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Residual cardiovascular disease risk in heart failure 
patients. What is the real role of lipid-lowering 
therapy? 

Christina Chrysohoou, Kostas P. Tsioufis 

Heart failure (HF) is a clinical condition characterized by debilitating 
symptoms, poor quality of life, frequent hospital admissions and reduced 
survival. It imposes a great economic burden on health systems world-
wide, as its global prevalence is estimated to be around 2%, with a rising 
trend in recent years [1]. Coronary heart disease (CAD) is still the most 
common etiological factor for HF and the main cause of HF with reduced 
ejection fraction (HFrEF) and one of the main factors contributing to HF 
with preserved ejection fraction (HFpEF) [1]. 

In recent years the main principles and pharmacological targets for 
the therapy of HFrEF and HFpEF have been described. For HFrEF patients 
the modulation of five pathways is recommended to improve clinical 
outcomes, referring to angiotensin 2, norepinephrine, aldosterone, nepri-
lysin and sodium-glucose transport proteins (SGLT) [1]. In the latest 2024 
AHA/ACC [2] and 2023 ESC [3] guidelines, various medications have been 
introduced as first-line (angiotensin receptor neprilysin inhibitor-/angio-
tensin-converting enzyme (ARNI/ACE) inhibitors, β-blockers, mineralo-
corticoid receptor antagonists (MRA) and SGLT2 inhibitors (SGLT2i)) and 
second-line (iron replacement therapy, ivabradine, omecamtiv mecarbil, 
vericiguat and hydralazine/nitrate) therapies [4]. Recently the STRONG 
study [5] underlined the need for early initiation and up-titration of 
treatment in HF patients for reducing re-hospitalizations and congestion 
symptoms and improving quality of life. Additionally, the use of N-ter-
minal brain natriuretic peptide (NTproBNP) seems to make it possible to 
evaluate even oligosymptomatic patients at risk, promoting up-titration 
of medical care [5]. However, accumulating evidence suggests that even 
after introducing all new therapies, residual cardiovascular (CVD) risk 
exists in HF patients under optimal tolerated medical treatment [1–3]. 
In addition, hyperlipidemia, although not common among non-ischemic 
HF patients, but still an important determinant of poor prognosis, has 
not been well studied. Particularly the role of hypolipidemic medication 
in the prognosis of HF has rarely been investigated and understood in 
relevant clinical trials (especially considering their large methodologi-
cal limitations). In this commentary, we aimed to summarize scientific 
knowledge and highlight clinical considerations regarding the role of hy-
polipidemic treatment in HF patients.
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Hyperlipidemia and treatment in HF patients

Heart failure, as the final pathway of clinical 
conditions that cause ventricular pressure and/or 
volume overload, is accompanied by hypertrophy, 
inflammation, angiogenesis, and apoptosis [1–3]. 
Statins may represent a potential treatment strat-
egy for preventing cardiac hypertrophy and im-
proving myocardial revascularization by decreas-
ing nicotinamide adenine dinucleotide phosphate 
(NADPH) oxidation and activation, and increasing 
NO bioavailability. Thus, statins could be consid-
ered as a therapeutic approach that may prevent 
oxidation and increases relaxation and dilation. 
However, although statin therapy has proven to be 
highly effective in primary and secondary preven-
tion of patients with dyslipidemias, studies in HF 
patients have shown inconclusive results. This is 
clearer in cases of advanced HF with deteriorated 
function of the left ventricle and clinical evidence 
of malnutrition or cachexia. That is the reason that 
lipid management in HF patients takes a modest 
position among all therapeutic tools, as a class III 
recommendation, which means that lipid-lower-
ing therapy (LLT) initiation is not recommended 
in the absence of other indications (which in fact 
refers to only about 30% of all HF patients) [2, 3, 
6–9]. This was mainly based on the results of pre-
vious large randomized controlled trials (RCTs), 
including patients with HFrEF [7, 8, 10, 11], as well 
as a  meta-analysis of 24 RCTs that showed an 
insignificant benefit of statin treatment for CVD 
mortality in patients with HFrEF [9]. However, in 
the CORONA trial, even with its design limitations, 
based on retrospective sub-group analyses, rosu-
vastatin appeared to provide more CVD benefit 
in those with higher C-reactive protein (CRP) and 
lower NTproBNP, representing the profile of a pa-
tient who has not yet developed advanced HF [12, 

13]. Nearly half of HF patients have HFpEF. Those 
patients show increased morbidity and mortality, 
while few pharmacological therapies have proved 
to improve survival. The pathophysiology of HFpEF 
is poorly understood but may involve a systemic 
proinflammatory state. Therefore, statins might 
improve outcomes in patients with HFpEF, espe-
cially in the context of primary and secondary pre-
vention of atherosclerosis [14]. 

Statin use has been linked with Q10 mito-
chondrial depletion and muscle fatigue, while 
it reduced LDL cholesterol levels, leading to in-
creased entry of lipopolysaccharide into cells, 
and increased inflammatory cytokine production 
[13, 15, 16]. Statins are known to suppress the 
prenylation of Rho protein and its downstream 
inflammatory cytokine production through NF-
kB; thus, the effect of statins on inflammation 
is likely to vary depending on pathophysiological 
conditions. Based on pleiotropic effects, statins 
seem to act as immune suppressive agents and 
may have beneficial effects on those who have 
excessive and/or life-threatening immune-inflam-
matory reactions, such as in transplantations or 
HFpEF [17] (Figure 1).

In a meta-analysis that included 17 RCTs with 
132,538 participants conducted over 4.3 years, 
statin therapy reduced LDL cholesterol levels by 
0.97 mmol/l (38 mg/dl). Furthermore, numbers 
of patients experiencing non-fatal hospitalization 
due to HF were lower (RR = 0.90, 95% confidence 
interval (CI): 0.84–0.97) and the composite HF 
outcome (RR = 0.92, 95% CI: 0.85–0.99) but not 
HF death (RR = 0.97, 95% CI: 0.80–1.17) was also 
improved. The effect of statins on first non-fatal 
HF hospitalization was similar whether this was 
preceded by myocardial infarction or not [9]. Sta-
tin use in HF may also have pleiotropic effects as 

Figure 1. Molecular mechanisms of statin use in HF patients
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the modulation of Kv1.5 and Kv4.3 channel activi-
ty and the inhibition of sympathetic nerve activity 
change the myocardial action potential plateau 
and suppress arrhythmogenesis [15]. Moreover, 
the lipophilic atorvastatin showed a  significant 
impact on all-cause mortality, left ventricular ejec-
tion fraction (LVEF), and hospitalization due to HF, 
although this was not obvious with hydrophilic 
rosuvastatin use [18]. Lipophilic statins are much 
more susceptible to drug interactions with many 
other medications metabolized by the CYP450 
system. In two large RCTs rosuvastatin did not re-
duce the primary composite mortality/morbidity 
endpoints in HF patients with or without ischemic 
heart disease (IHD), although there was no in-
crease in risk, and the number of hospitalizations 
was reduced [8, 11, 12].

There is some evidence suggesting that statins 
might reduce muscle strength and alter energy 
metabolism during aerobic exercise, leading to 
limited efficacy in HF patients, although their use 
may preserve or increase lean mass and exercise 
performance [19]. Statins might also rarely induce 
inflammatory myopathies characterized by signif-
icant elevations of enzymes levels, a  myopathic 
pattern on the electromyogram, and inflammato-
ry infiltrates evident on muscle biopsy, triggering 
the mitochondrial pathway of apoptosis [14, 20], 
although they regulate inflammation and improve 
cardiac sympathetic activity. 

Advanced patient’s age and heart failure clini-
cal stage have been related to statin intolerance, 
while in patients with less advanced HF, statin 
therapy might be beneficial in reduction of coro-
nary events, whereas in severe HF, it could be too 
late for any potential benefits from statin therapy 
due to progressive loss of pump function. A recent 
meta-analysis based on the data from 4.2 million 
statin intolerance patients did not confirm the role 
of HF in the risk of statin intolerance [21].

PCSK9 is an emerging factor in HF patients, 
associated with energy metabolism disorders in 
heart failure [22]. PCSK9 can participate in car-
diomyocyte apoptosis through NF-κB signal acti-
vation, induce autophagy of primary cardiomyo-
cytes through reactive oxygen species, and take 
part in the immune process of tumors. It also par-
ticipates in platelet activation and thrombosis by 
binding to platelet CD36 and takes part in the 
process of inflammation through the TLR4/NF-
κB signaling pathway. The potential mechanism 
of PCSK9 regulating energy metabolism in car-
diomyocytes during HF is mainly due to energy 
handling. When cardiomyocytes are exposed to 
a series of stimulations, the secretion of PCSK9 
increases, activates PKB/Akt signaling and caus-
es glucose metabolism disorder, affecting the 
fatty acid β-oxidation and tricarboxylic acid cir-

culation in mitochondria. In addition, increased 
PCSK9 can also affect mitochondrial biogenesis, 
causing energy metabolism disorder of cardio-
myocytes [1, 14, 18]. In the BIOSTAT-CHF cohort 
study [23], circulating PCSK9 was found to be 
significantly increased in patients with heart fail-
ure and positively correlated with mortality risk. 
However, in the ODYSSEY trial [24] the use of 
the PCSK9 inhibitor alirocumab in patients with 
a history of HF after an acute coronary event did 
not show any effectiveness in reducing the risk of 
major adverse cardiovascular events (MACE) and 
HF hospitalization. Emerging data in heart trans-
planted patients revealed that after 3 months of 
PCSK9 inhibitor initiation, there was an LDL reduc-
tion of 51.7% from baseline, while by 9 months,  
24 out of 26 patients with available data had a re-
corded LDL level < 100 mg/dl. However, no inter-
action was observed between PCSK9 inhibitors 
and immunosuppressive medications [25]. Some 
considerations for the use of LLT in HF patients 
arose from the “cholesterol paradox”, in which 
low serum total cholesterol and lower high-den-
sity lipoprotein were associated with poor prog-
nosis in patients with established HF (in contrast 
to patients without HF); however, this may rep-
resent a  case of reverse causality. Additionally, 
lower lipid levels are evident in advanced HF 
patients, among whom hepatic congestion can 
impair hepatic biosynthesis of cholesterol, while 
intestinal congestion impairs cholesterol absorp-
tion. Thus, cachexia that accompanies advanced 
right heart failure is correlated with low LDL-C 
levels, poor nutritional status, and higher N-ter-
minal pro-B-type natriuretic peptide levels. The 
effect of LVEF on the impact of statin treatment 
has been illustrated in previous studies. For ex-
ample, in the PEARL study, pitavastatin use had 
a  significant beneficial effect on patients with 
LVEF above 30% compared with those with LVEF 
< 30%, reflecting the interference of statins with 
catabolic pathways in advanced HF [26]. On the 
other hand, lipophilic statin may have a  more 
beneficial effect compared to hydrophilic statins 
on cardiovascular mortality and morbidity, irre-
spectively of type of HF and level of LVEF, as has 
been illustrated in a meta-analysis of 17 studies 
[27]. New lipid-lowering treatments with bempe-
doic acid and obicetrapib may have an additive 
beneficial role in hyperlipidemic patients also 
exhibiting anti-inflammatory properties in meta-
bolic syndrome, although studies on HF patients 
are still lacking. 

Concluding remarks

All these considerations point to the funda-
mental role of lipid level modification in HF pa-
tients in the context of primary and secondary 
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prevention of cardiovascular disease, avoiding 
discontinuation of lipid treatment in patients with 
newly diagnosed HF, the awareness that lipid me-
tabolism play a crucial role in energy handling in 
HF and the acknowledgment that in patients with 
advanced heart failure and cachexia, supportive 
therapy may not include lipid treatment. In HFpEF 
patients, LLT can show beneficial effects in terms 
of secondary and even primary prevention for car-
diovascular disease, again with limitations being 
noted in advanced stages of HFpEF [28]. Addition-
ally, the initiation of new therapies in HF patients, 
such as the inhibition of sodium-glucose trans-
port proteins in the nephron, has an important 
effect on the metabolic pattern in those patients, 
modifying residual metabolic risk beyond any lip-
id-lowering treatment (Table I). 

Funding

No external funding.

Ethical approval

Not applicable.

Conflict of interest

The authors declare no conflict of interest.

R e f e r e n c e s
1.	Groenewegen A, Rutten FH, Mosterd A, Hoes AW. Ep-

idemiology of heart failure. Eur J Heart Fail 2020; 22: 
1342-56. 

2.	Maddox TM, Januzzi JL Jr, Allen LA, et al. 2024 ACC Ex-
pert Consensus Decision Pathway for Treatment of 
Heart  Failure With Reduced Ejection  Fraction: A  Re-
port of the American College of Cardiology Solution 
Set Oversight Committee. J Am Coll Cardiol 2024; 83:  
1444-88. 

3.	McDonagh TA, Metra M, Adamo M, et al.; ESC Scientif-
ic Document Group. 2023 Focused Update of the 2021 
ESC Guidelines for the diagnosis and treatment of acute 
and chronic heart failure. Eur Heart J 2023; 44: 3627-39.

4.	Hilfiker-Kleiner D, Landmesser U, Drexler H. Molecular 
mechanisms in heart failure. Focusing on cardiac hyper-
trophy, inflammation, angiogenesis and apoptosis. JACC 
2006; 48: A56A66.

5.	Cotter G, Deniau B, Davison B, et al. Optimization of 
evidence-based heart failure medications after an 
acute heart failure admission: a secondary analysis of 
the STRONG-HF randomized clinical trial. JAMA Cardiol 
2024; 9: 114-24.

6.	Okuyama H, Langsjoen PH, Hamazaki T, et al. Statins 
stimulate atherosclerosis and heart failure: pharmaco-
logical mechanisms. Exp Rev Clin Pharmacol 2015; 8: 
189-99. 

7.	Kjekshus J, Apetrei E, Barrios V, et al. Rosuvastatin in 
older patients with systolic heart failure. N Engl J Med 
2007; 357: 2248-61.

8.	Tavazzi L, Maggioni AP, Marchioli R, et al. Effect of rosu-
vastatin in patients with chronic heart failure (the GIS-
SI-HF trial): a  randomised, double-blind, placebo-con-
trolled trial. Lancet 2008; 372: 1231-9.

9.	Preiss D, Campbell RT, Murray HM, et al. The effect of 
statin therapy on heart failure events: a  collaborative 
meta-analysis of unpublished data from major random-
ized trials. Eur Heart J 2015; 36: 1536-46. 

10.	Oikonomou E, Siasos G, Zaromitidou M, et al. Atorvasta-
tin treatment improves endothelial function through en-
dothelial progenitor cells mobilization in ischemic heart 
failure patients. Atherosclerosis 2015; 238: 159-64.

Table I. Practical take-home message for the use of lipid-lowering therapy in heart failure patients

Variable Potential effects of statins Indications Considerations

HFrEF Decrease inflammatory markers
Increase NO bioavailability

Modulate activity of the 
proteasome; improving cardiac 

sympathetic activity;
Lipophilic may be preferred

Ischemic cardiomyopathy in 
terms of secondary prevention
Non-ischemic cardiomyopathy 
in terms of primary prevention, 
especially in elevated hs-CRP 
and lower NTproBNP levels 

In advanced HF patients, 
with cachexia and severe 

deterioration of clinical status 
and functional capacity

Down-titration discontinuation 
may be considered  

Risks for: increased susceptibility 
to catabolic effects of cytokines 

such as TNF-α; triggering the 
mitochondrial pathway of 
apoptosis – statin-induced 

depletion of CoQ10

HFpEF Reduction of inflammation
Suppression of immune-
inflammatory reactions

Reduction of oxidative stress
Improvement of endothelium 

function
Inhibition of sympathetic nerve 

activity
Lipophilic may be preferred

Ischemic cardiomyopathy in 
terms of secondary prevention
Non-ischemic cardiomyopathy 
in terms of primary prevention, 
especially in elevated hs-CRP 
and lower NTproBNP levels 

In advanced HF patients, 
with cachexia and severe 

deterioration of clinical status 
and functional capacity

Down-titration discontinuation 
may be considered  

Risks for: increased susceptibility 
to catabolic effects of cytokines 

such as TNF-α; triggering the 
mitochondrial pathway of 
apoptosis – statin-induced 

depletion of CoQ10



Christina Chrysohoou, Kostas P. Tsioufis

1362� Arch Med Sci 4, August / 2024

11.	Bielecka-Dabrowa A, Fabis J, Mikhailidis DP, et al. Pro-
sarcopenic effects of statins may limit their effective-
ness in patients with heart failure. Trends Pharmacol Sci 
2018; 39: 331353.

12.	Rogers JK, Jhund PS, Perez AC, et al. Effect of rosu-
vastatin on repeat heart failure hospitalizations: the  
CORONA Trial (Controlled Rosuvastatin Multinational 
Trial in Heart Failure). JACC Heart Fail 2014; 2: 289-97.

13.	Cleland JG, McMurray JJ, Kjekshus J. Plasma concentra-
tion of amino-terminal pro-brain natriuretic peptide 
in chronic heart failure: prediction of cardiovascular 
events and interaction with the effects of rosuvastatin: 
a report from CORONA (Controlled Rosuvastatin Multi-
national Trial in Heart Failure) J Am Coll Cardiol 2009; 
54: 1850-9.

14.	Bielecka-Dabrowa A, Banach M, Wittczak A, et al. The 
role of nutraceuticals in heart failure muscle wasting as 
a result of inflammatory activity. The International Lipid 
Expert Panel (ILEP) Position Paper. Arch Med Sci 2023; 
19: 841-64. 

15.	Liu G, Zheng XX, Xu YL, Ru J, Hui RT, Huang XH. Me-
ta-analysis of the effect of statins on mortality in pa-
tients with preserved ejection fraction. Am J Cardiol 
2014; 113: 1198-204.

16.	Banach M, Serban C, Ursoniu S, et al.; Lipid and Blood 
Pressure Meta-analysis Collaboration (LBPMC) Group. 
Statin therapy and plasma coenzyme Q10 concentra-
tions: a systematic review and meta-analysis of place-
bo-controlled trials. Pharmacol Res 2015; 99: 329-36.

17.	Fukuta H, Goto T, Wakami K, Ohte N. The effect of 
statins on mortality in heart failure with preserved ejec-
tion fraction: a meta-analysis of propensity score analy-
ses. Int J Cardiol 2016; 214: 301-6.   

18.	Lipinski MJ, Cauthen CA, Biondi-Zoccai GG, et al. Me-
ta-analysis of randomized controlled trials of statins 
versus placebo in patients with heart failure. Am J Car-
diol 2009; 104: 1708-16.

19.	Alehagen U, Benson L, Edner M2, Dahlström U, Lund 
LH. Association between use of statins and mortality 
in patients with heart failure and ejection fraction of 
≥50. Inhibitors of 3hydroxy-3-methylglutaryl-coenzyme 
A  (HMG-CoA) reductase occasionally cause myopathy 
characterized by weakness, pain, and elevated serum 
creatine phosphokinase (CK). Circ Heart Fail 2015; 8: 
862-70.  

20.	Ugovšek S, Zupan J, Rehberger Likozar A, Šebeštjen M. 
Influence of lipid-lowering drugs on inflammation: what 
is yet to be done? Arch Med Sci 2021; 18: 855-69.

21.	Bytyçi I, Penson PE, Mikhailidis DP, et al. Prevalence of 
statin intolerance: a  meta-analysis. Eur Heart J 2022; 
43: 3213-23. 

22.	Sarzani R, Spannella F, Di Pentima C, Giulietti F, Landol- 
fo M, Allevi M. Molecular therapies in cardiovascular 
diseases: small interfering RNA in atherosclerosis, heart 
failure, and hypertension. Int J Mol Sci 2023; 25: 328.

23.	Adamo M, Pagnesi M, Di Pasquale M, et al. Differen-
tial biomarker expression in heart failure patients 
with and without mitral regurgitation: insights from  
BIOSTAT-CHF. Int J Cardiol 2024; 399: 131664.

24.	White HD, Schwartz GG, Szarek M, et al.; ODYSSEY  
OUTCOMES Investigators. Alirocumab after acute coro-
nary syndrome in patients with a history of heart fail-
ure. Eur Heart J 2022; 43: 1554-65.

25.	Chapa JJ, McCollum JC, Bisono JQ, Prakash RS, Gug- 
lin ME, Rao RA. PCSK9 inhibition in patients after heart 
transplantation: a  retrospective review and literature 
analysis. Curr Heart Fail Rep 2023; 20: 168-78.

26.	Takano H, Mizuma H, Kuwabara Y, et al.; PEARL Study In-
vestigators. Effects of pitavastatin in Japanese patients 
with chronic heart failure: the Pitavastatin Heart Failure 
Study (PEARL Study). Circ J 2013; 77: 917-25.

27.	Bielecka-Dabrowa A, Bytyçi I, Von Haehling S, et al. As-
sociation of statin use and clinical outcomes in heart 
failure patients: a systematic review and meta-analysis. 
Lipids Health Dis 2019; 18: 188. 

28.	Katsiki N, Filippatos T, Vlachopoulos C, et al. Executive 
summary of the Hellenic Atherosclerosis Society guide-
lines for the diagnosis and treatment of dyslipidemias 
– 2023. Atheroscler Plus 2024; 55: 74-92. 

	

mailto:Christina Chrysohoou 

