genetic dyslipidemia is no 
longerr considered ethical and the relatively small number of FD patients did not allow us 
too use a formal double-blind control comparison. We have, however, compared baseline 
andd 40 week lipid and lipoprotein levels and have demonstrated highly significant and 
impressivee reductions on 40 mg atorvastatin monotherapy. Moreover, the vast majority 
(522 out of 59) of our patients were treated beforehand with combination therapy includ-
ingg statins and fibric acid derivates, but exhibited a very significant reduction of total cho-
lesteroll  levels and a trend towards lower triglyceride levels after switching to atorvastatin 
monotherapy.. Side effects were mild and generally transient, as reported for other studies 
withh atorvastatin. 

Inn conclusion, atorvastatin proved to be both effective and safe given as monotherapy 
inn the treatment of severe combined dyslipidemia as well as familial dysbetalipoproteine-
mia. . 
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SUMMAR Y Y 

Objectives Objectives 
Primaryy objective of this study was to determine the percentage of patients that reached 
thee goal of reduction in LDL-cholesterol (LDL-C) in dosage titration steps of fluvastatin, if 
necessaryy combined with gemfibrozil in an unselected patient population with primary 
hyperlipidemia,, after appropriate dietary intervention. The secondary objective of the 
studyy was to determine long-term safety in terms of liver and muscle enzymes and tolera-
bilityy in terms of spontaneous reported side effects. 

PatientsPatients and study design 
Inn this open label, dosage titration study in 1546 patients, male and female, we compared 
thee HMGCoA-reductase inhibitor fluvastatin in four possible dosage regimens, 2omg, 
4omg,, 8omg and if necessary combined with gemfibrozil 1200 mg over a period of 
11 year. 

Results Results 

Inn total 61.8% of the patients recruited reached the desired LDL-C reduction in their cor-
onaryy heart disease (CHD) risk category, i.e. 3.5 mmol/1 for patients without CHD and 
lesss than 3.0 mmol/1 for patients with CHD. The safety parameters ALAT, ASAT and 
CPKK were, in comparison to baseline, slightly higher in the groups of 4omg, 8omg and 
8omgg plus gemfibrozil. There was no difference in tolerability in terms of type of com-
plaintss and total number of complaints between the different treatment regimens. 

Conclusion Conclusion 

Thiss study shows that fluvastatin is an effective and safe cholesterol-lowering compound 
inn patients with mild hypercholesterolemia. 
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INTRODUCTION N 

Evidencee for the reversibility of coronary heart disease (CHD) risk by the modification of 
riskk factors, has had a strong impact on clinical practice. Earlier lipid lowering angio-
graphicc 'regression! trials demonstrated the benefits of reducing low-density lipoprotein 
cholesteroll  (LDL-C) levels either by diet, drugs or non-pharmacological methods. These 
studiess involved serial coronary angiography, and in most instances, demonstrated arrest 
off  progression rather than actual regression of disease.1 Although encouraging, the 
resultss of regression studies had major limitations both in terms of analytical interpreta-
tionn and clinical relevance. The situation was clarified in 1994 when results were pub-
lishedd from the Scandinavian Simvastatin Survival Study (4S).2 This secondary 
preventionn trial showed that patients treated with simvastatin 20-40 mg/day achieved a 
35%% decrease in LDL-C, which was associated with a 42% decrease in CHD mortality and 
aa 30% decrease in total mortality. Similar, albeit slightly less impressive, results were pub-
lishedd later from trials of other statins, in both primary (WOSCOPS3 and AFCAPS/ 
TexCAPS4)) and secondary (CARE5 and LIPID6) prevention of CHD. 

Fluvastatin,, a second generation synthetic 3-hydroxy-3-methylglutaryl coenzyme A 
(HMG-CoA)) reductase inhibitor (statin), has been investigated in more than 20.000 
patientss in a large number of clinical trials; the majority of these were double-blind, rand-
omizedd studies in which lipid-lowering diets were followed. In dose-finding studies with 
fluvastatin,, statistically significant reductions of LDL-C were achieved with doses of 20 to 
400 mg daily.7 

Thee 20 mg fluvastatin dose provided a 22% to 24% reduction in LDL-C cholesterol 
andd the 40 mg dose 29.5% reduction. On average fluvastatin 80 mg (40 mg twice daily) 
hass been shown to reduce LDL-C cholesterol up to 36%, with no difference in safety com-
paredd with the 40 mg daily dose.8 

Thee primary objective of this study was to determine the percentage of patients with 
hypercholesterolemiaa who reached the goal of LDL-C at these dosage titration steps of 
threee months each. The goal of LDL-C reduction was less than 3.5 mmol/1 for patients 
withoutt CHD and LDL-C less than 3.0 mmol/1 for patients with CHD. To address these 
objectivess dose titration steps of respectively 20, 40 or 80 mg fluvastatin monotherapy 
weree prescribed to a large population of patients. Combination therapy of fluvastatin with 
twicee daily 600 mg gemfibrozil was also investigated in a sub population with combined 
dyslipidemia. . 

Thee secondary aim was to determine safety in terms of liver and muscle enzymes and 
tolerabilityy in terms of spontaneously reported complaints of the four possible dosage 
regimens. . 

PATIENTSS AN D METHODS 

PatientPatient  population 
Malee and female outpatients, 18 years or older, with a diagnosis of primary hyperlipi-
demiaa who required treatment with an HMG-CoA-reductase inhibitor. Patients in the 
CHDD group were defined by angina pectoris, coronary atherosclerosis at coronary angiog-
raphy,, a positive stress test, status after myocardial infarction or revascularisation proce-
duree such as CABG or PTCA. Patients had to sign an informed consent, indicating that 
theyy agreed to participate in the trial. They were instructed to contact their physician if 
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unexpectedd muscle pain occurred. For safety reasons a control visit was planned 6 weeks 
iff  the initiation of combination therapy including fluvastatin and gemfibrozil was indi-
cated. . 

Patientss entering the trial had to discontinue all previous hypolipidemic drugs for at 
leastt 8 weeks before entering the study, and had to maintain a cholesterol lowering diet 
forr at least more than twelve weeks and had to continue this diet throughout the trial. 

Patientss were excluded if they had one of the following: a triglyceride level of more 
thann 4.5 mmol/; homozygous familial hypercholesterolemia; known hypersensitivity for 
HMG-CoA-reductasee inhibitors; hypersensitivity for fibrates; acute or chronic liver dis-
easeease or an elevation of the liver enzymes ASAT and ALAT three times above the upper 
limi tt of normal; pre-existing gallbladder disease; renal failure, defined as serum creati-
ninee > 160 pmol/1; alcohol abuse, defined as more than 2 units alcohol per day; receiving 
anyy investigational drug 12 weeks before the study, pregnancy or breastfeeding. Fertile 
femaless had to take adequate measures of birth control. 

METHODS S 

Thee study was an open label, dose-titration study starting with a screening visit, followed 
byy one to three dose titration steps at 3 month intervals each, and if necessary followed by 
aa combination treatment of 6 weeks duration. This therapeutic regimen was then contin-
uedd for 1 year. The study was approval by the Institutional Review Boards of the participat-
ingg hospitals. 

Fluvastatinn was administered orally in 20 mg or 40 mg capsules once daily in the 
evening.. The starting dose was 20 mg and if the required reduction of LDL-C was more 
thann 25% in that particular patient, the starting dose was 40 mg. If adequate LDL-C 
reductionn was reached at a certain dose level the patient was followed for one year. If no 
adequatee response was reached at the first visit, the dose was uptitrated to the next level 
andd a second visit was planned after 12 weeks, following the dosage change. Uptitration 
off  fluvastatin was continued to 80 mg/day {40 mg twice daily) in order to reach a less 
thann 3.5 mmol/1 LDL-C goal for patients without CHD. For patients with CHD the goal 
constitutedd an LDL-C level of less than 3.0 mml/1 as specified in the Joint European 
Guidelines.. If triglycerides were above 2.5 mmol/1, at a time when the LDL-C goal was 
reachedd or when the patient was receiving the maximum dose of fluvastatin (80 mg), 
gemfibrozill  (twice-daily 600 mg) was added to the therapeutic regimen. 

BiochemicalBiochemical  analysis 

Plasmaa total cholesterol was determined by an enzymatic colorimetric procedure using 
cholesteroll  esterase and cholesterol oxidase (CHOD-PAP, Boehringer Mannheim, Mann-
heimm Germany). HDL- cholesterol was determined after precipitation of apo B-containing 
lipoproteins,, using phosphotungstic acid and magnesium ions. Triglycerides were quan-
tifiedd by an enzymatic colorimetric procedure using lipase, glycerokinase and glycerol-3-
phosphatee oxidase. Plasma LDL-cholesterol was calculated using the Friedewald 
formula910.. Routine blood chemistry tests aspartate aminotransferase (ASAT), alanine 
aminotransfrasee (ALAT), creatine phosphokinase (CPK), serum creatinin, thyroid stimu-
latingg hormone (TSH), glucose and Hemoglobin Ale (HbAlc) were performed standard-
izedd at each visit. 
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StatisticalStatistical methods 
Itt was estimated that 75% of all patients entered in this study would need a LDL-C reduc-
tionn of 25% or more, and would therefore be treated with 40 mg fluvastatin or more, and 
thatt combination therapy would be needed in 30% of all patients. To observe side effects 
thatt occur at a frequency of at least 1% or higher a group size of at least 230 patients was 
needed.. To obtain this power also in the combination treatment regimen a total group of 
att least 1000 was to be included: 750 treated with fluvastatin 4omg of higher and 250 
withh fluvastatin combined with gemfibrozil. 

Descriptivee statistics were chosen for background and demographic characteristics; 
usagee of concomitant medication; number of patients that obtained the treatment and 
percentagee of patients that reached the beforehand determined goal of reduction in LDL-
CC cholesterol per treatment; calculation of the cost per mean percent LDL-C reduction; 
tolerabilityy (number of patients with complaints and number and type of complaints); 
incidencee of treatment related adverse events summarised by organ system, severity, type 
andd relation to the study drug; discontinuation of the study. Nonparametric tests for pri-
maryy efficacy evaluation, for comparison of LDL-C values at final visit with baseline val-
uess and differences between treatment groups in percentage of patients that obtained 
efficaciouss LDL-C reduction; secondary efficacy evaluation, for comparison of lipid pro-
filefile  at final visit with baseline; safety evaluation, for comparison of liver enzymes and 
CPKK at final visit with baseline and for comparison of number of subjects, between treat-
mentt dose groups, who have met the criteria for an abnormality following treatment 
beforee the time of final visit but not at baseline. Conventionally, p<o.o5 was used to indi-
catee statistical significance. 

RESULTS S 

BaselineBaseline characteristics 
AA total of 1501 patients at 50 centres in The Netherlands completed the study and were 
analysed.. The demographic characteristics of the patients are represented in Table 1. 

Tablee 1 Baselin e characteristic s of stud y populatio n (n=1501) 

Characteristicss Male Female 
Numbe rr  992 509 

611  10.1 
2700 (53%) 
1655 6 
733 8 
277 4 
1444  20.7 
833  9.3 
722 5 

Valuess are given in mean  SD or number of patients unless otherwise specified. 

Amongg patients with known coronary heart disease, 39.5% and 40.1% respectively, had 
previouslyy a myocardial infarction in the 20 and 40 mg groups. With regards to cardio-
vascularr risk factors all groups were comparable; patients with hypertension, family 

Agee (y) 
Coronaryy heart disease 
Heightt (m) 
Weightt (kg) 
Bodyy mass index (kg/m ) 
Systolicc blood pressure (mmHg) 
Diastolicc blood pressure (mmHg) 
Pulsee frequency (bpm) 

588 2 
7888 (79%) 
1.766 4 

822 1 
266 1 
1388 5 
811  9.4 
700 3 
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historyy of CVD and smoking habits were present in 36.7, 34.0 and 24.9%, respectively of 
casess in the 2omg treatment arm and in 30.5, 34.0 and 23.0% of patients in the 4omg 
group. . 

BaselineBaseline  laboratory  values  of  included  patients 
Meann baseline values of all lipoprotein parameters, as measured at visit 1, were similar in 
both,, 20 and 40 mg, treatment groups. The mean levels of ALAT, ASAT, CPK, creatinine, 
TSH,, HbAlc and fasting glucose, as measured at visit 1, were also similar in both 20 and 
400 mg treatment groups (Table 2) both for men and women. 

Tablee 2 Baselin e laborator y values of include d patient s 

Parameter s s 

Cholesteroll (mmol/l) 
HDL-CC (mmol/l) 
LDL-CC (mmol/l) 
Triglyceridess (mmol/l) 
ALATT (U/l) 
ASATT (U/l) 
CPKK (U/l) 
Creatininn ((jmol/l) 
TSHH (mU/l) 
Glucosee (mmol/l) 
HbA,CC (%) 

Fluvastati nn 20mg 
Male e 

6.22 (0.72) 
1.02(0.28) ) 
4.22 (0.63) 
2.222 (0.92) 
233 (12.3) 
19(10.5) ) 
788 (72.0) 
97(14.6) ) 
1.533 (1.42) 
8.66 (2.9) 
7.9(1.54) ) 

Female e 

6.66 (1.05) 
1.255 (0.37) 

4.4(1.04) ) 
2.099 (0.95) 
19(10.2) ) 
17(14.0) ) 
544 (40.7) 
800 (14.7) 
1.85(2.30) ) 

8.44 (2.4) 
7.88 (1.30) 

Fluvastati nn 40mg 
Male e 

7.11 (0.99) 
1.07(0.27) ) 
5.22 (0.92) 
2.00(0.81) ) 
233 (12.2) 
17(7.7) ) 

788 (53.7) 
977 (16.1) 
1.533 (1.17) 
8.66 (2.9) 
8.11 (4.47) 

Female e 

7.6(1.12) ) 
1.27(0.36) ) 
5.4(1.03) ) 
2.044 (0.89) 
199 (9.3) 
16(9.1) ) 
577 (52.4) 
82(15.0) ) 
1.89(2.44) ) 
8.99 (2.5) 
7.7(1.45) ) 

Valuess are given as means with standard deviations (SD) between brackets. HDL-C denotes High-Density Lipo-
proteinn Cholesterol, LDL-C Low-Density Lipoprotein cholesterol; ALAT Alanine Aminotransferase; ASAT Aspartate 
Aminotransferase;; CPK Creatine Phosphokinase; TSH Thyroid-stimulating Hormone; HbA,c Hemoglobin A,c. 

Titration Titration 
Thee design of this study enabled us to observe the maximum effect of each dosage, since 
thee highest level of efficacy of fluvastatin was reached after 4 to 6 weeks of treatment. The 
continuationn of treatment for one year enabled us to observe whether efficacy and tolera-
bilityy remained stable over time. 

Forr the analysis, "treatment" was defined as the treatment during the last visit before 
thee LDL-C target was reached. Initially 365 and 1136 patients were included into the 20 
mgg and 40 mg fluvastatin groups. From these groups, 1125 patients could be analysed 
(130,, 294 and 584 patients, respectively in the 20,40 and 80 mg fluvastatin monotherapy 
groupss and 117 patients in the 80 mg fluvastatin and 1200 mg gemfibrozil combination 
therapyy group). At the final visit 1077 patients could be analysed (77, 237 and 601 
patients,, in the 20, 40 and 80 mg fluvastatin monotherapy groups, respectively and 162 
patientss in the 80 mg fluvastatin plus 1200 mg gemfibrozil combination therapy group). 
Thee patients whose LDL-C level was not reduced at all (n=i) or when information about 
LDL-CC levels was missing (n=24) were excluded from the statistical analysis. Nine 
patientss entered the study without meeting the inclusion criteria and eight patients 
shouldd not have been included due to exclusion criteria. 
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Efficacy Efficacy 
Theree were two LDL-C reduction goals. For patients without CHD: LDL-C less than 3.5 
mmol/11 and for patients with known CHD: LDL-C less than 3.0 mmol/1. 

Inn total, 61.8% of the patients who underwent a baseline assessment ^=1387) 
reachedd the desired LDL-C reduction. After the titration 24.4% of the 20 mg fluvastatin 
groupp reached the desired LDL-C reduction, 16.4% of the 40 mg group, 13.4% of the 80 
mgg group and 4.0% of the 80 mg fluvastatin plus 1200 mg gemfibrozil group (Table 3). 

Tablee 3 Number of patient s reachin g the LDL-C reductio n goal per dosag e 

Titratio n n Visi tt  1 Visi tt  2 Visi tt  3 Visi tt  4 Visi tt  5 Visi t 6-7-8-9 

Totaln n 
LDL-CC goal (M) 
LDL-CC goal (%) 

1387 7 1387 7 
438 8 
31.6 6 

660 0 
47.6* * 

759 9 
54.7* * 

1125 5 
810 0 

58.4* * 

1077 7 
857 7 

61.8* * 

n=Totall number of patients with this treatment, until this particular visit. 
M=Totall number of patients that reached the desired LDL-C reduction for the first time at this particular visit. 
%% = Percentage of patients that reached the desired LDL-C reduction for the first time at this particular visit. 
*=Forr these cumulative number of patients of the various visits was compared with the number of patients at baseline 

(n-1387). . 

Duringg the follow-up visits 6, 7, 8, and 9 an additional 47 patients (3,4%) reached the 
desiredd LDL-C reduction. The differences between the last titration in comparison with 
baselinee values for total cholesterol, LDL-C, LDL-C/ HDL-C ratio and triglycerides are for 
alll  dose groups given in Table 4. 

Tablee 4 Mean change s of lipid s and lipoprotein s in the patien t cohort : from baselin e to 
fina ll  visi t 

Efficac y y 

Tot.. Cholesterol (mmol/1) 
HDL-CC (mmol/1) 
LDL-CC (mmol/1) 
Triglyceridess (mmol/1) 
LDL-C/HDL-C C 

Fluvastati n n 
200 mg grou p 
(n-77) ) 

-1.4(0.57) ) 
0.11 (0.20) 

-1.33 (0.53) 
-0.33 (0.60) 
-1.33 (0.72) 

Fluvastati n n 
400 mg grou p 
(n»237) ) 

-1.9(0.72) ) 
0.00 (0.20) 

-1.7(0.65) ) 
-0.44 (0.67) 
-1.6(1.04) ) 

Fluvastati n n 
800 mg grou p 
(n=601) ) 

-1.99 (0.86) 
0.11 (0.40) 

-1.88 (0.83) 
-0.44 (0.65) 
-1.9(2.35) ) 

Fluvastati nn 80 mg 
++ gemfibrozi l 
12000 mg grou p 
(n=162) ) 

-1.8(1.04) ) 
0.22 (0.22) 

-1.5(1.05) ) 
-1.11 (0.95) 
-1.9(1.37) ) 

HDL-CC denotes High Density Lipoprotein, LDL-C denotes Low Density Lipoprotein. Values are given as means with 
standardd deviations (SD). The differences at final visit in comparison with baseline values with regards to total 
cholesterol,, LDL-C, LDL-C/HDL-C ratio and triglycerides were statistically significant, for ail 20 mg, 40 mg, 80 mg 
andd the combined fluvastatin 80 mg plus gemfibrozil 1200 mg dose groupss at a p-value p<o.oooi. 

Thee percentage of LDL-C reduction was 23% for fluvastatin 2omg, 32% for fluvastatin 
4omg,, 31% for fluvastatin 8omg and 26% for fluvastatin 8omg plus gemfibrozil i20omg 
forr males, respectively and 28%, 34%, 31%, and 27% for females, respectively. HDL-C 
elevationn ranges from 6.0% to 17.1% for men and 4.2% to 20.3% for women. 

Thee subgroup analysis for patients with or without CHD showed a similar result for 
menn and women: patients without CHD reached their goal earlier than those with CHD. 
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Att visit 2 of the men on fluvastatin 2omg with CHD 39.6% reached the LDL-C level <3.o 
mmol/1,, while 46.9% of the men without CHD reached the LDL-C of < 3.5 mmol/1. Of 
thee women on 2omg fluvastatin without CHD 61.4% reached their LDL-C goal at visit 
versuss 47.3% of the women with CHD. 23.3% of the men on fluvastatin 4omg with CHD 
reachedd their LDL-C target and 38.0% of the men without CHD. For women the same 
occurred,, 25.1% versus 31.7%. 

AdverseAdverse events 
Adversee events related to the study drug occurred mainly in the mild and moderate cate-
gories:: 79.6,74.7,77.1, 86.3 %, respectively for the 20 mg, 4omg, 80 mg and 80 mg plus 
gemfibrozill  arms, respectively. The profile of the major adverse experiences related to the 
studyy drug, classified by the system organ, was the same in all treatment groups: gastro-
intestinall  (dyspepsia, nausea, abdominal pain), liver/biliary (elevated liverenzymes) and 
musculoskeletall  (myalgia) disorders. The adverse experiences, related to the study drug, 
weree mild in 36.9 to 41.1, moderate in 42.7 to 46.7 and severe in 11 to 25.3% of thee cases 
(thee first percentage represents the 20 mg fluvastatin group and the second the fluvasta-
tin/gemfibrozill  group). 

Theree were no meaningful differences in the reasons for discontinuation between the 
treatmentt groups. The major reasons for discontinuation in all treatment groups were: 
adversee events, uncooperative attitude, protocol violation and other reasons (Table 5}. 

Tablee 5 Patient s who droppe d out of the stud y 

Dropp out s 

Adversee events 
Death h 

Illnesss not related to 

studyy medication 

Other r 

Protocoll violation 

Uncooperative e 

Unknown n 

Total l 

fluvastatin fluvastatin 
200 mg grou p 
n(% ) ) 

26(60,5) ) 
1 1 
1 1 

2 2 
4 4 
8 8 
1 1 
43 3 

fluvastatin fluvastatin 
400 mg grou p 
n(% ) ) 

124124 (63,30) 
4 4 
5 5 

17 7 

12 2 

34 4 

196 6 

fluvastatin fluvastatin 
800 mg grou p 
n(% ) ) 

1155 (47,3) 
5 5 
8 8 

39 9 
23 3 

55 1 
2 2 
243 3 

fluvastati nn + 
G** grou p 
n(% ) ) 

99 (25,7) 
1 1 

6 6 
7 7 

11 1 
1 1 
35 5 

Total l 

2744 (52,9) 

11 1 
14 4 
64 4 

46 6 
104 4 
4 4 
517 7 

** fluvastatin 80 mg + gemfibrozil 1200 mg (%) 

Tolerability Tolerability 
Theree were no differences in tolerability in terms of type of complaints. The number of 
complainingg patients was lower in the fluvastatin / gemfibrozil combination therapy 
groupp in comparison with all fluvastatin monotherapy groups after the last titration. 
Theree was no difference in the total number of complaining patients between treatment 
regimenss at final visit (24,7%, 26,2%, 22,6% and 22,2% respectively). 
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SafetySafety parameters 
Thee mean differences in the value of liver enzymes and CPK, between baseline and final 
visit,, were statistically significant for ALAT in the 40 mg fluvastatin group, for ASAT in 
thee 40 mg fluvastatin and the 80 mg fluvastatin groups, and for CPK in the 40 mg fluvas-
tatin,, the 80 mg fluvastatin and the 80 mg fluvastatin and 1.200 mg gemfibrozil groups 
(Tablee 6). Only in a minority of 17 participants clinically significant changes in ALAT, 
ASATT of CPK of more than 3 times ULN were present. 

Tablee 6 Mean change s of safety parameters , fro m baselin e to fina l visi t 

Safetyy parameter s 

ALATT (U/l ) 

ASATT (U/i ) 

CPKK (U/l ) 

Fluvastati n n 

200 mg grou p 

33 (16.0) 

0(11.3) ) 

-44 (46.1) 

fluvastati n n 

400 mg grou p 

n(%) n(%) 

11 (11.7) 

1(11.1) ) 

-11 (60.2) 

Fluvastati n n 

800 mg grou p 

n(% ) ) 

2(16.5) ) 

1(8.8) ) 

122 (65.9) 

fluvastati nn + 

G** grou p 

n(%) n(%) 

0(12.4) ) 

1(6 .0) ) 

122 (38.1) 

** fluvastatin 80 mg + gemfibrozil 1200 mg (%) 

Valuess are given as mean absolute differences with standard deviations (SD). The mean differences in the value of 
ASAT,, ALAT and CPK, between baseline and final visit, were statistically significant for ALAT in the 40 mg fluvastatin 
(p=o.0236)) group, for ASAT in the 40 mg fluvastatin (p=o.oooi) and the 80 mg fluvastatin (p=o.ooo8) groups, and 
forr CPK in the 40 mg fluvastatin (p=o.oo26), the 80 mg fluvastatin (p<o.OOOi) and the 80 mg fluvastatin and 1.200 
mgg gemfibrozil (p=o.ooo8) groups. 

DISCUSSION N 

Fluvastatinn has extensively been shown to decrease LDL-C, total cholesterol and triglyce-
ridee levels and to elevate HDL-C.12 Already in 1995 Zavoral et al. showed in a longterm, 
open-labell  study that 2omg and 4omg fluvastatin could lower LDL-C by 25% (n=68) and 
31%% (n=209), respectively.13 For the majority of high risk and CAD patients LDL-C reduc-
tionss in this range will bring them within the goals of the current Guidelines. Fluvastatin 
hass proven to inhibit the progression of lesions in the coronary arteries in the Lipoprotein 
andd Coronary Atherosclerosis Study (LCAS),14 the Fluvastatin Angiographic Restenosis 
(FLARE)) trial15 and the Lescol in Symptomatic Angina (LISA) trial16, respectively. There-
fore,, it has been shown that fluvastatin is also beneficial in secondary prevention of coro-
naryy atherosclerosis. More recently, Marz et al. showed that fluvastatin causes a shift in 
LDLL subfractions toward more buoyant, less atherogenic LDL particles in postmenopau-
sall  women with combined hyperlipidemia both in primary and in secondary prevention, 
whichh is a possible explanation for the antiatherogenic effect for fluvastatin greater than 
expectedd caused by the changes in lipids.17 Schuster et al. compared fluvastatin and atorv-
astatinn with increasing doses in untreated patients with hypercholesterolemia and they 
suggestt that the cholesterol-lowering effect of both HMG-CoA reductase inhibitors is not 
differentt when the doses of the less efficacious drugs are raised to an appropriate 
degree.18 8 

Thee main goal of our large phase IV study was to investigate safety and efficacy of 
fluvastatinn in the daily management of patients at increased CHD risk. These patients 
weree treated in this open-label study with fluvastatin in 3 different dose regimens of 
2omg,, 4omg or 8omg, and if necessary combined with i20omg gemfibrozil. The major-
ityy of patients required a reduction of LDL-C of more than 25% and started with fluvasta-
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tinn 4omg o.d., the remaining group received 2omg fluvastatin o.d. The LDL-C reduction 
targetss were different for patients with or without CHD; <3,o mmol/L and <3,5 mmol/L, 
respectively.. After one year of treatment and titration towards these goals, 6i,8% of the 
patientss reached the desired LDL-C level. 

Safety Safety 
Bothh fluvastatin and gemfibrozil are considered to be safe drugs in the treatment of 
hypercholesterolemia.. Side effects in the 4 cohorts were mainly mild and moderate. The 
respectivee dose regimens had no important differences in reasons for discontinuation of 
thee study. 

Thee tolerability for the different treatment groups was similar and less than 25% of 
thee participants had any complaints. 

Thee observed safety parameters ALAT, ASAT and CPK were elevated in the subgroups 
4omg,, 8omg and 8omg plus gemfibrozil, but the elevations were not enough reason to 
discontinuee the trial. Only 17 participants had an elevation of more than 3 times ULN of 
ALAT,, ASAT or CPK. 

CONCLUSIO N N 

Fluvastatinn when raised to an appropriate degree is an effective cholesterol-lowering 
drug.. After one year of treatment and titration 61,8% of the patients reached the desired 
LDL-CC level of < 3.5 mmol/1 for patients without CHD and < 3.0 mmol/1 for CHD 
patients.. Fluvastatin is well tolerated and side effects in the 4 cohorts were mainly mild 
andd moderate. In conclusion, this study shows that fluvastatin is an effective and safe 
cholesterol-loweringg compound in patients with mild hypercholesterolemia. 
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ABSTRAC T T 

Background Background 

Usee of cholesterol-lowering regimens has been shown to reduce the risk of coronary 
heartt disease (CHD), both in primary and secondary prevention. However, there have 
beenn few studies of the relative benefits and risks of the various cholesterol-lowering 
agentss in patient groups with specific factors for CHD. 

Objective Objective 
Thee primary goal of this study was to compare the proportions of adult patients with pri-
maryy hypercholesterolemia and a moderate to high risk for CHD achieving National Cho-
lesteroll  Education Program low-density lipoprotein cholesterol (LDL-C) goals with titrate-
to-goall  regimens of simvastatin and fluvastatin. 

Methods Methods 

Thiss was a multicenter, prospective, randomized, double-blind, parallel-group study 
enrollingg adult patient with type Ha of li b primary hypercholesterolemia, LDL-C levels < 
6.00 mmol/1, and triglyceride levels < 4.5 mmol/1, and either CHD or other atherosclerotic 
diseasee (the CHD, or high-risk, group), or multiple risk factors for CHD (the MRF, or 
moderate-risk,moderate-risk, group). After a 6-week washout period, patients were randomized to 18 
weekss of treatment at an initial dosage of simvastatin 10 g once daily or fluvastatin 20 mg 
oncee daily. At 6- and 12-week titration visits, the dosage in patients who had not achieved 
thee LDL-C goal could be increased to simvastatin 20 mg once daily and then 40 mg once 
daily,, or fluvastatin 40 mg once daily and then 4omg twice daily. Lipid profiles were 
obtainedd at each titration visit and at the end of treatment. In addition to the comparison 
betweenn treatments, secondary comparisons were made between the CHD and MRF sub-
groupss within each treatment group. Statistical significance was assessed using analysis 
off  variance. 

Results Results 

AA total of 478 patients were enrolled, 237 in the simvastatin group and 241 in the fluvasta-
tinn group. There were no significant between-group differences in the patients' character-
isticss at baseline. At the end of the study 60.8% (135/222) of patients in the simvastatin 
groupp had reached target LDL-C goals, compared with 35.1 % (76/216) in the fluvastatin 
groupp (p < 0.001). In the simvastatin CHD and MRF subgroups, 49% and 73%, respec-
tively,, reached the LDL-C target, compared with 19% and 50% in the corresponding fluv-
astatinn subgroups (p< 0.001). The proportion of patients requiring titration was higher in 
thee fluvastatin group than in the simvastatin group (87.1% and 64.1%, respectively; 
p=o.ooi).. The incidence of adverse events was similar between groups. 

Conclusion Conclusion 

Inn this study, more patients with primary hypercholesterolemia and CHD or multiple risk 
factorss for CHD reached LDL-C goals with simvastatin treatment and required less titra-
tionn than those who received fluvastatin treatment 
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INTRODUCTION N 

Thee risk factors for coronary heart disease (CHD) include age (> 45 years for men; > 55 
yearss or premature menopause without estrogen replacement therapy for women); fam-
ilyy history of premature CHD (definite myocardial infarction or sudden death before 55 
yearss of age in father or other first-degree male relative, or before 65 years of age in 
motherr or other first-degree female relative); current cigarette smoking (> 10/d); hyper-
tensionn (blood pressure > 140/90 mm Hg or use of anti-hypertensive medication); dia-
betess mellitus; and low high-density lipoprotein cholesterol (HDL-C) levels (< 0.90 
mmol/L).. In addition, epidemiological studies have provided convincing evidence that 
elevatedd serum cholesterol are an important risk factor for the development of atheroscle-
roticc disease1; elevated low-density lipoprotein cholesterol (LDL-C), in particular, has been 
identifiedd as a conditional risk factor for CHD. 

AA number of clinical studies have demonstrated that the use of cholesterol-lowering 
regimenss reduces the risk of CHD, both in primary and secondary prevention.2'6 Based 
onn the results of these studies, various national and international guidelines have been 
developedd that set specific cholesterol-lowering goals for those with different degrees of 
riskk for CHD.79 

Withh the introduction of 3-hydroxy-3-methylglutaryl-coenzyme-A (HMG-CoA) reduct-
asee inhibitors, a new therapeutic class became available for the treatment of hypercholes-
terolemia.. Current members of this class are simvastatin, pravastatin, lovastatin, fluvasta-
tin,, atorvastatin and cerivastatin. The efficacy and safety of these agents have been 
extensivelyy studied in clinical trials. However, the relative benefits and risks of the various 
cholesterol-loweringg agents in patients groups with the specific risk factors for CHD 
remainn to be clarified. 

AA recent meta-analysis including 56 monotherapy trials and 20 trials of combination 
therapyy trials underscored the importance of taking a stratified approach for different 
patientt groups.10 The present article reports the results of a multicenter, randomized, 
double-blindd comparison of the efficacy and tolerability of titrate-to-goal regimens of sim-
vastatinn and fluvastatin in patients with primary hypercholesterolemia at differing 
degreess of risk for CHD. 

PATIENTSS A N D METHODS 

Att the time of the study, the use of a titrate-to-goal regimen of statins in the treatment of 
hypercholesteromiaa was new to clinical practice in The Netherlands, and fluvastatin was 
neww on the market. The primary goal of the study was to compare the efficacy and tolera-
bilityy of titrate-to-goal regimens of simvastatin and fluvastatin, as indicated by the propor-
tionn of patients achieving LDL-C goals set by the National Cholesterol Education Program 
Expertt Panel on Detection, Evalution, and Treatment of High Blood Cholesterol in 
Adults8:: < 2.6 mmol/1 for the subgroup with CHD or other atherosclerotic disease (the 
CHD,, or high-risk, group) and < 3.5 mmol/1 for the subgroup with multiple (> 2) risk fac-
torss for CHD (the MRF, or moderate-risk, group). Secondary goals were to compare the 
meann percentage reductions in LDL-C and total cholesterol (TC) with the 2 regimens, the 
proportionn of patients requiring titration, and the tolerability of the 2 treatments. 

Thee institutional review boards of all participating centers approved the study proto-
col.. Participants gave written informed consent before receiving any study treatment. 
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StudyStudy  population 

Eligiblee patients were men and women between the ages of 20 and 70 years with type Ila 
orr li b primary hypercholesterolemia, LDL-C levels < 6.0 mmol/1 (CHD group, 3.5-6.0 
mmol/1;; MRF group, 4.0-6.0 mmol/1) while following a lipid-lowering diet, and trigly-
cerdee levels < 4.5 mmol/1. At each participating site, there were to be > 12 patients each in n 
thee CHD and MRF groups. 

Thee exclusion criteria were as follows: hypersensitivity to simvastatin, fluvastatin or 
anyy component of either drug; pregnancy or lactation; inadequate contraception in pre-
menopausall  women; active liver disease, hepatic dysfunction, or unexplained persistent 
elevationss of serum aminotransferase levels > 1.5 times upper limit of normal (ULN); 
serumm creatine phosphokinase elevations > 1.5 times ULN not clearly explained by 
traumaa or excercise; homozygous familial hypercholesterolemia and all forms of second-
aryy hypercholesterolemia; inadequately controlled diabetes mellitus {fasting serum glu-
cosee > 10.0 mmol/1); recent history of alcohol or drug abuse; history of myocardial infarc-
tion,tion, coronary bypass surgery, or angioplasty within the past 3 months; unstable angina or 
clinicallyy significant ventricular arrhythmia; current therapy with any drug known to 
interactt with the study medications or to affect lipid levels; any condition or therapy that 
inn opinion of the investigator, might pose a risk to the patient or confound the results of 
thee study. Any previous lipid-lowering therapy must have been discontinued for 
>> 6 weeks before study entry. 

StudyStudy  design 

Thiss was a multicenter, prospective, randomized, double-blind, parallel-group study con-
ductedd by 25 investigators at 20 centers in The Netherlands. After a 6-week washout 
period,, which included a 2-week placebo period, patients were randomized to 18-weeks of 
double-dummyy treatment at doses within the approved ranges for both study drugs. 
Initiall  doses were simvastatin 10 mg once daily or fluvastatin 20 mg once daily. At 6- and 
12-weekk titration visits, the dosages in patients who had not achieved the LDL-C goal 
couldd be increased to simvastatin 20 mg once daily and then 40 mg once daily, or to fluv-
astatinn 40 mg once daily and then 40 mg twice daily. 

StudyStudy  measurements 

Att week -6, -2, o, 6,12,18, blood samples were drawn after > 12-hour fast for determina-
tionn of blood chemistry and lipid profile Total cholesterol, HDL-C and triglyceride levels 
weree measured using standard techniques. Commercially available enzymatic methods 
weree used to determine TC and triglyceride levels11"13; HDL-C levels were measured after 
precipitationn of apolipoprotein B-containing lipoproteins using an enzymatic calorimetric 
procedure14;; and LDL-C was calculated according to the Friedewald formula.1516 Blood 
pressuree was measured in the supine position using a sphygmomanometer and stetho-
scope. . 

Coordinationn of laboratory assessments through a virtual central laboratory (VCL) 
allowedd titration to goal in a double-blind fashion. Whereas laboratory assessments were 
performedd at the local hospital laboratories at the investigative sites, the VCL performed 
centrall  data management. Use of a common calibrator and a common reference range 
harmonizedd lipid results for the study population. This process has been described else-
where.17,18 8 
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EfficacyEfficacy and toferability assessment 
Thee primary study end point was the percentage of patients reaching target LDL-C levels. 
Secondaryy end points included percentage reductions in LDL-C and TC levels in all 
patientss and in the CHD and MRF subgroups, as well as the proportion of patients 
requiringg titration. 

Adversee events were assessed by the investigator at each visit and classified as mild 
(thee patient was aware of the event but could easily tolerate it), moderate (sufficient to 
interferee with daily activities) or severe (incapacitating, leading to inability to carry out 
dailyy activities). Tolerability was assessed based on the number of patients discontinuing 
treatmentt because of clinical adverse experiences and on changes in laboratory values 
(alaninee aminotransferase, aspartate aminotransferase, creatine phosphokinase). 

StatisticalStatistical analyses 
Thee study was designed to have 80% statistical power to detect a difference in mean per-
centagee change from baseline LDL-C in each subgroup. Allowing for a dropout rate of 15 
%,, 115 patients were required in each subgroup of each arm, for a total of 230 patients in 
eachh treatment arm. This sample size would give > 95% power to detect a difference in 
thee overall percentage of patients reaching LDL-C goals. 

Thee baseline comparability of the 2 treatment groups with respect to demographic 
andd clinical characteristics and baseline lipid levels was assessed using the Fisher exact 
testt for dichotomous variables, the Wilcoxon rank sum test for ordered categorical varia-
bles,, and the 2-sample t-test for the continuous variables. Baseline values were derived 
fromfrom the mean of the values obtained at week -2 and day o for lipids and vital signs and 
thee last measurement obtained during the baseline period for laboratory safety variables. 

Efficacyy analyses were performed using all-the-patients-treated approach. All patients 
withh lipid-level data both from baseline and during treatment were included in the study 
analyses.. If data were missing for a particular visit, values were carried forward from the 
previouss visit. Between-group comparisons of response were made using Cochran-Man-
tel-Haenszell  test, with stratification for risk factor status and center. Between-group com-
parisonss of the percentage reductions in lipid levels were performed using an analysis-of-
variancee model, which included treatment, investigator, and risk factor status as main 
effects.. Consistency of treatment response between centers and between risk factor sub-
groupss was assessed by separate examinations of the interaction of treatment by risk fac-
torr status for all weeks. 

Normalityy of residuals and homogeneity of variances were tested using the Shapiro-
Wilkss test and the Levene's test, respectively. The Fisher's exact test was used to compare 
treatmentt groups with respect to the incidence of clinical and laboratory adverse experi-
ences.. Statistical significance was assessed at the 5% level of probability. 

RESULTS S 
AA total of 478 patients were randomized to the 2 treatment groups; 237 in the simvastatin 
groupp (CHD 119; MRF 118) and 241 in the fluvastatin group (CHD 121; MRF 120). The 
characteristicss of the treatment groups did not differ significantly at baseline (Table I). No 
significantt interaction of treatment-by-risk factor status interaction was found, nor was 
theree any significant of sex or age with any of the outcome variables. 
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Tablee 1 Patien t characteristic s at baselin e 

Agee (years  SD) 
Sexx (percentage) 
Male e 

Female e 
CHDD status(percentage) 
CHD D 
MRF F 
TCC (mmol/l ) 
LDL-CC (mmol/l ) 
HDL-CC (mmol/l ) 
TCC (mmol/l ) 
Totall cholesterol/ HDL-C ratio 

Simvastatin n 
nn = 237 

56.55 (8.7) 

162(68.4%) ) 
755 (31.6%) 

119(50.2%) ) 
118(49.8%) ) 
6.766 (0.74) 

4.744 (0.61) 
1.14(0.28) ) 
1.94(0.86) ) 
6.23 3 

Fluvastatin n 

nn = 241 

56.00 (8.8) 

170170 (70.5 %) 
711 (29.5%) 

1211 (50.2%) 
120(49.8%) ) 
6.777 (0.76) 
4.700 (0.57) 

1.18(0.34) ) 
1.988 (0.92) 
6.14 4 

Total l 
n-478 8 

56.44 (8.7) 

3322 (69.5%) 
146(30.5%) ) 

240240 (50.2 %) 
2388 (49.8%) 
6.777 (0.75) 
4.722 (0.59) 
1.166 (0.31) 
1.966 (0.89) 
6.19 9 

Dataa are presented as mean  standard deviation, SD = standard deviation, CHD - coronary heart disease, MRF -
multiplee risk factors for coronary heart disease, TC = total cholesterol, LDL = low density lipoprotein, HDL = high 
densityy lipoprotein, TC = triglycerides, differences were not significant. 

AA total of 471 patients (98.5 %) had diagnosis secondary to hypercholesterolemia at 
screening,, most commonly of a cardiovascular nature, with similar proportions of 
patientss in the 2 treatment groups having such diagnoses. Sixty patients had previously 
takenn lipid-lowering therapy, 31 (13.1 %) in the simvastatin group and 29 (12.0 %) in the 
fluvastatinn group. A total of 426 patients took concomitant medications (none of them 
lipid-loweringg drugs), while receiving study therapy, 207 (87.3 %) in the simvastatin 
groupp and 219 (90.9 %) in the fluvastatin group. 

Off  the 478 patients entering the study, 438 (91.6 %) completed all 18 weeks of treat-
ment,, 222 (93.7 %) in the simvastatin group and 216 (89.6 %) in the fluvastatin group. 
Thirty-threee patients (14 [5.9%] in the simvastatin group and 19 [7.9%] in the fluvastatin 
group)) discontinued treatment because of a clinical adverse experience. One patient in 
thee simvastatin group and 6 in the fluvastatin group discontinued treatment for other 
reasons.. There were no significant differences between the treatment groups with respect 
too discontinuations. 

Att the end of the study, 60.8 (135/222) of the patients in the simvastatin group (CHD 
499 %, MRF 73%) had achieved target LDL-C levels, compared with 35.1 % (76/216) of 
patientss in the fluvastatin group (CHD 19 %, MRF 50 %). The odds ratio of attaining the 
LDL-CC goal was 1.77 for simvastatin versus fluvastatin (95 % C.I. 1.47 to 2.13). At each 
timee point, there was a a significant difference between the proportion of patients reaching 
treatmentt goals with simvastatin and fluvastatin (p < 0.001). The same effect was 
observedd in the 2 risk factor subgroups, although the difference was more pronounced in 
thee CHD group. The odds ratio was 2.56 for simvastatin versus fluvastatin in the CHD 
groupp (95% C.I. 1.76-3.75), compared with 1.44 (95% C.I. 1.17-1.77) in the MRF group. 
Figuree 1 shows the percentages of patients achieving treatment goals each week, by treat-
mentt group and risk factor subgroup. 

Separatee analyses of the percentage change from baseline in TC, LDL-C, HDL-C, trig-
lyceridee levels and TC/HDL-C ratio were performed at weeks 6,12 and 18. The mean per-
centagee changes from baseline in the lipid profile are summarized in Table II. 
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Tablee 2 Efficac y at week 18 

Totall cholesterol 

CHD D 

MRF F 

LDL-cholesterol l 

CHD D 

MRF F 

HDL-cholesterol l 

Triglycerides s 

Totall cholesterol/ HDL-choles-

terol l 

Simvastatin n 

-- 26.6 % 

-- 30.2 % 

-25.11 % 

-35 .9% % 

-41.11 % 

-35 .2% % 

++ 9.7% 

-17.88 % 

-31 .9% % 

Fluvastatin n 

-- 20.1 % 

-- 24.2 % 

-19 .5% % 

-27 .8% % 

-31 .8% % 

-- 26.9 % 

++ 6.5% 

-10 .7% % 

-23 .7% % 

p-value e 

<0.001 1 

<0.001 1 

<0.001 1 

<0.001 1 

<0.001 1 

CHDD = coronary heart disease, MRF = multiple risk factors for coronary heart disease, LDL = low density lipoprotein, 
HDLL = high density lipoprotein. 

Weekk 6 Weekk 12 Weekk 18 

ISimvastati r r 

II Fluvastati n 

Figure !!  Proportion of patients achieving target low-density lipoprotein cholesterol (LDL-C) levels at the 3 study 
visits,, by treatment group and risk factor subgroup. CH D = coronary heart disease; M RF = multiple risk 
factorss for CHD. All differences were significant (p<o.ooi). 

Thee overall TC reduction at the end of the study was 26.6 % in the simvastatin group and 
20.11 % the fluvastatin group (p < 0.001). By risk factor subgroup, the CHD and MRF sub-
groupss had respective TC reductions of 30.2 % and 25.1 % with simvastatin, compared to 
24.22 % and 19.5 % with fluvastatin (p <o.ooi). At the end of study, LDL-C levels had 
decreasedd significantly more in the simvastatin group than in the fluvastatin group (35.9 
%% vs 27.8 %, respectively; p < 0.001) (Figure 2). Differences between simvastatin and flu-
vastatinn were also signigicant at week 6 (31.5% vs 19.7 %; p < 0.001) and week 12 (33.6% 
vss 23.3%; p < 0.001. There were significantly greater increases in HDL-C levels with sim-
vastatinn than with fluvastatin at week 12 (7.8 % vs 5.0 %; p = 0.025) and week 18 (9.7 % vs 
6.55 %; p = o.035)(Figure 3). Triglyceride levels decreased significantly more in the simvas-
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oo 6 12 18 

Week k 

Figur ee 2 Mean (  SE) percentage reduction from baseline in low-density lipoprotein cholesterol levels, all-patients-
treatedd approach. At the end of study (week 18), mean percent reduction from baseline in LDL-Cholesterol 
wass 36% in the simvastatin group and 28% in the fluvastatin group. At all weeks, there was a significant 
(p<o.ooi)) difference between simvastatin and fluvastatin with respect to mean percent change from 
baselinee in LDL-Cholesterol. 

tatinn group than in the fluvastatin group at week 12 (15.9 % vs 8.9 %; p = 0.008) and 
weekk 18 (17.8 % vs 10.7 %; p = o.on)(Figure 4). 

Att the end of the study, a greater proportion of patients required titration in the fluvas-
tatinn group than in the simvastatin groupp (87.1 % vs 64.1 %, p = 0.001). This finding held 
truee in both the CHD and MRF subgroups (CHD, 96.7 % fluvastatin vs 83.2 % simvasta-
tin;; MRF 77.5 % vs 44.9 %). 

AA total of 197 patients had > 1 clinical adverse experience during treatment, 91 (38.4 
%)%) in the simvastatin group and 106 (44.0 %) in the fluvastatin group. The investigator 
judgedd 77 of these events (32 [13.5 %] in the simvastatin group, 45 [18.7 %] in the fluvasta-
tinn group) to be possibly or definitively related to treatment. Fifteen patients had serious 
adversee experiences during treatment period, 8 (3.4 %) in the simvastatin group, 7 (2.9%) 
inn the fluvastatin group. Thirty-three patients (14 [5.9 %] in the simvastatin group, 19 [7.9 
%]]  in the fluvastatin group) were withdrawn from treatment because of a clinical adverse 
experiences.. None of these differences were statistically significant. 

DISCUSSION N 

Inn this study, simvastatin was more effective than fluvastatin in a titrate-to-goal regimen. 
However,, because of the inclusion and exclusion criteria, these results cannot be extrapo-
latedd to the general population. In patients with multiple risk factors for CHD, a signifi-
cantlyy greater proportion of patients achieved LDC-C goals with simvastatin than did 
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Simvastatin n 

Fluvastatin n 

Week k 

Figur ee 3 Mean (  S.E) percentage increase from baseline in high-density lipoprotein cholesterol levels, all-patients-
treatedd approach. At the end of study (week 18), mean percent increase from baseline in HDL-cholesterol 
wass 10% in the simvastatin group and 7% in the fluvastatin group. At week 12 and 18, there was a significant 
differencee (respectively p= 0.025 a n t ' ) between simvastatin and fluvastatin. 

Simvastatin n 

Fluvastatin n 

3 3 

-15' ' 

— I I 

18 8 

Week k 

Figur ee 4 Mean ) percentage reduction from baseline in triglyceride levels, all-patients-treated approach. At the 
endd of study (week 18), mean percent reduction from baseline in triglyceride levels was 18% in the 
simvastatinn group and 11% in the fluvastatin group. At week 12 and 18, there was a significant difference 
(respectivelyy p= 0.008 and p=o.on) between simvastatin and fluvastatin. 
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fluvastatin;fluvastatin; in patients with CHD or other atherosclerotic disease, this proportion was 
evenn greater. Over 18 weeks of treatment, the proportion of patients requiring titration 
wass lower with simvastatin than with fluvastatin. Compared with fluvastatin, simvastatin 
wass significantly more effective in reducing TC, LDL-C and triglyceride levels, and the 
TC/HDL-CC ratio. Both regimens were well tolerated, with no significant differences in 
thee incidence of clinically relevant adverse experiences between treatments. 

CONCLUSION S S 

Loweringg LDL-C levels to or below recommended levels89 has been shown to prevent cor-
onaryy events. As al class, the HMG-CoA reductase inhibitors have potent LDL-C lowering 
effectss and are well tolerated. We compared doses within the approved range for simvas-
tatinn with those for fluvastatin, at the time a new entry on the Dutch market. The 2 drugs 
weree effective in lowering LDL-C levels with similar tolerability profiles. However, at the 
endd of the study at the end of the study, 60.8 % of patients in the simvastatin group had 
reachedd target LDLC levels (CHD 49 %, MRF 73 %), compared to 35.1 % of patients in the 
fluvastatinfluvastatin group (CHD 19 %, MRF 50 %). Thus, simvastatin was the more effective sta-
tin,tin, producing greater LDL-C reductions at lower milligram-equivalent doses than fluvas-
tatin.. These results may be helpful in selection of the most effective and efficient 
regimenss for patients at differing degrees of risk for CHD. 

Thee authors acknowledge the financial support of Merck Sharpe and Dohme BV, Haar-
lem,, The Netherlands, for the execution of this study. None of the authors received com-
pensationn from Merck Sharp and Dohme for their participation in this trial. 
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SUMMAR Y Y 

Objectives:: Clinical data suggesting that larger decreases in low density lipoprotein cho-
lesteroll  (LDL-C) result in greater reductions in coronary heart disease events have led to 
thee establishment of aggressive LDL-C targets for the treatment of hypercholesterolemia. 
Inn view of this, the efficacy and safety of a new maximum dose of simvastatin, 80 mg 
weree evaluated in 237 consecutive hypercholesterolemic patients. 

Patientss and design: In this study we review in retrospective the data on 231 hypercho-
lesterolemicc patients of the Lipid research clinic after at least 3 months therapy with sim-
vastatinn 8omg. For 100 patients it was possible to evaluate the effect of simvastatin 8omg 
comparedd to off lipid-lowering medication profiles. 

Results:: Overall LDL-C levels significantly decreased from a mean 7.11 mmol/1 at 
baselinee to 4.03 mmol/1 after treatment (39.0% reduction, p<o.ooi); for women the 
reductionn was 41.3% and for men 37.3%. The overall mean reduction in TC was 33.8%, 
(p<o.ooi),, slightly higher for men compared to women, 35.3% versus 31.6%, respectively. 
HDL-CC increased 15.1% for women and 15.0% for men fp<o.ooi) Median decreases in 
triglyceridess ranged from 16.1% for women to 25.6% for men, a 20.0% reduction for the 
wholee study population (p=o.ooi) 

Conclusion:: In a non-controlled lipid clinic setting simvastatin 8omg is well tolerated 
inn patients with primary hypercholesterolemia and produces great reductions in LDL-
cholesterol,, total cholesterol and triglycerides, and significantly elevates HDL-C. 
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INTRODUCTION N 

InIn 1988, a Lipid Research Clinic (LRC) was established at the Slotervaart hospital in 
Amsterdam,, The Netherlands. This LRC is a referral for patients with premature coro-
naryy artery disease (CAD) and severe dyslipidemia. In the period between 1988 and 2000 
approximatelyy 6000 consecutive new patients were evaluated. The majority of these 
patientss were diagnosed with a primary, genetic dyslipidemia and were severely at 
increasedd risk of premature CAD. Most of these patients diagnosed with Familial Hyper-
cholesterolemiaa (FH) or Familial Combined Hyperlipidemia (FCH) do not reach LDL-C 
targetss and require aggressive lipid lowering therapy. 

Overr the past decade the 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reduct-
asee inhibitors (so called statins) have become invaluable in the treatment of hypercholes-
terolemia.11 Several statin landmark trials showed that the reductions of low-density lipo-
proteinn cholesterol (LDL-C) decreased the rates of major cardiovascular events (MACE), 
cardiacc death and non-fatal myocardial infarction, both in primary and secondary preven-
tion.2-55 Statins have been extensively studied since their introduction. Most studies evalu-
atedd modest dosages of 10 to 4omg. In 1988, simvastatin was the first commercially avail-
ablee HMG-CoA reductase inhibitor in the Netherlands. In the last decade prescribed 
dosagess of simvastatin ranged form 10-40 mg in our country with the majority (  75%) 
off  all prescriptions at the iomg dose. During this period simvastatin proved to be a safe 
andd well tolerated drug. Patients exposed at severely elevated cholesterol levels with no 
adversee effects of the lower dosages were gradually switched to the maximum dosage of 
simvastatinn 80 mg once daily. In this study we are presenting data of patients treated with 
thiss maximum dosage in order to study long-term efficacy and safety in a non-controlled 
environment. . 

PATIENTSS A N D METHODS 

Patients Patients 
Inn total 231 patients with severe hypercholesterolemia could be evaluated in this retro-
spectivee cohort study. They were men, and women who attended the LRC between 1997 
andd 2000 and were prescribed simvastatin 8omg as lipid-lowering therapy for their 
severelyy elevated LDL-C levels. 

Duringg the first visit a full medical history and detailed family history was recorded. 
Riskk factors include history of coronary heart disease, stroke and peripheral artery dis-
ease,, hypertension, cigarette smoking, diabetes mellirus A physical examination was per-
formedd recording vital parameters, pulse, bloodpressure, length, weight, heart, lungs, 
abdomen,, peripheral pulse and xanthomas or xanthelasmata. When applicable, patients 
weree provided with information on how to improve their lifestyle; including advice on 
diet,, smoking cessation and exercise The dietary advice was in accordance with the 
Nationall  Dutch Guidelines (Richtlijnen Goede Voeding).12 Patients returned to the LRC 
forr evaluation and titration of medication after a minimum of 3 months treatment. 

BloodBlood  sampling  and determination  of  plasma  lipids 
Alll  venous blood samples were obtained in the fasting state (10-12 hours) for analysis of 
plasmaa lipids and lipoproteins: total cholesterol, LDL-cholesterol, HDL-cholesterol and 
triglycerides,, apo Al , apo Bioo and to assess adverse effects such as increases in 
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transaminasess and creatine phosphokinase (CPK). Plasma total cholesterol was deter-
minedd by an enzymatic colorimetric procedure using cholesterol esterase and cholesterol 
oxidasee (CHOD-PAP, Boehringer Mannheim, Mannheim Germany). HDL- cholesterol 
wass determined after precipitation of apo B-containing lipoproteins, using phosphotung-
sticc acid and magnesium ions. Triglycerides were quantified by an enzymatic colorimetric 
proceduree using lipase, glycerokinase and glycerol-3-phosphate oxidase. Plasma LDL-cho-
lesteroll  was calculated using the Friedewald formula.1314 Routine blood chemistry tests 
weree performed for aspartate aminotransferase (ASAT), alanine aminotransfrase (ALAT), 
gammaglutamyltransferasee (gGT) and creatine phosphokinase (CPK). 

EFFICACYY AN D SAFETY 

Thee primary objective of the study was to evaluate efficacy and safety of a daily single dose 
simvastatinn 80 mg in the clinical practice of a lipid clinic setting. The primary efficacy 
analysiss included percentage reduction of calculated LDL-C from baseline after at least 3 
monthss treatment and on treatment LDL-C concentrations. Secondary efficacy variables 
weree total cholesterol, HDL-C and triglycerides. 

Safetyy was evaluated through assessment of laboratory determinations including 
increasedd plasma concentrations of alanine aminotransferase (ALAT), aspartate ami-
notransferasee (ASAT), gammaGT (gGT) and creatine phosphokinase (CPK). Elevations of 
>> 3 times the upper limit of normal for ALAT, AS AT and gGT were considered to be clin-
icallyy relevant. For CPK a cut of value of > 10 times the upper limit of normal was 
adopted. . 

DATAA COLLECTIO N / DATABAS E AN D STATISTICAL ANALYSI S 

Alll  clinically relevant data was recorded on patient record forms and subsequently 
enteredd into a custom designed FoxPro database. Sub sets of data were extracted with the 
usee standard SQL query tools and exported to a statistical analysis software program 

Efficacyy was analysed on the basis on the intention-to-treat principle, all patients with 
baselinee and/or at least one on treatment laboratory measurements were included. Statis-
ticall  analysis of efficacy and safety were performed. Changes of the mean from baseline 
inn lipid variables (median percent change for triglycerides) and changes in mean labora-
toryy safety parameters were examined after at least 2 weeks treatment with simvastatin 
8omg.. Changes from baseline were evaluated using a paired t-test for all parameters. 
Malee and female participants were analysed both separately and combined. A p-value 
=0.055 was considered significant. SPSS 10.0.07 (SPSS, Inc., Chicago, IL, USA.) statistical 
packagess were used. 

RESULTS S 

Fromm 1997 to 2000 a total of 231 hypercholesterolemic were prescribed simvastatin 
8omg.. Of these 231 patients screened, baseline and on treatment lipid data were available 
forr 100 patients. In 131 patients no laboratory data was available off lipid lowering medi-
cation.. These patients were referred to the LRC after lipid-lowering drugs were initiated 
byy their general practitioner. In these patients medication was adjusted to achieve LDL-
cholesteroll  treatment goals of < 3.0 mmol/1. The mean age of the evaluated patients was 
46.00 years (range 17-75) an(^ 56.7% were male. The majority of patients were diagnosed 
withh familial hypercholesterolemia (FH), 195 (82.6 %), and 33 (14.0 %) were diagnosed 
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withh familial combined hyperlipidemia (FCH). The remainder of the patients had famil-
iall  dysbetalipoproteinemia and familial defective apoB35oo. Table 1 displays baseline 
characteristicss by gender. Of all 231 patients a number of patients needed secondary pre-
ventionn after 13.9 % had suffered from a myocardial infarction, 8.4% had undergone sur-
geryy for coronary artery bypass grafting (CABG), 6.8% had undergone percutanous 
transluminall  coronary angioplasty (PTCA), 3.0% had suffered from a transient ischaemic 
attackk (TLA), 2.1 % cerebrovascular accident (CVA) and 3.4% of the patients suffered from 
peripherall  artery disease. 

LIPI DD RESULTS 

Thee lipid and lipoprotein levels were comparable between the males and females group, 
exceptt for HDL-C (1.10 versus 1.35 mmol/1, respectively: p=o.ooi) and triglycerides (2.33 
versuss 1.66 mmol/1, respectively: p=o.2o6) {table 2 and 3). As expected, the mean LDL-C 
concentrationss significantly decreased from 7.11 mmol/1 at baseline to 4.13 mmol/1 after 
treatmentt with simvastatin 8omg for all patients (39.0% reduction, p<o.ooi); the LDL-C 
decreasee for women reached 41.3% (7.23 to 4.13 mmol/1, p<o.ooi) and for men 37.3% 
(7.022 to 3.96 mmol/1, p<o.ooi). The overall reduction of TC was 33.8%, p<o.ooi), men 
showedd a greater reduction compared to women 35.3% (9.14 to 5.76 mmol/1) versus 
31.6%% (9.25 to 6.17 mmol/1), respectively. Overall HDL-C increased 15.1%, 15.0% for men 
(1.100 to 1.23 mmol/1) and 15.1% for women (1.35 to 1.51 mmol/1), p=n.s. Median decreases 
inn triglycerides ranged from 16.1% for women to 25.6% for men, a 20.0% reduction for 
thee whole study population (p=o.45). Apo AI increase was 6.3% for men and 7.5% for 
women,, p=n.s. for both. 

Interestingly,, there was a significant difference in ApoBioo reduction between men 
andd women, 27.8% versus 17.1%, 0=0.002. 

SAFETYY EVALUATIO N 

HMG-CoAA reductase inhibitors in general and Simvastatin in particular have been infre-
quentlyy found to cause adverse events related to liver function, marked but usually 
asymptomaticc increases in transaminases, and related to muscle such as myopathy char-
acterizedd by muscle pain and weakness. 

Simvastatinn 8omg was well tolerated in this group of patients. Table 2 and 3 show the 
changess in laboratory safety parameters. After a minimum of 3 months of treatment 
theree were no patients with ALAT, ASAT or gGT increases of >3 times ULN. With regard 
too muscular adverse events, after 3 months of treatment no patients developed persistent 
CPKK increases of >io times ULN. There were no cases of rhabdomyolysis in this cohort 
off  patients. 

DISCUSSION N 

Inn recent years a number of clinical trials have evaluated the efficacy and safety of simvas-
tatinn 8omg. In 1998 Stein et al. showed that 24-weeks of treatment with simvastatin 
8omgg produced an average LDL-C reduction of 46%, triglycerides decreased 25% and 
HDL-CC increased 6.i%.6 Crouse and co-workers compared the efficacy of simvastatin and 
atorvastatinn on HDL-C and Apo AI. Patients who received simvastatin 80 mg achieved an 
LDL-CC and triglyceride reduction of 49.2% and 25.2%. HDL-C increased 6.6%.7 Ose and 
co-workerss recently described an the increased efficacy of simvastatin 8omg compared to 
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Tablee 1 Baselin e characteristic s 

Characteristic s s 

Agee (y) 

Bodyy mass index (kg/m ) 

Systolicc blood pressure (mmHg) 

Diastolicc blood pressure (mmHg) 

Smoking g 

Diabetess mellitus 

Hypertension n 

Historyy of cardiovascular event 

Male e 

{"=131) ) 

444 1 
26.77 3 

1388 0 

844 4 

544 (56.8%) 

11 (0.76%) 

20(15.3%) ) 

377 (28.2%) 

Female e 
(n=100) ) 

488 4 

25.44 6 

1377 0 

822 8 

411 (43.2%) 

11 (1.0%) 

18(18.0%) ) 

211 (21.0%) 

Alll  patient s 
(11=231) ) 

466 3 

26.11  3.5 

1377 0 

2 2 

95(41.1%) ) 

22 (0.87%) 

38(16.5%) ) 

588 (25.1%) 

Valuess are given in mean  SD or number of patients with percentage between brackets for smoking, diabetes 
mellitus,, hypertension and cardiovascular event. Cardiovascular event denotes acute myocardial infarction, coronary 
arteryy bypass grafts, percutaneous transluminal coronary angioplasty, transient ischaemic attack, cerebrovascular 
accidentt or peripheral artery disease. 

Tablee 2 Effect s of simvastati n 80mg on plasm a lipi d and lipoprotei n levels and safety 
parameter ss in male patient s 

Parameter s s 

Cholesteroll (mmol/l) 

HDL-CC (mmol/l) 

LDL-CC (mmol/l) 

Triglyceridess (mmol/l) 

ApoAI(g / l ) ) 
ApoBiooo (g/l) 

ALATT (U/l) 
ASS AT (U/l) 

YGTT (U/l) 

CPKK (U/l) 

Baselin e e 

9.14(1.72) ) 

1.10(0.30) ) 

7.02(1.91) ) 

1.70(3.00) ) 

1.28(0.23) ) 

2.233 (0.61) 

15(6.1) ) 

111 (2.8) 
19(11.3) ) 

744 (53.4) 

Simvastati nn 80mg 

5.766 (0.86) 

1.233 (0.25) 

3.966 (0.82) 

1.555 (1.36) 

1.366 (0.21) 

1.511 (0.23) 

26(13.9) ) 
19(7.7) ) 

355 (41.6) 

110(79.8) ) 

%% Chang e 

-35.3 3 

+15.0 0 

-37.3 3 

-25 .6 6 

++ 6.3 

-27 .8 8 

p-valu e e 

.000 0 

.001 1 

.000 0 

.005 5 

N.S. . 

.001 1 

Valuess are given as means with standard deviations (SD) between brackets except for triglycerides, values as 
medians.. HDL-C denotes High Density Lipoprotein Cholesterol, LDL-C denotes Low Density Lipoprotein Cholesterol; 
ApoAll denotes apolipoprotein Al; apoBioo denotes apolipoprotein B TOO; ALAT denotes Alanine Aminotransferase; 
ASATT denotes Aspartate Aminotransferase; 7CT denotes gammaglutamyltransferase; CPK denotes Creatine 
Phosphokinase. . 

aa dosage of 40mg in a large cohort of 1105 hypercholesterolemic patients. After 48 weeks 
off  treatment LDL-C decreased by 46% and triglycerides 22%. HDL-C increased n%.8 

Steinn et al. showed similar results in a in patients with mixed hyperlipidemia: after 
66 weeks treatment with simvastatin 8omg LDL-C reductions reached 35.5%, triglycerides 
33.0%% and HDL-C increased i5%.9 Very recently Miller et al. also showed beneficial effect 
off  simvastatin 8omg in mixed hyperlipidemia. In this study of 20 subjects LDL-C was 
loweredd by 50%, triglycerides 32% and HDL-C increased 2i%.10 Davidson et al. compared 
six-weekk treatment of simvastatin 8omg to i6omg in 156 patients with elevated choles-
teroll  levels. The effect of 8omg in this short-term study was 47% reduction of LDL-C and 
23%% of triglycerides, while HDL-C was raised y%.n 
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Tablee 3 Effect s of simvastati n 80mg on plasm a lipi d and lipoprotei n levels and safety 
parameter ss in female  patient s 

Cholesteroll (mmol/l) 
HDL-CC (mmol/l) 
LDL-CC (mmol/l) 
Triglyceridess (mmol/l) 
ApoAI(g/ l ) ) 
ApoBiooo (g/l) 

ALATT (U/l) 
ASATT (U/l) 
YGTT (U/l) 
CPKK (U/l) 

Baselin e e 

9.255 (2.01) 
1.355 (0.36) 
7.233 (1.89) 
1.29(0.96) ) 
1.47(0.25 5 
2.200 (0.69) 

111 (5.3) 
99 (2.5) 
133 (9.7) 

466 (25.2) 

Simvastati nn 80mg 

6.17(1.05) ) 
1.511 (0.29) 
4.13(1.05) ) 
1.09(0.85) ) 
1.58(0.19) ) 
1.60(0.26) ) 

16(8.8) ) 
155 (5.9) 
199 (13.7) 
777 (53.5) 

%% Chang e 

-31.6 6 
+15.2 2 
-41.3 3 
-15.1 1 
++ 7.5 
-17.1 1 

p-valu e e 

.000 0 

.001 1 

.000 0 

.031 1 

n.s. . 
.001 1 

Valuess are given as means with standard deviations (SD) between brackets, except for triglycerides, values as 
medians.. HDL-C denotes High Density Lipoprotein Cholesterol, LDL-C Low Density Lipoprotein Cholesterol; ApoAl 
denotess apolipoprotein Al; apoBioo denotes apolipoprotein B100; ALAT denotes Alanine Aminotransferase; ASAT 
denotess Aspartate Aminotransferase; yCT denotes gammaglutamyltransferase; CPK denotes Creatine 
Phosphokinase. . 

Inn these clinical trials the LDL-C reductions reported range from 35 to 50%, triglycerides 
reductionss ranged from 22 to 33% for both hypercholesterolemia and mixed hyperlipi-
demia,, while HDL-C elevations ranged from 6.1 to 21%. 

Thiss study evaluated the efficacy and safety of simvastatin 8omg in a non-controlled 
lipidd clinic setting. The results clearly demonstrate that in patients with primary hyperc-
holesterolemiaa simvastatin 8omg produced substantial LDL-cholesterol reductions of 
38.9%.. Total cholesterol and triglycerides were reduced 33.8 and 20.0%, respectively, and 
HDL-CC was significantly elevated by i5.i%L. Although comparable we did not achieve the 
superiorr results for LDL-cholesterol, total cholesterol and triglycerides as reported in ran-
domizedd controlled trials. In contrast, HDL-cholesterol increase was impressive and 
higherr than reported in most studies. 

Thee safety profile of simvastatin 80 mg was favorable and showed similar incidences 
off  laboratory adverse events as previously reported in simvastatin trials with dosages 
rangingg from 10-80 mg.2,6'11 Serious adverse events such as rhabodmyolysis were not 
reported. . 

Patientss treated at the LRC were not subjected to frequent visits, pill counts or inten-
sivee dietary counselling. Actions and attitudes that could enhance compliance and stimu-
latee adherence to an optimal lifestyle. It is well-known that rates of discontinuation of 
Upid-loweringg drugs prescribed in primary care setting are generally much higher than 
thosee reported in randomised clinical trials.15 Reports from a Health Maintenance Organ-
izationn (HMO) in the United States suggested that among others women, patients with 
coo morbidities, and patients who use multiple medications are less likely to be compliant. 
Alsoo patients who self-report good compliance with previous medications are more likely 
too comply.16 

Thee superior HDL-C increase is possibly related to the large number of FH patients 
includedd in this cohort. Patients suffering from FH are characterized by an increased 
LDL-CC > 95th percentile for age and sex. Additionally, low HDL-C is not uncommon in 
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thesee patients.1718 Patients with low HDL-C concentrations respond with greater HDL-C 
increasess after simvastatin treatment.7 

Ann important limitation of the present study is the absence of baseline lipids and lipo-
proteinn concentration before the commencement of lipid lowering drugs. In patients who 
alreadyy suffered from cardiovascular disease the lipid lowering medication could not be 
withdrawnn because of the potential harm associated with increased lipid levels. In pri-
maryy prevention this risk seems to be of less importance but cannot be ruled out. If 
patientss objected to the proposed temporary discontinuation of their lipid lowering medi-
cationn this was not executed. 

CONLUSIONS S 

Inn patients with primary hypercholesterolemia simvastatin 8omg proved to be safe and 
effective.. Showing comparable efficacy in LDL-C, total cholesterol and triglyceride reduc-
tionss as previously reported in randomised controlled trials. The effect on HDL-C proved 
too be superior compared to previous reports. No serious adverse events were reported. 
Laboratoryy safety parameters showed slight increases of transaminases and CPK concen-
trationss but this were not considered clinically relevant. 
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ABSTRAC T T 

Clinicall  evidence has established that reduction of elevated low-density lipoprotein cho-
lesteroll  (LDL-C) levels decreases coronary heart disease events and mortality. However, 
despitee this evidence, there is concern that LDL-C lowering agents are underutilised in 
patientss who would benefit the most from treatment. Statins are the most effective agents 
forr decreasing LDL-C and are considered to be first-line treatment for hypercholesterole-
miaa after diet. Statins have also been shown to decrease triglycerides in patients with 
hypertriglyceridaemiaa and to slow the progression of atherosclerosis. Statin use has been 
associatedd with significant decreases in major coronary events, stroke, and total mortality, 
regardlesss of the patients baseline cholesterol level. Coronary benefits have been demon-
stratedd in a wide patient group, including postmenopausal women, the elderly, hyperlipi-
daemicc diabetic patients and those with acute coronary syndromes. These outcomes 
reducee the use of healthcare resources and result in favourable cost-effectiveness ratios. 
Ass a class, statins are well-tolerated, convenient once-daily treatments with few adverse 
drugg interactions. Given the weight of evidence for the clinical and economic benefits of 
statinn therapy in both primary and secondary prevention of coronary heart disease, con-
tinuedd underurilisation is inappropriate and unjustifiable. 
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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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ABSTRAC T T 

Coronaryy heart disease (CHD) is the primary cause of death in Europe and the United 
States.. High serum concentrations of low-density lipoprotein cholesterol (LDL-C) 
increasee the risk of CHD. Despite published guidelines for assessment and treatment of 
hypercholesterolemia,, many patients are inadequately treated, and many do not reach tar-
gett LDL-C goals. Statins are the most frequently used drug for treatment of hypercholes-
terolemia;; however, most patients do not achieve target goals with starting statin doses. 
Highh doses of statins or statins combined with other lipid-modifying agents may be nec-
essaryy to reach LDL-C targets, but these strategies are associated with increased risk of 
sidee effects and low patient acceptance. New agents that can be used safely alone or in 
combinationn with statins to attain target goals are needed. Combining drugs with diffe-
rentt pathways of cholesterol metabolism may provide benefits that are complementary 
andd additive to those of the statins. For example, ezetimibe, the first selective cholesterol 
absorptionn inhibitor, effectively blocks intestinal absorption of dietary and biliary choles-
teroll  and, when co-administered with a statin, provides an additional 16% to 18% reduc-
tionn in LDL-C levels. The need for less frequent statin dosage adjustments may lead to 
improvedd patient compliance and help more patients attain their LDL-C goals. 
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INTRODUCTION N 
Coronaryy heart disease (CHD) is the primary cause of death for adult men and women in 
bothh Europe and the United States.1-2 High serum cholesterol concentrations consist-
ently,, strongly, and independently increase the risk of CHD.3-5 A high concentration of 
low-densityy lipoprotein cholesterol (LDL-C) promotes CHD,3,67 while a high concentra-
tionn of high-density lipoprotein cholesterol (HDL-C) protects against CHD.79 Evidence 
alsoo strongly supports high serum triglyceride (TG) concentrations as an independent 
riskrisk factor for CHD, especially in women and in individuals with type 2 diabetes.1011 Indi-
vidualss with small, dense LDL particles, particularly those who also have hypertriglyceri-
daemia,, low HDL-C levels, and abdominal obesity, are at even greater risk for CHD.12 

Whilee high LDL-C concentrations clearly increase the risk of CHD, lowering these 
LDL-CC concentrations clearly decreases the risk. Earlier studies with gemfibrozil and 
cholestyramine13144 showed that lowering serum cholesterol levels reduces the risk of 
CHD.. In the 1990s, the introduction of the 3-hydroxy-3-methylglutaryl coenzyme A 
(HMG-CoA)) reductase inhibitors (the statins) for cholesterol lowering led to several large-
scalee studies of CHD prevention.1519 These studies showed that lowering total and LDL-C 
levelss reduces the risk of CHD in individuals who have never had a coronary event15 and 
inn those who have already had a myocardial infarction.16 Even in individuals with average 
initiall  cholesterol levels, additional lowering of LDL-C levels further reduces both the 
primary177 and secondary1819 risk of coronary events. 

Thee Second Joint Task Force of the three major European societies in cardiovascular 
medicinee (European Society of Cardiology, European Atherosclerosis Society, European 
Societyy of Hypertension) recommends lifestyle interventions and drug treatment if nec-
essaryy to reduce the risk of CHD,2 especially for those with a greater than 20% risk of 
developingg CHD within the next 10 years. Target goals are a total cholesterol level consist-
entlyy below 5.0 mmol/L (190 mg/dL) and an LDL-C level below 3.0 mmol/L (115 mg/dL). 
Thee guidelines of the U.S. National Cholesterol Education Program (NCEP) are some-
whatt similar to the European recommendations, but stratify individuals by risk of CHD, 
withh progressively lower LDL-C concentrations recommended for individuals with pro-
gressivelyy greater risk.20 In effect, for individuals at highest risk (those with known 
CHD),, the NCEP guidelines recommend lowering LDL-C below 2.6 mmol/L (100 mg/ 
dL).. The current NCEP guidelines are being revised, and may hopefully incorporate the 
conceptt of global risk, as used in the European guidelines. 

Despitee these guidelines, only a small fraction of the individuals eligible for choles-
terol-loweringg drug therapy actually receives treatment.2124 Moreover, of those receiving 
treatment,, only a small fraction achieves target LDL-C levels.212325 In the Lipid Treatment 
Assessmentt Project, only 40% of patients receiving monotherapy with a statin reached 
targett LDL-C levels.21 Furthermore, some individuals seem not to respond optimally to 
statinss or have multiple lipid abnormalities that require combination treatment with two 
orr three lipid-lowering drugs. Higher doses of statins or co-administration with currently 
availablee lipid-lowering drugs (eg, bile acid sequestrants, fibrates) increase the potential 
forr side effects and intolerance, and can decrease compliance with the treatment regi-
men.26,277 Improved management of hypercholesterolaemia will require both greater 
awarenesss of the importance of treating LDL-C to target levels and more therapeutic 
optionss that are safe, well tolerated, and effective, either used alone or, more realistically, 
inn combination. 
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Ezetimibee (SCH 58235) is a member of a new therapeutic class of cholesterol-lowering 
drugs,, the cholesterol absorption inhibitors. Ezetimibe is the first selective cholesterol 
absorptionn inhibitor that effectively blocks intestinal absorption of dietary and biliary 
cholesteroll  and is associated with a favourable safety profile.2829 Ezetimibe does not inter-
feree with fat or fat-soluble vitamin absorption.30 Because ezetimibe blocks absorption of 
dietaryy and biliary cholesterol, while the statins inhibit hepatic cholesterol biosynthesis, 
ezetimibee provides benefits that are complementary and additive to those of the statins 
andd other cholesterol-lowering drugs. 

Whenn co-administered with a statin, ezetimibe provides an additional 16% to 18% 
reductionn in LDL-C levels, a reduction equal to that achieved with an 8-fold increase in 
thee starting statin dose.31 Ezetimibe also has the potential to be used as monotherapy in 
individualss with mild primary hypercholesterolaemia. 

Thiss article addresses the therapeutic gap between recommended reductions in 
serumm total and LDL-C and reductions actually achieved, reviews the role of both endog-
enouss and exogenous cholesterol metabolism in atherosclerosis, summarises the major 
classess and mechanisms of action of current cholesterol-lowering drugs, describes a new 
classs of cholesterol-lowering drugs, the cholesterol absorption inhibitors, and finally out-
liness the potential role of ezetimibe, the first compound of this class. 

T H EE NEED FOR BETTER LIPID MANAGEMEN T 

Thee Second Joint Task Force of European and Other Societies on Coronary Prevention 
recommendss lifestyle modifications (eg, smoking cessation, healthy diet, physical activity, 
achievementt of ideal weight) as the primary therapies for CHD risk reduction.2 If neces-
sary,, drug therapies should be added to achieve risk factor goals, which include a total 
cholesteroll  level consistently below 5.0 mmol/L (190 mg/dL) and an LDL-C level below 
3.00 mmol/L (115 mg/dL). Medical management is particularly emphasised in patients 
withh overt CHD or other atherosclerotic diseases, as well as other high-risk individuals. 

Inn the United States, the Second Report of the Expert Panel on Detection, Evaluation, 
andd Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel II , or ATP II) 
alsoo identifies dietary and lifestyle therapy as the first line of treatment for hypercholes-
terolaemia,, with drug therapy indicated for individuals at high risk of CHD.20 The ATP II 
guideliness recommend progressively lower target LDL-C levels as the risk of CHD 
increases,, with ATP II having an LDL-C level target of <4.i mmol/L (160 mg/dL) for indi-
vidualss without CHD and fewer than two risk factors, <3-4 mmol/L (130 mg/dL) for indi-
vidualss without CHD and two or more risk factors, and <2.6 mmol/L (100 mg/dL) for 
individualss with established CHD. 

Bothh primary and secondary prevention studies support the benefits of lowering LDL-
CC to target levels or lower1518 and the importance of treating even mild elevations in 
serumm LDL-C levels for CHD risk reduction.32,33 Despite convincing clinical trials and 
specificc guidelines for reducing CHD risk, many patients with hypercholesterolaemia are 
receivingg suboptimal treatment (ie, not achieving recommended targets).21-34 In a 1997 
surveyy of secondary prevention of CHD practices in nine countries in Europe (European 
Actionn on Secondary Prevention through Intervention to Reduce Events: EUROASPIRE), 
67%% of all patients and 57% of patients receiving lipid-lowering therapy had total blood 
cholesteroll  levels above the target level of 5.0 mmol/L.35 The follow-up survey (EUROA-
SPIREE II) involved 5,556 patients in 15 countries. Recent results indicate that 59% of sur-
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veyedd patients have hypercholesterolaemia. The administration of lipid therapies (mostly 
statins)) had increased from 32% (EUROASPIRE I) to 63% (EUROASPIRE II). The pro-
portionn of patients achieving the target cholesterol goal of less than 5.0 mmol/L (190 mg/ 
dL)) improved from 33% to 41%; however, overall, more than half of the patients surveyed 
hadd not reached this target level.36 

Manyy physicians in the United States and Europe are poorly compliant with guide-
lineslines for risk factor assessment and initiation of lipid-lowering therapy.34,37,38 An exami-
nationn of trends in cholesterol-lowering medications indicated that cholesterol-lowering 
drugg therapies are substantially underused.24 In a study of 4,888 hyperUpidaemic 
patientss who had been receiving lipid-lowering therapy for at least 3 months, drug ther-
apyy was significantly more effective than nondrug therapy.21 However, neither therapy 
wass very successful: 39% of patients receiving drug therapy and 34% of patients receiving 
nondrugg therapy reached target LDL-C levels. Only 38% of all patients, 40% of all 
patientss receiving statin monotherapy, and 40% of all patients receiving combination 
therapyy with two or more lipid-lowering drugs achieved target LDL-C levels. Of patients 
withh established CHD, only 18% treated with a statin achieved target LDL-C levels. In 
anotherr study of hypercholesterolaemic patients treated with statin monotherapy for a 
minimumm of 1 year, only 33% of patients were at or below ATP II-recommended LDL-C 
levels.39 9 

Manyy adults have not had their cholesterol levels measured, and most individuals 
withh CHD are not treated to target LDL-C levels.40 Improved lipid management to reduce 
CHDD risk requires broader awareness of current lipid-lowering guidelines and greater 
understandingg of the importance of treating LDL-C to target levels.22 Moreover, develop-
mentt of new drugs that are safe, well tolerated, and effective when used in combination 
withh current lipid-lowering drugs will give practitioners new and effective options for 
optimall  lipid management. 

CHOLESTEROLL METABOLISM : NEW PERSPECTIVES FOR ACHIEVIN G OPTIMAL LIPI D 

MANAGEMEN T T 

Plasmaa cholesterol is derived from both endogenous and exogenous pathways 
(Figuree i).41 Endogenous cholesterol is synthesised in the body. An enzyme, HMG-CoA 
reductase,, controls the rate of synthesis by regulating conversion of HMG-CoA to meval-
onate,, a precursor of cholesterol. The exogenous cholesterol pathway includes all choles-
teroll  that is absorbed in the intestine. Major sources of this cholesterol are dietary 
cholesteroll  and cholesterol secreted from the liver into the intestine via the bile.42 Approx-
imatelyy 50% of the dietary and biliary cholesterol is absorbed from the intestine at the 
enterocytee and carried from the intestine to the liver via the lymphatic system, while 
somee cholesterol is excreted in the faeces.43 

Chylomicrons,, an important component of the exogenous cholesterol pathway, are 
dropletss of cholesteryl ester and TG that transport cholesterol esters from the intestine to 
hepaticc and peripheral tissues.44-45 In the blood, lipoprotein lipase hydrolyses chylomi-
cronss into chylomicron remnants that become enriched in cholesteryl ester, which are 
thenn transported to the liver to be metabolised. In individuals with hypercholesterolae-
mia,, remnants of chylomicrons are of particular concern because they can be taken up by 
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Figur ee 1 Endogenouss and exogenous pathways of cholesterol metabolism 

cellss of the vessel wall, such as monocyte-derived macrophages. Cholesteryl ester accu-
mulationn by these macrophages transforms them into foam cells, the earliest cellular 
lesionn of the atherosclerotic plaque.44-45 

Endogenouss or hepatic cholesterol enters the circulation via very low-density lipopro-
teinn (VLDL). VLDL is metabolised to intermediate-density lipoprotein (IDL), which is 
removedd by LDL receptors or is further metabolised to LDL. HDL transports cholesterol 
fromm the peripheral cells back to the liver. Thus, plasma cholesterol levels are regulated by 
cholesteroll  input (from both intestinal uptake and from biosynthesis), by cholesterol use 
(especiallyy by the liver and steroidogenic tissues), and by excretion of either cholesterol or 
bilee acids.46 

CURRENTT CHOLESTEROL-LOWERIN G DRUG THERAPIES 

Althoughh dietary and lifestyle modifications are the cornerstones of both prevention and 
treatmentt of hypercholesterolemia,2,20,47 most hypercholesterolaemic individuals cannot 
achievee recommended total and LDL-C reductions with diet alone.2532 The primary 
classess of lipid-regulating drugs include the statins, nicotinic acid (niacin), fibric acid 
derivativess (fibrates), and bile acid sequestrants (resins). Some of these drugs interfere 
withh endogenous cholesterol synthesis or metabolism, and others work in the intestinal 
tractt by inhibiting bile absorption. Ezetimibe is the first selective cholesterol absorption 
inhibitorr that effectively blocks intestinal absorption of dietary and biliary cholesterol. 

Thee statins are currently the most widely used drugs for lowering cholesterol levels.48 

Theyy modulate endogenous cholesterol production by blocking conversion of HMG-CoA 
too mevalonate, inhibiting cholesterol biosynthesis in the liver, depleting intracellular 
pools,, and enhancing removal of plasma LDL-C.4249 Statins may also exert a direct antia-
theroscleroticc effect in the arterial wall beyond their effects on plasma lipids.50 

Att maximum doses, statins can reduce plasma LDL-C concentrations up to 60%,51 

butt reductions of 25-40% are more common.15'1719'52 Statins typically reduce plasma 
TGbyy 5-10% while increasing HDL-C by 5-10%.53 In patients with TG levels above 
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2.33 mmol/L, high doses of statins can yield reductions up to 30-40%. Common side 
effectss of statins are usually mild and transient, but elevations of transaminases and 
myopathyy can occur, especially when statins are used at high doses or combined with 
fibrates,, niacin, or drugs that inhibit cytochrome P450 (eg, antibiotics, antifungal drugs, 
HIVV protease inhibitors, cyclosporine).27,53*55 

Otherr cholesterol-lowering agents (eg, niacin or nicotinic acid and the fibric acid 
derivativess [gemfibrozil, fenofibrate, bezafibrate, and clofibrate]) interfere with synthesis 
andd release of fatty acids, VLDL-C, the precursor of LDL-C, reducing both VLDL-C and 
plasmaa LDL-C levels, if TG levels are not too high.46 Since fibrates also increase the activ-
ityy of lipoprotein lipase, increasing the removal of TG and substantially decreasing 
plasmaa TG, fibrates are often first-line drugs for patients with hypertriglyceridaemia.56'58 

Nicotinicc acid effectively increases HDL-C concentrations but causes intolerable flushing 
off  the skin in about 10% of patients.55 Hepatotoxicity can also occur in patients taking 
niacin,, especially time-release formulas.55 A new extended-release form of niacin might 
helpp reduce flushing while minimising the hepatotoxicity.59 

Probucol,, a lipophilic antioxidant, lowers LDL-C levels moderately by increasing the 
ratee of LDL-C clearance from plasma, but also lowers HDL-C levels.42,48 However, probu-
coll  is the only hypolipidaemic drug that both lowers cholesterol and causes regression of 
xanthomass in individuals with homozygous familial hypercholesterolaemia.42 Probucol 
wass voluntarily withdrawn from the market in 1995 because of safety concerns, including 
loweringg of HDL-C, prolongation of QT interval, and ventricular arrhythmia.48 

Somee cholesterol-lowering agents work nonspecifically in the intestine. The bile acid 
sequestrantss (eg, cholestyramine, colestipol) reduce plasma cholesterol levels by increas-
ingg faecal bile acid excretion, increasing hepatic bile acid synthesis, and reducing circulat-
ingg cholesterol.27,48 A major drawback of bile acid sequestrants is their propensity to 
increasee plasma TG concentrations in individuals prone to hypertriglyceridaemia.55 They 
aree also commonly associated with intestinal side effects.42 

Plantt sterols and stanols (eg, sitostanol, which has been incorporated into margarine) 
physicallyy compete with micelles for solubilised cholesterol but also interfere with fat-sol-
ublee vitamin absorption.60 The pancreatic lipase inhibitor orlistat inhibits pancreatic 
lipaselipase in the intestine, decreasing fat absorption.61 However, orlistat is not indicated for 
cholesteroll  reduction and is associated with fatty diarrhoea in many cases.62 

LIMITATION SS OF MONOTHERAPY WITH CURRENT CHOLESTEROL-LOWERIN G DRUGS 

Althoughh the effects of the statins on serum cholesterol and the effects of the fibrates on 
serumm TG are well established, monotherapy with any lipid-lowering agent has limita-
tions,tions, especially in individuals with multiple lipid abnormalities (Table 1). Statins typically 
lowerr serum LDL-C levels by 25-40%, but this reduction is inadequate to meet target 
LDL-CC levels in many patients.21 

InIn a comparison of the efficacy of four different statins for patients with advanced 
atherosclerosis,, 33% or fewer of patients receiving the starting dose of any statin as mon-
otherapyy reached their target LDL-C level after 12 weeks.52 After 24 weeks of mono-
therapyy and with dose increases, 36% or fewer of patients reached target LDL-C levels. 
Evenn after 54 weeks of treatment at the full dosage plus colestipol combination therapy if 
needed,, 41% or fewer of patients reached target LDL-C levels. Because the dose-response 
relationshipp for the statins is strongly curvilinear, most of the LDL-C-reducing effect is 
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Tablee 1 Curren t cholesterol-lowerin g agents 

Lipid-lowerin gg agent Mechanis mm o f actio n Limitation ss o f therap y 

HMC-CoAA reductase inhibitors: 
(atorvastatin,, cerivastatin, 
fluvastatin,, lovastatin, 
pravastatin,, simvastatin) 

Inhibitt cholesterol biosynthesis by 
blockingg conversion of HMC-CoA 
too mevalonate, thereby upregulating 
LDLL receptors to lower LDL-C 

-- Limited reductions in plasma 
triglycerides,, especially in mixed 
hyperlipidaemia a 

-- Limited increases in plasma 
HDL-CC level 

-- Limited dose-response curve 
(rulee of six) 

-- Risk for hepatotoxicity and 
myotoxicity,, especially when given 
withh niacin or fibrates 

Nicotinicc acid (niacin) Inhibitss VLDL synthesis, decreas-
ingg LDL-C and 
increasingg HDL-C 

-- Limited reductions in LDL-C 
-- Intolerable side effects in many 

patients,, reducing compliance 
** Co-administration with statins 

cann increase risk of myotoxicity 
-- Requires monitoring for 

hepatotoxicity y 
-- Can cause hyperglycaemia 
-- No effect on cholesterol from the 

exogenouss pathway 

Lipid-lowerin gg agent Mechanis mm o f actio n Limitation ss of therap y 

Fibricc acid derivatives (the fibrates-
gemfibrozil,, ciprofibrate, fenofibrate, 
bezafibrate,, clofibrate) 

Inhibitss VLDL synthesis, decreas-
ingg triglycerides and increasing 
HDL-C C 

Limitedd usefulness in primary 
hypercholesterolemia a 
Limitedd or no LDL-C reduction 
Co-administrationn with statins 
cann increase risk of myotoxicity 
Noo effect on exogenous 
cholesterol l 

Bilee acid-binding sequestrants 
(cholestyraminee and colestipol) 

Increasess excretion of fecal bile acid 
byy sequestration of bile acids in the 
intestine e 

Plantt sterols/stanols (sitostanol) Competess with cholesterol solubili-
sationn into the micelles 

-- Increases serum triglycerides 
-- Frequent intestinal symptoms 

reducess compliance 
-- Requires large amounts to be 

effective e 
-- Does not inhibit cholesterol 

absorption n 
-- Decreases fat-soluble vitamin 

absorption n 
-- Requires mealtime 

administration n 

-- Not specific for cholesterol 
-- Decreases fat-soluble vitamin 

absorption n 
-- Requires mealtime 

administration n 
-- Requires large amounts to be 

effective e 

Key:: HMG-CoA=3-hydroxy-3-methylglutaryl coenzyme A; HDL-C-high-density lipoprotein cholesterol; VLDL=very 
low-densityy lipoprotein cholesterol; LDL-C-low-density lipoprotein cholesterol 

achievedd at the starting dose. Increasing the statin dose yields only small additional 
reductionss in LDL-C levels. In general, doubling the minimum effective dose of a statin 
reducess serum LDL concentrations only by an additional 6%.55 This is known as the "rule 
off  six." Therefore, a 3-step doubling of the dose (which is equivalent to increasing the 
dosee from 10 mg to 80 mg) will lead to an additional 18% LDL-C reduction. 
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Thee optimal risk/benefit ratio for statins occurs at the starting dose, and decreases with 
increasingg doses. Although serious adverse effects (eg, hepatotoxicity, myotoxicity) are 
raree with low doses of statins, the risk of such events increases as the dose increases.48 

Aminotransferasee levels must be monitored regularly with any statin dose, but especially 
withh higher doses.55 

Althoughh statins are widely used for lowering LDL-C, they modulate only endogenous 
cholesteroll  synthesis and have no effect on absorption of dietary and biliary cholesterol. 
Furthermore,, statins exert only modest effects on serum TG and HDL-C levels. Many 
individualss have a cluster of metabolic and lipid abnormalities, including hypertriglyceri-
daemia,, reduced HDL-C, abdominal obesity, and insulin resistance, which must be 
treatedd simultaneously.12 Individuals with elevated apolipoprotein B concentrations, 
small,, dense LDL particles, and hyperinsulinemia — a combination of abnormalities 
referredd to as the atherogenic metabolic triad — may have up to a 20-fold increase in 
CHDD risk.12 

Fibratess and niacin are also used for lipid lowering, but are generally less effective 
thann statins. Neither drug affects absorption of dietary and biliary cholesterol. Fibrates 
effectivelyy lower serum TG but produce mixed effects on LDL-C levels, especially if hyper-
triglyceridaemiaa is present.63 Niacin effectively raises HDL-C levels, but its use is limited 
byy side effects and low patient acceptance.42 The utility of monotherapy with bile acid 
sequestrantss is also limited because of difficulties with side effects63 and their tendency to 
raisee serum TG.55 

COMBINATIO NN THERAPY FOR LIPI D MANAGEMENT : TOWARD BROADER LIPI D CONTROL 

Often,, more than one lipid-lowering drug is required to treat hypercholesterolaemia to 
recommendedd levels, especially in patients with multiple lipid abnormalities.55 The lipid-
loweringg effects of drugs with complementary mechanisms of action may be additive and 
cann lead to broader lipid control (Figure 2). Newer combination therapy for lipid manage-
mentt may allow for more effective regimens than high doses of statins.64,65 

VLDL—  IDL--+-LD L _ 

Statinss /--"—-?-—-J T T 

BILIAR YY SECRETION 

DIETAR Y Y 
CHOLESTEROL L 

INTESTIN E E 

11 Absorption 

Cholesterol l 

II
JfJf  Absorption 

Inhibitio n n 

ff  Excretion 

Figuree 2 Complementary mechanisms of action lead to broader control 
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Studiess of combination therapy with statins and niacin,66 statins and bile acid seques-
trants,67,688 and statins and fibrates6972 have all demonstrated that combination therapy is 
ass effective as or superior to either drug given as monotherapy for lipid management. 
Patientss with heterozygous familial hypercholesterolaemia are usually first treated with a 
statin,, followed by a bile acid sequestrant if needed to further lower serum LDL-C concen-
trations.. Nicotinic acid therapy is sometimes also added if HDL-C levels aree low. Patients 
withh severe hypertriglyceridaemia are usually treated with a fibrate alone or perhaps in 
combinationn with a statin or niacin.55 

Combinationn therapy with current lipid-lowering agents is limited by safety concerns, 
poorr tolerance, and compliance issues.64 Combining statins with bile acid sequestrants 
cann result in unacceptable side effects and poor compliance.64 Risk of both hepatotoxicity 
andd myotoxicity may increase if a statin is co-administered with a fibrate or niacin27-73; 
althoughh these side effects are rare, some physicians advise against use of these agents as 
combinationn therapy.42 Patients with compromised renal function and the elderly are at 
greaterr risk of hepatotoxicity or myotoxicity with statin-fibrate or statin-niacin combina-
tionn therapy.74 Thus, a safer and better-tolerated class of lipid-lowering drugs that can be 
givenn in combination with a statin for effective lipid management is needed. 

SELECTIVEE CHOLESTEROL ABSORPTIO N INHIBITORS : A NEW CLASS OF CHOLESTEROL -

LOWERINGG DRUGS 

Thee selective cholesterol absorption inhibitors are a new class of drugs that safely and 
effectivelyy block absorption of both dietary and biliary cholesterol across the intestinal 
wall. . 

Ezetimibee is a new selective cholesterol absorption inhibitor.28 Unlike bile acid 
sequestrantss and orlistat, ezetimibe selectively inhibits absorption of both dietary and bil-
iaryy cholesterol absorption without interfering with absorption of fatty acids or fat-soluble 
vitamins.300 Ezetimibe does not sequester cholesterol or bile acids, and does not inhibit 
hepaticc cholesterol synthesis.75 Furthermore, ezetimibe does not impair the functions of 
pancreaticc lipase and cholesteryl esterase.30 Ezetimibe is potent and reduces plasma chol-
esteroll  clinically in milligram doses,76 whereas gram doses are necessary with bile acid 
sequestrants. . 
Inn a study of 243 hypercholesterolaemic individuals, 0.25 mg/day ezetimibe lowered 
plasmaa LDL-C by 9.9% in 12 weeks, while 10 mg/day lowered LDL-C levels by iS.y%.77 

Significantt changes in LDL-C levels occurred after 1 week of therapy at all dose levels eval-
uated.. The lipid-lowering benefits of ezetimibe have been demonstrated in men and 
womenn and in young and elderly adults.77"79 

Ezetimibee undergoes glucuronidation in the intestinal wall and is delivered back to 
thee intestinal site of action via enterohepatic recirculation.28,80 Glucuronidation appears 
too increase residence time in the intestine, minimizing systemic exposure. Because it is 
nott metabolised by the cytochrome P450 system,81 ezetimibe does not interact with drugs 
thatt are metabolised by this system and does not change the pharmacokinetic or side 
effectt profile of co-administered statins.31,82 

Ezetimibee consistently lowers plasma LDL-C concentrations 16-18% beyond reduc-
tionstions achieved with diet, while increasing HDL-C levels approximately 3-4% and reducing 
TGG levels approximately 5%.76,77 
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Ezetimibee is well tolerated and has a favourable safety profile, both as monotherapy76,77 

andd when co-administered with a statin.5185 ^Approximately 60% of all subjects in two 
Phasee II studies reported treatment-emergent adverse events, with no clinically meaning-
full  differences in incidence among the treatment groups. The most common treatment-
emergentt adverse events, regardless of causality, were headache (9% ezetimibe 10 mg, 
7%% placebo), viral infection (6% ezetimibe 10 mg, 3% placebo), arthralgia (3% ezetimibe 
100 mg, 3% placebo), and upper respiratory infection (2% ezetimibe 10 mg, 2% placebo) 
(Dataa on file, Schering-Plough Pharmaceuticals, Kenilworth, NJ). Additional measures of 
safety-laboratoryy tests, vital signs, ECGs, cardiopulmonary and general physical examina-
tions-revealedd no difference in the safety profile between ezetimibe and placebo. 

COMBINATIO NN THERAPY WITH EZETIMIBE FOR CHOLESTEROL LOWERINC 

Thee development of ezetimibe as a new and effective cholesterol absorption inhibitor 
offerss new options for lipid management, and should allow more patients to safely and 
convenientlyy reach target LDL-C levels. Because ezetimibe blocks the exogenous choles-
teroll  pathway, while statins and fibrates block endogenous cholesterol or VLDL synthesis, 
thee mechanism of action of ezetimibe with either of these drugs may be viewed as com-
plementaryy and additive (Figure 3).31 

Bilee acid 
sequestrants s 

X X 
DIETT j 

Remnantss Plaque 
formation n 

Sterols/ / 
stanols s 

Figuree 3 Sitess of drug action in cholesterol metabolism 

Inn a 2-week study of 58 healthy men with hypercholesterolaemia who had been stabilised 
onn a cholesterol-lowering diet, combination therapy with 10 mg ezetimibe plus 10 mg 
simvastatinn reduced plasma LDL-C levels an additional 18% more than reductions 
achievedd with 10 mg simvastatin alone.31 

Ezetimibee allows for an additional reduction in plasma LDL-C approximately equal to 
aa three-step dose increase with a statin alone. As discussed above, because doubling the 
statinn dose generally results in only a 6% additional lowering of LDL-C levels,55 the addi-
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tionaltional 16-18% reductions achieved with 10 mg ezetimibe plus the starting dose of statin is 
equall  to an 8-fold increase in statin dose. 

Sincee ezetimibe blocks cholesterol absorption via the exogenous cholesterol pathway 
andd fibrates inhibit VLDL synthesis, combination therapy with ezetimibe plus fibrates 
mayy also be complementary, and may offer new alternatives for management of patients 
withh multiple lipid disorders, including mixed hyperlipidaemia (type IIB) and hypertri-
glyceridaemia.. In animal models, ezetimibe shows promise in managing combined 
hypercholesterolaemiaa and hypertriglyceridaemia.85,86 

CONCLUSION S S 

Althoughh lowering LDL-C levels substantially reduces CHD risk, many hyperlipidaemic 
individualss reach target LDL-C levels. The statins are the most widely used drugs for chol-
esteroll  lowering, but they modulate cholesterol synthesis and do not affect absorption of 
dietaryy or biliary cholesterol. Combining lipid-lowering drugs with complementary 
mechanismss of action produces additive reductions in LDL-C, and may lead to broader 
lipidd control than with high-dose statin monotherapy. However, combination therapy 
withh current cholesterol-lowering drugs is limited by risk of side effects and low patient 
acceptance. . 

AA new class of lipid-lowering drugs, the selective cholesterol absorption inhibitors, 
safelyy and selectively blocks absorption of dietary and biliary cholesterol and shows prom-
isee for use in combination with statins or fibrates for cholesterol lowering, or as mono-
therapy.. A io-mg daily dose of ezetimibe, the first of the selective cholesterol absorption 
inhibitors,, lowers LDL-C an additional 16-18% when given with the starting dose of a sta-
tin,, a reduction equivalent to that expected with an 8-fold increase in statin dose. Combi-
nationn therapy with ezetimibe and a statin modulates both synthesis of cholesterol and 
intestinall  uptake of biliary and dietary cholesterol, and should help a greater percentage 
off  hyperlipidaemic individuals reach their target LDL-C levels. 
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ABSTRAC T T 

Background Background 

Thee inhibition of the Microsomal Triglyceride Transfer Protein (MTP) is an attractive tar-
gett in the management of dyslipidemia. First administration of a novel MTP inhibitor, 
implitapide,, to human volunteers yielded promising results. Subsequently, a dose-rang-
ingg study, of a double-blind, placebo-controlled and parallel-group design, comparing the 
efficacyy and the safety of 4 doses of implitapide {20,40, 80 and 160 mg/day) and ceriva-
statinn (0.3 mg/day) in patients with primary hypercholesterolemia, was carried out. 

MethodsMethods  and Results 

Afterr a 4-week placebo period, 309 patients with primary hypercholesterolemia (LDL-C > 
1300 mg/dL and TG <35o mg/dL) were randomized to one of the 6 treatment groups for a 
periodd of 4 weeks. Mean % change from baseline to endpoint (last treatment visit or end 
off  trial) in the valid for efficacy population (N=283) for LDL-C ranged from -8.2% at low 
dosee (20 mg) to -55.1% (p< 0.001 compared to placebo) on high dose (160 mg), compared 
too -33.3% for 0.3 mg cerivastatin and -0.2% for placebo. The analysis of response defined 
byy a greater than 15% decrease of LDL-C showed a 31.4% responder rate for implitapide 
200 mg, increasing to 67.9%, 97.8%, and 100% in the 40 mg, 80 mg, and 160 mg groups 
respectively.. Mean % change from baseline to endpoint for the other lipid parameters 
alsoo showed a significant dose-related decrease, ranging from -6.4% with 20 mg to -4.8% 
withh 160 mg for total cholesterol, from -1.8% to -17.9% for HDL-C, from -1.3% to -29% 
forr triglycerides, from -2% to -22.3% for Apo Al , and from -5.7% to -49% for Apo B. 
Changess in Lp(a) did not follow the same dose-dependent response. The percentage of 
adversee events (AE) increased with the dose of implitapide with a high incidence of diges-
tivee AE (mainly diarrhoea) in the 80 and 160 mg groups. The percentages of patients 
withh elevations in transaminases >3 times the upper limit of normal were 11.8% and 
15.4%% for AST, 27.4% and 25% for ALT in groups receiving respectively 80 and 160 mg of 
implitapide.. Only minor changes were observed in mean vitamin A values, and vitamin 
E/LDL-CC or vitamin E/ApoAl ratios did not change significantly. Lung function tests and 
hepaticc ultrasound did not show any relevant clinically significant abnormality, and liver 
fattyy infiltration remained mild and evenly distributed among the 6 treatment groups. 

Conclusions Conclusions 

Implitapidee 20 to 160 mg led to a dose-dependent decrease in LDL-C from 8 to 55% and 
inn addition a dose-dependent reduction in total cholesterol, ApoB, HDL-C and triglycer-
ides.. The tolerability of implitapide in the higher doses, especially 80 mg and 160 mg, is 
lesss acceptable than that of lower doses or that of placebo and cerivastatin, mainly in 
termss of digestive adverse events and incidence of liver function test abnormalities. 
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INTRODUCTION N 

Recentlyy published outcome studies have established that lipid-lowering therapy, particu-
larlyy with statins, is of clear benefit in terms of cardiovascular morbidity and mortality in 
thee primary and secondary prevention of coronary heart disease1^5. International and 
nationall  guidelines have been derived from these findings, and provide cardiologists and 
physicianss with clear recommendations on lifestyle, risk factor, and therapeutic targets 
forr patients with hyperlipidemia6,7. These guidelines recommend bile acid sequestrants, 
nicotinicc acid, fibrates and HMG-CoA reductase inhibitors if dietary therapy is not suffi-
cientt to reach therapeutic targets. Thus, research has intensely focused on the discovery 
off  novel agents which can also effectively control plasma lipid levels. 

Microsomall  triglyceride transfer protein (MTP) is an enzyme present in liver and 
intestinall  cells which catalyses the assembly of cholesterol, triglycerides and ApoB to 
VLDLL or chylomicrons, respectively. Hence, the production rate of Apolipoprotein B con-
tainingg particles is decreased if MTP is inhibited and a marked positive effect can be 
expectedd from MTP inhibition on both hypercholesterolemia and hypertriglyceridemia. 
BAYY 13-9952 (implitapide) is a MTP inhibitor. Implitapide potently inhibits secretion of 
apoB-containingg VLDL-lik e lipoproteins from human hepatoma cell line (HepG2), with 
ann IC value of i.inM8. Implitapide was also shown to suppress MTP-catalyzed transport 
off  triglycerides9. 

Thiss study iss the first to date to present clinical efficacy and safety data in a considera-
blee number of humans, evaluating implitapide in doses ranging from 20 mg to 160 mg 
oncee daily, in the treatment of primary hypercholesterolaemia. As this is an early phase II 
dose-rangingg study, the 4 doses of Bay 13-9952 were compared to placebo and to an active 
comparator,, cerivastatin 0.3 mg. 

METHODS S 

StudyStudy  design 
Thiss was a multicenter, multinational, double-blind, randomised, placebo-controlled, 
pilott dose-ranging, 6-parallel-group comparative study. Four doses of implitapide, 20 mg, 
400 mg, 80 mg, and 160 mg once daily, were compared to placebo and to cerivastatin 
0.33 mg once daily, during a 4-week treatment period. The study was performed in 
255 sites, distributed over Belgium, France, Israel, Netherlands, Norway, Spain and South 
Africa.. The study was carried out according to the guidelines of Good Clinical Practice, 
andd the Declaration of Helsinki, and was approved by all local ethics committees and 
institutionall  Review Boards. Written informed consent was obtained from all patients 
beforee enrollment into the study. 

StudyStudy  population 
Studyy participants were men and post-menopausal or surgically sterile women, aged 18 to 
700 years old. They had to present with primary hypercholesterolemia, defined by fasting 
LDL-CC > 130 mg/dl (or 3.37 mmol/1) and fasting plasma triglycerides < 350 mg/dl 
{3.999 mmol/1) after at least 4 weeks on AHA step 1 or equivalent diet. Patients were fol-
lowedd 8 to 12 weeks during the run-in period, including 4 weeks placebo, followed by 
44 weeks of randomised study treatment and by 2 weeks of post-treatment follow-up. To be 
eligiblee for randomisation, the two values of the calculated LDL-C during the run-in 
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periodd {week-4 and week -2) had to be > 130 mg/dl, and could not differ from the mean 
off  these two values by more than 12%. Major exclusion criteria were: recent myocardial 
infarctionn or cerebrovascular accidents, diabetes mellitus, endocrine disease, known cata-
ract,, serum CPK > 3 times the upper limit of normal, hepatic disease or transaminase 
levelss > 1.5 times the upper limit of normal, clinically significant abnormality on hepatic 
ultrasoundd or pulmonary function test performed before randomisation, known intole-
rancee to HMG-CoA reductase inhibitors, treatment with immunosuppressants, anti-
acids,, ketoconazole, erythromycin, oral anticoagulants, digoxin, drug or alcohol abuse, 
compliancee under 70% during placebo run-in. 

OutcomeOutcome measures and assessments 
Alll  laboratory assessments were assayed in a single central laboratory, Central Research 
Laboratoriess Europe, in Belgium. Plasma lipid parameters remained blinded, all other 
laboratoryy results were faxed to the investigator. 

EvaluationEvaluation  of  efficacy 
Thee primary efficacy parameter was the mean percent change from baseline to endpoint 
(endd of trial visit 8 or last visit) of calculated LDL-C, as well as the percentage of patients 
withh a decrease of 15% in calculated LDL-C, at least, between baseline and endpoint. 
Secondaryy efficacy measures included percent change from baseline to endpoint of total 
cholesterol,, HDL-cholesterol, triglycerides, apolipoprotein (Apo) Al , Apo B, and Lp(a). 

EvaluationEvaluation  of  safety 
Adversee events were recorded at each visit following open questioning by the investigator. 
Theirr relation to study drug and intensity was also assessed by the investigator. Safety lab-
oratoryy parameters, including hepatic enzymes, creatinine phosphokinase, vitamin E and 
vitaminn A, biochemistry parameters, were performed at each visit. An ultrasound scan of 
thee liver was performed before randomisation, as well as pulmonary function tests. These 
twoo examinations were performed again at the end of the 4-week active treatment period. 

StatisticalStatistical  analysis 
Thee primary efficacy analysis was percentage change from baseline to endpoint of fasting 
plasmaa levels of calculated LDL-C, in four doses of implitapide, compared to placebo and 
cerivastatin.. The primary analysis was performed on the population of patients valid for 
efficacyy (per protocol analysis), defined as all randomised patients receiving double blind 
studyy medication without violating major inclusion/exclusion and randomisation crite-
ria,ria, with at least two valid values of plasma LDL-C measured at weeks -4, -2 and o, and 
withinn 12% of the mean, and with at least one valid plasma LDL-C measurement available 
afterr at least 14 days treatment post randomisation, and unbroken random codes. All sta-
tisticall  tests were two-tailed and statistical significance was evaluated at the 5% level. The 
primaryy efficacy analysis was performed using an ANOVA model with treatment group 
andd country as main effects. Treatment group comparisons were performed for demo-
graphicc characteristics and baseline lipid values using ANOVA for continuous data or 
Mantel-Haenzsell  Chi square test for categorical data. Treatment group comparability was 
checkedd for all parameters. Patients valid for safety were compared between groups for 
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typee and frequency of adverse events. Changes in biological parameters, hepatic ultra-
sound,, and pulmonary function tests were also summarised. 

RESULTS S 

PatientPatient  population  and baseline  characteristics 
AA total of 456 patients were enrolled, and 309 patients were randomised. The number of 
patientss valid for safety analysis was 309. The number of patients valid for intent to treat 
analysiss was 308 and the number of patients valid for efficacy analysis was 283: 51, 53,46, 
388 in the 20 mg, 40 mg, 80 mg, and 160 mg Bay 13-9952 groups respectively, 44 patients 
inn the cerivastatin group, and 51 patients in the placebo group. The rate of premature dis-
continuationn of the study remained low in the placebo, BAY 13-9952 20 mg, BAY 13-9952 
400 mg and cerivastatin groups (o to 5.7% of patients), while it was higher in the two high-
estt dosage groups of BAY 13-9952 (80 and 160 mg), with 15.4% and 41.5% of patients dis-
continuingg the study prematurely. The main reason for discontinuation was related to the 
occurrencee of an adverse event (Table 1). 

Tablee 1 Summar y of reason s for prematur e terminatio n of stud y 

Treatmen tt  group s 

Populatio n n 

Randomised d 
Completers s 
Premature e 

termination n 
Adversee event 

Non-compliance e 
Consentt withdrawal 
Protocoll violation 

Visitt 8 missing 

PLA A 

533 (100.0%) 
500 (94.3%) 
33 (5.7%) 

1 1 
0 0 
0 0 
2 2 
0 0 

BAYY 20 

533 (100.0%) 
511 (96.2%) 
22 (3.8%) 

1 1 
1 1 
0 0 
0 0 

0 0 

BAYY 40 

533 (100.0%) 
511 (96.2%) 
22 (3.8%) 

1 1 
0 0 
0 0 
0 0 

1 1 

BAYY 80 

52(100.0%) ) 
444 (84.6%) 
8(15.4%) ) 

7 7 
0 0 
1 1 
0 0 
0 0 

BAYY 160 

533 (100.0%) 
311 (58.5%) 
222 (41.5%) 

22 2 
0 0 
0 0 
0 0 
0 0 

CER R 

455 (100.0%) 
455 (100.0%) 
00 (0.0%) 

0 0 
0 0 
0 0 
0 0 
0 0 

Demographicall  and baseline characteristics did not show any relevant difference between 
thee 6 treatment groups (Table 2). 

EFFICACY Y 

Thee overall assessment of the main efficacy parameter showed that all study treatments, 
exceptt for placebo, induced a decrease in LDL-C at endpoint, which was dose-related in 
thee range of 20 to 160 mg of BAY 13-9952, from -8.2% to -55.1% (p<o.ooi compared to 
placeboo for the 40 mg to 160 mg doses) (figure 1). 

Thee mean LDL-C reduction under cerivastatin 0.3 mg was -33.3%, and -0.2% for pla-
cebo.. The analysis of responders defined by LDL-C decrease greater than 15%, yielded 
31.4%% responders for implitapide 20 mg, increasing to 67.9%, 97.8%, and 100% for 40 
mg,, 80 mg, and 160 mg respectively. Dose-related decreases were also observed for other 
lipidd parameters (figures 2, 3,4). Apo Al decreased from -2.0% to -22.3% in the 20 mg to 
1600 mg groups respectively. Apo B was reduced by -5.7% in the implitapide 20 mg group, 
too -49% in the 160 mg group, compared to -23.2% in the cerivastatin group, and +1.2% in 
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thee placebo group. The changes in Lp(a) did not follow the same dose-dependent 
responsee as for the other lipid parameters. 

Tablee 2 Demographic s and baselin e characteristic s in vali d fo r efficac y populatio n 

Treatmentt groups 

PLA A BAYY 20 BAY 40 BAYY 80 BAY 160 CER R 

Sex:: Female 
Male e 
Race:: Caucasian 
Mixed d 
Negroid d 
Oriental l 
Agee (yrs) 
Weightt (kg) 
Heightt (cm) 
Systolicc BP ( 
Diastolicc BP 

mm m Hg) ) 
(mmHg) ) 

Pastt and current smokers s 

166 (31.4%) 
355 (68 .6%) ) 
511 (100.0%) 
0 0 
0 0 
0 0 
56. . 
74.8 8 
169.9 9 
130.2 2 
79.1 1 
266 (51 %) ) 

177 (33.3%) 
344 (66.7%) 

499 (96.1%) 
11 (2.0%) 
0 0 
11 (2.0%) 
54.7 7 
76.4 4 
170.3 3 
127.7 7 
77.5 5 
288 (54.9%) 

17(32.1%) ) 
366 (67.9%) 
511 (96.2%) 
11 (1.9%) 
11 (1.9%) 
0 0 
53.7 7 
78.5 5 
171.5 5 
125.9 9 
78.6 6 
266 (49%) 

122 (26.1%) 
344 (73.9%) 
455 (97.8%) 
0 0 
11 (2.2%) 
0 0 

52.5 5 
77.7 7 
172.4 4 
130.3 3 
79.7 7 
255 (54.3%) 

133 (34.2%) 
255 (65.8%) 
377 (97.4%) 
11 (2.6%) 
0 0 
0 0 
53.6 6 
75.6 6 
172.4 4 
129.6 6 
81.4 4 
199 (50%) 

99 (20.5%) 

355 (79.5%) 
422 (95.5%) 
0 0 
22 (4.5%) 
0 0 
54.5 5 
77.8 8 
171.5 5 
129.2 2 
80.4 4 
299 (66%) 

Meann plasma lipids (mg/dl) 

LDL-C C 
HDL-C C 
Totall cholesterol 
Triglycerides s 
Apoo Al 
Apoo B 
LPP (a) 

180.9 9 
54.4 4 
264.2 2 
144.3 3 
158.6 6 
164.1 1 
30.4 4 

189.9 9 
53.2 2 
272.4 4 
146.3 3 
147.6 6 
169.5 5 
24.6 6 

197.2 2 
51.7 7 
277.6 6 
143.6 6 
145.8 8 
169.3 3 
31.0 0 

198.2 2 
50.6 6 
278.4 4 
147.7 7 
146.0 0 
176.6 6 
29.1 1 

186.8 8 
53.9 9 
270.2 2 
145.0 0 
150.2 2 
165.9 9 
23.7 7 

194.4 4 
48.0 0 
271.7 7 
146.5 5 
144.6 6 
168.1 1 
31.2 2 

Resultss expressed as n (%) or mean 
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SafetySafety and tolerability 
Thee percentage of adverse events increased with the dose of implitapide, mainly due to a 
highh incidence of digestive AE (mainly diarrhoea) in the 80 and 160 mg groups. In all 
otherr systems there were no treatment-group differences. Table 3 shows the incidence of 
mainn clinical adverse events. The same trend for digestive adverse events with an increas-
ingg dose of implitapide was observed for drug-related adverse events, with an incidence 
ratee of diarrhoea increasing from 9.4% in the 20 mg group to 52.8% in the 160 mg 
group,, compared to 2.2% in the cerivastatin group and 11.3% in the placebo group. 
Permanentt discontinuation of the study treatment in relation with a drug-related adverse 
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eventt (mainly digestive) was observed more frequently with increasing doses of implitap-
ide.. With respect to laboratory test results, the only relevant changes were seen for 
transaminases.. The percentages of patients with elevations in transaminases >3 times the 
upperr limit of normal were n.8% and 15.4% for AST, 27.4% and 25% for ALT in groups 
receivingg respectively 80 and 160 mg of implitapide. Only minor changes were observed 
inn mean vitamin A values, moreover vitamin E/LDL-C or vitamin E/ApoAi ratios did not 
alterr significantly. Lung function test and hepatic ultrasound did not show any relevant 
clinicallyy significant abnormality, and liver fatty infiltration (hepatic steatosis assessed by 
ultrasoundd and noted by the investigator as mild, moderate, or severe) remained mild 
andd evenly distributed among the 6 treatment groups. 

Tablee 3 Percentag e o f patient s reportin g treatmen t emergen t advers e event s 

Treatmen tt  group s 

Populatio n n 

Anyy event 

Digest ive e 

Nausea a 

Diarrhoea a 

V o m i t i n g g 

A b d o m i n a ll pain 

Myalg ia a 

PLA A 

n=5 3 3 

71 .7% % 

28 .3% % 

1.9% % 

1 3 . 2 % % 

0 0 

5 .7% % 

3.8% % 

BAYY 20 

n=5 3 3 

60 .4% % 

37 .7% % 

9 .4% % 

11.3% % 

0 0 

5 .7% % 

1.9% % 

BAYY 40 

n=5 3 3 

6 9 . 8 % % 

4 9 . 1 % % 

5 .7% % 

2 4 . 5 % % 

0 0 

7.5% % 

0 0 

BAYY 80 

n=5 2 2 

90 .4% % 

75.0% % 

15 .4% % 

4 4 . 2 % % 

5.8% % 

17 .3% % 

1.9% % 

BAYY 160 

n=53 3 

88 .7% % 

84 .9% % 

20 .8% % 

6 4 . 2 % % 

7.5% % 

1 5 . 1 % % 

0 0 

CER R 

n=4 5 5 

5 3 . 3 % % 

1 5 . 6 % % 

6 .7% % 

4 . 4 % % 

0 0 

8 .9% % 

2 . 2 % % 

DISCUSSION N 

Thiss multicenter randomised double-blind trial was designed as a dose-effect relationship 
study,, the objective of which was to determine the best hypolipidaemic effect / safety ratio 
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afterr a medium-term treatment (one month) with BAY 13-9952 in the 20 to 160 mg daily 
dosee range, in patients with moderate primary hypercholesterolemia. Negative and posi-
tivee control groups were also included in this 6 parallel group study {as placebo and ceri-
vastatinn 0.3 mg daily, respectively), in order to allow confirmation of preliminary results 
afterr short-term (10 days) BAY 13-9952 treatments, which tended to demonstrate a clear 
hypolipidaemicc effect in the range of 80-160 mg doses, with a possible increase in the 
ratee of digestive adverse events related to the alteration of normal intestinal fat metabo-
lismm (nausea and diarrhoea)10. The present study can be considered as fully complying 
withh the requirements published in the "Guidelines for the clinical evaluation of lipid-
alteringg agents in adults and children", by the FDA in 1990, with respect to the character-
isationn of hyperlipidaemic patients. 

Withh regards to the main efficacy parameter, percent reductions in LDL-C at end-
point,, the greatest decrease was 55% in the 160 mg dose group, which was considerably 
higherr than the reduction observed in the cerivastatin 0.3 mg group (-33.3%). However, if 
thee effects on total cholesterol were, as expected, proportional to those on LDL-C, the 
effectss on HDL-C of BAY 13-9952 and cerivastatin were exerted in opposite direction, a 
clearr increase being related to the treatment with cerivastatin, while BAY 13-9952 
inducedd a dose-related decrease in HDL-C (by -1.8% to -17.9% in the 20 to 160 mg dose 
range).. The percentage of responder patients (LDL-C decrease > 15% at endpoint) was 
100%% at any visit in the BAY 13-9952 160 mg group, and reached 98% at endpoint in the 
cerivastatinn group, as well as in the BAY 13-9952 80 mg group. 

Thee decrease in LDL-C and total cholesterol as well as the increase in HDL-C were 
consistentt with those previously observed in several cerivastatin studies. 

Thee overall incidence of adverse events, notably digestive ones, was considerable in 
patientss treated with the two highest doses and resulted in a number of treatment discon-
tinuations,, up to 42% in the 160 mg dose group, mostly due to adverse events, such as 
diarrhoea,, nausea and vomiting. Furthermore, these issues in clinical safety were rein-
forcedd by a dose related effect on transaminase increase, which resulted in an incidence 
off  about 50% of appearance of abnormal values during treatment with BAY 13-9952 80 
orr 160 mg doses, however these increases were completely reversible after discontinua-
tionn of study drug. 

Theree was no reason for concern with other laboratory tests safety or for any other bio-
chemistryy or haematology parameter. 

Thee overall analysis of adverse events did not reveal any other serious safety concern, 
besidess the gastrointestinal tract, for the BAY 13-9952 treated patients, and this was con-
firmedd by a low rate of drug-related serious adverse events (one case of gastroenteritis in 
thee BAY 13-9952 40 mg group, one case of transaminase increase and one case of ano-
rexiaa plus nausea in the BAY 13-9952 160 mg group). 

Thiss study confirmed the preliminary findings of the phase I study in sofar that the 
hypolipaemicc effectiveness of BAY 13-9952 administered 4 weeks in doses between 20 
andd 160 mg daily was quite significant on LDL-C as well as on other lipid parameters. 
Thiss major effectiveness of BAY 13-9952 on the primary endpoint was however counter-
balancedd by the tolerability issues for the higher dose groups, 80 and 160 mg (high inci-
dencee of digestive adverse events, notably nausea) as well as laboratory tests safety 
(numberr of liver enzymes elevations). However, pulmonary function tests and hepatic 
ultrasoundd did not evidence any safety concern with BAY 13-9952, whatever the dose. 
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Thesee clinical results must be put in the context of other beneficial effects of implitapide, 
notablyy on the inhibition of the post prandial triglyceride rise, the latter considered a 
majorr risk facotr for a number of atherosclerotic related events. 

Potentt antisclerotic efficacy of implitapide was shown in apoE knockout mice1112, 
afterr 14 weeks of feeding with a western-type diet containing implitapide. Dose-depend-
entt reductions in plasma cholesterol and triglycerides were observed, but implitapide also 
ledd to significant reductions in average cross-sectional atherosclerotic plaque area (up to 
93%% with i5mg/kg of implitapide). Moreover, life expectancy was improved, with a dose-
dependentt increase in the number of surviving animals. 

Furthermore,, in acute and subchronic rat and dog studies, BAY 13-9952 effectively 
reducedd the post-prandial triglyceride rise (after olive-oil loading)13. This inhibition of 
post-prandiall  fat absorption was confirmed in a human volunteer study, including 24 
subjects,, with the high dose of 160 mg. This resulted in an almost total inhibition of the 
postt prandial lipid response, after a standard high fat meal14. 

Implitapidee remains therefore an attractive target for the management of hyperlipi-
demiaa and atherosclerosis, and further clinical studies, using lower doses and aiming at 
particularr high-risk hyperlipidemic populations could prove interesting. 
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SUMMAR Y Y 

Objectives Objectives 

Hypertriglyceridemiaa is an independent risk factor for coronary artery disease (CAD). It 
hass been suggested that the CAD risk associated with hypertriglyceridemia is increased 
eitherr by the atherogenicity of triglyceride (TG) rich lipoproteins, or by the often associ-
atedd decreased levels of high-density lipoprotein cholesterol (HDL-C). Furthermore, 
severee hypertriglyceridemia can cause acute pancreatitis. This study was designed to 
comparee the effect of concentrated n-3 fatty acids and gemfibrozil in patients with severe 
hypertriglyceridemia.. The primary objective was to measure the change in serum TG and 
thee secondary objectives were to study the changes in TC, HDL, VLDL, apolipoproteins 
andd free fatty acids. 

Methods Methods 

899 patients with severe hypertriglyceridemia (defined as plasma TG > 4.5 mmol/1) were 
randomizedd to Omacor™, a capsule containing the n-3 fatty acids eicosapentenoic acid 
(EPA),, and docosahexenoic acid (DHA) at a dosis of 4 g/day or gemfibrozil 1200 mg/day 
forr 18 weeks, in a double-blind fashion. 

Results Results 

Thee baseline characteristics of the two randomized groups were similar. Compared to 
baseline,, n-3 fatty acids reduced mean triglyceride levels by 28.9% and, conversely, gemfi-
brozill  by 51.2 % (p=o.oo7). Total cholesterol was decreased 10.2% by n-3 fatty acids and 
13.0%% by gemfibrozil (p=o.5i), and very-low-density lipoprotein cholesterol (VLDL-C) 
11.8%% and 19.4%, (p=o.49) respectively. HDL-C was increased by both compounds, n-3 
fattyy acids elevated HDL-C only by 1.2%, whereas it was elevated 27.9 % by gemfibrozil 
(p=O.OI2). . 

Conclusion Conclusion 

Ourr study indicates that both n-3 fatty acids and gemfibrozil markedly decreased triglyc-
eridee concentrations in patients with severe hypertriglyceridemia. Gemfibrozil, however, 
decreasedd TG levels and increased HDL-C significantly more than n-3 fatty acids. 
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INTRODUCTION N 

Elevatedd plasma triglyceride levels have been the focus of an ongoing debate concerning 
theirr role as an independent risk factor for coronary artery disease (CAD). Only recently 
hass hypertriglyceridemia been considered an independent contributor to CAD1. 

Bothh fasting triglyceride (TG) levels and high levels of TG rich lipoprotein remnants 
predictt a predisposition to clinical coronary events, independently of other risk factors2 

andd independently of reduced concentrations of high-density lipoprotein cholesterol 
(HDL-C)3. . 

Hypertriglyceridemiaa is also associated with "small dense" low-density lipoprotein 
cholesteroll  (LDL-C) particles, which are more susceptible to oxidation and also predis-
posee to increased risk of CAD4S. 

Managementt of hypertriglyceridemia should focus initially on non-pharmacological 
modalitiess of treatment, such as diet, exercise, weight control, reduced alcohol intake and 
strictt glycemic control6. If these measures prove unsuccessful, severely elevated TG levels 
inn particular should be treated with lipid lowering drugs, in order to prevent pancreatitis. 
Suchh drugs include fibric acid derivates, nicotinic acid and its analogues. These com-
poundss both decrease TG and increase HDL-C. Some of these compounds have shown 
modestt reductions in fatal and non-fatal myocardial infarctions, but for neither could a 
decreasee in total mortality be demonstrated7-8,9, although recently it was shown that gem-
fibrozilfibrozil  therapy resulted in a significant reduction in the risk of major cardiovascular 
eventss in patients with coronary disease with low HDL-C10. 

Epidemiologicc studies suggest that a high dietary intake of n-3 poly-unsaturated fatty 
acidss may confer a protective effect against atherosclerotic disease11 and reduce serum 
TGG levels1213. We investigated in a randomized, double-blind trial the efficacy, safety and 
tolerabilityy of Omacor™ (concentrated n-3 fatty acids, Pronova AS) and gemfibrozil in 89 
patientss with severe hypertrigyceridaemia. The primary objective was to measure the 
changee in serum TG and the secondary objectives were to study the changes in TC, HDL, 
VLDL,, apolipoproteins and free fatty acids. Apoliproteins were measured to better define 
riskk ratios. 

METHODS S 

Thee study was approved by the Institutional Review Board of the Academic Medical 
Centerr and the University Hospital Nijmegen, The Netherlands. 

Patients Patients 
AA total of 89 patients (82 males and 7 females) could be included. All patients were 
recruitedd from the outpatient Lipid Clinics of the Academic Medical Center and the 
Nijmegenn University Hospital. Patients were included if they had fasting serum TG levels 
higherr than 4.5 mmol/L. Patients had to be off lipid lowering drugs for at least six weeks 
beforee entering the study and were instructed to follow a low-fat diet. Concomitant medi-
cationn remained unchanged throughout the trial. Participants were excluded if they had 
experiencedd a myocardial infarction or another serious disease less than six months 
beforee entering the study, or if they had serum ALT > 3 times upper normal level, fasting 
serumm glucose > n.o mmol/L, blood HbAlc > 8.5 %, serum creatinine > 120 umol/L. 
Patientss with poorly controlled diabetes mellitus, renal failure, liver disease, asthma, 
hypersensitivityy to acetylsalicylic acid or alcohol abuse were also excluded from the study. 
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Alll  patients gave written consent. There were 45 patients in the n-3 fatty acid and 44 
patientss in the gemfibrozil groups, respectively. 

StudyStudy  design 
Thiss trial is a randomised, double-blind study comparing Omacor™ and gemfibrozil in 
patientss with severe hypertriglyceridemia. 

Thee study consisted of a treatment period of 12 weeks preceded by a 6 weeks run-in 
duringg which the patients received dietary advice orally and written by the physicians per-
formingg the study and dietary assessment throughout the study. After this period patients 
weree randomised at week o to receive either four capsules of Omacor™ and two tablets of 
Lopid®® placebo or four capsules of Omacor™ placebo and two tablets of Lopid® daily 
forr 12 weeks. A computer randomisation was used in which treatment was balanced 
withinn blocks of patients. 

Att each visit {week -6, -2, o, 6, 10 and 12) blood samples were drawn after a twelve 
hourr fast and 24 hours abstinence from alcohol and lipid profiles were measured. Rou-
tinee hematology and biochemistry were measured at week o and at week 12. A physical 
examinationn was performed at visit o. 

LaboratoryLaboratory  parameters 
Plasmaa total cholesterol, HDL-C and triglycerides were measured by standard tech-
niques.. Total cholesterol was determined with an enzymatic kit (Boehringer Mannheim, 
Mannheim,, Germany). HDL-C was measured after precipitation of apo B-containing lipo-
proteinss with magnesium phosphotungstate. Triglycerides were analyzed enzymatically 
(Biomerieux,, France). LDL-C was estimated calculated using the Friedewald formula, 
whichh is valid up until plasma TG of 8 mmol/11415. Apolipoproteins A-I and apo B were 
determinedd by an immunological rate-nephelometric procedure using a polyclonal goat 
anti-humann anti serum16. 

Lipoproteinn A-I (lipoprotein particles containing only apolipoprotein A I) and Lipo-
proteinn A-I:A-I I were measured directly by differential electroimmunoassay17. 

FishFish  oil  supplementation 

Omacor™™ and placebo were supplied in identical 1 gram soft gelatin capsules and were 
manufactured,, packed and released by Pronova Biocare a.s., Lysaker, Norway. Omacor™ 
iss an 85% EPA/DHA ethyl ester concentrate, and each capsule contains 1 gram of n-3 
fattyy acid concentrate and 4 milligrams of a-tocopherol. The placebo contains an equal 
amountt of ethyl ester of corn oil. Lopid® tablets 600 mg and Lopid placebo have been 
purchasedd from Parke Davis, Morris Plains, MI, USA. The capsules were taken with 
meals.. The total daily dose of Omacor ™ was 4 g o.d. and of Lopid® 1200 mg o.d. 

StatisticalStatistical  analysis 
Thee study was designed to yield a statistical power of 80 % of detecting a difference in the 
meann percent change from baseline TG in each of the subgroups. The inclusion of a min-
imumm of 41 patients per subgroup was required to complete the trial according to proto-
col.. All values were expressed as means with standard deviation or median with range 
whenn appropriate, and analyzed by standard t-test, using the statistical package for the 
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sociall  sciences (SPSS). Paired analyses were used comparing TG between weeks o and 
12.. Statistical significance was defined as p < 0.05 

RESULTS S 

BaselineBaseline  characteristics 
Thee first patients entered the study in June 1995 and the last patient completed the study 
inn July 1996. A total of 131 potential subjects were screened. Of these, 89 patients com-
pletedd the trial. 41 patients who met the eligibility requirements, were excluded because 
theyy did not have TG > 4.5 mmol/1. 

Thee baseline demographic characteristics for randomized patients are presented in 
tablee 1. Eighteen patients suffered from cardiovascular disease (CVD): 9 in the n-3 fatty 
acidd group and 9 in the in the gemfibrozil group. Among the other patients three suf-
feredd from diabetes mellitus (1 in the n-3 fatty acid group, 2 in the gemfibrozil group), 
thirteenn from hypertension (5 in the n-3 fatty acid group, 8 in the gemfibrozil group) and 
twoo patients had cardiac arrythmias {both in the gemfibrozil group). However, there were 
noo statistically significant differences between the two groups in the baseline characteris-
tics. . 

Tablee 1 Baselin e characteristic s of stud y populatio n 

Gemfibrozi ll  (n=44) Omaco r (n=45) 

Agee (years) 
Sexx {male/female) 
BMII (kg/m2) 
CVDD (n) 
Systolicc blood pressure :: {mmHg) 
Diastolicc blood pressure (mmHg) 
Fastingg blood glucose ( ;mmol/l) ) 

50.11 {33-75) 
39/5 5 
27.55 (18.8-39.6) 
9 9 
137(110-182) ) 
86(70-110) ) 
6.11 (3.9-12.1) 

49.77 (36-69) 
43/2 2 
28.22 (22.3-33.8) 
9 9 
1333 (110-182) 
888 (70-110) 
5.7(4.2-10.0) ) 

Valuess are given as means with ranges in brackets, n = number of subjects, CVD = presence of cardiovascular 
disease,, BMI = body mass index; there were no statistical differences between the two groups 

Efficacy Efficacy 
Wee compared the efficacy of both compounds in lowering triglycerides, total cholesterol 
andd HDL-C between weeks o and 12 in the two groups. The changes in serum lipids and 
lipoproteinss after treatment with gemfibrozil and n-3 fatty acids are shown in table 2. For 
triglycerides,, HDL-C and TC the mean percentual changes were -28,9 % (  39,7), +1,2 % 

 36,9), and -10,2 % (  17,0) in the n-3 fatty acid group, and -51,2 % , +27,9 % 
,, and -13,0 % (  23,2), respectively for the gemfibrozil group as shown in table 3. 

P-valuess for these differences between the groups were 0.007, a o i 2> a nd °-5I3» respec-
tively.. Gemfibrozil is in this cohort of predominantly men more effective in lowering TG 
levelss than n-3 fatty acids and has an additional effect on HDL-C compared with n-3 fatty-
acids.. Since there were only three well-controlled diabetics participating it is unlikely that 
plasmaa glucose levels have had a strong influence on the changes in lipids and lipopro-
teins. . 
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Tablee 2 Lipi d and lipoprotei n level s in th e Gemfibrozi l and th e Omaoc r cohor t 

Totall cholesterol 
HDL-cholesterol l 
LDL-cholesterol l 
VLDL-cholesterol l 
Triglycerides s 
Apolipoproteinn A] 
Apolipoproteinn B 
Lipoproteinn A-1 
Lipoproteinn A-1:A-II 
Freee Fatty Acids 

Gemfibrozi l l 
weekk 0 (n=44) 

8.411 (4.40-23.10) 
0.833 (0.33-2.98) 
3-599 (1.30-4-60) 
3.555 (1.00-19.10) 
11.555 (4-io-56-5o) 
1.244 (0.79-2.02) 
1.622 (0.86-2.57) 
0.688 (0.28-0.98) 
0.555 (0.10-0.94) 
0.655 (0.24-1.14) 

weekk 12 (n=44) 

6.822 (3.90-12.30) 

0-955 (0-43-4-19) 
4.600 (3.00-6.40} 
2.077 (0.50-5.90) 
5.222 (1.30-39.10) 
1.277 (0.70-2.00) 
1.722 (0.84-2.49) 
0.600 (0.31-O.90) 
0.655 (0.03-1.40) 
0.688 (0.25-1.69) 

p-value e 

0.003 3 
0.241 1 
0.027 7 
0.005 5 

<o.oooi i 
0.490 0 
0.131 1 
0.012 2 
0.061 1 
0.479 9 

Omcao r r 
weekk 0 (n=45) 

8.81(5.80-16.30) ) 
0.811 (0.26-2.80) 
3.288 (2.50-5.40) 
3.822 (1.40-10.80) 
12.366 (3.40-30.90) 
1.23(0.67-1.59) ) 
1.611 (0.83-2.47) 
0.677 (0.24-1.18) 
0.566 (0.07-1.14) 
0.600 (0.28-1.12) 

weeki2(n=45) ) 

7.611 (4.70-13.10) 
0.755 (0.24-2.76) 
3.666 (1.40-6.40) 
2.922 (0.60-8.60) 
7.822 (2.20-24.40) 
1.20(0.58-1.73) ) 
1.755 (0.94-2.63) 
0.655 (0.42-1.05) 
0.599 (0.14-0.96) 
0.522 (0.24-1.35) 

p-value e 

<o.oooi i 
0.411 1 
0.161 1 
0.007 7 
<o.oooi i 

0.145 5 
0.004 4 
0.563 3 
0.448 8 
0.040 0 

Valuess are given as means with ranges in brackets, n = number of subjects. 
Valuess of triglycerides, total cholesterol, HDL-cholesterol, LDL-cholesterol and free fatty acids in mmol/L. 
Apolipoproteinss in g/L. HDL: high density lipoprotein, LDL: low density lipoprotein, VLDL: very low-density 
lipoprotein. . 

Tablee 3 Percentua l change s in lipi d and lipoprotei n level s in bot h stud y cohort s 

Gemfibrozi ll  n = 44 Omaco rr  n = 45 p-valu e e 

Totall cholestero l 

HDL-cho les tero l l 

VLDL-cholestero l l 

Triglycerides s 

-- 1 3 , 0 % 

++ 27,9 % 

-- 1 9 , 4 % 

- 5 1 , 2 % % 

-- 1 0 , 2 % 

++ 1 , 2 % 

-- 1 1 , 8 % 

-- 28,9 % 

0,513 3 

0,012 2 

0,494 4 

0,007 7 

Valuess are given as mean changes in percentages, HDL: high density lipoprotein, LDL: low density lipoprotein, VLDL: 
veryy low-density lipoprotein. 

SideSide  effects 

Inn the n-3 fatty acid group one patient complained of dizziness shortly after taking his 
medication,, and another patient had potency problems and did not take his medication 
forr one week. Three patients who received gemfibrozil had adverse events; one com-
plainedd of nausea and stomach ache, one of dizziness and orientation problems, and one 
off  muscle ache. None of these side-effects were serious enough to discontinue the medi-
cation. . 

DISCUSSION N 

Thee present study was undertaken to compare the efficacy and short-term safely of a high 
dosee of n-3 fatty acids versus a usual dose gemfibrozil in patients with severe hypertrigly-
ceridemia. . 

Bothh n-3 fatty acids and gemfibrozil are considered to be well tolerated drugs in the 
treatmentt of hypertriglyceridemia. Adverse effects in both cohorts were mild and did not 
causee discontinuation of the trial. Long-term tolerability for both compounds still needs 
too be evaluated, since there was a slight increase in cancer and total mortality for gemfi-
brozill  in the Helsinki Heart Study 8.5-year for follow-up safety and mortality8. 

Comparedd to baseline values, n-3 fatty acids reduced mean triglyceride concentrations 
byy 28.9%, while gemfibrozil reduced these by 51.2 % (p=o.oo7). Total cholesterol was 
loweredd by 10.2% in the n-3 fatty acid group and 13.0% by gemfibrozil (p=o.5i), and 
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II fish oil 

II gemfibrozil 

TCC HDL-C VLDL-C TC 

Figur ee 1 Lipid and Lipoprotein levels in both study cohorts 

VLDL-CC was reduced by 11.8% and 19.4%, respectively (p=o.49). HDL-C was increased 
byy both compounds; for n-3 fatty acids by only 1.2% while gemfibrozil elevated HDL-C by 
27.99 % (p=o.oi2). Mean percentage changes comparing n-3 fatty acids and gemfibrozil 
betweenn week o and 12 are illustrated in figure 1. 

Omega-33 fatty acids and fibric acid derivatives induce a consistent reduction in TG 
andd VLDL-C plasma levels. Fibric acid derivatives decrease TG by induction of lipoprotein 
lipolysiss and decreasing hepatic extraction of free fatty acids, which decreases hepatic 
triglyceridee production18. Gemfibrozil also inhibits the synthesis and increases the clear-
ancee of apo B, the major structural protein of VLDL-C18. VLDL-C in normolipidemic sub-
jectss is the major carrier of fasting plasma triglycerides. TG-enriched VLDL becomes rel-
ativelyy cholesterol-enriched remnants through hydrolysis by lipoprotein lipase (LPL). Our 
findingss show a remarkable elevation in serum HDL-C after gemfibrozil treatment. 

Recently,, the results from the VA-HIT trial were published10. Gemfibrozil therapy 
resultedd in a significant reduction in the risk of major cardiovascular events in patients 
withh coronary disease whose primary lipid abnormality was a low HDL-C level. The find-
ingsings suggest that the rate of coronary events is reduced by gemfibrozil by raising HDL-C 
andd lowering of TG without a significant lowering of LDL-C. 

Certainn populations including Inuits (Eskimos) have a high dietary intake of n-3 fatty 
acidss and a low incidence of CAD19. Fish and other marine life are a rich source of n-3 
fattyy acids. These fish oils have been shown to improve endothelial function in vitro in 
patientss with hypercholesterolemia, and to reduce CAD risk through that mechanism20. 
Theyy also influence a number of cellular responses in platelets, monocytes and endothe-
liall  cells21. 

Bothh omega-3 fatty acids and fibric acid derivatives both reduce plasma levels of TG 
andd VLDL-C. Omega-3 fatty acids lower TG by reducing the hepatic secretion of VLDL-
C22.. Omega-3 fatty acid supplementation in patients with hypertriglyceridemia may actu-
allyy increase LDL-C while decreasing plasma TG12'13. It has been proposed that n-3 fatty 



1666 PART III 

acidss increase LDL-C by promoting production of TG-poor VLDL-C and accelerating con-
versionn of VLDL-C to LDL-C. Hypertriglyceridemia is associated with small dense LDL-C 
particless that are more susceptible to oxidation and predispose to increased risk of CAD23. 

Thee effects of n-3 fatty acids on HDL-C and its subtractions are unclear. However, one 
off  the current hypotheses is that the HDL-C subtractions change in composition and 
absolutee size upon n-3 fatty acid treatment: the level of HDL2 tends to rise compared to 
thee level of HDL3. Epidemiological studies imply that an increase in the HDL2 /HDL3 
ratioratio may be desirable and reduces cardiovascular risk24. HDL-C subclasses are consid-
eredd to differ in antiatherogenic potential. 

Wee measured lipoprotein A-I and lipoprotein A-I: A-II in both cohorts, but only in the 
gemfibrozill  group a clear change in lipoprotein A-I was observed, which can be seen as a 
beneficiall  change associated with decreased risk for future CHD. 

Recently,, the Lyon Diet Heart Study investigated the efficacy of a Mediterranean diet 
inn the secondary prevention of CAD25. The investigators could demonstrate a striking 
reductionn in recurrence of myocardial infarction in the patients on a n-3 fatty acid 
enrichedd diet, which supports the hypothesis that n-3 fatty acids indeed have a cardiopro-
tectivee effect in the clinic. The Gruppo Italiano per lo Studio della Streptochinasi nell' 
Infartoo Miocardico (GISSI) Prevenzione Trial, in which 25 % of 11,300 post-myocardial 
infarctionn patients were randomized to either n-3 fatty acids or control in addition to the 
usuall  care, showed a statistically significant 20% reduction in total mortality, and a 45% 
decreasee in sudden death26. The cardiac prognosis was especially impressive because 
thesee patients were otherwise medically well treated. 

Fibratess are the most commonly used drugs for the treatment of patients with severe 
hypertriglyceridemia,, but do not always have sufficient results. Omega-3 fatty acids also 
lowerr TG levels, but through a completely different mechanism. Therefore, in light of the 
preventionn of pancreatitis, caused by severely elevated TG levels, both n-3 fatty acids and 
gemfibrozill  can reduce TG levels significantly through different pathways. This could 
supportt the notion that a combination of these compounds may have additive effect on 
TGG levels and needs future study. 

CONCLUSION S S 

Ourr study indicated that both n-3 fatty acids and gemfibrozil markedly decreased triglyc-
eridee concentrations in patients with severe hypertriglyceridemia. Gemfibrozil, however, 
decreasedd TG levels and increased HDL-C significantly more than n-3 fatty acids. 
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ABSTRAC T T 

Inn a randomized, double blind, placebo controlled trial we evaluated the effect of dietary 
chocolatess enriched with a wood based phytosterol ester mixture, containing 18% w/w 
sitostanol,, compared to placebo dietary chocolates in 70 subjects with primary hyper-
cholesterolemiaa (total cholesterol levels below 8 mmol/1). For 4 weeks, participants 
consumedd 3 servings per day of the phytosterol-enriched chocolate that provided 1.8 g of 
phytoo sterol ester per day or a placebo chocolate. 

Plasmaa total- and low-density lipoprotein (LDL) cholesterol levels were statistically sig-
nificantlyy reduced by 5.2% (-0.36 mmol/1) and 6.5% (-0.31 mmol/1), respectively, after 
33 weeks of phytosteol-enriched chocolate treatment, to 6.4% (-0.44 mmol/1) and 10.3% 
(-0.499 mmol/1), respectively, after 4 weeks of treatment. Plasma high-density lipoprotein 
(HDL)) cholesterol and triglyceride levels were not affected. 

Consumptionn of phytosterol enriched chocolates significantly increased plasma 
lathosteroll  concentration (+13.4%) which reflects an increased endogenous cholesterol 
synthesiss in response to phytosterol-induced decreased intestinal cholesterol absorption. 

Furthermore,, the chocolates enriched with phytosterols significantly increased both 
plasmaa sitosterol (+95.8%) and campesterol (+64.1%) levels compared to the placebo 
chocolatee group. However, the absolute values of plasma sitosterol and campesterol 
remainedd within the normal range, that is below 1 mg/dl. The chocolates with phyto-
sterolss were palatable and induced no clinical or biochemical side effect. 
Thesee findings indicate that dietary chocolate enriched with tall oil derived phytosterols 
(1.88 g/ day) is effective in lowering blood total- and LDL cholesterol levels in subjects with 
mildd hypercholesterolemia and thus may be helpful in reducing the risk of coronary heart 
diseasee for this population. 
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INTRODUCTION N 

Recentt studies have convincingly shown that serum total and low-density lipoprotein 
(LDL)) cholesterol reduction by about 25% decreases significantly total and coronary 
mortalityy in primary and especially secondary prevention in both sexes (4S et al.1994; 
Shephardd et al. 1995). Dietary modification can reduce total cholesterol levels and the risk 
off  coronary heart disease (CHD), but for a significant portion of the population, treat-
mentt with lipid lowering agents is necessary to reduce blood cholesterol levels effectively. 
Theree is a need for a low cost, low risk intervention that can treat that portion of the pop-
ulationn that has not responded well to dietary and where pharmaceutical interventions is 
nott desirable. Consumption of foods containing phytosterols has the necessary character-
isticss to meet that need. 

Renewall  has occurred in the use of phytosterols for the treatment of hypercholestero-
lemia,, as they have a potent cholesterol-lowering effect, shown in normo- and hyperchol-
esterolemicc men and women without or with CHD (Miettinen et al 1995; Gylling et al. 
1997,, Weststrate et al. 1998; Plat et al. 2000), children (Gylling et al. 1995; Tammi et al. 
2000)) and diabetes (Gylling et al. 1994; Gylling et al. 1996). Phytosterols interfere with 
cholesteroll  metabolism, especially intestinal cholesterol absorption, and consequently 
reducee serum total cholesterol by approximately 10% and LDL cholesterol by 15%, as 
recentlyy reviewed by Miettinen et al (1999), Moghadasian et al. (1999), Cater et al. (1999) 
andd Law (2000). 

Duee to the lack of toxicity in human, phytosterols have an important advantage over 
existingg pharmaceutical agents in the potential prevention of atherosclerosis. Therapeuti-
cally,, phytosterols could be positioned after diet modification and they could be used in 
conjunctionn with other agents having cholesterol-lowering activity (Blair et al. 2000). 

Thee objective of the present study was to developp a food-based product that maintains 
orr lowers undesirable blood cholesterol levels, through the addition of safe, effective and 
undetectablee phytosterols. In the context of a clinical outpatient based study, it was 
importantt that this food be both palatable and easy to consume with each of three meals 
perr day. To address this objective, dietary chocolate containing a phytosteroll  mixture was 
administeredd to study subjects for 4 weeks. Specifically, diets containing chocolate alone 
weree compared with diets containing chocolate supplemented with tall oil derived sterols. 
Talll  oil derived phytosterols consist of a proprietary mixture of four phytosterols (b-sito-
sterol,, sitostanol, campesterol, campestanol) in the approximate ratios of 60:20:14:3. It 
wass anticipated that the study results would assist in the development of a chocolate 
whichh would offer advantages in the control of plasma LDL levels. 

Thee overall objective of the study was to examine whether the addition of tall oil 
derivedd phytosterol mixtures to dietary chocolate results in a reduction in total and LDL 
cholesteroll  levels compared with chocolate alone, in mildly hypercholesterolemic individ-
uals. . 

SUBJECTSS AN D METHODS 

Subjects Subjects 
AA total of 70 volunteers, including both men and woman, with primary hypercholestero-
lemiaa were recruited by advertisement in local newspapers from inhabitants of 
Nijmegen,, Rotterdam and Groningen (The Netherlands). To be eligible for enrollment, 
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participantss had to meet the following inclusion criteria: ages 21-75 Yeaxs' fasting total 
cholesteroll  levels between 5.5 mmol/1 and 8.0 mmol/L; fasting LDL cholesterol level > 
3.55 mmol/1; triglycerides levels < 4.0 mmol/1; HDL levels > 0.8 mmol/1 and BMI < 35 kg/ 
m2.. Eligible subjects reported consumption of alcoholic beverages below 10 units /week. 
Pre-menopausall  women had to be surgically sterilized or highly unlikely to conceive i.e. 
takingg oral contraceptives or with an IUD in place for three months. Exclusion criteria 
weree secondary causes for dyslipidemia, including a history of diabetes mellitus, hypothy-
roidismm and hepatic or renal impairment, or apolipoprotein phenotype E2/E2. Further-
more,, eligible subjects reported not having a current disease or history of malignancy, 
uncontrolledd hypertension, unstable angina or myocardial infarction 3 months prior to 
thee study, familial sitosterolemia, ileal bypass surgery or any gastrointestinal disorder that 
couldd affect cholesterol or fat absorption. Except for the phytosterol mixture, no other 
cholesteroll  lowering agents including HMG-CoA reductase inhibitors, fibrates, and bile 
acidd resins were to be taken during the study. Other concomittant medication was main-
tainedd unchanged during the study. The participants were requested to retain their nor-
mall  lifestyle and continued their standard lipid-lowering diet throughout the trial. The 
protocoll  was approved by the ethical committee of the three institutions and written 
informedd consent was obtained from all subjects. 

StudyStudy design 
Thee study was a double blind, randomized, placebo controlled clinical trial over 4 weeks. 
Thee study consisted of three sequential phases: screening (week -4), diet counseling 
{weekk -4 to week -1), active treatment (week o to week 4). After screening, all eligible sub-
jectss were enrolled into the study. At the start of the study (week -4) participants were 
reinforcedd to continue their standard lipid-lowering diet throughout the trial (American 
Heartt Association Step I diet: < 30 % of total calories/day from fat (maximum 10% satu-
ratedd fat) and cholesterol < 300 mg/day). Baseline plasma lipid and lipoprotein values 
weree measured three times during diet counseling (week -4,-2,-1}. Thereafter, subjects 
weree randomly assigned to receive either three chocolate servings per day containing a 
talll  oil phytosterol mixture (total dosage 1.8 g/day) or three placebo matched chocolate 
servingss to be consumed with meals for 4 weeks. Blood samples for efficacy and safety 
measuress were obtained at week 3 and 4. During the study participants were asked to 
reportt any important deviation in lifestyle as well as intercurrent illnesses and medicine 
use.. For the evaluation of adverse events, routine blood chemistry (ASAT, ALAT, 
bilirubin,, alkaline phosphatase, glucose, uric acid, urea, creatinine, TSH) haematology 
(haemoglobin,, haematocrit, red and white blood cell count, platelet count) and urinalysis 
weree determined. All reported or observed clinical adverse effects and clinically signifi-
cantt laboratory adverse effects were recorded. Compliance was monitored by counting 
thee returned chocolates and measured by the ratio of the number of chocolates consumed 
too the number that should have been consumed between week o and 4, i.e. 84 chocolates. 

TestTest and control chocolates 
Thee phytosterols, derived from tall oil soap, are a proprietary mixture of four phytosterols 
(b-sitosterol,, sitostanol, campesterol, campestanol) in the approximate ratios of 
60:20:14:3.. It contains 18% w/w sitostanol. Some minor phytosterols such as stigmas-
teroll  may be present in amounts less than 1% each of the total mixture. The two chocolate 
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preparationss (placebo and phytosterol enriched chocolates) were indistinguishable in 
color,, taste, absorbable fat content and caloric value. The chocalates weight 10.5 gram and 
weree packaged into individual foil-seales. The chocolates were prepared by Forbes. 

LipidLipid and lipoprotein analysis - routine blood chemistry and hematology 
Venouss blood samples were collected by veinpuncture from an antecubital vein from par-
ticipantsticipants after an overnight fast. Plasma and serum were prepared by cenrrifuging blood 
forr 10 min at 3ooog. Samples were stored at -80C. A central laboratory (AML, Antwer-
pen,, Belgium) analyzed all blood samples for lipid and lipoprotein levels and routine 
bloodd chemistry and hematology. Total cholesterol and triglyceride levels were measured 
usingg the cholesterol C-system high performance enzymatic calorimetric test CHOD-
PAPP and GPO-PAP, respectively (Boehringer Mannheim, GmbH, Germany). HDL-
cholesteroll  was measured as described for total cholesterol after precipitation of apoB-
containingg lipoproteins with heparin-manganese. LDL-cholesterol was calculated using 
thee Friedewald formula. Routine blood chemistry and hematology were performed to 
assesss possible adverse effects of phytosterol consumption. Plasma ALAT, GGT, AS AT, 
bilirubin,, albumin, glucose, uric acid, urea and creatinin were determined using com-
merciall  testkits (Boehringer Mannheim, GmbH, Diagnostica, Germany). Alkaline phos-
phatasee activity was measured in serum. Hemoglobin concentration, white blood cell 
count,, red blood cell count, platelet count and calculation of haematocrit were perfomed 
usingg a Sysmex microcell F-800 bloodcell counter. 

LathosterotLathosterot and phytosterol measurements 
Serumm non-cholesterol sterol levels, including lathosterol (a cholesterol precursor sterol 
reflectingg cholesterol synthesis (Kempen et al.1988) and phytosterols (stigmasterol, sito-
stanol,, campesterol and sitosterol) were measured using gas chromatography following 
establishedd methodology. Briefly, 0.1 ml plasma was saponified with KOH for 1 h at 37C. 
Extractedd samples were derivatized with BSTFA/i% TMCS and injected into a Varian 
34000 gas chromatograph (Sunnyvale, CA, USA) equipped with a flame ionisation detec-
torr and a dataprocessing system, using coprostanol as an internal standard. Campesterol, 
stigmasteroll  and sitosterol were identified using authenticated standards (Sigma, 
St.. Louis, MO)( Koopman et al 1987; Hodis et al 1991). Plasma phytosterols were deter-
minedd twice from the same sample and the mean values of the two determinations were 
usedd in the statistical analysis. 

Non-cholesteroll  sterols in serum are transported in a mixture with cholesterol in lipo-
proteins,, up to 90%, by LDL. Accordingly, concentrations of non-cholesterol sterols usu-
allyy have positive correlation coefficients with that of cholesterol. Thus, to eliminate the 
effectt of changing lipid and lipoprotein level, the non-cholesterol sterol values are stand-
ardizedd and expressed in terms of io2xmmol/mol of cholesterol, that is, in proportions or 
ratioss to serum total cholesterol. Non-cholesterol sterols were measured before (week -1 
andd o) and post-treatment (week 3 and 4). The sterol measurements were performed at 
thee lipid research laboratory of the University Medical Center Nijmegen, The Nether-
lands. . 
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StatisticalStatistical Methods 
Analysess were conducted on the per-protocol population, defined as subjects with an 
averagee LDL cholesterol at week -2 and -1 > 3.5 mmol/1 and less than 15% variation in LDL 
cholesteroll  between week -2 and -1; triglycerides < 4.0 mmol/1 at each of week -4, -2 and 
-1;; 80% compliance; no more than 3 days off treatment prior to week 4; week 4 no more 
thann 6 weeks after week o. 

Subjectss randomized to the two treatment groups were compared with respect to 
informationn collected at week -4, -2 and -1 which occurred prior to the start of study treat-
ment.. This information included demographics, vital signs, findings on physical exami-
nation,, and laboratory measurements (lipids, hematology, chemistry). The weight, BMI, 
bloodd pressure and lipid and lipoprotein values obtained at week -4, -2 and -1 were aver-
agedd to obtain a single baseline value. We evaluated differences between intervention 
groupss at baseline by the chi-square test for categorical variables and by t-test for the con-
tinuouss variables. 

Thee primary efficacy measurements were the changes in plasma total cholesterol and 
LDLL cholesterol. The outcome variables, including absolute total and LDL cholesterol 
levell  at week 3 and 4 and the change in absolute and percentage (relative) total and LDL 
cholesteroll  level from baseline to each post-treatment visit were analyzed using analysis 
off  covariance, with treatment group included as the only main effect. The baseline value 
wass included as a covariate in analysis of the post-treatment values and the absolute 
changess from baseline. The mean post-treatment values and relative changes from base-
linee (and 95% confidence intervals) presented in the figure are least square means, 
adjustedd for any difference in the baseline value between the two treatment groups. 

Forr the secondary efficacy measurements (triglycerides, HDL and LDL/HDL ratio) 
andd non-cholesterol sterol measurements similar analysis were performed only now 
includingg the average of the values obtained at week 3 and 4 as the post-treatment value. 

Forr routine blood and chemistry, weight, BMI and blood pressure measurements 
madee at week 4 were used as the post-treatment values. If a measurement was not availa-
blee at week 4, the value obtained at week 3 was carried forward. The post-treatment value 
andd change from baseline were compared between treatment groups using analysis of 
covariance.. The baseline value was included as a covariate in all analysis. The significance 
off  the difference from o of the change from baseline within each group was determined 
eitherr by the paired t-test or by Wilcoxons matched pairs signed ranks test, as appropriate. 

Thee proportions of subjects reporting any adverse event or any treatment-emergent 
adversee event were compared between treatment groups using the chi-square test. 

Compliancee was compared between treatment groups using the Mann-Whitney 
UU test. Statistical analysis was performed with procedures available in the SPSS. 

RESULTS S 

Subjects Subjects 
Seventyy subjects were enrolled in the two study groups. One subject randomized to the 
placeboo group discontinued because of an adverse event, and one subject given phyto-
steroll  enriched chocolates withdrew consent after starting consumption of the study 
product.. There was no difference between treatment groups with respect to the propor-
tionn of subjects who completed the trial (n=34). 
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Resultss presented are based on the per protocol analysis. In total 8 subjects were excluded 
fromm the per protocol analysis, 4 in the placebo group and 4 in the phytosterol enriched 
chocolatess group due to more than >i5% variation in LDL between week -2 and -1 (n=i 
phytosteroll  chocolate group, n=i placebo group) - triglyceride levels > 4.0 mmol/l at any 
off  week -4, -2 or -1 (n=i phytosterol chocolate group, n=i placebo group) and compliance 
lesss than 80% (n=2 phytosterol chocolate group, n=2 placebo group). One subject was 
excludedd for more than one reason. At baseline, the placebo group (n=3i) and phytosterol 
enrichedd chocolate group (n=3i) were similar in sex distribution, mean age, BMI and 
bloodd pressure (Table iA). After treatment no significant change in BMI was found (pla-
ceboo group: BMI 25.3 (24.2, 26.3); phytosterol enriched chocolate group: BMI 25.2 (24.1, 
26.3),, after treatment). Subjects given phytosterol enriched chocolates experienced signif-
icantt decreases in both systolic (-6.6%, p<o.oo5) and diastolic (-2.4%, p<o.oi) blood 
pressuree during treatment. However, there was no significant difference between treat-
mentt groups post-treatment. At baseline, all participants had primary hypercholestero-
lemia,, as reflected by high LDL cholesterol levels, with no significant differences between 
thee two treatment groups at baseline on lipid and lipoprotein variables (Table iB). 

Tablee 1 Baselin e characteristic s of the subject s wit h primar y hypercholesterolemi a 
participatin gg in the placeb o controlle d phytostero l enriche d chocolat e stud y 

1A A 
Malee (n=) 
Femalee (n=) 
Agee (years) 
Bodyy mass index (kg/m ) 
Systolicc pressure (mmHg) 
Diastolicc pressure (mmHg) 
I B B 
Totall cholesterol (mmol/l) 
LDLL cholesterol (mmol/l) 
Triglyceridee (mmol/l) 
HDLL cholesterol (mmol/l) 
LDL/HDLL ratio 

Placeb oo grou p 

("=31 ) ) 

188 (58%) 
133 (42%) 
57.8(54.5,61.0) ) 

25.44 (24.3, 26.4) 
130.44 (125.3,135.5) 
82.55 (79.8, 85.2) 

6.644 (6.36, 6.91) 
4.577 (4.33, 4.80) 
1.333 (1.12,1.55) 
1.46(1.33,1.58) ) 
3.355 (3.04, 3.65) 

Phytostero ll  enriche d chocolat e 
grou pp (n=31) 

12(39%) ) 
199 (61%) 
56.22 (52.2, 60.3) 
25.33 (24.3, 26.4) 
132.0(126.7,137.2) ) 
83.44 (80.3, 86.5) 

6.766 (6.48, 7.04) 
4.700 (4.46, 4.94) 
1.600 (1.38,1.82) 
1.333 (1.21,1.45) 
3.677 (3.36, 3.97) 

Resultss are expressed as mean with 95% confidence interval. Values of body mass index, blood pressure and lipid and 
lipoproteinn parameters are the average of three baseline measurements at week -4, week -2 and week -1. 
LDLL = low-density lipoprotein; HDL = high-density lipoprotein. No significant differences between groups were found. 

Baselinee hematology and chemistry results indicated no significant difference between 
treatmentt groups (results not shown). 

Thee chocolates were tolerated well by all subjects and no significant clinical or labora-
toryy safety side effects were observed. There were no reported abnormalities of stool con-
sistencyy orr color. 

Compliancee was 96.7% in the placebo group and 95.4% in the phytosterol enriched 
chocolatee group, with no statistically significant difference between treatment groups. 
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Tablee 2 Effec t o f phytostero l enriche d chocolate s compare d to placeb o chocolate s on 

triglycerid ee and hig h densit y lipoprotei n cholestero l concentration s and th e 

LDL/HD LL rati o in subject s wit h primar y hypercholesterolemi a 

Baselin ee Post-treatmen t Delta (%) p* p# 
n=311 n=31 

HDL(mmol/ l )) Placebo chocolates 1.46 (1.33-1.58) 1.36 (1.29-1.42) -2.6 (-8.0, 2.9) >0.05 >0.05 
LDL/HDLratioo Phytosterol enriched 1.33(1.21-1.45)1.37(1.31-1.44) 0.1 (-5.4, 5.6) >0.05 
TCC (mmol/l) chocolates 

Placeboo chocolates 3.35 (3.04-3.65) 3.59 (3.38-3.80) 5.3 (-0.6, 11.2) >0.05 <0.005 
Phytosteroll enriched 3.67(3.36-3.97) 3.24 (3.03-3.45) -7.2 (-13.1, -1.4) <0.05 
chocolates s 
Placeboo chocolates 1.33 (1.12-1.55) 1.50 (1.24-1.75) -0.2 (-9.4, 8.9) >0.05 >0.05 
Phytosteroll enriched 1.60 (1.38-1.82) 1.53 (1.28-1.79) 1.4 (-7.8, 10.5) >0.05 
chocolates s 

Resultss are expressed as mean with 95% confidence interval. Baseline values of all parameters are the average of three 
measurementss (week -4,-2,-1). Post-treatment values represent the mean of two measurements (week 3 and 4). 
HDL== high-density lipoprotein; LDL = low-density lipoprotein; TC = triglyceride. Delta (%) is the mean of the 
individuall percentage change. 
*p-valuee for the within treatment group Wilcoxon signed ranks test (baseline versus post-treatment) on absolute 
values. . 
#p-valueforthee between treatment groups analysis of variance (placebo versus phytosterol enriched chocolates) 

EffectEffect of treatment on plasma lipid and lipoprotein levels 
Inn Figure i the change of the mean absolute total plasma cholesterol and LDL cholesterol 
levelss during the placebo period and the period of treatment with phytosterol enriched 
chocolatess are presented. In the placebo group total cholesterol and LDL cholesterol levels 
didd not change during the study. However, the phytosterol enriched chocolate group expe-
riencedd statistically significant decreases in both total cholesterol and LDL cholesterol lev-
elss between baseline and both post-treatment values at week 3 and week 4. The absolute 
(andd relative) change in total cholesterol after treatment with phytosterol enriched choco-
latess was -0.36 mmol/l (-5.2%, all p<o.ooi) and -0.44 mmol/l (-6.4%, all p< 0.001) for 
weekk 3 and week 4 respectively, whereas LDL cholesterol levels decreased by 0.31 mmol/l 
(-6.5%,, p<o.oo5) and 0.49 mmol/l (-10.3%, p< 0.001) at week 3 and 4 respectively. At 
bothh week 3 and week 4, there were overall significant differences between treatment 
groupss in the total cholesterol and LDL cholesterol level and the change in total choles-
teroll  and LDL cholesterol from baseline. Subjects randomized to phytosterol enriched 
chocolatess had lower total cholesterol and LDL cholesterol levels, and greater decreases 
andd relative decreases in total cholesterol, than subjects given the placebo (all p<o.oo5). 

Tabell  2 shows the change in triglyceride and HDL cholesterol levels and the LDL/ 
HDLL ratio in both treatment groups. No significant differences within or between treat-
mentt groups on triglyceride and HDL cholesterol levels were found. After treatment, the 
meann LDL/HDL ratio significantly decreased in the phytosterol enriched chocolate group 
(p<o.o5)) whereas in the placebo group no change was found. In addition, the phytosterol 
enrichedd chocolate group had a lower LDL/HDL ratio post-treatment (p<0.05) and 
greaterr absolute and relative decrease in LDL/HDL ratio from baseline (p<o.o5 and 
p<o.oo5,, respectively) compared to the placebo group. 
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Figuree 1 Effect of phytosterol enriched chocolates (11=31) compared to placebo chocolates (n=3l) on plasma total-
andd low-density lipoprotein (LDL) cholesterol levels in subjects with primary hypercholesterolemia. Results 
aree presented as mean with 95% confidence interval. 

EffectEffect  of  treatment  on lathosterol  and phytosterols  levels 

Thee effect of treatment on lathosterol and phytosterol concentrations, expressed in both 
umol/11 and in io2mmol/mol cholesterol, are shown in table 3. For the lathosterol concen-
trationn no difference between the two groups at baseline was found and no significant 
changee in lathosterol levels during treatment in the placebo group. Subjects given phyto-
steroll  enriched chocolates experienced a significant relative increase in lathosterol levels 
andd had significantly higher lathosterol levels post treatment than subjects in the placebo 
group.. No difference between the two groups in the absolute or relative change in lathos-
teroll  levels expressed in umol/1 post treatment was found, however, when corrected for 
thee change in cholesterol levels, the phytosterol enriched chocolate group showed a 
greaterr increase in lathosterol level post-treatment than the subjects in the placebo choco-
latee group. 

Forr both the sitosterol and campesterol values there were no differences between the 
twoo groups at baseline. No significant change in campesterol levels during treatment in 
thee placebo group was found. However, subjects given phytosterol enriched chocolates 
experiencedd significant absolute and relative increases in campesterol levels post-treat-
ment.. There was a highly significant difference between treatment groups with respect to 
campesteroll  levels post-treatment, and in the absolute and relative changes in campes-
teroll  levels from baseline (all p<o.ooi). For the sitosterol levels both groups experienced 
statisticallyy significant absolute and relative increases during treatment, but the changes 
amongg the subjects given physterol enriched chocolates were substantially greater than 
thosee in the placebo group. There was a highly significant differences between treatment 
groupss with respect to sitosterol levels post-treatment, and in the absolute and relative 
changess in sitosterol levels from baseline (all p<o.ooi). Stigmasterol and sitostanol were 
nott detectable in plasma. 
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DISCUSSION N 

Thiss randomized, double blind, placebo-controlled trial demonstrates that a tall oil 
derivedd phytosterol mixture, containing 18 % w/w sitostanol, incorporated into a dietary 
chocolatee consumed three times a day with meals, effectively reduces plasma total and 
LDLL cholesterol concentrations in mildly hypercholesterolemic subjects. In the phyto-
steroll  enriched chocolate group the mean LDL cholesterol level was reduced by 0.49 
mmol/11 (from 4.70 mmol/1 to 4.21 mmol/1), a 10.3 % reduction compared to the placebo 
chocolatee group. The reduction in LDL cholesterol produced by the phytosterol ester mix-
turee was already evident after 3 weeks of consumption and even further reduced after 4 
weeks. . 

Inn agreement with other studies phytosterols did not affect HDL cholesterol and trig-
lyceridee concentrations (Moghadasian et al 1999; Jones et al. 1999). Due to the 
unchangedd HDL cholesterol concentration, the phytosterol enriched chocolates changed 
thee LDL to HDL cholesterol ratio in a favorable way. 

Thee phytosterol enriched chocolates were palatable and well tolerated, which is con-
sistentt with safety data from previous studies. 

Phytosterolss lower serum cholesterol concentrations extrinsically by reducing the 
absorptionn of cholesterol from the gut by competing for the limited space for cholesterol 
inn mixed micelles, the packages in the intestinal lumen that deliver mixtures of lipids for 
absorptionn into the mucosal cells (Lees et al. 1977; Heineman et al. 1993; Gylling et al 
1997).. The efficacy of the various phytosterols in lowering circulating lipid concentration 
wass shown previously for both unsaturated (sterol) (Lees et al. 1977; Weststrate et 
al.1998)) and saturated (stanol) phytosterols (Miettinen et al. 1995; Gylling et al. 1995; 
Joness et al. 1998) either esterified or nonesterified to fatty acids (for review Moghadasian 
ett al. 1999; Law 2000). The most predominant phytosterols and phytostanols are sito-
sterol,, campesterol, stigmasterol and sitostanol, campestanol, respectively. The major dif-
ferencee between phytosterols and phytostanols is the difference in absorption into the 
bodyy from the intestine: phytostanols are virtually unabsorbable (<i%) whereas 4-5% of 
phytosterolss are absorbed, compared to approximately 50% of cholesterol (Heinemann et 
al.. 1993; Gylling et al.1994; van Bergman 1999 (?)). It has been suggested that the intesti-
nall  absorbability of phytosterols and stanols is inveresely related to its inhibiting effects 
onn cholesterol absorption. So, it was generally believed therefore that phytostanols are 
moree effective in reducing plasma cholesterol than other phytosterols. However, recent 
randomisedd comparisons in three trials suggested that there was littl e difference in the 
extentt to which sterols or stanols lower cholesterol concentrations. Weststrate et al. 
(1998)) showed that a margarine with esters of unsaturated sitosterol and campesterol 
(soyy sterol esters) lowered LDL cholesterol levels to the same extent as esters of sitostanol 
andd campestanol (pine wood based stanolesters). Furthermore, Jones et al. (2000) 
showedd that, under controlled dietary conditions, phytosterols (1.84 g/day) possess 
improvedd efficacy in reducing plasma total and LDL cholesterol levels compared with sta-
noll  esters (1.84 g/day) in hypercholesterolemic subjects for 21 days. In addition, Norman 
ett al. (2000) studied cholesterol absorption and sterol excretion in 7 ileostomy subjects 
afterr intake of soy sterol esters or b-sitostanol sterol (corresponding to 1.5 g phytosterols 
perr day) and reported equally inhibition of cholesterol absorption, despite the different 
structuress of phytosterols. So these studies indicate that a mixture of phytosterols and 
stanolss may be as effective as stanols alone. 



1800 PART III 

Inn the present study a phytosterol mixture derived from tall oil was used in which the two 
mainn components were b-sitosterol and sitostanol. We choose to use a phytosterol ester 
mixturee above a single entity for three main reasons. Firstly, sitostanol accounts for about 
20%% of the total mixture, potentially the most potent inhibitor of cholesterol uptake from 
thee intestine. Despite having only about 1/4 of the amount of sitostanol as a sitostanol 
esterr preparation, our phytosterol ester mixture has a cholesterol lowering effect at a dos-
agee of 1.8 g/day in the human which is at least equivalent to that reported for dosages of 
2.66 g/day for sitostanol ester (Miettinen et al. 1995; Weststrate et al. 1998). It has been 
postulatedd that consumption of more than 1.6-2.6 g sitostanols does not further lower 
LDLL cholesterol (Hendriks et al. 1999; Hallikainen et al. 2000). So, the amount of sitosta-
noll  in our mixture is sufficient to contribute to a significant cholesterol lowering effect. 

Secondly,, there is a very significant cost advantage to using a mixture over the single 
entity,, this is particularly important if phytosterols are to be used as food additives. 

Thirdly,, sitostanol is not absorbed into the body to any significant extent. Its actions 
aree therefore limited to blocking cholesterol uptake from the intestine. The other compo-
nentss of our phytosterol ester mixture, b-sitosterol, campesterol, and campestanol also 
blockk cholesterol uptake, but are absorbed into the body to a certain extent. Several stud-
iess suggest that absorbed phytosterols have an intrinsic hypocholesterolemic effect via 
mechanismss other than those inhibiting cholesterol absorption. Specifically, these 
actionss are antioxidant effects, anticoagluative effects, and anti-inflammatory effects, as 
demonstratedd in animal studies. Furthermore, additional intrinsic actions of phytosterols 
mayy include modification of hepatic acteyl-CoA carboxylase (Laraki et al. 1993) and chol-
esterolesterol 7-a- hydroxylase enzyme activities in animals and humans (Shefer et al. 1994). 
Phytosteroll  therapy is also associated with a significant decrease in hepatic and lipopro-
teinn lipase activities in animals (Moghadasian et al. 1999) and a significant increase in 
serumm lecithimcholesterol acyltransferase activity in hypercholesterolemic subjects 
(Weiswellerr et al. 1984). 

Therefore,, it is thought that the present phytosterol ester mixture lowers cholesterol 
byy both inhibition of cholesterol uptake and potential intrinsic mechanisms, and will 
thuss be more effective than sitostanol alone in lowering cholesterol levels and hence 
CHDD risk. (In vivo evidence of the relevance of intrinsic mechanism of action of phyto-
sterolss to lower cholesterol levels in humans requires further studies.) 

Thee results of our present study support the data that a mixture of phytosterols and 
phytostanolss is as effective as stanols alone. 

Itt has been suggested that the use of phytostanol esters for cholesterol lowering is 
moree safe than the use of phytosterol esters because the latter may cause a marked 
increasee in serum phytosterols in individuals with high sterol absorption efficiency, a 
conditionn resembling atherogenic phytosterolemia or sitosterolemia (Lutjohann et al. 
1997).. Previous studies have shown no increase in plasma phytosterol concentration after 
consumptionn of phytosterols up to 3 gram daily (Lees et al. 1977). Even Jones et al (1999), 
whoo provided also 1.7 g/d of tall oil to hyperlipidemic subjects found no significant effect 
onn phytosterol concentrations in conjunction with a prudent diet. 
InIn contrast, in the present study, we show that 1.8 g/day of tall-oil derived phytosterols 
significantlyy increased plasma sitosterol and campesterol concentrations by 95.8% and 
64.1%,, respectively. This high relative increase in phytosterol concentration has also been 
reportedd by Weststrate et al. (1998) who showed that consumption of 3.24 g/d of phyto-
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sterolss increased serum sitosterol and campesterol levels by an average of 40% and 70%, 
respectively.. In addition, recently, Jones et al. (2000) did show an increase of 32.5% and 
71.6%% in sitosterol and campesterol levels, respectively, after 3 weeks of phytosterol ester 
diett (1.84 g/d). 

Becausee dietary phytosterols can initiate the development of atheroscerosis and may 
increasee the risk of premature coronary heart disease in hypercholesterolemic patients 
thee lowest serum levels of sterols are desirable. In the general population, given a dietary 
intakee of 160-360 mg/d of phytosterols, reported serum levels of sitosterol are 0.3-1.7 
mg/dll  (Miettinen et al. 1990; Gluck et al. 1991, Stalenhoef et al. 2001). This wide range 
inn a normal population suggests considerable individual variability in the handling of var-
iouss phytosterols. In a recent review on the genetic basis of sitosterolemia (Lee et al. 
2001)) it is reported that phytosterol concentrations in control subjects are in general less 
thann 1 mg/dl, whereas homozygous patients with sitosterolemia have values greater than 
88 mg/dl upto 60 mg/dl. Heterozygous carriers for sitosterolemia have values higher than 
11 mg/dl but none higher than 2 mg/dl and are biochemically and clinically healthy. 

Inn our study the sitosterol concentration increased from an average of 0.35 mg/dl to 
maximallyy 0.61 mg/dl, so still within the normal range reported among healthy control 
subjects.. Indeed, the sitosterol concentration in serum or in lipoprotein cholesterol mix-
turess that is needed for enhanced development of atheromatosis is not known and fur-
therr studies on the effect of variability in phytosterol concentration within the normal 
rangee on atherosclerosis are needed. 

Thee inhibition of intestinal cholesterol absorption by phytosterols stimulates de novo 
hepaticc cholesterol synthesis. Cholesterol synthesis rate can be reflected by measuring 
serumm cholesterol precursor lathosterol (Kempen et al.1988). We show that lathosterol 
concentrationn is increased by phytosterol treatment in accordance with literature (Gylling 
ett al.1994; Gylling et al. 1997; Jones et al. 2000). So, the inhibition of intestinal choles-
teroll  absorption by phytosterols is accompanied by a compensatory increase in choles-
teroll  synthesis. However, the reduced absorption lowers serum cholesterol despite the 
compensatoryy increase in cholesterol synthesis. 

Phytosterolss have been incorporated into various kinds of foods, now known as func-
tionall  foods, designed to enhance health or contribute to reduction in a specific disease 
riskk (Diplock et al. 1999, de Graaf et al. 2000). Because fats are needed to solubilise ster-
ols,, margarines are an ideal vehicle for them, although cream cheese, salad dressing and 
yoghurtt are also used. Recently, functional foods containing phytosterol mixtures have 
beenn recommended in the NCEP-guidelines as the next step after dietary advice to bridge 
thee gap before drug therapy is initiated. The development of various kinds of foods con-
tainingg phytosterols acknowledges the individual variability in taste and food preference 
andd will contribute to increased availability of various phytosterol enriched foods eaten by 
mostt of the population. We now show that tall oil phytosterol consumption suspended in 
aa dietary chocolate favourably alters lipid and lipoprotein levels in mildly hypercholestero-
lemicc subjects. 

Thee reduction of LDL cholesterol by approximately 10% during consumption of a 
mixturee of phytosterol in chocolates would be expected to decrease coronary events by 20-
40%% (Law 1994), depending on the length of the consumption period. However, the 
addedd costs for this functional food will limit consumption in the general population. If 
stanolss and sterols become cheaper, their introduction into the food chain will make 
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themm an important innovation in the primary prevention of heart disease. Post-marketing 
surveillancee of this functional food remains obligatory to control long term safety and 
efficacy. . 

Wee conclude that dietary chocolates enriched with tall-oil derived phytosterols (1.8 g/ 
d)) are a suitable strategy to reduce serum cholesterol and LDL concentrations in mildly 
hypercholesterolemicc subjects. 
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ABSTRAC T T 

Thee ceRIvastatin Gemfibrozil Hyperlipidemia Treatment (RIGHT) study - a mulricenter, 
randomized,, doubleblind, placebo-controlled study - compared the lipid-lowering effects 
off  cerivastatin, once daily at doses of o.i, 0.2, and 0.3 mg with those of twice-daily gemfi-
brozill  600 mg in 751 patients with primary mixed hyperlipidemia. Randomization to the 
firstt 16 weeks of treatment followed an initial 4-week washout period and subsequent 
6-weekk diet-controlled, placebo run-in phase. Patients continued to receive study medica-
tionn for a further 36 weeks, with those previously on placebo switched to 0.1 mg/day 
cerivastatinn at the end of week 16. Additional cholestyramine therapy was permitted at 
weekk 36 in patients with uncontrolled low-density lipoprotein (LDL) cholesterol levels. 
Cerivastatinn achieved significant dose-dependent reductions in LDL-cholesterol of 15-24% 
afterr 16 weeks of treatment, compared with reductions of 7.5% with gemfibrozil. Over 
thiss period both cerivastatin (0.3 mg) and gemfibrozil (1,200 mg) significantly decreased 
levelss of triglycerides (20.3% vs 50.3%, respectively) and very low-density lipoprotein 
(VLDL)) cholesterol (30.8% vs 47.1%, respectively), as well as increasing high-density lipo-
proteinn (HDL) cholesterol (11.3% vs 13.3%, respectively). The reductions in LDL-choles-
teroll  and other atherogenic lipids and lipoproteins at 16 weeks were sustained in the 
subsequentt 36-week double-blind continuation phase, during which time <io% of 
patientss received additional cholestyramine therapy. Both study drugs were well tolerated, 
withh the incidence of adverse events similar to that of placebo treatment. Clinically signif-
icantt increases in hepatic transaminases and creatine phosphokinase occurred at a simi-
larr low frequencey of around 1%. This study demonstrated that cerivastatin is a safe, well-
tolerated,, and effective treatment for lowering elevated LDL-cholesterol and triglycerides 
inn patients with mixed hyperlipidemia. 
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INTRODUCTION N 

Mixedd or combined hyperlipidemia, charaterized by the presence of elevated plasma con-
centrationss of cholesterol and triglycerides, is one of the most common forms of dyslipi-
demia.1,22 Derived from a combination of overproduction of triglyceride-rich particles3 and 
aa relative defect in low-density lipoprotein (LDL)-receptor activity, leading to decreased 
catabolismm of low-density lipoprotein,4 mixed hyperlipidemia can be either primary in 
origin,, arising from hereditary defects in lipid metabolism, or a secondary manifestation 
off  endocrine, renal or hepatic disease.5 

Hyperlipidemiaa plays a major role in the development of atherosclerosis and its pro-
gressionn to acute myocardial infarction, unstable angina, and sudden coronary death. The 
relationn between increased risk of coronary artery disease and elevated plasma LDL-chol-
esterolesterol and triglyceride levels has been clearly demonstrated in the Prospective Cardiovas-
cularr Munster (PROCAM) study.6 Moreover, combined hyperlipidemia appears a com-
monn abnormal lipoprotein phenotype in patients with documented coronary artery 
disease.7 7 

Inn the treatment of mixed hyperlipidemia the aim is to decrease the concentrations of 
LDL-cholesterol,, triglycerides, very low-density lipoproteins (VLDLs), and increase the 
concentrationn of high-density lipoprotein (HDL) cholesterol.8 Dietary therapy together 
withh modifications in life-style, such as weight reduction and increased physical activity, 
mayy have some impact in reducing abnormal lipid and lipoprotein levels in patients with 
mixedd hyperlipidemia, but hypolipidemic drug therapy is frequently indicated. 
Beforee the advent of 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase 
inhibitors,, only a limited number of drugs were available for the treatment of mixed 
hyperlipidemia.. Fibrates and nicotinic acid were, for al long time, considered the drugs of 
firstt choice for the treatment of mixed hyperlipidemia because of their potent effects on 
VLDLL levels. However, nicotinic acid is poorly tolerated and often contradicted, and 
fibratess - although effective in lowering triglycerides - have a much weaker influence on 
LDL-cholesteroll  levels and may even increase them as a result of their stimulatory effects 
onn lipoprotein lipase.910 

HMG-CoAA reductasee inhibitors, now considered drugs of first choice in the treatment 
off  primary hypercholesterolemia, are increasingly being seen as an alternative to nico-
tinicc acid and fibrates in the treatment of mixed hyperlipidemia. This is a result of their 
favorablee effects on LDL-cholesterol and triglyceride levels.11 In the present study, the 
efficacy,, safety and tolerability of cerivastatin, a novel HMG-CoA reductase inhibitor, were 
comparedd with gemfibrozil and placebo in the treatment of primary mixed hyperlipi-
demia. . 

PATIENTSS AN D METHODS 

Patients Patients 
Malee and postmenopausal or surgically sterilized female patients aged 18-80 years with 
mixedd hyperlipidemia, defined as LDL-cholesterol = i6omg/dL and triglycerides of 200-
5000 mg/dL, were eligible for inclusion in the study. Patients were excluded if they had 
severee uncontrolled hypertension, diabetes mellitus, uncontrolled hypothyroidism, renal 
impairmentt or nephrotic syndrome, known liver or muscle disease, or a history of pan-
creatitis.. Other exclusion criteria included myocardial infarction, stroke, percutaneous 
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Figur ee 1 Stud y desig n 

transluminall  coronary angioplasty, or having undergone a coronary artery bypass graft in 
thee 6 months prior to enrollment. Concomitant treatment with corticosteroids, andro-
gens,, erythromycin, oral anticoagulants, and other lipid-lowering agents was not permit-
tedd for the duration of the study. 

StudyStudy  design 

Thiss was a multinational, multicenter, randomized, double-blind, placebo-controlled, par-
allell  group study of 52 weeks duration, consisting of 4 treatment periods (A-D) (Figure 1). 

Treatment Treatment 

Patientss were monitored for 10 weeks before randomization to treatment (-10 weeks), the 
firstt 4 weeks of which was a dietary stabilization period or washout of any previous lipid-
loweringg drugs, the next 6 weeks (-6 to o weeks) were a run-in phase on single-blind pla-
ceboo treatment (period A), before randomization to 16 weeks of treatment with either 
cerivastatin,, gemfibrozil, or placebo (period B). At the end of this period patients in the 
placeboo group switched to treatment with 0.1 mg cerivastatin, while patients in all other 
groupss continued their initial treatment for a further 36 weeks. At week 36, lipid values 
weree not blinded, and the prescription of cholestyramine was allowed if LDL-cholesterol 
levelss were not controlled (LDL-cholesterol = 160 mg/dL or LDL-cholesterol = 130 mg/dL 
forr high-risk status as defined by definite coronary artery disease or 2 associated risk 
factors). . 

EvaluationEvaluation  criteria 

Thee primary efficacy criterion was a change from baseline in measured LDL-cholesterol 
afterr 16 weeks of treatment, with secondary efficacy parameter changes in total choles-
terol,, HDL-cholesterol, triglycerides, calculated LDL-cholesterol, VLDL-cholesterol, apoli-
poproteinn B (apo B), apo B in LDL, apolipoprotein A-I (apo A-I), lipoprotein A-I (Lp A-I), 



CERIVASTATINN IN THE TREATMENT OF MIXED HYPERLIPIDEMIA 189 w w 
-23.0*""  BL 

-24.2 2 
11 ! , , ! , 

0.11 mg 0.2 mg 0.3 mg 1200 mg 

nn = 59 n = 131 n = 142 n = 139 n = 121 

Placeboo Cerivastatin Gemfi 
Figur ee 2 Percent change in measured low-density lipoprotein cholesterol (LDL-C) from baseline to endpoint (week 

16)) in patients valid for efficacy. Gemfi = gemfibrozil. * * p<o,oi , * * *p<o ,oo i , compared with placebo 

andd lipoprotein A-I: Al l (Lp A-I: II). Safety assessments included the frequency of adverse 
eventss as well as changes in serum creatine phosphokinase and hepatic transaminases 
(aspartatee transaminase/alanine transaminase). 

StatisticalStatistical  analyses 

Treatmentt groups were compared using Student's t test with the pooled estimate of 
variancee from the analysis of variance. All doses of cerivastatin that were found to be sig-
nificantlyy different from placebo were to be tested against each other, and in addition 
comparisonss of gemfibrozil versus all cerivastatin doses. Intention-to-treat analysis of 
efficacyy was performed using the same approach as for patients valid for efficacy. 

RESULT S S 

Patients Patients 

Off  the 751 patients randomized to double-blind treatment, 166 received 0.1 mg cerivasta-
tin,, 171 received 0.2 mg cerivastatin, 175 received 0.3 mg cerivastatin, 160 received 1,200 
mgg gemfibrozil, and 79 placebo. The 5 treatment groups were comparable at baseline 
withh respect to demographic characteristics and lipid parameters (Table 1). 

EfficacyEfficacy  results 

AA total of 592 patients were valid for efficacy at the end of period B (Table 1). At the end of 
thee first 16 weeks of double-blind treatment, LDL-cholesterol had been decreased in 
patientss valid for efficacy by 15.1%, 23.0%, and 24.2%, with 0.1, 0.2, and 0.3 mg cerivasta-
tin,, respectively, compared with reductions of 7.5% with gemfibrozil and < 1% in the pla-
ceboo group (Figure 2). Although up to 80% of patients responded to treatment with 
cerivastatinn (>i5% reduction in LDL cholesterol), the corresponding rate for gemfibrozil 
wass 50%. Over the same period, total cholesterol decreased by 14.1-19.8% in patients 

o o 
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Tablee I Baselin e demographic s and lipi d parameter s (patient s vali d for efficacy ) 

Age** (yr) 
Male/female{%) ) 
BMII *{kg/m2) 
LDL-C** (mg/dL) 
Triglyceridess (mg/dL) 

Placebo o 
(n=59) (n=59) 

2 2 
59.3/40.7 7 

2 2 
3 3 
9 9 

0.11 mg 
(,1=131) ) 

7 7 
62.6/37.4 4 

8 8 
6 6 
2 2 

Cerivastati n n 

0.2mg g 

(n=142) ) 

4 4 
69.0/31.0 0 

4 4 
6 6 
3 3 

0.33 mg 
(n=139) ) 

5 5 
63.3/36.7 7 

0 0 
3 3 

276.11 0 

Gemfibrozi l l 

l,200m g g 
(n=121) ) 

0 0 
59.5/40.5 5 

9 9 
6 6 
1 1 

BMII denotes body mass index; LDL-C denotes measured low-density lipoprotein cholesterol. * Mean  SD 

treatedd with cerivastatin, compared with a reduction of 12.6% in those given gemfibrozil. 
Comparedd with placebo, all doses of cerivastatin produced significant reductions in tri-
glyceridess (up to 20.3%) but the decrease was more marked with gemfibrozil (50.3%). 
Significantt reductions in VLDL-cholesterol were also observed at all doses of cerivastatin 
(23.8-- 30.8%) and with gemfibrozil (47.1%). Both drugs decreased apo B levels by similar 
amountss with the apo B in LDL results consistent with the changes in LDL cholesterol 
(Tablee II). 

Tablee 2 Mean percentag e chang e in lipi d and lipoprotei n parameter s fro m baselin e to 
endpoin tt  (16 weeks) in patient s vali d for efficac y 

Triglyderides(mg/dL) ) 
TCC (mg/dL) 
HDL-CC (mg/dL) 
VLDL-CC (mg/dL) 

Apoo B 
Apoo B in LDL 
Apoo A-l 
LpA-l l 
LpA-l:AII I 

Placebo o 
(«=59) ) 

++ 2.1 
++ 1.2 
++ 4.8 
++ 1.5 
++ 4.7 
-2.6 6 
++ 6.5 
+10.4 4 
++ 6.8 

0.11 mg 
(n=131) ) 

-14.8* * 
- 1 4 . 1 * * 
++ 9.7 

-- 23.8* 
-14.8* * 
-16.9* * 
++ 6.2 
+15.0 0 
++ 4.2 

Cerivastati n n 

0.2mg g 
(«=142) ) 

-I I .7S S 
-18.5* * 
+10.5 5 
-- 24.7* 
-18.7* * 
-- 24.7* 

++ 7.5 
+12.3 3 
++ 7.4 

0.3mg g 
(n=139) ) 

-- 20.3* 
-19.8* * 
+11.3+ + 
-- 30.8* 
-- 22.9* 
-- 25.4* 
++ 7.3 
+15.8 8 
++ 5.5 

Gemfibrozi l l 

l,200m g g 
(n=121) ) 

-- 50.3* 
-- 12.6* 
+13.3$ $ 
- 4 7 . 1 * * 
-21.3* * 
-12.7* * 
++ 4.7 
-2.2+ + 
++ 9.7 

TCC = total cholesterol; HDL-C = high-density lipoprotein cholesterol; VLDL-C = very low-density lipoprotein 
chofesterol;; Apo B = apolipoprotein B; LDL = low-density lipoprotein; Apo A-l = apolipoprotein A-l; LpA-l «= lipoprotein 
A-l;; LpA-l:A-ll = lipoprotein A-I:A-II. * p<o.os, compared to placebo J p<o.oi, compared to placebo 
tt p<o.ooi, compared to placebo 

Thee significant reductions in LDL-cholesterol that occurred in the first 16 weeks of treat-
mentt were sustained in the subsequent 36-week, nonplacebo-controlled period (Figure 3), 
duringg which time <io% of patients received additional lipid-lowering therapy with 
cholestyraminee after week 36. Changes in other lipid and lipoprotein parameters also 
remainedd stable during this period. 
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Tablee 3 Most frequen t advers e events durin g the firs t 16 weeks (perio d B) of placebo -
controlled ,, double-blin d treatmen t wit h cerivastati n and gemfibrozi l 

dyspepsiaa (%) 
diarrheaa (%) 
constipationn (%) 
astheniaa (%) 
anginaa pectoris (%) 
myalgiaa (%) 

placeb o o 
(n=166) ) 

3.8 8 
3.8 8 
3.8 8 
3.8 8 
3.8 8 
2.5 5 

0.11 mg 
(n-171) ) 

1.2 2 
3.0 0 
0.6 6 
1.2 2 
1.2 2 
0.6 6 

Cerivastati n n 

0.2mg g 
(n=175) ) 

2.9 9 
1.8 8 
0 0 
2.3 3 
0 0 
1.2 2 

0.3mg g 
(n»160) ) 

0.6 6 
2.3 3 
1.7 7 
5.1 1 
1.7 7 
0 0 

Gemfibrozi l l 

l,200m g g 
("=79 ) ) 

0.6 6 
3.8 8 
1.9 9 
0.6 6 
3.1 1 
0.6 6 

Tablee 4 Incidenc e of abnorma l elevation s in CPK, ASAT and ALAT durin g the 52 weeks 
off  treatmen t wit h cerivastati n and gemfibrozi l 

Cerivastati n n Gemfibrozi l l 

Placebo / / 
cerr  0.1 mg 0.11 mg 0.2mg g 0.3mg g l,200m g g 

CPK K 
>> 3 to = 5 x ULN 
>> 5to = 10 x ULN 
ASAT T 
> 2 x U L N N 
ALAT T 
> 2 x U L N N 

33 (1.8%) 

11 (0.6%) 

44 (2.3%) 
2(1.2%) ) 

11 (0.6%) 

2(1.2%) ) 

33 (1.7%) 

11 (0.6%) 

2(1.2%) ) 
11 (0.6%) 

2(1.2%) ) 

2(1.2%) ) 

placebo/cerr o.img - placebo group switched to cerivastatin o.i mg after 16 weeks; CPK = creatine phosphokinase; 
ULNN - upper limit of normal; ASAT = aspartate aminotransferase; AI_AT= alanine aminotransferase 

SafetySafety  results 
Adversee events, of which gastrointestinal disturbances were most common, occurred 
withh no statistically significant differences between the cerivastatin, placebo, and gemfi-
brozill  groups. In addition, there was no dose-dependent adverse event relation in the 
33 cerivastatin groups (Table III) . The incidence of abnormal creatine phosphokinase 
levelss >3x the upper limit of normal and abnormal aspartate transaminase/alanine 
transaminasee levels >2X the upper limit of normal were very low over the whole 52-week 
treatmentt period (Table IV). 

DISCUSSIONN AN D CONCLUSIONS 

Mixedd hyperlipidemia is one of the more difficult dyslipidemias to treat becouse of the 
needd to decrease simultaneously abnormally high levels of both plasma triglycerides and 
cholesterol,, both of wich constitute risk factors for the development of coronary artery 
disease.612144 Traditionally fibrates, such as gemfibrozil, have been among the drugs of 
choicee for the treatment of mixed hyperlipidiema becouse of their potent triglyceride-low-
eringg effects. However, they have a much more modest effect on LDL-cholesterol - as 
confirmedd by results of the present study in which gemfibrozil was found to lower LDL-
cholesteroll  by only 7.5% - wich did not reach a level considered therapeutically useful 
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accordingg to US Food and Drug Administration (FDA) guidelines. As a consequence, 
fibrates,, when used as monotherapy, often fail to achieve complete resolution of the dys-
lipidemia.2 2 

Whilee HMG-CoA reductase inhibitors are known to be highly effective in reducing 
LDL-cholesterol,, there is now increasing evidence to suggest that they also have pro
nouncedd triglyceride-reducing effects.1547 

Inn the present comparative study, cerivastatin not only produced significant dose-
dependentt reductions in LDL-cholesterol but also achieved significant reductions in tri
glyceridess and VLDL-cholesterol. It has been suggested that if HMG-CoA reductase 
inhibitorss are administered in doses at which cholesterol biosynthesis is very strongly 
inhibitedd so that production of VLDL decreases, there will be a corresponding reduction 
inn triglyceride levels.17'18 

Cerivastatinn was well tolerated at all doses, with the frequency of adverse events no differ
entt to that of the placebo group. Likewise, the incidence of clinically significant increases 
inn serum transaminases and creatine phosphokinase was very low and well within the 
rangee previously observed for thiss class of lipid-lowering agents.11 

Inn conclusion, the results of the ceRIvastatin Gemfibrozil Hyperlipidemia Treatment 
(RIGHT)) study show that cerivastatin is a safe and efficacious drug that significantly 
decreasess plasma cholesterol and triglyceride levels in patients with mixed hyperlipi
demia.. Cerivastatin is a suitable alternative to gemfibrozil for treatment of this type of 
dyslipidemia. . 
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Summary y 

Thiss dissertation describes a number of new modalities in the approach of dyslipidemia. 
Partt  I Diagnosis and assessment of genetic dyslipidemia comprises of a number of 

studiess performed in patients with mutations in the ATP Binding Cassette Al (ABCA1) 
gene.. This gene was discovered in 1999 as the molecular basis of Tangier disease, a rare 
lipidd disorder characterised by extremely low HDL-C. Chapter  1.1 describes the clinical 
presentationn and the respone to lipid-lowering therapy of a patient with premature coro-
naryy disease and Tangier disease. 

Carrierss of mutations in the ABCA1 gene, ABCA1 heterozygotes, have a lower HDL-C 
comparedd to non-carriers. In chapter  1.2 a cohort of 77 ABCA1 heterozygotes is 
described.. They not only have a decreased plasma HDL-C, but also increased trigelyce-
rides.rides. An important modifier of the phenotype is age: a higher proportion of heterozy-
gotess aged 30-70 years have HDL-C lower than the fifth percentile for age and sex com-
paredd with carriers less than 30 years of age. Levels of cholesterol efflux are highly 
correlatedd with HDL-C levels, accounting for 82% of its variation. Each 8% change in 
ABCAl-mediatedd efflux is predicted to be associated with a 0.1 mmol/1 change in HDL-C. 
ABCA11 heterozygotes display a greater than threefold increase in the frequency of coro-
naryy artery disease (CAD) and with earlier onset than unaffected family members. CAD 
iss more frequent in heterozygotes with lower cholesterol efflux values. These data provide 
directt evidence that impairment of cholesterol efflux and consequently reverse choles-
teroll  transport is associated with reduced plasma HDL-C levels and increased risk of 
CAD.. Chapter  1.3 takes a step further in that direction. 

Thee relationships between HDL-C, cholesterol efflux as measured by HDL-partide 
drivenn cholesterol efflux in skin fibroblasts, and the status of atherosclerosis as defined by 
B-modee ultrasound measurements of arterial wall thickness (IMT), were investigated in 
ABCA11 heterozygotes. Since ABCA1 stimulates cholesterol efflux to nascent HDL parti-
cles,, this process is impaired in these individuals, who were compared with age, sex and 
ethnicityy matched controls. ABCA1 heterozygotes exhibited a decreased HDL-C and chol-
esterolesterol efflux levels and, conversely, increased IMT (p=o.oo4), was observed. An IMT of 
0.75mmm at age 55 years was reached in these ABCA1 heterozygotes instead of the age of 
800 in unaffected controls (p<o.ooi), indicating a much more rapid initiation and pro-
gressionn of preatherosclerotic arterial wall abnormalities. Strong correlations between 
HDL-CC and cholesterol efflux (R=o.9; p=o.ooi), HDL-C and IMT (R=-o.7o; p=o.oi) and 
cholesteroll  efflux and IMT (R=-o.6o; p=o.oi8) were observed. These results reveal, for 
thee first time in humans, a direct relationship between ABCA1 driven cholesterol efflux 
andd atherosclerosis progression and therefore suggest that increasing efflux could 
inhibit,, or even reverse, atherosclerosis progression prior to the manifestation of sympto-
maticc disease. In chapter  1.4 a large-scale follow-up study is reported two years after the 
diagnosiss familial hypercholesterolemia (FH) had been established. The aim of this 
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on-goingg screening programme is to identify FH carriers in the presymptomatic stage in 
orderr to offer them prophylactic therapy. At the time of examination approximately one 
thirdd of adult FH patients were receiving some form of cholesterol-lowering treatment, 
whereass one year later this percentage had risen considerably. Treatment with lipid-lower-
ingg drugs is indicated in these patients not only for one year, but lifelong. The current 
findingss extend these observations and demonstrate that long-term therapeutic interven-
tionn is feasible and that a sharp reduction in cholesterol plasma levels was achieved, even 
inn those FH carriers who were already on cholesterol-lowering medication before genetic 
screening. . 

Partt  II  Aggressive therapy of dyslipidemia provides evidence for the benefits of a 
moree aggressive therapy of dyslipidemia. Chapter  II. l declares war on undertreatment, 
becausee dyslipidemia continues to be underdiagnosed and undertreated. The landmark 
statinn trials have demonstrated unequivocally that effective lipid-lowering therapy signifi-
cantlyy decreases CHD morbidity and mortality, and the benefits of lipid-lowering therapy 
aree not limited to middle-aged men, but extend across a broad range of patient popula-
tions.. Recent trial data suggest that lowering LDL-C to target levels is possible in a sub-
stantiall  proportion of patients when statins are administered aggressively and results in a 
greaterr reduction in the risk of major coronary events. Although strong clinical and angi-
ographicc evidence shows that intensive treatment prevents morbidity and saves lives, 
clinicianss are still waiting too long to treat dyslipidemia. In chapter  II. 2 a relative new-
comerr to the statin arsenal, atorvastatin, is compared to 20 and 40 milligram-equivalent 
dosess of simvastatin in 378 hypercholesterolemic patients with and without CHD. Over 8 
weekss the relative change of LDL-C from baseline in the overall atorvastatin group versus 
thee overall simvastatin group was 14.2  14.4% versus 3.2  13.6% (p=o.oooi), with a 
greaterr percentage of high risk patients reaching their EAS of NCEP targets. Chapter  H.3 
describess the efficacy and safety of atorvastatin 4omg as monotherapy in patients with 
typee III dyslipidemia and severe combined dyslipidemia in an open-label, non-rand-
omizedd study. In the study 36 patients with type III dyslipidemia (familial dysbetalipopro-
teinemia)) and 23 patients with severe combined dyslipidemia were enrolled. After 40 
weekss of a significant decrease in total cholesterol, triglycerides and apolipoprotein B of 
40%,, 43% and 41%, respectively, was observed in the combined dyslipidemia group. In 
addition,, significant reductions of 46%, 40% and 43% for total cholesterol, triglycerides 
andd apolipoprotein B levels, respectively, were seen in dysbetalipoproteinemia patients. 
Treatmentt with atorvastatin was well tolerated and no serious adverse events were 
reported.. In chapter  II. 4 an open label, dosage titration study in 1546 patients is 
described,, where we compared the HMGCoA-reductase inhibitor fluvastatin in four pos-
siblee dosage regimens, 2omg, 40mg, 8omg and if necessary combined with gemfibrozil 
12000 mg over a period of 1 year. In total 61.8% of the patients recruited reached the 
desiredd LDL-C reduction in their coronary heart disease (CHD) risk category, i.e. 3.5 
mmol/11 for patients without CHD and less than 3.0 mmol/1 for patients with CHD. The 
safetyy parameters ALAT, ASAT and CPK were, in comparison to baseline, slightly higher 
inn the groups of 4omg, 8omg and 8omg plus gemfibrozil. There was no difference in 
tolerabilityy in terms of type of complaints and total number of complaints between the 
differentt treatment regimens. Chapter  II. 5 gives the description of double-blind ran-
domisedd study comparing the number of patients with primary hypercholesterolemia 
andd moderate to high risk for CHD achieving LDL-C goals with titrate-to-goal regimens 
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off  simvastatin (10, 20, 4omg) and fluvastatin (20, 40, 8omg). In both risk groups more 
patientss reached LDL-C goals with simvastatin treatment and required less titration than 
thosee receiving fluvastatin treatment. 

Chapterr  11.6 describes the evaluation of the efficacy and safety of a new maximum 
dosee of simvastatin, 80 mg in 237 consecutive hypercholesterolemic patients at the Lipid 
Researchh Clinic. LDL-C levels significantly decreased 39.0%, TC was decreased 33.8% 
andd triglycerides decreased 20.0%, while HDL-C increased 15.0% in a non-controlled 
lipidd clinic setting with a favorable laboratory adverse event profile. The use of statins is 
furtherr underlined in chapter  H.7: statins are a highly effective, well-tolerated class of 
drugg with with potent LDL-C lowering effects. Statins may also reduce triglycerides in 
patientss with hypertriglyceridemia and have been assosciated with a retardation of the 
progressionn of atherosclerotic lesions. Given the weight of evidence for the clinical and 
economicc benefits of statin therapy in both primary and secondary prevention of CHD, 
continuedd underutilisation is inappropriate and unjustifiable. 

Lastly,, we report on novel approaches to dyslipidemia in part III . Chapter  III. l contin-
uess where the previous chapter left off. Although statins are the most frequently used 
drugg for treatment of hypercholesterolemia, most patients do not achieve target goals 
withh starting statin doses. High doses of statins or statins combined with other lipid-mod-
ifyingg agents may be necessary to reach LDL-C targets, but these strategies are associated 
withh increased risk of side effects and low patient acceptance. Combining drugs with dif-
ferentt pathways of cholesterol metabolism may provide benefits that are complementary 
andd additive to those of the statins. A different pathway is the inhibition of the Micro-
somall  Triglyceride Transfer Protein (MTP) in the management of dyslipidemia. The effi-
cacyy and safety of 4 doses of the MTP-inhibitor implitapide (20,40, 80 and 160 mg/day) 
inn a dose-ranging study, of a double-blind, placebo-controlled and parallel-group design 
inn patients with primary hypercholesterolemia is described in Chapter  III.2 . Implitapide 
ledd to a dose-dependent decrease in LDL-C from 8 to 55% and in addition a dose-depend-
entt reduction in total cholesterol, ApoB, HDL-C and triglycerides. The tolerability of 
implitapidee in the higher doses, especially 80 mg and 160 mg, is less acceptable than that 
off  lower doses or placebo and cerivastatin, mainly in terms of digestive adverse events 
andd incidence of liver function test abnormalities. Chapter  III. 3 describes the efficacy of 
concentratedconcentrated n-3 fatty acids or fish oil in 89 patients with severe hypertriglyceridemia in 
comparisonn with gemfibrozil. Both compounds markedly decrease levels of triglycerides. 
Gemfibrozill  however, decreased triglycerides and increased HDL-C significantly more 
thann concentrated fish oil. The effect of dietary chocolates enriched with a wood based 
phytosteroll  ester mixture, containing 18% of sitostanol, is evaluted in 70 subjecteds with 
mildlyy elevated total cholesterol in chapter  IH.4. Consumption of 3 servings per day for 
44 weeks reduced total cholesterol by 6.4% and LDL-C by 10.3%, while plasma HDL-C and 
triglyceridess were not affected. 

Thee results of the comparison of cerivastatin in 0.1, 0.2 and o.3mg once daily with 
gemfibrozill  6oomg twice daily in patients with primary mixed hyperlipidemia is 
describedd in chapter  III . 5. The LDL-C reduction of cerivastatin ranged dose-dependently 
fromfrom 15-24% compared to 7.5% for gemfibrozil, while triglyceride reductions were 20.3% 
forr the highest dose cerivastatin versus 50.3% for gemfibrozil. Both drugs were well toler-
ated. . 



Samenvatting g 

Ditt proefschrift beschrijft een aantal nieuwe mogelijkheden om dyslipidemie te benade-
ren.. Deel ï Diagnose en beoordeling van erfelijk e dyslipidemie bevat enkele studies die 
verrichtt zijn bij patiënten die drager zijn van mutaties in het gen dat codeert voor de ATP 
Bindingg Cassette Al (ABCA1). In 1999 is dit gen voor het eerst beschreven als de mole-
culairee basis voor de ziekte van Tangier, een zeldzame stoornis in de vetstofwisseling die 
gekenmerktt wordt door een extreem laag HDL-C. Hoofdstuk 1.1 beschrijft de klinische 
presentatiee van een patient met premature hart- en vaatziekten en de ziekte van Tangier 
enn het effect van cholesterolverlagende medicatie. Dragers van een mutatie in het ABCA1 
gen,, ABCA1 heterozygoten, hebben een lager HDL-C dan niet-dragers van deze mutatie. 
InIn hoofdstuk 1.2 wordt een cohort van yy ABCA1 heterozygoten beschreven. Zij hebben 
niett alleen een verlaagd plasma HDL-C, maar ook een verhoogd triglyceridengehalte. Een 
belangrijkee bepalende factor van het fenotype is de leeftijd: heterozygoten tussen de 
30-700 jaar hebben vaker een laag HDL-C (onder de vijfde percentiel voor leeftijd en 
geslacht)) dan dragers van een mutatie jonger dan 30 jaar. Cholesterol efflux uit fibroblas-
tenn is sterk gecorreleerd met het plasma HDL-C gehalte en is verantwoordelijk voor 82% 
vann de variatie. Voor elke 8% verandering in ABC Al gemedieerde efflux wordt een 0.1 
mmol/11 verandering in het plasma HDL-C voorspeld. ABC Al heterozygoten hebben een 
meerr dan drie keer grotere kans op hart- en vaatziekten (HVZ), dat zich op jongere leef-
tijdd presenteert vergeleken met hun niet aangedane familieleden. HVZ komen vaker voor 
bijj  heterozygoten met een lagere cholesterol efflux. Deze data leveren een direct verband 
tussenn verminderde cholesterol efflux en daardoor een verminderd transport van choles-
teroll  terug naar de lever, een verlaagd plasma HDL-C en zo een verhoogde kans op HVZ. 
Hoofdstukk 1.3 gaat hierin een stap verder. In een groep Nederlandse ABCA1 heterozygo-
tenn is gekeken naar de relatie tussen plasma HDL-C, cholesterol efflux en de hoeveelheid 
atherosclerosee die gemeten is door middel van echografisch onderzoek van de dikte van 
dee wand van hals- en liesslagaderen (IMT). Aangezien ABC Al de cholesterol efflux 
stimuleertt naar "jonge" HDL deeltjes, zal dit proces minder goed verlopen in de heterozy-
gotenn dan in controle personen van hetzelfde geslacht, gelijke leeftijd en met een zelfde 
ethnischee achtergrond. 

ABCA11 heterozygoten met een verlaagd HDL-C en verminderde cholesterol efflux 
hebbenn een dikkere IMT (p=o.oo4); zij bereiken een IMT van 0.75 mm op de leeftijd van 
555 jaar in tegenstelling tot gezonde controles die deze IMT bereiken op een leeftijd van 80 
jaarr (p<o.ooi). Ze hebben dus een snellere aangroei en progressie van de preatherosde-
rotischee vaatwand afwijkingen. Een sterke correlatie waargenomen tussen HDL-C en 
cholesteroll  efflux (R=o.9; p=o.ooi), HDL-C en IMT (R=-o.7o; p=o.oi) en cholesterol 
effluxx en IMT (R=-o.6o; p=o.oi8). Deze resultaten laten voor het eerst in mensen een 
directt verband zien tussen ABCA1 gemedieerde cholesterol efflux en de progressie van 
atherosclerose,, en suggereren dat het vergroten van de efflux de progressie van athero-
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sclerosee zou kunnen verhinderen of zelfs zou kunnen verminderen voordat het vaatlijden 
symptomatischh wordt. In hoofdstuk 1.4 wordt een grote follow-up studie beschreven bij 
patiëntenn twee jaar nadat de diagnose familiaire hypercholesterolemie (FH) is gesteld. 
Doell  van dit continue screeningsprogramma is het identificeren van FH patiënten op het 
momentt dat ze nog geen klinische uitingen hebben van HVZ om ze profylactisch behan-
delingg te bieden. Op het moment van onderzoek had ongeveer een derde van de volwas-
senn FH patiënten een vorm van cholesterolverlagende behandeling, terwijl een jaar later 
ditt percentage aanmerkelijk was gestegen. Behandeling met cholesterolverlagende medi-
cijnenn is voor deze patiënten echter niet een jaar, maar levenslang geïndiceerd. De hui-
digee bevindingen ondersteunen deze observaties. Ze laten bovendien zien dat therapeuti-
schee interventie op de lange termijn mogelijk is en dat een sterke verlaging van plasma 
cholesteroll  bereikt kon worden, zelfs in FH patiënten voorafgaand aan de screening al 
behandeldd werden. 

Deell  II  Aggressieve behandeling van dyslipidemie zet de voordelen op een rij van een 
meerr aggressieve behandeling van dyslipidemie. Hoofdstuk II. l verklaart de oorlog aan 
onderbehandeling,, omdat dyslipidemie nog steeds onvoldoende gediagnosticeerd en 
behandeldd wordt. De grote onderzoeken met statines hebben eenduidig laten zien dat 
effectievee cholesterolverlagende therapie de mortaliteit en morbiditeit ten gevolge van 
HVZZ significant vermindert. De voordelen van de cholesterolverlagende therapie gelden 
niett alleen voor middelbare mannen, maar voor veel meer groepen patiënten. Recente 
onderzoekenn laten zien dat het verlagen van LDL-C naar streefwaardes mogelijk is voor 
eenn aanzienlijk deel van de patiënten als statines maar in hoge doseringen worden voor-
geschrevenn en zo resulteren in een grotere reductie van de kans op HVZ. Ondanks het 
feitt dat uit klinische en angiografische onderzoeken blijkt dat intensieve behandeling de 
morbiditeitt vermindert en levens redt, zijn er nog steeds te veel artsen die te lang wach-
tenn met de behandeling van dyslipidemie. In hoofdstuk II. 2 wordt een relatieve nieuw-
komerr op de statine markt, atorvastatine, vergeleken met 20 en 40 milligram-equivalente 
dosess simvastatine in 378 hypercholesterolemie patiënten met en zonder HVZ. Na 
88 weken was de relatieve verandering van het LDL-C ten opzichte van het begin van de 
studiee in de atorvastatine groep in vergelijking met de simvastatine groep 14.2  14.4% 
versuss 3.2  13.6% (p=o.oooi). Daarmee bereikt een groter percentage patiënten met een 
verhoogdd risico op HVZ de streefwaardes van de EAS of NCEP. Hoofdstuk II. 3 beschrijft 
dee effictiviteit en veiligheid van atorvastatine 4omg als monotherapie bij 36 patiënten 
mett type III dyslipidemie (familiaire dysbetalipoproteinemie) en 23 patiënten met ern-
stigee gecombineerde hyperlipidemie in een open-label, niet gerandomisseerde studie. Na 
400 weken werd een afname van totaal cholesterol, triglyceriden en apo B gezien in de 
laatstgenoemdee groep patiënten van respectievelijk 40%, 43% en 41%. In de groep 
patiëntenn met dysbetalipoproteinemie waren de reducties 46%, 40% en 43%. De behan-
delingg met atorvastatine werd goed verdragen en er werden geen ernstige bijwerkingen 
gerapporteerd.. In hoofdstuk II. 4 wordt een open label studie beschreven met 1546 patiën-
ten,, waarbij de HMGCoA-reductase remmer fluvastatine in vier doseringen, namelijk 
2omg,, 4omg, 8omg en zo nodig gecombineerd met gemfibrozil 1200 mg gedurende een 
jaarr werd onderzoent. In totaal haalde 61.8% van de patiënten de gewenste LDL-C verla-
ging;; voor patiënten zonder HVZ was de streefwaarde 3.5 mmol/1 en voor patiënten met 
HVZZ minder dan 3.0 mmol/1. De veiligheidsparameters ALAT, ASAT en CPK waren ten 
opzichtee van aanvang iets hoger in de groepen die 4omg, 8omg of 8omg plus gemfibro-
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zill  gebruikten. De medicatie werd goed verdragen en er was geen verschil in het aantal 
bijwerkingenn tussen de behandelingsgroepen. Hoofdstuk II. 5 beschrijft een dubbel-
blinde,, gerandomiseerde studie waarbij patiënten met primaire hypercholesterolemie 
mett een matig tot hoog risico op HVZ werden behandeld met oplopende doseringen sim-
vastatinee {io, 20,4omg) en fluvastatine (20,40, 8omg) en werden vergeleken wat betreft 
hett bereiken van de LDL-C streefwaardes. In beide risico groepen bereikten de patiënten 
diee simvastatine gebruikten vaker de gewenste LDL-C waardes en daarvoor was minder 
vaakk het ophogen van de dosering nodig in vergelijking met de groep die fluvastatine 
gebruikte. . 

Hoofdstukk H.6 evalueert van de effectiviteit en veiligheid van een nieuwe maximum 
doseringg van simvastatine van 8omg in 231 opeenvolgende hypercholesterolemie patiën-
tenn van de Lipidenpolikliniek. Het LDL-C daalde na behandeling significant met 39.0%, 
hett totaal cholesterol met 33.8% en de triglyceriden 20.0%, terwijl het HDL-C steeg met 
15.0%% in deze niet-gecontroleerde praktijkstudie. De veiligheidsparameters in het labora-
toriumonderzoekk waren gunstig. Het gebruik van statines wordt verder onderstreept in 
hoofstukk II.7: statines zijn effectief, worden goed verdragen en kunnen LDL-C krachtig 
verlagen.. Daarnaast kunnen statines triglyceriden verlagen in patiënten met een ver-
hoogdd triglyceride gehalte en zijn ze in staat om de voortgang van atherosclerose te rem-
men.. Gezien de hoeveelheid bewijs voor klinische en economische voordelen van het 
gebruikk van statines in zowel primaire als secundaire preventie van HVZ, is onderbehan-
delingg ongepast en niet te rechtvaardigen. 

Alss laatste worden nieuwe manieren van aanpak van dylipidemie besproken in deel 
III . . 

Hoofstukk III. l gaat door waar het vorige hoofdstuk eindigt. Hoewel statines de meest 
gebruiktee geneesmiddelen zijn voor de behandeling van hypercholesterolemie, bereiken 
dee meeste patiënten niet het gewenste LDL-C met een lage dosering statines. Hogere 
doseringenn statine of een statine in combinatie met andere cholesterolverlagende genees-
middelenn zijn soms nodig om LDL-C streefwaardes te bereiken. Dat kan echter een ver-
hoogdee kans op bijwerkingen geven en zo minder acceptabel zijn voor patiënten. Het 
combinerenn van een statine met een cholesterolverlagend geneesmiddel dat op een 
anderee manier het cholesterol metabolisme beinvloedt, kan voordelen leveren die com-
plementairr zijn en een aanvulling op werking van een statine. Een voorbeeld van een 
nieuwee manier om cholesterol te verlagen is door remming van het Microsomaal Trigly-
ceridee Transfer Proteine (MTP). De effectiviteit en veiligheid van vier doses van de MTP-
remmerr implitapide (20, 40, 80 en 160 mg/dag) zoals getest in een dubbelblinde, pla-
ceboo gecontroleerde, parallelgroep studie in patiënten met primaire hypercholesterole-
miee wordt beschreven in hoofdstuk IH.2. Implitapide leidt tot een dosis afhankelijke 
dalingg van LDL-C van 8 tot 55% en gaf ook een dosis afhankelijke daling van totaal choles-
terol,, ApoB, HDL-C en triglycerides. In hogere doseringen, met name 80 mg en 160 mg, 
werdd implitapide minder goed verdragen dan in lagere doseringen, placebo of cerivasta-
tine.. Dit kwam met name door negatieve effecten op het maagdarm kanaal en leverfunc-
tiestoornissen. . 

Hoofdstukk III. 3 beschrijft de effectiviteit van geconcentreerde n-3 vetzuren of visolie 
inn 89 patiënten met ernstige hypertriglyceridemie in een vergelijking met gemfibrozil. 
Beidee middelen verlagen triglyceriden aanzienlijk. Gemfibrozil verlaagt echter niet alleen 
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dee triglyceriden, het verhoogt ook het HDL-C aanzienlijk meer dan geconcentreerde vis-
olie.. Het effect van chocolaatjes verrijkt met een phytosterol esters, waarvan 18% sitosta-
nol,, is geëvalueerd in 70 proefpersonen met een licht verhoogd totaal cholesterol in 
hoofdstukk III.4 . Consumptie van 3 chocolaatjes per dag gedurende 4 weken verlaagde het 
totaall  cholesterol met 6.4% en het LDL-C met 10.3% zonder het HDL-C en de triglyceri-
denn te beïnvloeden. 

Hett resultaat van de vergelijking van cerivastatine 0.1, 0.2 and o.3mg eenmaal daags 
mett gemfibrozil 6oomg twee maal daags in patiënten met primaire gecombineerde 
hyperlipidemiee wordt beschreven in hoofdstuk III.5 . Cerivastatine verlaagde het LDL-C 
afhankelijkk van de dosis met 15-24%, terwijl onder gemfibrozil het LDL-C 7.5% daalde. 
Triglyceridenn daalde 20.3 % onder de hoogste dosering cerivastatine en 50.3% onder 
gemfibrozil.. Beide geneesmiddelen werden goed verdragen. 
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