
CRP = C-reactive protein; HDL = high-density lipoprotein; LDL = low-density lipoprotein; MI = myocardial infarction; NYHA = New York Heart
Association; VLDL = very low-density lipoprotein.
4S = Scandinavian Simvastatin Survival Study; ELITE II = Losartan Heart Failure Survival Study; OPTIMAAL = Optimal Trial In Myocardial Infarction
with the Angiotensin II Antagonist Losartan.
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Coronary artery disease is the single most important cause of
heart failure, accounting for more than 50% of all new
occurrences [1]. Several factors are involved in the
progression to congestive heart failure, such as, the number
and extent of previous myocardial infarctions (MI),
neurohormonal activation, inflammatory reactions, patency of
the infarct-related artery, and remodelling of the myocardium.
In addition, clinical complications with arrhythmias, fever, and
metabolic disorders, may precipitate overt heart failure.
Treatment of heart failure may therefore target several
mechanisms, although, in most cases a recurrent MI is the
initiating event. In order to prevent further progression of heart
failure, it is most important to maintain adequate coronary
circulation, either by revascularisation procedures, prevention
of new lesions, or regression of established stenotic lesions.

Heart failure in the 4S Study
The effect of lipid reduction on the onset of heart failure has
recently been reported in the Scandinavian Simvastatin
Survival Study (4S) [2,3]. Four thousand, four hundred and

forty-four patients, with a previous history of coronary artery
disease and moderately elevated cholesterol, but without
signs or symptoms of heart failure, were randomised to
receive simvastatin (20–40 mg), or placebo. Treatment with
simvastatin reduced overall mortality from 12% to 8% (a
30% reduction). The reduction in mortality was almost
exclusively the result of a 42% reduction in coronary death.

Patients were followed up for more than four years. During
the follow-up, about 2% of patients presented evidence of
new heart failure — diagnosed as heart failure, pulmonary
oedema, acute pulmonary oedema, and lung fluid [3]. The
occurrence of heart failure was closely related to a recent MI.
Additionally, the rate of infarcts averaged less than ten per
3-month period, but this increased to 80 during the 3-month
period prior to the first occurrence of heart failure symptoms.
Further, there was a 20% reduction in the occurrence of
heart failure with simvastatin, compared to placebo. This was
in line with the reduction of recurrent MI (30%) observed
during the study.
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Abstract

Treatment to prevent progression of heart failure has been targeted to reverse the consequences of
heart failure and to a lesser extent the cause – the atherosclerotic plaque itself. Less than 50% of
patients with heart failure are treated with lipid intervention. Heart failure (New York Heart Association
[NYHA] functional classes I and II) is associated with an increase in low-density lipoproteins (LDL) and
triglycerides while high-density lipoproteins (HDL) is lowered. In NYHA class IV, cholesterol is reduced
due to depressed production in the liver. Although lipoproteins, especially LDL and HDL, may have
some protective effect in binding and neutralising endotoxins released from the intestine during terminal
heart failure, observational studies in patients with heart failure strongly suggest that lipid modification
with statins may reduce progression of heart failure as well as reducing heart failure mortality.
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The occurrence of heart failure in this group of patients was
characterized by mortality more than four times higher than in
patients who did not develop heart failure. In the patients with
heart failure, simvastatin reduced the risk of mortality by 19%
compared with 28% in those without heart failure [3]. However,
the important message was that the absolute reduction of death
was 6.1% in heart failure patients compared with 2.6% in
patients without heart failure. This difference in absolute risk
reduction was explained by the much higher mortality among
patients in the placebo group with heart failure, than those
without. Heart failure may therefore be a target condition for
treatment with statins in patients with coronary artery disease.

ELITE II
The hypothesis is further supported by a retrospective
analysis in chronic heart failure patients in the Losartan Heart
Failure Survival Study (ELITE II) [4]. In ELITE II, elderly
patients with heart failure were randomised to receive either
losartan or captopril [4]. No difference in mortality was
observed between the treatment groups. Of the 3152
patients enrolled, 11% were on a statin. The study
demonstrated that overall mortality was reduced from 17.6%
in patients without statins, to 10.6% among patients on a
statin (P < 0.003). No significant difference was seen in this
respect, between the losartan and captopril groups.

Effects of lipid lowering
The direct effect of lipid-lowering treatment is probably to stop
progression, or even to cause the regression, of coronary artery
stenosis and to stabilize coronary plaques, which in the long
term will reduce the recurrence of MI [2]. Furthermore, the
reduction of low-density lipoprotein (LDL) or very low-density
lipoprotein (VLDL), accounts for a reduction in the inflammatory
reaction observed during heart failure, which may confer
additional protection. C-reactive protein (CRP) — produced by
the liver in response to the inflammatory cytokines, IL-6, IL-1,
and TNFα — is associated with unfavourable effects on
endothelial function, plaque stability, and the myocardium [5,6].

Currently, 80–85% patients with coronary disease, but only
23–55% patients with heart failure, use lipid-lowering therapy
[7,8]. This may be because patients may be reluctant to add
another drug to their long list of heart failure medication.
However, more importantly, no prospective trials have yet been
carried out to test the efficacy and tolerance of lipid lowering in
heart failure patients. Further, the benefit of reducing
cholesterol in severe heart failure has recently been questioned
[9]. Reduction of coenzyme Q10 (ubiquinone) by statins, has
been assumed to depress the mitochondrial respiratory chain
mechanism, although there is no evidence that cellular levels
are critically reduced or of any clinical consequences.

Should lipids be lowered in end stage heart
failure?
Inflammatory cytokines are increased during heart failure, and
are assumed to be instrumental in the progression of end

stage heart failure to the terminal endpoint [10]. Endotoxin
(bacterial lipopolysaccharide), which is increased in end
stage heart failure is a very strong stimulator of inflammatory
cytokines. However, lipoproteins especially LDL and high-
density lipoprotein (HDL) cholesterol bind to endotoxin and
neutralise their effect [11,12]. It has therefore been
suggested that it is important to maintain elevated cholesterol
levels in end-stage heart failure [9]. This is supported by
observations of a negative relationship between cholesterol
and mortality in severe heart failure [13,14].

However, it is not known if this relationship is causal or just
an epiphenomenon and it is not clearly defined which
lipoprotein is the important one in this context. A recent study
of 132 patients listed for heart transplantation suggested that
the important lipoprotein is HDL, because low HDL was the
strongest predictor of worsening heart failure [12,15]. The
increase in HDL may therefore be a therapeutic goal in end
stage heart failure. Further, in severe heart failure the
combination of reduced liver flow and depressed cholesterol
synthesis may result in low levels of circulating cholesterol.
Most likely low total cholesterol is a consequence rather than
a cause of the poor prognosis. Cytokines and endotoxins
have been found to stimulate triglycerides and cholesterol
synthesis [16]. Conversely, statins have been found to
suppress the release of inflammatory cytokines [6,7] which
therefore may be additive to the direct and beneficial
lipomodulation by inhibition of hydroxymethyl glutaryl
coenzyme A (HMG CoA) reductase.

Answers from OPTIMAAL
The Optimal Trial In Myocardial infarction with Angiotensin
II Antagonist Losartan (OPTIMAAL) recently provided the
opportunity to examine the relationship between
lipoproteins and New York Heart Association (NYHA)
functional classes [17]. This trial included patients with
documented heart failure after an acute MI, and followed
them for more than two years. LDL cholesterol levels were
compared to Killip class at baseline, and to NYHA
classification during follow-up. After an acute MI, LDL was
lower in patients with Killip classes III and IV, than in
classes I and II. This is most likely due to the acute phase
reaction after acute MI. At six and twelve months the
pattern changed, and LDL was increased in proportion to
the severity of the heart failure.

At one year, LDL was higher in NYHA functional classes III
and IV, compared with functional classes I and II. In functional
class I, the LDL average was 2.78 mmol/L compared with
3.43 mmol/L, in class IV. At all time points HDL was lower in
functional class IV than in functional class I. Although the
study was not stratified for statin use, 55 % of the patients
used statins at discharge. It was found that patients treated
with statins had significantly fewer deaths at the one and
two-year follow-up points, compared to patients not treated
with statins.
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The same directional trend was shown for all modes of
deaths including sudden death, progression of congestive
heart failure, and fatal MI. When the patients were stratified
according to Killip class, the reduction in mortality with
simvastatin in class IV was significantly greater compared to
classes I and II. These results corroborate observations in
previous trials [4,5]. Thus there is strong evidence of benefit
from simvastatin treatment among patients with moderate
and severe heart failure.

Conclusion
The absolute reduction of mortality with lipid-lowering
treatment is greater in patients with heart failure, than without
heart failure. Evidence suggests that patients with severe
heart failure are the group that may improve most with statin
treatment. It is not known whether the effect of statins is
specifically related to LDL-lowering in patients with coronary
artery disease, or if it may also affect non-ischaemic
cardiomyopathy via endothelial and myocardial inflammatory
responses and increasing HDL cholesterol [18]. It would be
of major importance to our understanding of how statins
work, to conduct a study examining their effects in patients
with end stage heart failure, due to coronary artery disease
as well as nonischaemic cardiomyopathy.

Competing interests
John Kjekshus received research support and a lecture
honorarium from Merck Sharpe & Dohme, Astra Zeneca, and
GlaxoSmithKline.

References
1. Fox KF, Cowie MR, Wood DA, Coats AJS, Gibbs JSR, Under-

wood SR, Turner RM, Poole-Wilson PA, Davies SW and Sutton
GS: Coronary artery disease as the cause of incident heart
failure in the population. Eur Heart J 2001, 22:228-236.

2. The Scandinavian Simvastatin Survival Study Group: Ran-
domised trial of cholesterol lowering in 4444 patients with
coronary heart disease: the Scandinavian Simvastatin Sur-
vival Study (4S). Lancet 1994, 344:1383-1389.

3. Kjekshus JK, Pedersen TR, Olsson AG, Faergeman O, Pyorälä K:
The effects of simvastatin on the incidence of heart failure
with coronary heart disease. J Card Fail 1997, 3:249-254.

4. Segal R, Pitt B, Poole-Wilson P, Sharma D, Bradstreet DC, Ikeda
LS: Effects of HMG-CoA reductase inhibitors (statins) in
patients with heart failure. Eur J Heart Fail 2000, 2(Suppl 2):
96.

5. Jialal I, Stein D, Balis D, Grundy SM, Adams-Huet B, Devaraj S:
Effects of hydroxymethyl glutaryl coenzyme A reductase
inhibitor therapy on high sensitive C-reactive protein levels.
Circulation 2001, 103:1933-1935.

6. Mohrschladt MF, Weverling-Rijnsburger AWE, deMan FHAF,
Stoeken D-J, Sturk A, Smelt AHM, Westendorp RGJ: Hyper-
lipoproteinemia affects cytokine production in whole blood
samples ex vivo. The influence of lipid-lowering therapy. Ath-
erosclerosis 2000, 148:413-419.

7. MERIT-HF Study Group. Effect of metoprolol CR/XL in chronic
heart failure: Metoprolol CR/XL Randomized Intervention
Trial in Congestive Heart Failure (MERIT-HF). Lancet 1999,
353:2001-2007.

8. Dickstein K, Kjekshus JK: Comparison of baseline data, initial
course, and management: Losartan versus captopril following
acute myocardial infarction (The OPTIMAAL trial). Am J
Cardiol 2001, 87:766-771.

9. Rauchhaus M, Coats AJ, Anker SD: The endotoxin-lipoprotein
hypothesis. Lancet 2000, 356: 930-933.

10. Levine B, Kalman J, Fillit HM, Packer M: Elevated circulating
levels of tumor necrosis factor in severe chronic heart failure.
N Engl J Med 1990, 323:236-241.

11. Feingold KR, Funk JL, Moser AH, Shigenaga JK, Rapp JH, Grun-
feld C: Role of circulating lipoproteins in protection from
endotoxin toxicity. Infect Immun 1995, 63:2041-2046.

12. Harris HW, Grunfeld C, Feingold KR, Rapp JH: Human very low
density lipoproteins and chylomicrons can protect against
endotoxin-induced death in mice. J Clin Invest 1990, 86:696-
702.

13. Vredevoe DL, Woo MA, Doering LV, Brecht ML, Hamilton MA,
Fonarow GC: Skin test anergy in advanced heart failure sec-
ondary to either ischemic or idiopathic dilated cardiomyopa-
thy. Am J Cardiol 1998, 82:323-328.

14. Rauchhaus M, Koloczek V, Volk H-D, Kemp M, Niebauer J, Francis
DL, Coats AJS, Anker SD: Inflammatory cytokines and the pos-
sible immunological role for lipoproteins in chronic heart
failure. Int J Cardiol 2000, 76:125-133.

15. Mehra MR, Uber PA, Park MH, Scott RL, Milani RV: The inde-
pendent prognostic impact of decreased high density
lipoprotein levels in severe heart failure [abstract]. JACC
2001, 37:156A.

16. Feingold KR, Serio MJ, Adi S, Moser AH, Grunfeld C: Tumor
necrosis factor stimulates hepatic lipid synthesis and secre-
tion. Endocrinology 1989, 124:2336-2342.

17. Hognestad A Jr, Myhre E, Sentralsykehus V-A, Snapinn S, Kjek-
shus J: Early lipid lowering and beta-receptor blockade during
acute myocardial infarction reduce death and nonfatal
myocardial infarction in heart failure patients [abstract]. Cir-
culation 2001, 104 (suppl 1):A762.

18. Patel R, Nagueh SF, Tsybouleva N, Abdellatif M, Lutucuta S,
Kopelen HA, Quinones MA, Zoghbi EA, Entman AL, Roberts R,
Marian AJ: Simvastatin induces regression of cardiac hyper-
trophy and fibrosis and improves cardiac function in a trans-
genic rabbit model of human hypertrophic cardiomyopathy.
Circulation 2000, 104:317-324.


	Heart failure in the 4S Study
	Abstract
	ELITE II
	Effects of lipid lowering
	Should lipids be lowered in end stage heart failure?
	Answers from OPTIMAAL
	Conclusion
	Competing interests
	References

