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Abstract

Introduction: It is estimated that most adults above the age of 60 years are affected by cardiovascular diseases (CVD). In addition,
few years ago, about 17.3 million annual deaths all over the world have been attributed to cardiovascular diseases. Multiple factors
have been shown to attribute to CVD. Management of these risk factors could substantially reduce and/or slow progression of the
disease. Primary prevention aims to lower LDL-C in patients without a history of CVD. When the patient has a history of CVD, lipid-

lowering approaches aim to secondary prevention of further episode and progression.

Aim of Work: In this review, we will discuss the association between lipid abnormalities and cardiovascular diseases, rational for
management in primary prevention, and management consideration in these patients. Lipid-lowering as a secondary preventive in
patients with established CVS will not be discussed.

Methodology: A comprehensive and systematic search was conducted regarding dyslipidemia, cardiovascular risk, primary and sec-
ondary prevention of CVD, lipid-lowering therapies. PubMed search engine and Google Scholar search were the mainly used database

for search process. All relevant available and accessible articles of all types were reviewed and included.

Conclusion: Most randomized trials evidenced the impact of lipid-lowering, especially LDL-C, on reduction of cardiovascular dis-
ease events, especially myocardial infarction. The evidence is true irrespective of the pre-therapy LDL-C level. Lifestyle modifica-
tion is acceptable initial recommendation for primary prevention of cardiovascular diseases. Patients with high level of low density
lipoprotein-C at base line are especially privileged by lifestyle modification. The decision to initiate statin therapy is guided by low
density lipoprotein-C level in addition to calculated risk for CVD. A moderate-intensity statin is the most suitable initial drug for
most patients. There is no justifiable reason to increase the intensity of statin therapy in most patients who have been started on

moderate-dose statin therapy. Non-statin lipid-lowering agents are not recommended for primary prevention of cardiovascular risk.
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Introduction

Cardiovascular disease (CVD) is a major health concerns and cause of mortality in the general population. It is estimated that most
adults above the age of 60 years are affected by CVD. Nevertheless, few years ago, about 17.3 million annual deaths all over the world have
been attributed to cardiovascular diseases [1-3]. Cardiovascular diseases include 4 major categories: Coronary heart disease (CHD) such
as angina pectoris and myocardial infarction; cerebrovascular disease including stroke and transient ischemic attack; peripheral artery

disease; aortic atherosclerosis and aneurysm.

Multiple factors have been shown to attribute to CVD. Management of these risk factors could substantially reduce and/or slow pro-
gression of the disease. Elevated low density lipoprotein cholesterol (LDL-C) is considered among strongly established risk factor. Prima-
ry prevention aims to lower LDL-C in patients without a history of CVD. When the patient has a history of CVD, lipid-lowering approaches
aim to secondary prevention of further episode and progression. The rationale of LDL-C reduction is based upon data from epidemiologic
studies shown a continuous, positive, graded relationship between LDL-C concentration and CVD events and mortality. Lowering LDL-C
reduces the risk in patients with and without CVD (primary and secondary prevention) [4-7]. Only management of an elevated LDL-C
has been shown to be of clinical importance in primary prevention. Management of elevated triglycerides or low high density lipoprotein

cholesterol does not carry clinical benefits in patients without established CVD.

In this review, we will discuss the association between lipid abnormalities and cardiovascular diseases, rational for management in
primary prevention, and management consideration in these patients. Lipid-lowering as a secondary preventive in patients with estab-
lished CVS will not be discussed.

Methodology

A comprehensive and systematic search was conducted regarding dyslipidemia, cardiovascular risk, primary and secondary preven-
tion of CVD, lipid-lowering therapies. PubMed search engine and Google Scholar search were the mainly used database for search process.
All relevant available and accessible articles of all types were reviewed and included. The keywords used in search are: dyslipidemia,

cardiovascular risk, primary and secondary prevention of CVD, lipid-lowering therapies.

Association between lipids and cardiovascular risks

Lipids are water insoluble compounds. Normally, these components require protein-containing complexes called lipoproteins to be
transported in blood. The level of cholesterol that should be considered as dyslipidemia is a subject of debate, guidelines and societies

have attempted to delineate the hazardous levels that raise the need for intervention [8].

Studies have shown that the prevalence of dyslipidemia is double in patients with premature CHD compared with age-matched con-
trols without CHD [9,10]. About 50 percent of first myocardial infarction (IM) episode has been attributed to dyslipidemia [11]. Neverthe-
less, even in the normal range, LDL level has been correlated with subclinical atherosclerosis, suggesting a continuous relationship with
no clear threshold [12]. Abnormalities in lipoprotein metabolism are often familial. In one study, about 70 percent of patients with a lipid

abnormality had a familial lipid disorder [10].

Randomized control have repeatedly shown that lowering total and LDL cholesterol levels reduce coronary events and mortality when
given for primary and secondary prevention [13-15]. Other lipid factors that were associated with increased risk of CVD include elevated

total cholesterol, decreased HDL cholesterol, hypertriglyceridemia and increased lipoprotein.

Mechanisms of reducing CVD risks by lipid-lowering therapy

The serum concentration of low density lipoprotein (LDL) partially explains the mechanisms by which lipid-lowering drugs as statins
are beneficial in reducing the risk of CVD [16-19].
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It is suggested that statins may lead to regression of atherosclerosis, such benefits could be observed as early six months [20,21]. Al-
though the regression is small and occurs too fast, the magnitude of the observed clinical benefits is quite large. The regression in athero-
sclerosis occur without associated change in vessel wall thickness or vessel wall area [22]. After the onset of statins, coronary angiography

has shown increased lumen diameter at 2 and 4 years; lesser degree of progression of stenosis also has been shown at three years [23,24].

Plaque rupture of coronary artery is a major cause of an acute coronary syndrome. Nevertheless, increasing data suggest multiple
unstable plaques in different coronary arteries among these patients. Thus, intervention aimed only at the culprit lesion is not likely to
be optimal and the ability of statins to induce plaque stabilization may be an important mechanism of benefit. Plaque stabilization by
statins was observed in both human and animal studies [25-28]. In one study of 131 patients aimed to evaluate the effect of 12 months of
atorvastatin therapy versus placebo; atorvastatin reduced the progression of plaque thickness and led to change in plaque composition
from lipid-rich to fibrotic and calcified plaque which denotes plaque stability and a reduced tendency for rupture. The mechanism by
which lipid-lowering statin causes plaque stabilization is through maintenance of the fibrous cap of the plaque, thereby protecting against
plaque rupture. This effect appears to be mediated by inhibition of macrophage proliferation, reduced expression of matrix metallopro-

teinases (MMPs) and tissue factor by macrophages, and an increase in tissue inhibitor of metalloproteinase-1 [28-30].

Another effect of statins as a lipid-lowering agent is by altering endothelial dysfunction. Endothelial dysfunction is a commonly seen
with atherosclerotic coronary arteries; examples include exaggerated vasoconstriction by acetylcholine and vasodilatation by nitric ox-
ide-mediated vasodilation [31-33]. Normal arterial smooth muscle tone results from a balance of vasodilator and vasoconstrictor media-
tors, with the former predominating in the resting state. Most studies [31-34] have been able to demonstrate beneficial effects of statins
on vasoconstriction associated with endothelial dysfunction; an effect that can improve overall vasodilator capacity and myocardial blood

flow reserve within six weeks [35-39]. However, some studies failed to show such effects [40].

Thrombus formation, at the site of plaque rupture, plays critical role in acute coronary events. Statin therapy, and other lipid-lowering
agents, has a variety of mechanisms by which thrombus formation is reduced [41]. Examples include: improved fibrinolytic profile [42];

decreased platelet activation [43,44]; decreased prothrombin activation and thrombin generation [45,46].

Clinical significance of lipid-lowering therapy

Most Randomized trials evidenced the impact of lipid-lowering, especially LDL-C, on reduction of cardiovascular disease events. The
evidence is true irrespective of the pre-therapy LDL-C level. Some old trials have suggested no benefits of non-statin lipid-lowering drugs
with increase non-cardiovascular disease mortality [15,47-49]. However, recent large trials with stronger evidence support the clinical
benefits with reductions in myocardial infarction and cardiovascular mortality; no evidence of an increase in non-cardiovascular mortal-
ity has been seen. In one trial 40 mg of pravastatin for five years was associated with reduction in nonfatal myocardial infarctions and cor-
onary heart disease (CHD) mortality [15]. Pravastatin resulted in LDL-C lowering by 26 percent. All-cause mortality was also decreased
however, this result was not of robust significance. Other trials have examined the outcomes for longer (10, 15, and 20 years) duration

have found continued reductions in mortality in patients who had initially been assigned to receive pravastatin [50-53].

In AFCAPS/TexCAPS Trials, 20 - 40 mg of lovastatin reduced the incidence of a first major coronary event in low-risk men and women
without clinical evidence of cardiovascular disease (primary prevention); lowered the LDL-C by 25 percent [14]. Per 1000 individuals
treated with lovastatin for five years, 19 major coronary events, 12 myocardial infarctions, and 17 coronary revascularizations could be
prevented. However, no benefit on all-cause mortality was observed. More than meta-analysis on clinical trials on lipid-lowering drugs in
patients with and without manifest CVD have been published [54-56]. The combined data strongly suggest reductions in CVD events and
CVD mortality [57]. Most meta-analyses of primary prevention trials found a reduction in all-cause mortality benefit [54,55]. In 2016, a
meta-analysis was conducted on 49 clinical trials with more than 300,000 individuals with variable evaluated outcomes of lipid-lowering

therapy [58]. The relative risk for major cardiovascular events associated with LDL-C lowering was 0.77 for statins and 0.75 for non-statin
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therapies. Among these trials, 8 trials have focused on primary prevention; the level of LDL-C after treatment was positively correlated
with CVD events; meaning that lower LDLs were associated with lower cardiovascular events and higher levels were correlated with

higher events.

Generally, strong evidence based on reliable data demonstrates that lowering LDL-C with statin therapy for primary prevention is ef-
fective at reducing CVD events particularly MI. This results is true for a wide range of LDL-C levels and lipid profiles at baseline. Similar

benefits of statin therapy were evidenced for secondary prevention in patients with known CVD.

Management approach

Lifestyle modification is acceptable initial recommendation for primary prevention of cardiovascular diseases. Patients with high level
of low density lipoprotein-C at base line are especially privileged by lifestyle modification. Lifestyle modifications include weight reduc-
tion in overweight patients, aerobic exercise, and healthy eating diets with low saturated fats. One study from the UK, with more than
2500 individuals included, found that diet alone has led to 1.8 percent weight reduction in 60 percent of participants; this was associated
with 5 - 7 percent reductions in serum total and LDL-C [59]. In patients with unhealthy diets at baseline, marked dietary change can lower
LDL-C by 30 percent [60]. In a randomized trials of 180 postmenopausal women and 197 men with low levels of high-density lipoprotein
cholesterol (HDL-C) and moderately-elevated levels of LDL-C, participant were allocated to aerobic exercise, diet, diet plus exercise, or
no treatment groups [61]. Although there were no significant changes in HDL-C in any group, there were significant reductions in LDL-C
in both men and women in the diet plus exercise group compared with control or diet alone and, in men, in the diet plus exercise group

compared with exercise alone.

Despite these benefits on LDL-C lowering as a primary prevention, the evidence is limited regarding the effect of lifestyle modifications
on cardiovascular outcomes. In the MRFIT trials, dietary advice to reduce cholesterol levels did not significantly reduce coronary heart
disease mortality or all-cause mortality [62]. However, the differences in achieved total cholesterol levels between the groups were prob-

ably too small to expect significant effects on mortality.

The decision to initiate statin therapy is guided by low density lipoprotein-c level in addition to calculated risk for CVD. If statin therapy
was tolerable and affordable with no financial burden, it could be recommended to all at-risk individuals, similar to a healthy diet and
exercise. In addition, the high burden and lifetime risk of cardiovascular disease in industrialized societies must be kept in mind. Unfor-
tunately, most drugs come with financial and adherence challenges as well as side effects, hence, these need to be a reasonably balanced
with benefits. Since cardiovascular risk is on a continuum, the threshold of baseline risk which statin therapy is reasonable is arbitrary
with variable recommendation by experts, societies, and guidelines. Thus, for most patients in the middle range of baseline risk, it is of

great importance to discuss the benefits and costs of statin therapy with the individual patient to reach shared-decision making.

The 2018 guideline on management of blood cholesterol by the American Heart Association/American College of Cardiology states
the initiation of a moderate-intensity statin in adults 40 - 75 years of age with LDL-C levels = 70 mg/dL without diabetes mellitus and 10-
year atherosclerotic cardiovascular disease risk of = 7.5 percent if the patient prefers statin therapy [63]. Other experts argue for other
justifiable east-to-use cut-off. Example include statin therapy for patients with LDL-C > 100 mg/dL and a 10-year CVD risk = 10 percent.
This cut-off may differ in specific populations as the very young, the very old, and those with diabetes. For patients with a 10-year risk
between 5 and 10 percent, shared decision making with balanced benefits and cost should be done. Patients with 10-years risk below 5
percent, statin therapy will not be needed, periodic evaluation is recommended for these patients. In case of high level of LDL-C (> 160
mg/dL), statin therapy is advised regardless of calculated risk of CVD. The presence of other factors such as family history of premature
CVD, chronic kidney disease, or chronic inflammatory disorder increase the risk of CVD, hence, initiation of statin therapy should be con-
sidered [63].
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Individuals should undergo CVD risk evaluations and discussions at 20 years of age or at first healthcare visit beyond that. In order to
decide reducing the level of LDL-C, the risk of CVD events needs to be assessed using validated risk evaluation tools. Patients and their
providers can then decide whether a 20 to 30 percent relative risk reduction, which is a reasonable expectation for statin therapy, trans-
lates into an absolute risk reduction large enough to be worth the cost, burdens, and potential side effects of daily therapy. For example,
a 45-year-old non-smoking normotensive woman with an LDL-C of 180 mg/dL and a high-density lipoprotein cholesterol (HDL-C) of 40
mg/dL has a 10-year risk of a myocardial infarction of approximately 1 percent. This could likely be reduced by 0.2 to 0.3 percentage
points if she were treated with a statin daily for 10 years. Hence, the decision to start statin therapy is questionable and patient prefer-
ences should be respected. On the other hand, a non-smoking normotensive 60-year-old male patient with the exact same laboratorial
values has a 10-year risk of a myocardial infarction of approximately 12 percent. Use of a statin would reduce this risk to 8 to 9 percent, a

3 to 4 percentage point reduction. Statin therapy in this patient should be advised.

Most clinical trials that evaluated the effects of lipid-lowering pharmacologic therapy on cardiovascular disease (CVD) events have
compared a fixed dose of a single pharmacologic agent with placebo, with ordinary lifestyle in both groups without lifestyle counseling.

Until present, no trials have directly tested combination of medication with statins or treatment to specific LDL-C goals.

Ezetimibe has not been well studied in patients without cardiovascular disease. There is no robust data about the efficacy of PCSK9 in-
hibitors in primary prevention in patients without familial hypercholesterolemia. Their effects in secondary prevention suggest that they
could be expected to reduce cardiovascular outcomes to a similar degree, as is seen with statin therapy. However, their cost, the require-
ment for injections, and the lack of long-term safety data render them as an option for only highest-risk primary prevention patients who
are unable to tolerate statin therapy. A moderate-intensity statin is the most suitable initial drug for most patients; these include: Lovas-
tatin 40 mg; Pravastatin 40 mg; Simvastatin 40 mg; Atorvastatin 10 - 20 mg; Rosuvastatin 5 - 10 mg. Non-statin lipid-lowering agents are
not recommended for primary prevention of cardiovascular risk. The exception for this is patients who do not tolerate statins presenting

with a very high level of low density lipoprotein-C (more than 190 mg/dL).

There is no justifiable reason to increase the intensity of statin therapy in most patients who have been started on moderate-dose
statin therapy. There is little evidence to suggest that intensification provides a level of benefit that requires more aggressive LDL-C lower-
ing. However, it is worth to mention that some patients are at very high risk of CVD, intensification of statin therapy may be reasonable in
patients with a 10-years risk of 20 and LDL-C greater than 100 mg/dL.

Conclusion

It is estimated that most adults above the age of 60 years are affected by cardiovascular diseases (CVD). Multiple factors have been
shown to attribute to CVD. Management of these risk factors could substantially reduce and/or slow progression of the disease. Studies
have shown that the prevalence of dyslipidemia is double in patients with premature CHD compared with age-matched controls without
CHD. Abnormalities in lipoprotein metabolism are often familial. Randomized control have repeatedly shown that lowering total and LDL

cholesterol levels reduce coronary events and mortality when given for primary and secondary prevention.

The mechanism by which statin reduce the risk of CVD include regression of atherosclerosis, plaque stabilization, altering endothelial

dysfunction, and affecting thrombus formation.

Most Randomized trials evidenced the impact of lipid-lowering, especially LDL-C, on reduction of cardiovascular disease events, es-
pecially myocardial infarction. The evidence is true irrespective of the pre-therapy LDL-C level. Lifestyle modification is acceptable initial
recommendation for primary prevention of cardiovascular diseases. Patients with high level of low density lipoprotein-C at base line
are especially privileged by lifestyle modification. The decision to initiate statin therapy is guided by low density lipoprotein-C level in

addition to calculated risk for CVD. A moderate-intensity statin is the most suitable initial drug for most patients. There is no justifiable
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reason to increase the intensity of statin therapy in most patients who have been started on moderate-dose statin therapy. Non-statin

lipid-lowering agents are not recommended for primary prevention of cardiovascular risk.
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