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Abstract: Background: Heart failure is a common medical problem in the world, which has a high
prevalence in both developed and developing countries. Today, among the medications used for the
heart failure treatment, there are many medications with a positive cardiac contraction effect (posi-
tive inotropic such as digital glycosides, adrenergic receptor stimulants, and phosphodiesterase
inhibitors), a large number of cardiac diluents (such as Angiotensin-Converting Enzyme (ACE)
inhibitor group), and a few other types of drugs whose final effects are still under review. Statins
are valuable drugs that are broadly prescribed in hyperlipidemia and cardiovascular patients due to
their multiple properties, such as cholesterol reduction, endothelial function improvement, anti-
oxidative, anti-inflammatory, neovascularization, and immunomodulatory activities.

ARTICLE HISTORY

Methods: There is evidence that the therapeutic role of statins in HF, due to myocardial hypertro-
phy, show reduction in cardiomyocyte loss in the apoptosis process, oxidative stress, inflammation,
and also the return of neurohormonal imbalance. However, the fact that these drugs have no side-
effects has not been confirmed in all studies, as statins prevent the production of particular benefi-
cial and protective factors, such as coenzyme Q10 (CoQ10), while inhibiting the production of spe-
cific proteins involved in pathologic mechanisms.
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Results: Recently, it has been hypothesized that, despite the positive effects reported, high doses of
statins in patients with long-term heart failure lead to progress in heart failure by inhibiting CoQ10
synthesis and intensifying hypertrophy.

Conclusion: Thus, it can be stated that the advantage of using statins depends on factors, such as
stroke fraction, and the existence of other standard indications such as atherosclerotic diseases or
high Low-Density Lipoprotein-C (LDL-C).
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1.INTRODUCTION
1.1. Cardiovascular Diseases

Cardiovascular diseases are the most prevalent reason for
death in most countries across the world, including Iran; and
is the most important factor contributing to disability. Now,
although the world is witnessing a rapid progress in the di-
agnosis and treatment of such diseases, more than 30% of
patients with heart attacks die, and those who survive, never
fully recover; and their lifestyle in the rest of their life con-
tinues under the influence of these diseases [1, 2]. Further, these
diseases impose massive costs on health systems in societies.
Still, cardiovascular diseases are recognized as one of the most
preventable noncommunicable diseases of humans [3-5].
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1.2. HEART FAILURE

Heart failure is a common medical problem in the world,
which has a high prevalence in both developed and develop-
ing countries [6, 7]. Approximately, 15 million people in the
world and 5.7 million patients with heart failure have been
diagnosed in the United States [8, 9]. Furthermore, in Iran,
according to statistics issued by the Control Disease Center
in 2009, the number of people with heart failure in 18 prov-
inces has been around 3.3 in every 100 population, of which
about 2.8 percent were over the age of 50 years and, roughly
0.4% aged between 15 and 45 years. In this report, the aver-
age age of mortality has been estimated at 65.7 years and the
percentage of years of potential life lost is 1.7 years [10].
Age is deemed an effective factor in the prevalence of heart
failure such that the prevalence of heart failure in individuals
between 50 and 59 years old is 1%, however, 10% in people
above 70 years; the disease frequency doubles after spending
10 years of a person’s life [11, 12].

© 2020 Bentham Science Publishers


http://crossmark.crossref.org/dialog/?doi=10.2174/1574884714666190802125627&domain=pdf

Role of Statins in Heart Failure Treatment

According to reports, heart failure is the most critical
factor in the admittance of patients in the cardiac ward, and
about 50% of the patients have to undergo hospitalization in
less than six months due to symptom exacerbation. At least
one-third of heart failure patients are hospitalized once a
year, and this happens to 15 to 20 percent of patients several
times a year. The mortality rate in patients with heart failure
has been measured to be about 20% after the first year of
diagnosis; and over the passage of time, between 10 and
20% of cases die each year. Studies show that the 5-year
survival rate of patients, since the onset of symptoms, is less
than 50% [13, 14].

2. PATHOPHYSIOLOGY OF HEART FAILURE

The incidence of heart failure is usually associated with
underlying cardiovascular diseases. Coronary artery athero-
sclerosis, high blood pressure and weakened heart muscle in
adults, and also cardiomyopathy and valve disease in young
people are frequent cardiovascular causes contributing to the
disease occurrence. Non-cardiac causes of heart failure in-
clude severe anemia, thiamine deficit, and the use of some
anti-cancer drugs such as doxorubicin [15-17].

Systolic and diastolic inefficacies are two of the most
important mechanisms of this disease. In the Systolic Heart
Failure (SHF), the heart has a problem in contractile func-
tion; thus, resulting in reduced Stroke Volume (SV) and
Cardiac Output (CO), followed by hypotension. These pa-
tients have a decrease in Ejection fraction, with an ejection
fraction of less than 40% indicating a state of being affected
by heart failure. In the Diastolic Heart Failure (DHF), the
ventricle wall cannot rest sufficiently; hence, resulting in
inadequate ventricular filling during diastole and subse-
quently decreasing the stroke volume and cardiac output [18-
22].

3. EFFECTIVE MEDICATIONS ON HEART FAILURE

Today, among the medications used for the heart failure
treatment, there are many medications with a positive cardiac
contraction effect (positive inotropic such as digital gly-
cosides, adrenergic receptor stimulants, and phosphodi-
esterase inhibitors), a large number of cardiac diluents (such
as Angiotensin-Converting Enzyme (ACE) inhibitor group),
and a few other types of drugs whose final effects are still
under review (such as the HMG-CoA reductase enzyme
inhibitor group) (Table 1) [23].

4. STATINS

Statins are one of the blood-cholesterol-lowering drugs
that reduce the synthesis of cholesterol in the liver by inhibit-
ing the 3-Hydroxy-3-Methylglutaryl Coenzyme (HMG-CoA)
reductase enzyme [24]. The enzyme HMG-CoA reductase is
involved in the synthesis of cholesterol and catalyzes con-
version HMG-CoA to mevalonic acid, a precursor to choles-
terol synthesis. Statins increase the expression of LDL recep-
tors at the cell surface, which results in the absorption of
LDL into cells. These medications, by increasing the synthe-
sis of HMG-CoA reductase, lead to the preservation and re-
generation of cellular VLDL for a short time and temporar-
ily, thereby reducing plasma LDL levels and eventually
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maintaining the normal state of intracellular cholesterol [24,
25]. Statins can also have a decreasing effect on VLDL by
the effect on the secretion of apolipoprotein B [26, 27]. The
drugs in the statin family/group all have LDL-lowering ef-
fects, which themselves reduce the damage to coronary arter-
ies. However, each has different effects on reducing choles-
terol and cardiovascular events [28].

Due to their type of function, these drugs have a vital
therapeutic role in cardiovascular atherosclerotic patients and
reduce the mortality rate of hypercholesterolemic diseases by
about 30% [29]. Statins increase low-density lipoprotein
LDL receptors in the liver (Up regulation), thereby lowering
the density of blood free cholesterol. Statins reduce choles-
terol LDL by 20-60% and triglyceride by 10-40%, with an
increase of 5% to 15% in HDL [30-32]. Based on the results
of clinical tests, these drugs reduce the risk of coronary ar-
tery disease and thus reduce the overall mortality rate of
heart patients. Available statistics regarding the matter show
their desirable effects on the dramatic reduction, by 42%, in
deaths from coronary artery diseases in people with high
LDL [33, 34].

Based on the previous studies, there is a direct correlation
between taking statins and control of heat shock proteins
(HSP or stress proteins) [35]. HSPs are a family of proteins
that are produced by cells in response to exposure to stressful
conditions; whereas some of them such as HSP90, HSP84,
HSP70, HSP27, HSP20, and alpha B crystallin all have been
reported as having roles in the cardiovascular diseases [36].
It has been previously reported that HSPs and Heat Shock
Factor 1 (HSF1) are mainly the pathogenesis of protection
against atherosclerosis [35]. Recently, Forouzanfar et al.
(2018) demonstrated that statins upregulated endothelial
thrombomodulin by involved NO-dependent dissociation of
HSF1 from HSP90, nuclear translocation of HSF1, and
activation of specific heat shock elements; whereas statin
treatment was associated with a reduction in antibody titers
to Hsp-60, -65, and -70. In short, the extensive range of non-
lipid-mediated features of statin medicines can be ascribed in
part to the modulating effects of these medications on HSPs
[37].

Considering the association between Endoplasmic
Reticulum (ER) and statins some study are available [38].
ER in eukaryotic cells has numerous vital cellular roles
including protein synthesis, protein folding, protein
translocation, calcium homoeostasis and lipid biosynthesis
[39]. A highly preserved mechanism that results from the
cumulation of unfolded or misfolded proteins in the ER is
ER stress response [38]. ER stress plays a momentous role in
cardiovascular diseases, such as atherosclerosis and chronic
heart failure. ER stress has a major function in
cardiomyocyte apoptosis during the progression of Heart
Failure (HF) in all its stages, with ER stress being increased
by hypoxia, oxidative stress, Ang II stimulation and
inflammatory factors [38, 39].

In the study conducted by Yuanyuan et al. (2017), it has
been proven that statin can effectively suppress the devel-
opment of AAA, and reduce ER stress, ER stress-associated
apoptosis signaling pathways, and inflammatory response
[40].
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Table 1. Some effective medicines for the treatment of heart failure (HF).
Drug Initial Dose Target Dose* Side Effects
- Captopril 6.25-25 mg TID 50 mg TID Hypotension
- Enalapril 2.5 mg BID 20 mg BID SCr/BUN increase
Angiotensin Converting Lisinopril 2.5-5 mg daily 40 mg daily Hyperkalemia
Enzyme Inhibitors
- Trandolapril 1 mg daily 4 mg daily Cough
- Perindopril 2 mg daily 16 mg daily -
- Bisoprolol 1.25 mg daily 10 mg daily Hypotension
Beta Blockers Carvedilol 3.125 mg BID 50 mg BID First-degree heart block
- Carvedilol CR 10 mg daily 80 mg daily Dizziness
- Metoprolol succinate 12.5-25 mg daily 200 mg daily -
- Candesartan 4-8 mg daily 32 mg daily Hypotension
Angiotensin Receptor Blockers Losartan 25-50 mg daily 150 mg daily SCr/BUN increase
- Valsartan 20-40 mg BID 160 mg BID Hyperkalemia
- Hydralazine 25-50 mg TID-QID 300 mg daily Hypotension
Headache
Vasodilators Isosorbide dinitrate(ISD) 20-30 mg TID-QID 120 mg daily Dizziness
Asthenia
- Fixed-dose combination 37.5 mg hydralazine/20 75 mg hydralazine/40 Nausea
mg ISD TID mg ISD TID
- Bumetanide 0.5-1.0 mg daily or 10 mg daily Fluid loss
Diuretics Furosemide 20-40 mg daily or 600 mg daily Hyperuricemia
- Torsemide 10-20 mg daily 200 mg daily Cramping/diarrhea
- Ethacrynic acid 25-50 mg daily 100 mg BID Hypotension
Positive inotropic Digoxin 0.125-0.25 mg daily 0.25 mg daily Heart block
Arrhythmias
Anorexia

Studies have also shown that one of the beneficial effects
of statins in prevention and remedy of cardiac hypertrophy
was mediated through their inhibitory effect on TNFa action,
via their antioxidant activity (inhibition of NADPH oxidase)
and TNFa production (by inhibiting the activation of NF-«xB)
[41].

5. STATINS AND BENEFICIAL EFFECTS IN HF

According to Bielecka-Dabrowa A, in patients with di-
lated cardiomyopathy treated by atorvastatin, the reduction
in IL-6 and (N-terminal pro B-NT-pro BNP type brain natri-
uretic peptide) were observed after 2 months; and, the sever-
ity of heart failure in patients was improved 2 and 6 months
after starting the treatment according to the classification of
The New York Heart Association (NYHA) [42]. A study
was conducted aiming to investigate the effect of statins on
the mortality rate of individuals with severe ischemic and

non-ischemic failure (less than 30% ejection fraction and
NYHA IIIB / IV symptoms) among 1153 people. Consider-
ing factors such as age, sex, diabetes, the cause of HF, ejec-
tion fraction and NYHA class, the use of statins resulted in a
62% reduction in risk of death. Given that this adjustment in
essential characteristics such as serum cholesterol levels was
not significant, this study considered further efforts to
achieve the potential advantages of statins in people with
severe heart failure to be necessary [43].

A prospective study scrutinized the relationship between
statins and prognosis in patients with ischemic and non-
ischemic heart failure and involved with LVEF. Of the 960
patients evaluated throughout 9 years, 532 had ischemic
heart failure and received angiotensin inhibitor and -
blockers. During the follow-up, 440 people passed away.
Statin therapy was significantly associated with reduced risk
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Table2. Clinical dose and pharmacokinetic effects of some statins drugs.
Drug Daily Dose Absorption Protein Half Life Solubility Median Median Median Increase
(mg) (%) Binding (Hour) Decrease Decrease “HDL”
(%) “LDL” (%) “TG” (%) (%)
Lovastatin 20-80 31 95 2-3 Lipophilic 20-40 10-19 7-10
Simvastatin 5-80 60-85 98 2-3 Lipophilic 28-45 4-19 5-12
Pravastatin 10-40 35 40-50 1-3 Hydrophilic 20-40 9-15 12-16
Fluvastatin 20-80 98 99 0.5-1 Hydrophilic 22-24 7-12 2-4
Atorvastatin 10-80 - 98 13-15 Lipophilic 30-60 26-45 5-15
@ 0 OH OH 0 HO 0 0~ OH
HO
7 /\/k/k)ko \Co(
N H 0 .

N
H

OO /%9 H

;

(D)

(E)

(F)

Fig. (1). Chemical structure of some main statin drugs. A: Atorvastatin; B: Simvastatin; C: Pravastatin; D: Fluvastatin; E: Lovastatin; F:

Pitavastatin.

of death in both groups of patients with ischemic and non-
ischemic origin [44].

The purpose of another study was to review randomized
trials by comparing statins with placebo for HF and compar-
ing the effects of different statins. The mortality rate all-
cause mortality, mortality rate from cardiovascular disease,
hospitalization due to HF exacerbation, were considered
drug side effects and changes in LVEF. In this meta-
analysis, ten studies with 10192 patients with a follow up of
3 to 47 months randomly undergoing treatment with simvas-
tatin, atorvastatin, and resuvastatin were examined. Although
statins did not affect the mortality rate, the hospitalization
rate due to the deterioration of HF, declined significantly.
Atorvastatin was effective in reducing all-cause mortality
rate as well as the hospitalization rate due to HF deteriora-
tion. In the treatment by atorvastatin and simvastatin, im-
provement effects in LVEF were observed; however, these

beneficial effects were not observed in patients treated with
resuvastatin [45].

In another study, 5011 patients with at least 60 years of
age with either systolic IV or II, IIl NYHA ischemic heart
failure, randomly received rosuvastatin 10 mg or placebo
each day. In the rosuvastatin consumer group, there was a
significant reduction in levels of low-density lipoprotein
cholesterol and high-sensitivity C-reactive protein compared
to placebo users. There was no difference in cardiovascular
mortality rate between the two groups after follow up of 32.8
months. However, the hospitalization rates due to cardiovas-
cular causes in the rosuvastatin user group were 371 lower
than placebo users. Also, the rosuvastatin group did not
show any excessive effects associated with muscle or other
drug side effects [46].

In recent years, a meta-analysis was conducted to com-
pare the effects of lipophilic and hydrophilic statin therapies
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on cardiac inflammation and function in HF. Factors meas-
ured in this study were changes in LVEF, B-type natriuretic
peptide (BNP), and inflammation (changes in hsCRP and IL-
6). The results of a study of 6214 patients during the follow-
up, show better treatment effects of lipophilic statins on car-
diac function and inflammation in patients with HF as com-
pared to hydrophilic statins [47].

In a double-blind study of 16 weeks, the crossover im-
pacts of atorvastatin 10 mg/day on the concentration of sys-
temic inflammatory markers in 22 HF patients (including 20
patients with non-ischemic HF) with NYHA II or III class
symptoms as well as left ventricular ejection fraction were
assessed less than 40%. Treatment with statins reduced the
soluble tumor necrosis factor receptor-1 by 8%, the C-
reactive protein by 37%, and endothelin-1 by 17%. In pa-
tients under treatment, statin has no remarkable impact on
other inflammatory markers such as interleukin-6 and brain
natriuretic peptides. The overall outcome of this study is that
short-term treatment with atorvastatin reduces the levels of
different inflammatory markers in HF patients [48].

Considering the use of statins in cardiovascular patients
with high risk status, in a study conducted by Preiss et al.
(2015) on 14873 high-risk and very high risk patients with
various cardiovascular diseases, including acute coronary
syndrome (ACS), nonfatal myocardial infarction (MI)
treated with statins for reduction LDL-C during the 12
month follow up, the results showed statin therapy leads to
significantly reduced in LDL-C in all patients. So that the
reduction of LDL-C levels by 1 mmol/L results in a decrease
in CVD mortality and in the occurrence of non-fatal myo-
cardial infarction by 20-25% [49].

6. RISKS OF STATIN USE

Although statins, with their distinct functions, have a
decreasing impact on LDL cholesterol and subsequently im-
prove the general condition of patients with HF; however,
according to some studies, lower levels of cholesterol in
those receiving statins ends in undesirable and unpleasant
effects for such patients [50, 51].

A study was carried out to assess levels of cholesterol
and other lipoproteins in 1134 people with advanced heart
failure, characterized by NYHA with symptoms of classes 3
and 4. The results revealed that in patients with lower TC
level, factors such as LDL, HDL, Triglycerides (TG), albu-
min, sodium, LVEF, and cardiac output are significantly
lower than others. In this study, it has been shown that, con-
trary to expectations, the survival rate (the chance to survive)
of patients with lower cholesterol level, is lower than that of
other patients; it was highlighted that the low cholesterol
level is a risk factor for heart failure exacerbation in patients.
This study also considers further studies on the potential role
of low levels of cholesterol and lipoproteins in the patho-
physiology of HF progression to be essential [52].

Lately, a study addressed a low level of High-Density
Lipoprotein (HDL) cholesterol as the most critical factor in
exacerbation of heart failure. Additionally, this study asserts
that levels of HDL, Apolipoprotein (Apo) A-I, triglycerides,
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TC, and LDL are associated with either onset or worsening
of HF. In the research, a rise in HDL cholesterol or ApoA-I
is introduced as a desirable factor in the HF treatment [53].

Also, a study was done aiming at examining the relation-
ship between low levels of cholesterol and mortality in 614
patients with non-ischemic systolic heart failure with LVEF
less than 40%. The findings showed that in patients with
lower serum total cholesterol, hemodynamic symptoms were
worse, LVEF levels were low, and symptoms of higher
NYHA classes were observed. Among these patients, the
risk of untimely death was more notable and the need for
transplantation was increased. In this research, Low TC has
been named as an essential factor in bringing patients with
non-ischemic systolic heart failure close to death [54].

Regarding the beneficial effects of statins, it is reported
that that low serum cholesterol is associated with a worse
prognosis in HF and that Ubiquinone levels are significantly
decreased after statin consumption [55].

Ubiquinone or Ubidecarenone, also known as the coen-
zyme, CoQ10, in addition to having antioxidative activities,
is an essential factor in the transport of mitochondrial elec-
trons and energy supply of myocardium. Some studies have
indicated that low concentrations of this coenzyme are asso-
ciated with the mortality rate of HF patients [56, 57].

However, Deichmann ef a/. (2010) have demonstrated
that although statins inhibit one of the main stages in coen-
zyme Q10 synthesis and subsequently reduced in serum and
muscle tissue coenzyme Q10 levels, a trial of 200 mg of co-
enzyme Q10 daily should be considered for these patients
[58].

In a study, the association between plasma rate and sur-
vival in people with chronic HF has been addressed. In this
study, it was found that low levels of this coenzyme and
plasma Total Cholesterol (TC) in people with CHF may be
associated with high mortality rates. The study concludes
that CoQ10 deficiency may act as a damaging factor in the
long-term prognosis of people with CHF [59].

Another study suggests that statins, along with inhibition
of the HMG-CoA reductase enzyme, also block the pathway
leading to the production of CoQ10. CoQ10 plays a role in
energy transfer in skeletal muscle. In this study, it has been
assumed that a decrease in the concentration of this coen-
zyme causes myopathy due to the use of statins [60].

Extensive studies have been conducted on the antioxida-
tive and anti-inflammatory effects of CoQ10 in different
communities to determine their role in controlling and man-
aging heart disease. Statin-Associated Muscle Symptoms
(SAMS) emerge following the reduction of this coenzyme
when using statins. The Q-SYMBIO test showed that CoQ10
supplementation in patients with heart failure not only im-
proves the ability to function but also significantly decreases
cardiovascular events and mortality [61].

CONCLUSION

Statins are valuable drugs that are broadly prescribed in
hyperlipidemia and cardiovascular patients due to their mul-
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tiple properties, such as cholesterol reduction, endothelial
function improvement, anti-oxidative, anti-inflammatory,
neovascularization, and immunomodulatory activities. The
effects of statins include improving or restoringendothelial
function, enhancing the stability of atherosclerotic plaques,
normalization of sympathetic outflow, antiproliferative and
prevention of platelet aggregation are other functional prop-
erties of statins.

There is evidence that the therapeutic role of statins in
HF, due to myocardial hypertrophy, show reduction in car-
diomyocyte loss in the apoptosis process, oxidative stress,
inflammation, and also the return of neurohormonal imbal-
ance. However, the fact that these drugs have no side-effects
has not been confirmed in all studies, as statins prevent the
production of particular beneficial and protective factors,
such as CoQ10, while inhibiting the production of specific
proteins involved in pathologic mechanisms. Recently, it has
been hypothesized that, despite the positive effects reported,
high doses of statins in patients with long-term heart failure
lead to progress in heart failure by inhibiting CoQ10 synthesis
and intensifying hypertrophy as shown in Table 2 (Fig. 1).
Thus, it can be stated that the advantage of using statins de-
pends on factors such as stroke fraction, and the existence of
other standard indications such as atherosclerotic diseases or
high LDL-C.
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