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Review Article
ABSTRACT
Introduction: Atherosclerosis is one of the major risk factors for the development of coronary artery disease (CAD) and
thus acute coronary syndrome (ACS). The contribution of lipid profile to these conditions justified the existence of 200
million people in the world medicated with statins. However, scientific research shows that although statins are effective
in lowering cholesterol levels, the relation between this lowering with morbidity and mortality reduction associated with
cardiovascular disease (CVD) has been questioned. This review’s objective to find what has been published in order to try
and answer two questions:
1. Is cholesterol the main risk factor for the development of ACS?
2. Will statins be a treatment with a significant impact in reducing the morbidity and mortality of ACS?
Methods: A bibliographic search was conducted in the PubMed and Google Scholars databases of relevant scientific
articles between 2014 and 2018 in the English language.
Results: The efficacy of statins as lipid-lowering drugs is undeniable, but their impact on the morbidity and mortality of
ACS is dubious. Criticism emerges from investigations as JUPITER, AFCAPS/TEXCAPS, PROVE-IT-TIMI-22 and TNT
studies, some of them sponsored by the pharmaceutical industry. New theories on the pathogenesis of ACS have been
delineated as the contribution of inflammatory mechanisms in the process of atherogenesis.
Discussion: Cost-effectiveness, statin effectiveness, and other investigations of ACS contributors should be
considered, such as inflammation and insulin resistance theory.
Statins also have an anti-inflammatory effect (pleiotropic effect) and therefore studies are being conducted to
determine whether the reduction of inflammation will be as effective in reducing adverse CV events regardless of statinsproven hypolipidaemia. Furthermore, insulin resistance may play a major role in this atherogenic inflammatory process.
Conclusion: A complete and combined treatment is required not only for dyslipidemia but also for insulin resistance,
never forgetting the changes in the dietary pattern.
Cholesterol, Statins, Hydroxymethylglutaryl-CoA reductase inhibitors, Acute coronary syndrome,
Atherogenesis, Cardiovascular disease, Primary prevention, Secondary prevention, Dyslipidemia, Inflammation,
Cardiovascular risk factors, Insulin resistance
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INTRODUCTION
Cardiovascular diseases (CVD) (coronary heart disease, stroke and peripheral arterial disease) are the leading cause of
death in European Union countries. Despite this fact, there has been a gradual decrease in the proportion of deaths due
to CVD. In Portugal 29.7% of the deaths were due to CVD in 2015 [1].
In Europe, CVD is accountable for 45% of deaths, with ischemic heart disease being the cause for 862000 deaths
among men and 877000 deaths among women. With regard to disability-adjusted life years (DALYs), this indicator allows
measuring the impact of mortality and morbidity on people's quality of life by sum the years of potential life lost due to
premature mortality and the years of productive life lost due to disability. According to data from the World Health
Organization (WHO), CVD was the cause for a decrease of more than 64 million DALYs in Europe (23% of all DALYs lost) in
the last decade [2].
On the subject of coronary artery disease (CAD), atherosclerosis is unequivocally one of the main risk factors for its
development and is therefore one of the therapeutic targets [3]. Reference authors state that in developed countries,
more than 60% of CAD is due to hypercholesterolemia. This clinical condition may be partly reversed by changes in
lifestyle, and is often controlled by the prescription of lipid-lowering drugs such as statins [4]. According to the WHO,
between 2000 and 2013, there was an increase in the prescription of these drugs in all European countries, with a more
significant increase in Slovakia and the United Kingdom. Currently, it is estimated that more than 200 million people
worldwide take statins [5].
The possible relationship between hypercholesterolemia and CAD has long been studied and subject of many scientific
studies, a reference being the Framingham Heart Study [6].
Among modifiable risk factors, dyslipidaemia in general and hypercholesterolemia in particular are the main
determinants of the atheromatosis process. Dyslipidaemias are evidenced by the elevation of total serum cholesterol,
low-density lipoprotein cholesterol (LDL-C) and triglycerides, and by the decrease in high-density lipoprotein (HDL). In
addition to these factors, several clinical conditions such as diabetes, arterial hypertension, low levels of physical activity,
smoking and obesity are important risk factors in the multifactorial process of atheromatosis. Elevated concentrations of
lipoproteins, inflammatory cells and fibrous elements, responsible for the remodelling of the arterial matrix, are
deposited in the tunica intima of the arteries and lead to the formation of atherosclerotic plaques. Ultimately, these
plaques may lead to vascular lumen obstruction and consequently acute ischemic syndrome, such as CAD, stroke and
peripheral arterial disease [7].
In order to reverse the increased incidence of CVD, there was a need to establish target values for low-density
lipoprotein (LDL-C), high-density lipoprotein (HDL-C) and triglycerides, as well as algorithms for calculating cardiovascular
risk for individuals, for example, Systemic Coronary Risk Estimation (SCORE) [8].
Currently, the guidelines recommend the use of drugs to lower LDL-C as a primary and secondary prevention form [9].
Thus in 2013 American College of Cardiology/American Heart Association (ACC-AHA) defined four groups of individuals
with benefit in the use of statins for the prevention of CVD:
Patients with clinically evident atherosclerotic CVD.
Patients with primary LDL-C elevations ≥ 4.9 mmol/L (190 mg/dl).
Middle-aged individuals between 40-75 years of age with diabetes and LDL-C levels of ≥ 1.8 mmol/L (70 mg/dl).
Middle-aged people with an estimated risk of at least 7.5% atherosclerotic cardiovascular (CV) at 10 years and LDL-C
levels of ≥ 1.8 mmol/L (70 mg/dl) [10].
Recent studies have demonstrated the beneficial effect of statins not only with regard to cholesterol reduction, but
also due to its pleiotropic effects. Thus researchers defend the use of this pharmacological group in the improvement of
endothelial function, in the reduction of proliferation of the cells responsible for vascular and myocardial remodelling, as
well as in the reduction of inflammation, oxidation of atherosclerotic plaques and promoting their stabilization [11,12].
In contrast, in the last decade scientific studies have shown that although statins are effective in lowering cholesterol
levels, this doesn’t apply to the reduction of CVD-associated morbidity and mortality, in addition to the adverse effects
associated with them [13]. The authors of these studies warn that most of the studies that show beneficial results of the
use of statins as a primary prevention method in morbidity and mortality are financed by the pharmaceutical industry. In
this way, they question the veracity of the results [14].
Due to this dichotomy, this review aims to find what has been published in order to try and answer two main questions:
Is cholesterol the main risk factor for the development of acute coronary syndrome (ACS)?
Will statins be a treatment with a significant impact in reducing the morbidity and mortality of ACS?
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MATERIALS AND METHODS
Published papers searched in the PubMed and Google Scholars database between February 2018 and April of 2018
were included. The online paper search was conducted using the terms, or combination of them: cholesterol, statins,
hydroxymethylglutaryl-CoA reductase inhibitors, acute coronary syndrome, atherogenesis, cardiovascular disease,
primary prevention, secondary prevention, dyslipidaemia, inflammation, cardiovascular risk factors, insulin resistance.
The papers were examined and filtered on the following inclusion criteria: being “published in English”, being
“published between 2014 and 2018”. From this initial sample, the abstract and article were analysed.
Articles in which treatment of hypercholesterolemia applied to groups of individuals and specific pathologies, such as
children, the elderly, individuals with renal disease, and articles whose treatment of dyslipidaemia was a pharmacological
group other than statins were excluded.
With the application of these inclusion and exclusion criteria, eighty articles were analysed.

RESULTS
Dyslipidemias are metabolic alterations of lipoproteins due to disturbances in one or more phases of their metabolism
and which are characterized by variations in their serum levels beyond the reference values. This pathology may alone or
in association with other CV (CV) risk factors, lead to the development of atherosclerosis [15]. The high concentrations of
LDL-C potentiate the development of atherosclerotic coronary disease that is also determined in part by HDL-C levels,
which is seen as an independent risk factor [16].
There is ample scientific evidence that the decrease in LDL-C levels unequivocally inhibits the progression of
atherosclerotic disease and decreases the incidence of ACS [17].
Statins (Simvastatin, Rosuvastatin, Atorvastatin, Pravastatin) are, of all drugs with lipid-lowering action, the most
prescribed. These are used in the treatment of dyslipidemias without disregarding lifestyle changes [18,19].
They are used as a primary prevention method in the case of high levels of LDL, cholesterol and triglycerides, as well as
secondary prevention in individuals with a history of an ischemic cardiovascular event [20].
This pharmacological group inhibits the synthesis of intracellular cholesterol through the reversible and competitive
inhibition of the enzyme 3-hydroxy-3-methylglutaryl coenzyme A reductase (HMG-CoA reductase). Its mechanism of
action is the mimicking of the substrate that binds to the catalytic site of the enzyme and consequently inhibits the
synthesis of mevalonic acid. This product is the precursor of cholesterol and many other isoprenoid units, which also
justifies the pleiotropic effects of statins.
HMG-CoA reductase inhibitors allow an increase in the expression of LDL receptors in hepatocytes, and thus justify a
lower concentration of LDL-C. They also have an effect on increasing HDL-C concentration and decreasing circulating
lipoproteins containing Apo B and triglycerides. It should be noted that statins have potency, efficacy and
pharmacokinetic profile that differ from each other. Thus, a distinct dose-efficacy relationship justifies the analysis of the
baseline level of LDL-C in the percentage of LDL reduction that is to be achieved [21,22].
When deciding whether to prescribe statins in the context of atherosclerotic CVD, it is recommended to calculate
cardiovascular risk, which is defined as the probability of an individual developing an atherosclerotic cardiovascular
event in a certain period of time. Many evaluation systems are available and different calculation tools are used by
different entities [23,24].
In the most recent guidelines that use ACC / AHA Pooled Cohort Equations to calculate cardiovascular risk, it is
recommended to prescribe these lipid-lowering drugs to low-risk individuals (7.5% risk of a cardiovascular event within a
10-year interval). Prior to this update, statins were recommended in subjects with cardiovascular risk greater than 20%
[25].
Recently, a study compared the number of US adults for whom statin therapy is recommended by comparing the
National Cholesterol Education Program's Third Adult Treatment Panel (ATP-III) guidelines implemented since 2002 and
the ACC- which were published in 2013. In this study, there was an increase from 43.2 million individuals to 56 million
eligible for statin therapy, with most of this increase, from 10.4 million to 12.8 million, occurring in individuals without
CVD. Under the new guidelines, subjects who are eligible for statin therapy have a significantly lower LDL-cholesterol level
(LDL-cholesterol ≥ 190 mg/dl or ≥ 70 mg/dl and with the diagnosis of diabetes mellitus) [26].
The two guidelines differ in the selection of individuals for treatment with statins. While ATP-III is based on LDLcholesterol levels, ACC-AHA selects individuals based on the 10 year cardiovascular risk calculation. Given this increase
in the population in which statin therapy is recommended and taking into account the adverse effects resulting from
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taking this therapy, it is necessary to discuss with the patient the benefits of the therapy taking into account their
comorbidities, which is also recommended in the new guidelines, in order to avoid overtreatment [27].
The efficacy of statins as lipid-lowering drugs is the subject of a large number of published papers. An example of this
is a meta-analysis involving 18 randomized, case-control trials, with 14,303 patients showing the benefit of using HMGCoA reductase inhibitors as a form of secondary prevention. In this meta-analysis patients started statin therapy 14 days
after the onset of ACS and the results were a reduction in the risk of death, myocardial infarction and stroke, although not
statistically significant. This reduction in the risk of death and complications as well the occurrence of unstable angina
was evidenced in the 4 months following the SCA episode, since the beginning of therapy [28].
The recognized adverse effects and resistance to these drugs potentiated the study of new therapeutic targets in the
treatment of atherosclerosis and subsequent decrease in adverse cardiac events [29]. In recent years new lines of
thought were delineated in the pathogenesis of ACS, with further study of atherogenesis. The researchers emphasize the
importance of understanding the contribution of immune-mediated mechanisms in inflammation that occur in ischemic
heart disease. In addition, they emphasize that the inflammatory mechanisms associated with atherosclerosis and its
complications can be modulated by anti-inflammatory interventions [30,31].
Many components of innate, cellular and humoral immunity are involved at the beginning of the atherogenesis
process, as well as in its progression and future complications [32]. In the process of atherogenesis, pro-inflammatory
monocytes and circulating T cells adhere to the endothelial cells through adhesion molecules, allowing a passage of
them into the vascular artery wall mediated by chemotaxis that is regulated by cytokines. At the level of the intima, the
differentiation of monocytes into macrophages perpetuates and amplifies the local inflammatory process. After the
oxidized LDL particles’ phagocytosis, a process of intracellular cholesterol precipitation occurs and leads to the activation
of NLRP3 family proteins, which, in turn, will allow the formation of the inflammassoma. This induces cell death and
allows the activation of interleukin-1β (IL-1β). Interleukin is preponderant in the expression of leukocyte adhesion
molecules, as well as activation of metalloproteinases (MMP), interleukin-6 and prostaglandin-E2 [33].
With the continuous recruitment of proinflammatory cells, cytokines and the accumulation of lipids, the apoptosis and
necrosis phenomena induce the formation of a necrotic center in the atherosclerosis plaque. This necrotic center has the
peculiarity of being surrounded by a hypoxic environment that constitutes an important trigger for neovascularization [34].
In addition, in the later phase of the process the action of pro-inflammatory cytokines and MMP leads to rupture of the
atherosclerotic plaque fibrotic capsule with consequent activation of the coagulation cascade and formation of occlusive
or sub-occlusive thrombus [35].
Thus, science shows that although statin therapy substantially reduces the occurrence of CV events, many of the
treated individuals will be targeted for recurrence of these events despite being medicated with HMG-CoA reductase
inhibitors. Thus, the development of new drugs targeting the previously described inflammatory pathways appears
promising and requires further studies [30-32].
Clinical trials support the assay of biomarkers of the inflammatory state as predictors of baseline risk and recurrence
of CV events (such as acute myocardial infarction, stroke) [36]. In the clinical trial Pravastatin or Atorvastatin Evaluation
and Infection Therapy-Thrombolysis in Myocardial Infarction 22 (PROVE-IT-TIMI-22), after the diagnosis of ACS, one group
of patients was treated with atorvastatin 80 mg and the remainder with pravastatin 40 mg. Both were followed up for 2
years. The results showed that in the group with a statin prescription at a higher dose the reduction of the risk of death,
myocardial infarction and unstable angina was 16% higher than the prescribed group with a lower dosage. In this last
group, there was also a more modest reduction of LDL-C and C-reactive protein (CRP) levels, denoting one of the
pleiotropic effects of statins, reducing inflammation [16,37,38].
Another well-known sub-study, Cholesterol and Recurrent Events (CARE), evidenced the use of pravastatin in reducing
CRP levels, independent of LDL-C levels, with a significant reduction in CV events. This drug was used as secondary
prevention during the 5 year follow-up of individuals with a history of acute myocardial infarction. In the placebo group,
there was an increase in CRP levels in the 5 years following acute myocardial infarction. In the statin prescription group,
serum levels of inflammatory biomarkers were reduced, which did not correlate with the magnitude of LDL-C changes. In
this way, the researchers reinforce the potential effects of this statin in addition to the lipid-lowering effect [39].
Still on this topic about the prescription of HMG-CoA reductase, all researchers and clinicians do not accept its
prescription as a secondary and primarily primary prevention form. As a result, recent scientific studies have criticized the
clinical trials that led to the increase in the prescription of this drug and became famous as: JUPITER (Justification for the
Use of Statins in Primary Prevention: An Intervention Trial Evaluating Rosuvastatin trial), Air Force/Texas Coronary
Atherosclerosis Prevention Study (AFCAPS/TEXCAPS), PROVE-IT-TIMI-22 e Treating to New Targets (TNT) [40].
JUPITER is one of the most recognized studies in the statin approach. In this multicenter, randomized, double blind
study with a placebo and a control group, subjects who were followed had normal LDL-C (LDL-C<130 mg/dL), but
increased levels of CRP (CRP>2 mg/L). With rosuvastatin’s use, there was a reduction of about 50% in LDL-C and 27% in
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CRP levels. There was also a 44% reduction in adverse cardiovascular events (acute myocardial infarction, stroke,
hospitalization due to unstable angina, arterial revascularization or death of cardiovascular etiology). In addition, there
were no statistically significant differences between the treated group and the control group with regard to side effects,
with the exception of an increased relative risk to 25% of diabetes mellitus in the rosuvastatin group. Although this study
has demonstrated the efficacy of therapeutics in reducing acute phase reactant levels, it is unknown whether the
reduction of CRP alone can reduce vascular event rates [41].
Regarding secondary prevention, the efficacy of statins in decreasing the risk of all causes of death in individuals with
a prior history of coronary disease is unanimous. But is this reduction of morbidity and mortality visible when using
statins as a primary prevention? A meta-analysis involving 11 clinical trials with 65,229 participants considered having a
high cardiovascular risk, without previous history of AMI or stroking did not show a reduction in the risk of all causes of
death in this study group. The latter was treated with statins at a dose ranging from 10 to 40 mg per day, with an average
treatment period of 3.7 years [42].
In another meta-analysis, 13 trials were involved. In six of these trials involving 11435 women without CV disease, it
was found that prescribing statins had no significant effect on reducing the risk of death, AMI’s occurrence, on
revascularization or coronary disease. However, in the remaining 8 clinical trials and which included 8282 women with a
history of CV disease, statins prescription had a significant effect on reducing the above-mentioned parameters. In
conclusion, the researchers support the use of HMG-CoA reductase inhibitors as a secondary prevention method, and
highlight the lack of evidence of its use as a primary prevention method.
Another research work developed in 2003 aimed to study the effect of statins in reducing the progression of
atherosclerotic plaque in the coronary arteries. For this purpose, 182 asymptomatic patients were evaluated for 1.2
years with tomography measurements at the beginning and at the end of the study. Patients with LDL-C ≤ 80 mg/dl at
the end of the study were compared with those who have LDL-C levels >80 mg/dl. The results did not show statistically
significant differences in the progression of calcified atherosclerotic plaque development in both groups (9.3%/year
versus 9.1%/year, respectively). The researchers concluded that there should be a more complex relationship between
statins, LDL-C and coronary heart disease, and further studies are needed [43].
In this topic of atherosclerosis beyond pharmacological treatment, an adoption of a healthier lifestyle is preponderant.
One of the most important and recognized determinants of lifestyle is the diet. Thus, the treatment of dyslipidemia and
the prevention of the development of CVD should always be accompanied by a diet low in saturated fats that will lead to a
decrease in the serum concentration of LDL-C and consequently, a decrease in adverse cardiovascular events [44,45].
The Oslo Diet-Heart Study shows the relationship of dietary changes with different adverse cardiac events. In this study
412 men with a history of AMI were randomly placed in the control group, with maintenance of their diet saturated fat
habitual or in the experimental group where a polyunsaturated diet was instituted. Both groups were followed for a period
of 5 years. In the experimental group there was a 14% reduction in serum cholesterol levels, as well as a decrease in the
main cardiac adverse events: 37% lower risk of AMI and 66% unstable angina [46].
Smoking, overweight and obesity, frequent consumption of foods rich in saturated fat and sedentary lifestyle are
recognized as major risk factors for CV events. So, in conclusion, the clinicians should advise patients to incorporate
healthier eating habits into their daily lives [47].

DISCUSSION
Statins are the most prescribed drugs in medical history. They are presented as possible protectors of ischemic cardiac
events and their complications, reducing the associated morbimortality. In recent years, the medical community's view of
the truthfulness of these benefits has been dubious, especially in its use as primary prevention [48].
Numerous published papers support the use of these lipid-lowering drugs as a primary prevention for the development
of ischemic heart disease. But the most critical claim is that these different scientific studies (that allegedly prove this
theory), are not comparable, in order to draw such conclusions. They claim that the benefits of these drugs cannot be
determined based on the percentage reduction in LDL-C levels between the control group and the group being treated.
Epidemiological data indicate that the absolute difference in LDL-C levels between the two groups is the most informative
measure. Disagreement with the use of HMG-CoA reductase inhibitors is also justified because the reduction of all
causes of death over a period of 5 years is not statistically significant. Regarding these facts, the medical and scientific
community does not have a unanimous opinion regarding the guidelines of its prescription [49,50].
In clinical practice, the prescription of these drugs should be weighed, especially when the goal is primary prevention.
The cost-effectiveness, the effectiveness of statins for a given LDL-C value and the investigation of other contributing
factors for the development of ischemic heart disease are factors that the clinician should take into consideration [51].
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Concerning the cost-effectiveness of statins, the known adverse effects of HMG CoA reductase inhibitors are not
negligible. Statins have short-term effects of rash, headaches, abscesses, nausea, dyspepsia, flatulence, constipation,
memory disorders, and sexual dysfunction [52].
With regard to the long-term effects, although rare can be serious. The most frequently reported effect affects the
musculoskeletal system and is dose-dependent on the statin concerned. These can go from tolerable myalgias or
condition myositis to marked rhabdomyolysis. In this latter condition there is an increase in serum creatine kinase (CK)
levels above 10 times the normal upper limit [53].
In the long term, diabetes, peripheral neuropathy, and increased risk of neoplasia are also other adverse factors to
consider [51,54]. Peripheral neuropathy is documented as a side effect of statins, but others admit the presence of
predisposing factors in the individual for its development beyond taking the HMG-CoA reductase inhibitors. Neuropathy is
thought to be a reflection of the disturbance of the neuronal membrane constitution, with cholesterol being one of its
major components, as well as in the inhibition of coenzyme Q10 [54].
Regarding diabetes mellitus, a multicenter, observational and retrospective study was performed, including 136 966
patients, aged 40 years or older, without previously diagnosed or treated diabetes, with a recently prescribed statin after
a cardiovascular event. In this study, atorvastatin ≥ 20 mg, rosuvastatin ≥ 10 mg or simvastatin ≥ 40 mg was defined as
"high potency statin"; all other treatments with HMG-CoA reductase inhibitors were considered to be of low potency. After
the first two years of regular use of this drug, there was a 15% increase in new cases of diabetes with higher potency
compared to those with lower potency, with an increase in the higher risk in the first 4 months of its use takes. Thus
researchers warn that higher doses should preferably be reserved for patients who do not respond to low potency
treatments given the increased risk of developing this endocrinopathy [55].
At the cancer level there is a huge dichotomy, if on the one hand there are studies mentioning the increased risk of
developing neoplasia, there are others to reinforce the prescription of HMG-CoA reductase inhibitors for their anticarcinogenic effect. In fact, statins inhibit the synthesis of selenoproteins and interfere with the immune function in
natural killer cells justifying a possible increased risk of neoplasia. However, these drugs are also recognized by their antiangiogenic, anti-proliferative and anti-inflammatory effect, justifying a possible anti-carcinogenic effect [56].
A meta-analysis aimed to assess the relationship of pravastatin and the increased risk of neoplasia and whether this
risk was age-dependent. Of the 22 studies under analysis, the researchers concluded that the relationship between the
use of this drug and the increased risk of neoplasia was not statistically significant. However, analyzing the results by the
age of the participants, it was verified that pravastatin would have a pro-carcinogenic effect (p=0.006). Thus, the authors
emphasize the importance of carrying out more studies that verify this possible association [57].
In contrast, statins act by inhibiting the mevalonate pathway, with consequent inhibition of protein prenylation. The
inhibition of this pathway is fundamental since the mutation of the p53 enzyme present in a large number of neoplasia
seems to stimulate this metabolic pathway. Thus, HMG-CoA reductase inhibitors may constitute a therapeutic target in
concomitance with conventional chemotherapeutic treatment [58]. In the case of breast cancer, statins show an inhibitory
effect on Rho proteins responsible for metastatic invasion and the Ras family with a consequent decrease in the
probability of mutation and differentiation of cancer cells [59].
Due to the lack of consensus on the efficacy of these drugs as a primary form of prevention for individuals with limited
cardiovascular risk, the cost-benefit ratio should be even more carefully weighted [60].
Still in this cost-benefit approach, it is pertinent to consider the Number Needed to Treat (NNT). This indicator
represents the average number of patients who need to be treated to prevent one additional bad outcome. Cochrane
discloses that for every 1000 subjects receiving statins as primary prevention for a period of 5 years, 18 will prevent the
occurrence of a cardiovascular event (NNT = 55) [61].
In this cost-benefit relation of the use of the HMG CoA reductase inhibitors it is also important to emphasize the
metabolic consequences of its use. Statins act on the enzyme HMG CoA reductase, inhibiting cholesterol synthesis and
coenzyme Q10 biosynthesis. Coenzyme Q10 plays an important role in the prevention of lipid peroxidation associated
with the atherogenic process [62]. In addition to its antioxidant action, coenzyme Q10 improves energy production by the
cardiac muscle and has membrane stabilizing properties [63]. Given this conditioning, many studies have been developed
on the necessity of supplementation of this coenzyme to the individuals medicated with statins [64]. The data
demonstrate that despite the decrease in serum levels of coenzyme Q10, intramuscular levels of this enzyme before and
after initiation of treatment with statins is inconsistent or do not have statistical significance. These questions are about
of need for supplementation, especially if the justification is the improvement of muscular symptoms [65].
About the metabolic changes induced by statins, in addition to the depletion of coenzyme Q10, vitamin K2 synthesis is
also affected. Vitamin K2 is a cofactor that ensures the carboxylation of glutamic acid to form γ carboxyglutamate. This
protein matrix protects the blood vessels from calcification because it binds to calcium. Thus, the use of statins inhibits
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the formation of vitamin K2 and accelerates coronary arteries’ calcification, which is an important marker of
atherosclerosis [66]. Stimulation of atherosclerosis, the opposite effect for which statins were designed, is also given by
the inhibition of selenium-protein synthesis. Forrester et al, highlight the inhibition of the synthesis of glutathione
perioxidase, a selenium-protein, which will contribute to an increase in oxidative stress. This is related to atherogenesis,
carcinogenesis and aging [67]. Given this paradox of the pro-atherosclerotic effect resulting from the side effects of HMG
CoA reductase, further clinical studies are needed to confirm this.

What about the effectiveness of statins: Will there be a minimum LDL-C value from which the effectiveness of statins is
negligible?
In the JUPITER study, 73% of subjects treated with rosuvastatin achieved cholesterol levels below 70 mg/dl and a 55%
reduction in major CV events. In the individuals that did not reach this level, the reduction of the main CV events was 9%.
In this study, 4,154 participants achieved LDL-C levels below 50 mg/dl, with a consequent reduction in risk of CV events
of 65% and 46% reduction in associated mortality. But they did not experience a risk of CV events significantly different
from those who had LDL-C levels above 50 mg/dL. Thus, if there is a minimum threshold from which statins are not
effective, this will be an LDL-C value below 50 mg/dl [68,69].
Considering the cost-benefit ratio of statins and their effectiveness for lower LDL-C values, the truth of the cholesterol
theory as the main factor in the genesis of ischemic heart disease is also debatable by researchers. Other hypotheses
have been studied.
With the knowledge of the pleiotropic effects of statins, especially in the reduction of inflammatory markers, the
scientific community is confronted with a new paradigm: Is the reduction of inflammation, objectified by CRP levels, so
effective in decreasing adverse CV events independently of levels of LDL-C? [70].
This paradigm is now the target of two recognized studies, which are still on-going: The Cardiovascular Inflammation
Reduction Trial and Canakinumab Anti-inflammatory Thrombosis Outcomes Study. In the first study the researchers
allocated 7000 patients with coronary heart disease and persistently elevated CRP in the placebo group very-low-dosemethotrexate (VLDM, 10 mg weekly). The aim is investigating whether taking low-dose methotrexate reduces heart
attacks, strokes, or death in people with type 2 diabetes or metabolic syndrome that have had a heart attack or multiple
coronary blockages and to date the results have not been reported [71]. In the second study, Canakinumab, an IL-1β
monoclonal antibody, was used. In the group of subjects treated with the monoclonal antibody there was a decrease in
CRP levels and no reduction in LDL-C levels was obtained. After the 3.7 years follow-up, the antibody-treated group
evidenced a decrease in the rate of recurrence of adverse cardiovascular events when compared with placebo regardless
of LDL-C levels. But there was no significant difference in all-cause mortality comparing the two groups [72].
Is very-low-dose-methotrexate and IL-1 beta inhibition in CAD going to hit the clinic soon? We don’t know, but the role
of inflammation in atherothrombosis should be the subject of additional scientific studies to see if there is a prospect of
new therapeutic targets [73].

But beyond that of high levels of cholesterol will there be another factor that accelerate the process of atherosclerosis
and therefore increases the risk of CVD?
Scientific papers have recently emerged to identify insulin resistance as the main predisposing factor in atherogenesis
Insulin-resistance contributes to several chronic pathologies such as dyslipidemia, hypertension, hyperglycemia,
formation of glycation end products and provides an inflammatory, prothrombotic and pro-oxidative environment [75]. IR
is associated with elevated serum levels of CRP and histological and functional alterations of the tunica intima of
vascular walls [76]. This evidence justifies the compromise of homeostasis of the vascular wall, visible by the endothelial
damage caused by the glycotoxicity and lipotoxicity generated by the pro-inflammatory state caused by IR [77].
[74].

The hyperglycemia consequent to the IR process stimulates the pancreatic β cells to produce more insulin. Elevated
serum levels of insulin promote atherosclerosis by stimulating smooth muscle proliferation in the arterial wall, which
predisposes to arterial stiffness as well as to its narrowing. Hyperinsulinemia also contributes to lipolysis, with
consequent increase in serum levels of fatty acids. These will be incorporated by the hepatocytes leading to the
formation of VLDL, LDL, triglycerides, also being described decreases in the concentration of HDL [78].
Still on IR, it contributes to platelet aggregation and high serum levels of fibrinogen. Both phenomena are part of the
pathophysiology of thrombus formation that condition the onset of ischemic heart disease [79].
Lifestyle and dietary pattern seems to be a key point in the prevention of atherosclerotic phenomena. Modest and
severe obesity, for many considered the epidemic of the 21st century, are the main factors for IR development.
Both in the approach to dyslipidemia and IR, clinicians call for a diet low in saturated fats. The high consumption of this
type of fats and trans fatty acids (particularly hydrogenated vegetable oils) associated with low levels of omega-3 fatty
acids contributes to IR. One of the reasons mentioned is the effect of this diet on the composition of the cell membrane,
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leading to a decrease in its fluidity with consequent decrease in insulin-receptor uptake and in the decrease of its action
[80].

Key Learning Points
In recent years we have been attending debates in the medical and scientific community on the contribution of
cholesterol to ischemic heart disease and the benefits of using statins in reducing cholesterol levels and morbidity and
mortality associated with ischemic heart events.
If on the one hand there are advocates of the use of HMG CoA reductase inhibitors as primary and secondary
prevention, there are those who only advocate its use as secondary prevention.
The most critical investigators claim the most diverse justifications. On the one hand, they believe there are other more
solid theories to justify the relationship between atherosclerosis and ACS, namely the inflammatory process. Proponents
of this theory show that inflammation will condition oxidation of lipoproteins and may even have an effect on the rupture
of the fibrotic capsule of the atherosclerotic plaque. Further studies should be performed to evaluate the relevance of
new therapeutic targets in the approach to atherosclerosis and ischemic heart disease.
Another argument pointed out by the more skeptical about the use of statins as a primary preventive method concerns
the cost-benefit relationship. There are many adverse effects that often lead to discontinuation of therapy. In addition to
the muscular symptoms, statins lead to certain metabolic repercussions, namely in the decrease of levels of coenzyme
Q10, selenium-proteins and vitamin K2. Such interferences in metabolism aren’t negligible and should be taken into
account.
In turn, insulin resistance also appears to have its contribution in the process of atherogenesis. In part, due to their
contribution to an inflammatory, prothrombotic and pro-oxidative environment, they compromise homeostasis of the
vascular wall. Thus, regarding the ischemic heart disease, the numerous studies published so far aren’t unanimous in
naming cholesterol as the main risk factor. ACS is pathology with multifactorial etiology and treating the patient
pharmacologically for a single etiological factor doesn’t appear to have a significant impact in reducing morbidity and
mortality.

CONCLUSION
A comprehensive and combined treatment is required not only for dyslipidaemia but also for insulin resistance,
regarding their relationship with ACS.
This same treatment should include changes in the dietary pattern and other non-pharmacological measures, besides
the use of statins or other pharmacotherapeutic agents.

REFERENCES
1.

https://comum.rcaap.pt/bitstream/10400.26/21114/1/Programa%20Nacional%20para%20as%20Doenças
%20Cérebro-Cardiovasculares%202017.pdf

2.

Wilkins E, et al. European cardiovascular disease statistics. Eur Heart Network. 2017.

3.

Jarcho JA, et al. Proof that lower is better - LDL cholesterol and IMPROVE-IT. N Engl J Med. 2015;372:2448-2450.

4.

Nichols MTN, et al. European Cardiovascular disease statistics. 2012.

5.

Desai CS, et al. Non-cardiovascular effects associated with statins. BMJ. 2014;349.

6.

Temple N. Fat, sugar, whole grains and heart disease: 50 years of confusion. Nutrients. 2018;10:39.

7.

Kasper D, et al. Harrison's principles of internal medicine. McGraw-Hill Education. 2015.

8.

Miller M. Dyslipidemia and cardiovascular risk: The importance of early prevention. QJM. 2009;102:657-667.

9.

Pinal-Fernandez I, et al. Statins: Pros and cons. Med Clin (Barc). 2017.

10. Stone NJ, et al. ACC/AHA guideline on the treatment of blood cholesterol to reduce atherosclerotic cardiovascular
risk in adults. A report of the American College of Cardiology/American Heart Association Task Force on Practice
Guidelines. 2013.
11. Oesterle A, et al. Pleiotropic effects of statins on the cardiovascular system. Circ Res. 2017;120:229-243.
12. Bedi O, et al. Pleiotropic effects of statins: New therapeutic targets in drug design. Naunyn Schmiedebergs Arch
Pharmacol. 2016;389:695-712.

RRJMHS | Volume 7 | Issue 2 | April 2018

8

e-ISSN: 2319-9865
p-ISSN: 2322-0104
13. Diamond DM, et al. How statistical deception created the appearance that statins are safe and effective in primary
and secondary prevention of cardiovascular disease. Exp Rev Clin Pharmacol. 2015;8:201-210.
14. Rabaeus M. Recent flaws in evidence based medicine: Statin effects in primary prevention and consequences of
suspending the treatment. 2017;3:10.
15. Rosenson RS, et al. Lipoproteins as biomarkers and therapeutic targets in the setting of acute coronary syndrome.
Circ Res. 2014;114:1880-1889.
16. Wiviott SD, et al. Can low-density lipoprotein be too low? The safety and efficacy of achieving very low low-density
lipoprotein with intensive statin therapy: A PROVE IT-TIMI 22 substudy. J Am Coll Cardiol. 2005;46:1411-1416.
17. Clark LT. Treating dyslipidemia with statins: The risk-benefit profile. Am Heart J. 2003;145:387-396.
18. Stancu C, et al. Statins: Mechanism of action and effects. J Cell Mol Med. 2001;5:378-387.
19. Gurwitz JH, et al. Statins for primary prevention in older adults: Uncertainty and the need for more evidence. JAMA.
2016;316:1971-1972.
20. Kapur N, et al. Clinical efficacy and safety of statins in managing cardiovascular risk. 2008;4:341-353.
21. Raghow R. Statins redux: A re-assessment of how statins lower plasma cholesterol. 2017;8:230.
22. Cooney MT, et al. Cardiovascular risk-estimation systems in primary prevention. Do they differ? Do they make a
difference? Can we see the future. 2010;122:300-310.
23. Cooney MT, et al. Value and limitations of existing scores for the assessment of cardiovascular risk: A review for
clinicians. J Am Coll Cardiol. 2009;54:1209-1227.
24. Force US. Statin use for the primary prevention of cardiovascular disease in adults: US preventive services task force
recommendation statement. JAMA. 2016;316:1997-2007.
25. Pencina MJ, et al. Application of new cholesterol guidelines to a population-based sample. N Engl J Med.
2014;370:1422-1431.
26. DuBroff R, et al. Cholesterol confusion and statin controversy. World J Cardiol. 2015;7:404-409.
27. Briel M, et al. Updated evidence on early statin therapy for acute coronary syndromes: Meta-analysis of 18
randomized trials involving over 14,000 patients. Int J Cardiol. 2012;158:93-100.
28. Narasimhan SD. Beyond statins: New therapeutic frontiers for cardiovascular disease. Cell. 2017;169:971-973.
29. Biasucci LM, et al. Where does inflammation fit? Curr Cardiol Rep. 2017;19:84.
30. Crea F, et al. Acute coronary syndromes. The way forward from mechanisms to precision treatment.
2017;136:1155-1166.
31. Bertrand MJ, et al. Inflammation and beyond: New directions and emerging drugs for treating atherosclerosis. Exp
Opin Emerg Drugs. 2017;22:1-26.
32. Woollard KJ, et al. Monocytes in atherosclerosis: Subsets and functions. Nat Rev Cardiol. 2010;7:77-86.
33. Falk E. Pathogenesis of atherosclerosis. J Am Coll Cardiol. 2006;47:7-12.
34. Libby P. Mechanisms of acute coronary syndromes and their implications for therapy. N Engl J Med.
2013;368:2004-2013.
35. Pai JK, et al. Inflammatory markers and the risk of coronary heart disease in men and women. N Engl J Med.
2004;351:2599-2610.
36. Rosenson RS, et al. Antiatherothrombotic properties of statins: Implications for cardiovascular event reduction.
JAMA. 1998;279:1643-1650.
37. Cannon CP, et al. Intensive versus moderate lipid lowering with statins after acute coronary syndromes. N Engl J
Med. 2004;350:1495-1504.
38. Ridker PM, et al. Long-term effects of pravastatin on plasma concentration of C-reactive protein: The cholesterol and
recurrent events (CARE) investigators. Circulation. 1999;100:230-235.
39. Ridker PM, et al. Rosuvastatin to prevent vascular events in men and women with elevated C-reactive protein. N Engl
J Med. 2008;359:2195-2207.

RRJMHS | Volume 7 | Issue 2 | April 2018

9

e-ISSN: 2319-9865
p-ISSN: 2322-0104
40. Abbas A, et al. Rosuvastatin and atorvastatin: Comparative effects on glucose metabolism in non-diabetic patients
with dyslipidaemia. Clin Med Insight. 2012;5:13-30.
41. Walsh JE, et al. Drug treatment of hyperlipidemia in women. JAMA. 2004;291:2243-2252.
42. Hecht HS, et al. Relation of aggressiveness of lipid-lowering treatment to changes in calcified plaque burden by
electron beam tomography. Am J Cardiol. 2003;92:334-336.
43. Rosenthal RL. Effectiveness of altering serum cholesterol levels without drugs. Proceedings. 2000;13:351-355.
44. Sacks FM, et al. Dietary fats and cardiovascular disease: A presidential advisory from the American Heart
Association. Circulation. 2017.
45. Leren P. The Oslo Diet-Heart study. 1970; 42:935-942.
46. Jackson R, et al. Treatment with drugs to lower blood pressure and blood cholesterol based on an individual's
absolute cardiovascular risk. Lancet. 2005;365:434-441.
47. Grammer TB, et al. Are statins really useless in "primary prevention"? Recent Cochrane meta-analysis revisited. Int J
Clin Pharmacol Ther. 2011;49:293-296.
48. Kizer JR, et al. Relation of different measures of low-density lipoprotein cholesterol to risk of coronary artery disease
and death in a meta-regression analysis of large-scale trials of statin therapy. Am J Cardiol. 2010;105:1289-1296.
49. Minder C, et al. Making the case for selective use of statins in the primary prevention setting. Arch of Intern Med.
2011;171:1593-1594.
50. Rehfield P, et al. The evolution or revolution of statin therapy in primary prevention: Where do we go from here. Curr
Atheroscler Rep. 2013;15:298.
51. Thompson PD, et al. What to believe and do about statin-associated adverse effects. JAMA. 2016;316:1969-1970.
52. http://app10.infarmed.pt/prontuario/frameprimeiracapitulos.html
53. Golomb BA, et al. Statin adverse effects : A review of the literature and evidence for a mitochondrial mechanism. Am
J Cardiovasc Drugs. 2008;8:373-418.
54. Vaughan TB, et al. Statin neuropathy masquerading as diabetic autoimmune polyneuropathy. J Diabetes.
2005;28:2082.
55. Dormuth CR, et al. Higher potency statins and the risk of new diabetes: Multicentre, observational study of
administrative databases. BMJ. 2014;348.
56. Dale KM, et al. Statins and cancer risk: A meta-analysis. JAMA. 2006;295:74-80.
57. Bonovas S, et al. Does pravastatin promote cancer in elderly patients? A meta-analysis. CMAJ. 2007;176:649-654.
58. Thurnher M, et al. Regulation of mevalonate metabolism in cancer and immune cells. Biochim Biophys Acta.
2013;1831:1009-1015.
59. Van Wyhe RD, et al. Effect of statins on breast cancer recurrence and mortality: A review. Breast Cancer (Dove Med
Press). 2017;9:559-565.
60. Mihaylova B, et al. The effects of lowering LDL cholesterol with statin therapy in people at low risk of vascular
disease: Meta-analysis of individual data from 27 randomised trials. Lancet. 2012;380:581-590.
61. Taylor F, et al. Statins for the primary prevention of cardiovascular disease. Cochrane Database Syst Rev. 2013.
62. Langsjoen PH, et al. Overview of the use of CoQ10 in cardiovascular disease. Biofactors. 1999;9:273-284.
63. Peres H, et al. The role of coenzyme Q10 supplementation with statin drug use and chronic diseases. 2017;5:1-4.
64. Marcoff L, et al. The role of coenzyme Q10 in statin-associated myopathy: A systematic review. J Am Coll Cardiol.
2007;49:2231-2237.
65. Okuyama H, et al. Statins stimulate atherosclerosis and heart failure: Pharmacological mechanisms. Expert Rev Clin
Pharmacol. 2015;8:189-199.
66. Blankenberg S, et al. Glutathione peroxidase 1 activity and cardiovascular events in patients with coronary artery
disease. N Engl J Med. 2003;349:1605-1613.
67. Forrester JS. Redefining normal low-density lipoprotein cholesterol: A strategy to unseat coronary disease as the
nation's leading killer. J Am Coll Cardiol. 2010;56:630-636.
RRJMHS | Volume 7 | Issue 2 | April 2018

10

e-ISSN: 2319-9865
p-ISSN: 2322-0104
68. Hsia J, et al. Cardiovascular event reduction and adverse events among subjects attaining low-density lipoprotein
cholesterol <50 mg/dl with rosuvastatin. The JUPITER trial (Justification for the Use of Statins in Prevention: An
Intervention Trial Evaluating Rosuvastatin). J Am Coll Cardiol. 2011;57:1666-1675.
69. Genest J. C-reactive protein: Risk factor, biomarker and/or therapeutic target? Can J Cardiol. 2010;26:41-44.
70. Ridker PM. Testing the inflammatory hypothesis of atherothrombosis: Scientific rationale for the cardiovascular
inflammation reduction trial (CIRT). J Thromb Haemost. 2009;7:332-339.
71. Everett BM, et al. Rationale and design of the cardiovascular inflammation reduction trial (CIRT): A test of the
inflammatory hypothesis of atherothrombosis. J Am Heart Assoc. 2013;166:199-207.
72. Ridker PM, et al. Antiinflammatory therapy with canakinumab for atherosclerotic disease. N Engl J Med.
2017;377:1119-1131.
73. Ridker PM. Closing the loop on inflammation and atherothrombosis: Why perform the cirt and cantos trials. Trans Am
Clin Climatol Assoc. 2013;124:174-190.
74. Stohr R, et al. Insulin resistance and atherosclerosis: Convergence between metabolic pathways and inflammatory
nodes. Biochem J. 2013;454:1-11.
75. Toth PP. Insulin resistance, small LDL particles and risk for atherosclerotic disease. Curr Vasc Pharmacol.
2014;12:653-657.
76. Janus A, et al. Insulin resistance and endothelial dysfunction constitute a common therapeutic target in
cardiometabolic disorders. Mediators Inflamm. 2016;pp. 10.
77. Choi SH, et al. Increased very low density lipoprotein secretion, hepatic steatosis and insulin resistance. TEM.
2011;22:353-363.
78. Shulman GI. Ectopic fat in insulin resistance, dyslipidemia and cardiometabolic disease. N Engl J Med.
2014;371:1131-1141.
79. Kohler HP. Insulin resistance syndrome: Interaction with coagulation and fibrinolysis. Swiss Med Wkly.
2002;132:241-252.
80. Hung T, et al. Fat versus carbohydrate in insulin resistance, obesity, diabetes and cardiovascular disease. Curr Opin
Clin Nutr Metab Care. 2003;6:165-176.

RRJMHS | Volume 7 | Issue 2 | April 2018

11

