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Epidemiologic data demonstrate a log-linear relationship be-
tween low density lipoprotein-cholesterol levels and risk of
coronary heart disease [1,2]. This means that the change in
relative risk for a given milligram-per-deciliter change in the low
density lipoprotein-cholesterol level, is the same, regardless of
the baseline LDL-C level. As a result, the absolute benefit of
cholesterol reduction depends on the absolute CHD risk con-
ferred by all the risk factors combined [3].

Until recently, the goal for LDL-C lowering in high risk pa-
tients was set at <100 mg/dl [4]. This was because such a goal
was considered to be not only the limit of efficacy supported by
clinical trial data at the time, but also the practical limit that
could be achieved in most high risk patients with the available
standard therapy [3].

Recent years have witnessed great advances in the treatment
of hypercholesterolemia. New and potent drugs were developed,
enabling the lowering of LDL-C levels with the use of more
potent statins [5,6] and combination of statins and other lipid-
lowering agents [7]. The development of these potent drugs
makes an even lower LDL-C goal an attainable option. This
prompted research comparing “intensive” with “conventional”
cholesterol-lowering strategies.

In last month’s issue of /MAJ, Shechter and colleagues [8]
summarize the current knowledge on intensive cholesterol low-
ering. The results are remarkably consistent: LDL-C lowering to
levels below 70 mg/dl confers greater risk reduction in high risk
patients [9-11]. Moreover, this benefit is independent of baseline
LDL-C levels [10,12]. Intensive lowering of LDL-C levels reduces
(and indeed almost halts) progression of coronary atheroscle-
rosis in coronary arteries [10]. Carotid intima media thickness
actually regressed with intensive cholesterol-lowering therapy
[13]. Other studies have demonstrated that intensive cholesterol-
lowering therapy reduces the mean number of ischemic or viable
segments on dobutamine echocardiography, and improves flow-
mediated dilatation response of the brachial artery [14].

It is important to note that the advantages of intensive
cholesterol lowering are evident mainly for high risk patients.
Decisions concerning patients with lower overall risk will have
to wait until studies enrolling such patients are published [15].
Recently published trials indicate that the benefit of intensive
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cholesterol-lowering therapy may not be as impressive for popu-
lations at a lower level of risk [16-18].

All the studies on intensive cholesterol-lowering therapy
used statins as the hypolipidemic agent. The efficacy of other
classes of cholesterol-lowering agents has yet to be investi-
gated. This is important because there is now a considerable
weight of evidence to indicate that this class of drugs exerts a
range of effects that inhibit the atherosclerotic process beyond
their well-documented lipid-lowering action.

HMG-CoA reductase is a ubiquitous enzyme that is present
in vascular and inflammatory cells as well as in hepatocytes.
Inhibition of HMG-CoA reductase by statins not only inhibits
cholesterol biosynthesis but also inhibits the generation of
isoprenoids. In endothelial cells, vascular smooth muscle cells
and inflammatory cells, the inhibition of HMG-CoA reductase
results in inhibition of important signaling pathways (pleiotro-
pic effects), as well as changes in the lipid content of the cell
membrane [19]. Isopoprenoids bind a number of G-proteins
such as Rho and Ras by a process known as prenylation. Rho
activates a number of nuclear transcription factors such as
nuclear factor-kappa b that are involved in inflammatory cellular
responses, and also reduces endothelial nitric oxide synthase
production by endothelial cells [20]. Thus, the inhibition of Rho
by statin therapy reduces the expression of transcription factors,
which are intrinsic to inflammatory signaling, and this in turn
leads to a reduced response to inflammatory stimuli. The use
of a powerful/high dose statin is likely to result in the great-
est inhibition of Rho, in parallel with the greatest reduction in
LDL-cholesterol.

Inflammation is an integral part of the pathogenesis of
atherosclerosis, with the accumulation of inflammatory cells
such as macrophages and T lymphocytes particularly within
vulnerable plaques [21]. Statins have been shown in animal
and human studies to reduce both the number and the activ-
ity of inflammatory cells within atherosclerotic plaques [22].
Among the favorable phenotypic changes in the vessel wall are
the reduction in matrix metalloproteinase production as well
as abrogation of pro-inflammatory Thl-type cellular responses,
including the reduction in interferon-gamma and IFNy-mediated
monocyte activation. The recent observation that many of the
inflammatory cells in atherosclerotic lesions over-express the
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HMG-CoA reductase gene may explain why statins, and in par-
ticular high dose, potent statins, may be beneficial in reducing
inflammation within the vessel wall [19].

Consistent with the view of statins as anti-inflammatory
agents was the finding in the REVERSAL trial that reductions in
both LDL-cholesterol and C-reactive protein levels were signifi-
cantly correlated to the rate of atherosclerosis progression [23].
Reductions in the levels of atherogenic lipoproteins were not
correlated with reductions in CRP levels.

In the PROVE-IT trial, among patients with acute coronary syn-
dromes who were treated with a statin, achieving a target level of
CRP of less than 2 mg/L was associated with a significant reduc-
tion in cardiovascular events [24]. Patients assigned to receive
80 mg atorvastatin daily were significantly more likely than those
assigned to receive 40 mg pravastatin daily to have a decrease in
the levels of both LDL-C and CRP to the target values.

Other pleiotropic effects of statins include immunomodula-
tory effects [19,25], antithrombotic and anticoagulant effects
[19,26] and effects on adhesion molecules and endothelial func-
tion [19].

We are witnessing the beginning of an exciting new era in
atherosclerosis prevention. New potent drugs are costly. As
Shechter et al. [8] note, there is a great degree of undertreat-
ment, mainly because of cost concerns. As new potent (and
costly) therapies become available, it remains our challenge
to make these valuable drugs part of the arsenal used to treat
patients at risk of cardiovascular disease — in an increasingly
cost-aware environment.

References

1. Law MR, Wald NJ, Thompson SG. By how much and how quickly
does reduction in serum cholesterol concentration lower risk of isch-
aemic heart disease? Br Med / 1994;308:367-72.

2. Law MR, Wald NJ, Rudnicka AR. Quantifying effect of statins on low
density lipoprotein cholesterol, ischaemic heart disease, and stroke:
systematic review and meta-analysis. Br Med ] 2003;326:1423.

3. Grundy SM, Cleeman ]I, Merz NB, et al. Implications of recent clini-
cal trials for the National Cholesterol Education Program Adult Treat-
ment Panel IlI Guidelines. Circulation 2004;110:227-39.

4. Executive Summary of the Third Report of the National Cholesterol
Education Program (NCEP) Expert Panel on Detection, Evaluation,
and Treatment of High Blood Cholesterol in Adults (Adult Treatment
Panel I1I). JAMA 2001;285:2486-97.

5. Kajinami K, Takekoshi N, Saito Y. Pitavastatin: efficacy and safety
profiles of a novel synthetic HMG-CoA reductase inhibitor. Cardiovasc
Drug Rev 2003;21:199-215.

6. Jones PH, Davidson MH, Stein EA, et al. Comparison of the effi-
cacy and safety of rosuvastatin versus atorvastatin, simvastatin, and
pravastatin across doses (STELLAR Trial). Am / Cardiol 2003;93:152—
60.

7. Stein E, Stender S, Mata P, et al. Achieving lipoprotein goals in
patients at high risk with severe hypercholesterolemia: efficacy and
safety of ezetimibe co-administered with atorvastatin. Am Heart |
2004;148:447-55.

8. Shechter M, Beigel R, Matetzky S, Freimark D, Chouraqui P. The in-
tensive statin therapy myth. /MA/ 2005;7:683-7.

9. Pitt B, Waters D, Brown WV, et al. Aggressive lipid-lowering therapy

CRP = C-reactive protein

compared with angioplasty in stable coronary artery disease. N Eng/
] Med 1999;341:70-6.

10. Nissen SD, Tuzcu EM, Schoenhagen P, et al. Effect of intensive
compared with moderate lipid-lowering therapy on progression
of coronary atherosclerosis. A randomized controlled trial. JAMA
2004;291:1071-80.

11. Cannon CP, Braunwald E, McCabe CH, et al. Intensive versus mod-
erate lipid lowering with statins after acute coronary syndromes.
N Engl ] Med 2004;350:1495-504.

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

13. Taylor AJ, Kent SM, Flaherty PJ, et al. ARBITER: Arterial Biology for
the Investigation of the Treatment Effects of Reducing Cholesterol. A
randomized trial comparing the effects of atorvastatin and pravastatin
on carotid intima medial thickness. Circulation 2002;106:2055-60.

14. Fathi R, Hluska B, Short L, Marwick TH. A randomized trial of ag-
gressive lipid reduction for improvement of myocardial ischemia,
symptom status, and vascular function in patients with coronary ar-
tery disease not amenable to intervention. Am J Med 2003;114:445—
53.

15. Ridker PM, on behalf of the JUPITER Study Group. Rosuvastatin in
the primary prevention of cardiovascular disease among patients with
low levels of low-density lipoprotein cholesterol and elevated high-
sensitivity C-reactive protein. Rationale and design of the JUPITER
trial. Circulation 2003;108:2292-7.

16. LaRosa JC, Grundy SM, David DD, et al., for the Treating to New Tar-
gets (TNT) Investigators. Intensive lipid lowering with atorvastatin in
patients with stable coronary disease. N Engl ] Med 2005;352:1425-35.

17. de Lemos JA, Blazing MA, Wiviott SD, et al. Early intensive vs a de-
layed conservative simvastatin strategy in patients with acute coro-
nary syndromes: Phase Z of the A to Z trial. JAMA 2004;292:1307-16.

18. Pedersen TR, Faergeman O, Kastelein JJP, et al., for the Incremental
Decrease in End Points Through Aggressive Lipid Lowering (IDEAL)
Study Group. High-dose atorvastatin vs usuald-dose simvastatin for
secondary prevention after myocardial infarction. JAMA 2005;294:2437—
45,

19. Kausik RK, Cannon CP. Intensive statin therapy in acute coronary
syndromes: clinical benefits and vascular biology. Curr Opin Lipidol
2004;15:637-43.

20. Laufs U, Liao JK. Isoprenoid metabolism and the pleiotropic effects
of statins. Curr Atheroscler Rep 2003;5:372-8.

21. Lutgens E, Van Suylen RJ, Faber BC, et al. Atherosclerotic plaque
rupture: local or systemic process? Arterioscler Thromb Vasc Biol
2003;23:2123-30.

22. Schonbeck U, Libby P Inflammation, immunity, and HMG-CoA re-
ductase inhibitors: statins as antiinflammatory agents? Circulation
2004;109(21 Suppl 1):1118-26.

23. Nissen SE, Tuzcu EM, Schoenhagen P, et al. Statin therapy, LDL
cholesterol, C-reactive protein, and coronary artery disease. N Engl |
Med 2005;352:29-38.

24. Ridker PM, Cannon CP, Morrow D, et al. C-reactive protein levels
and outcomes after statin therapy. N Engl | Med 2005;352:20-8.

25. Ehrenstein MR, Jury EC, Mauri C. Statins for atherosclerosis - as
good as it gets? N Engl | Med 2005;352:73-5.

26. Gupta S. Does aggressive statin therapy offer improved cholesterol-
independent benefits compared to conventional statin treatment? Int
] Cardiol 2004;96:131-9.

Correspondence: Dr. R. Bitzur, Institute of Lipid and Atherosclero-
sis Research, Sheba Medical Center, Tel Hashomer 52621, Israel.
Phone: (972-3) 530-2940

Fax: (972-3) 534-3521

email: rafael bitzur@sheba.health.gov.il

IMAJ * Vol 7 * December 2005

817



