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Statins are being hailed as the new aspirin—but are they
beneficial for patients with heart failure?
...........................................................................

S

See end of article for
authors’ affiliations
.......................
Correspondence to:
Dr Stephan von Haehling,
National Heart & Lung
Institute, Department of
Clinical Cardiology,
Dovehouse Street, London
SW3 6LY, UK;
s.vonhaehling@imperial.
ac.uk
.......................

tatins, also known as 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase
inhibitors, were originally designed to lower
plasma cholesterol. Over the last few years these
drugs have been widely hailed as the aspirin of
the new millennium. Interestingly enough, a
patient asked me recently in our outpatients’
department: ‘‘Doctor, could you please prescribe
me a statin, because I understand that they are
generally good for you.’’ Marketing seems to
have attained its goal.
Lovastatin was the first statin to be approved
by the US Food and Drug Administration (FDA)
in 1987. Five different statins are currently
available in most European countries, and the
development of new substances is well underway. Additionally, as a sixth statin on the US
market, rosuvastatin was approved by the FDA in
August 2003. Rosuvastatin has also been licensed
in some European countries over the last
months.
Statins are commonly considered safe and well
tolerated. Mild side effects, however, may occur
in up to 15% of statin treated patients, with
symptoms related to the digestive system being
the most frequently reported side effects.
However, cerivastatin had to be withdrawn from
the market for safety reasons in August 2001.
When considering the use of statins in patients
with heart failure, however, safety concerns go
into a completely different direction. The idea of
beneficial effects of cholesterol in chronic heart
failure is based on the endotoxin–lipoprotein
hypothesis.1 Higher concentrations of total
serum cholesterol, low density lipoprotein, and
triglycerides were predictors of better (not
worse) survival in recent studies in heart failure,2 3 independent of disease aetiology, age, left
ventricular ejection fraction, and exercise capacity.2 On the other hand, a lot of evidence has
accumulated over the last years to suggest
potential benefits of statin administration in this
disease.

CARDIOVASCULAR RISK REDUCTION
Statin treatment consistently reduces cardiovascular risk.4 5 A reduction in recurrent coronary
events has been observed as early as 16 weeks
after the initiation of treatment.6 This timeframe
is too short to ascribe to the positive effects of
cholesterol reduction alone.7 The idea of statin

mediated effects beyond cholesterol lowering,
so-called pleiotropic effects, has thus triggered
an avalanche of research in recent years, and the
chapter of investigation into statins is far from
being finished.
Some of the statin mediated effects are
attributable to the inhibition of cholesterol
biosynthesis. Indeed, substrates downstream
from mevalonate in the synthesis cascade contribute to a number of other metabolic pathways.8 Geranylgeranyl-pyrophosphate is a typical
example. It serves as a lipid attachment to the
GTP binding protein rho, which is involved in
stress fibre formation,9 monocyte adhesion, and
transmigration through the endothelium.10 11 A
number of studies have described anti-inflammatory properties of statins. Some of these
substances reduce C reactive protein (CRP)
concentrations independently of cholesterol
reduction.12 Furthermore, some statins reduce
the production of pro-inflammatory cytokines,
which is of special interest in the treatment of
chronic heart failure. Indeed, this perturbation is
known to be accompanied by elevated plasma
levels of tumour necrosis factor a, interleukin-1,
and interleukin-6,13 all of which have been
demonstrated to be down regulated in in vivo
and in vitro models by statin application.14 15

EFFECTS ON ENDOTHELIAL FUNCTION
The overall effects of statins on endothelial
function merit special attention. These drugs
have been shown to decrease neointimal thickening in models of carotid injury16 17 and also to
reduce clinical events and angiographic restenosis after coronary stent implantation.18
These effects were attributed to inhibition of
smooth muscle cell proliferation.19 Recent
research has provided insights into the profound
effects of statins on endothelial cell function. The
induction of nitric oxide gene transcription,
which yields an increased production of the
vasodilating molecule nitric oxide, is one among
a number of mechanisms contributing to an
improvement in endothelial function.20 Another
mechanism involves antioxidant properties.
Atorvastatin has recently been shown to up
regulate the expression of catalase, an antioxidant enzyme, at the mRNA and protein level in an
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Statins for heart failure: at the crossroads between
cholesterol reduction and pleiotropism?
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LARGE SCALE TRIALS
The available data strongly suggest that there is an urgent
need for a prospective large scale trial to evaluate statin
administration in patients with heart failure. Indeed,
rosuvastatin is currently under investigation in the
CORONA (controlled rosuvastatin multinational trial in heart
failure) study. This study aims to recruit more than 4900
patients with heart failure of ischaemic aetiology, who will be
randomised in a double blind fashion to rosuvastatin (10 mg
once daily) or placebo. Patients will be followed up for
approximately three years, with cardiovascular death, nonfatal myocardial infarction, and non-fatal stroke being the
primary end points. A similar study is the prospective, multicentre, randomised, double blind GISSI-HF trial (Gruppo
Italiano per lo studio della sopravvivenza nell’insufficienza
cardiaca), which aims to investigate the impact of n-3 polyunsaturated fatty acids (PUFA) and rosuvastatin in patients
with chronic heart failure. Patients will be randomised in two
steps to: (1) n-3 PUFA (1 g once daily) or placebo; and (2)
rosuvastatin (10 mg once daily) or placebo. Indeed, the
GISSI-prevenzione trial showed that three year treatment
with low dose n-3 PUFA was associated with a significant
reduction of total mortality by 21% in patients who survived a
recent myocardial infarction.23 Moreover, n-3 PUFA is also
known to exert antiarrhythmic and anti-inflammatory
effects.
There has been some concern about lowering the availability of coenzyme Q.24 Its production is affected by any
statin treatment. The most important concern in heart
failure, however, remains that lowering plasma lipoproteins
and cholesterol too much may be detrimental. The evaluation
of the right dose for the heart failure patient may therefore
remain an issue for future studies.
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Cardiology, Charité Medical School, Campus Virchow-Klinikum, Berlin,
Germany

REFERENCES
1 Rauchhaus M, Coats AJ, Anker SD. The endotoxin-lipoprotein hypothesis.
Lancet 2000;356:930–3.
2 Rauchhaus M, Clark AL, Doehner W, et al. The relationship between
cholesterol and survival in patients with chronic heart failure. J Am Coll
Cardiol 2003;42:1933–40.
3 Horwich TB, Hamilton MA, Maclellan WR, et al. Low serum total cholesterol is
associated with marked increase in mortality in advanced heart failure. J Card
Fail 2002;8:216–24.
4 Shepherd J, Cobbe SM, Ford I, et al for the West of Scotland Coronary
Prevention Study Group. Prevention of coronary heart disease with pravastatin
in men with hypercholesterolemia. N Engl J Med 1995;333:1301–7.
5 The Long-Term Intervention with Pravastatin in Ischaemic Disease (LIPID)
Study Group. Prevention of cardiovascular events and death with pravastatin
in patients with coronary heart disease and a broad range of initial cholesterol
levels. N Engl J Med 1998;339:1349–57.
6 Schwartz GG, Olsson AG, Ezekowitz MD, et al. Effects of atorvastatin on early
recurrent ischemic events in acute coronary syndromes: the MIRACL study: a
randomised controlled trial. JAMA 2001;285:1711–18.
7 Vaughan CJ, Gotto AM, Basson CT. The evolving role of statins in the
management of atherosclerosis. J Am Coll Cardiol 2000;35:1–10.
8 Goldstein JL, Brown MS. Regulation of the mevalonate pathway. Nature
1990;343:425–30.
9 Amano M, Fukata Y, Kaibuchi K. Regulation and functions of Rho-associated
kinase. Exp Cell Res 2000;261:44–51.
10 Strey A, Janning A, Barth H, et al. Endothelial Rho signaling is required for
monocyte transendothelial migration. FEBS Lett 2002;517:261–6.
11 Worthylake RA, Lemoine S, Watson JM, et al. RhoA is required for monocyte
tail retraction during transendothelial migration. J Cell Biol
2001;154:147–60.
12 Ridker PM, Rifai N, Clearfield M, et al for the Air Force/Texas Coronary
Atherosclerosis Prevention Study Investigators. Measurement of C-reactive
protein for the targeting of statin therapy in the primary prevention of acute
coronary events. N Engl J Med 2001;344:1959–65.
13 Anker SD, von Haehling S. Inflammatory mediators in chronic heart failure:
an overview. Heart 2004;90:464–70.
14 Pahan K, Sheikh FG, Namboodiri AM, et al. Lovastatin and phenylacetate
inhibit the induction of nitric oxide synthase and cytokines in rat primary
astrocytes, microglia, and macrophages. J Clin Invest 1997;100:2671–9.
15 Chan DC, Watts GF, Barrett PH, et al. Effect of atorvastatin and fish oil on
plasma high-sensitivity C-reactive protein concentrations in individuals with
visceral obesity. Clin Chem 2002;48:877–83.
16 Indolfi C, Cioppa A, Stabile E, et al. Effects of hydroxymethylglutaryl
coenzyme A reductase inhibitor simvastatin on smooth muscle cell
proliferation in vitro and neointimal formation in vivo after vascular injury.
J Am Coll Cardiol 2000;35:214–21.
17 Bustos C, Hernandez-Presa MA, Ortego M, et al. HMG-CoA reductase
inhibition by atorvastatin reduces neointimal inflammation in a rabbit model of
atherosclerosis. J Am Coll Cardiol 1998;32:2057–64.
18 Walter DH, Schachinger V, Elsner M, et al. Effect of statin therapy on
restenosis after coronary stent implantation. Am J Cardiol 2000;85:962–8.
19 Corsini A, Pazzucconi F, Pfister P, et al. Inhibitor of proliferation of arterial
smooth-muscle cells by fluvastatin. Lancet 1996;348:1584.
20 von Haehling S, Anker SD, Bassenge E. Statins and the role of nitric oxide in
chronic heart failure. Heart Fail Rev 2003;8:99–106.
21 Wassmann S, Laufs U, Muller K, et al. Cellular antioxidant effects of
atorvastatin in vitro and in vivo. Arterioscler Thromb Vasc Biol
2002;22:300–5.
22 Tousoulis D, Antoniades C, Bosinakou E, et al. Effects of atorvastatin on
reactive hyperaemia and the thrombosis–fibrinolysis system in patients with
heart failure. Heart 2005;91:27–31.
23 GISSI-Prevenzione Trial Investigators. Dietary supplementation with n-3
polyunsaturated fatty acids and vitamin E after myocardial infarction: results
of the GISSI-Prevenzione trial. Lancet 1999;354:447–55.
24 Krum H, McMurray JJ. Statins and chronic heart failure: do we need a largescale outcome trial? J Am Coll Cardiol 2002;39:1567–73.

Heart: first published as 10.1136/hrt.2004.042515 on 16 December 2004. Downloaded from http://heart.bmj.com/ on December 3, 2020 by guest. Protected by copyright.

in vitro model.21 This downregulated the production of
reactive oxygen species, which are known to inhibit nitric
oxide activity.
In this issue of Heart, Tousoulis and colleagues22 report the
results of a prospective, randomised, placebo controlled study
on the effects of four weeks treatment with 10 mg
atorvastatin once daily in patients with chronic heart failure.
This comparatively low dose of atorvastatin reduced plasma
concentrations of cholesterol by 23% within four weeks of
treatment. It is tempting to speculate that even lower doses of
atorvastatin than that used by Tousoulis and colleagues will
still confer pleiotropic effects, possibly without lowering
plasma cholesterol. Although their study was unblinded and
failed to reach one of its primary end points, they provide
interesting clinical insights into statin mediated mechanisms.22 Absolute blood flow values remained unchanged after
treatment. This might be due to the comparatively short
treatment period. However, atorvastatin treatment affected
the coagulation and fibrinolysis system in that it decreased
the plasma concentrations of antithrombin III, protein C,
coagulation factor V, tissue plasminogen activator, and
plasminogen activator inhibitor type 1. It is interesting to
note that statins interfere with coagulation factors independently of where the production site is located. Future studies
will tell us whether this has clinical consequences.
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