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Abstract 
The LDL Principle has recently been invoked to describe the observation that lowering the LDL 
cholesterol (by whatever means) results in a lowering of atherosclerotic cardiovascular events. 
The scientific basis of the LDL Principle dates back to the discovery that the LDL receptor is the 
prime determinant of the circulating LDL-c concentration. Since that time, major advances have 
been made at both the basic and clinical science level in our understanding of the pathogenesis 
and reversal of atherosclerosis. The incorporation of atherogenic lipoproteins plus inflammatory 
mediators into plaque formation permits the targeted intervention into preventing plaque rup-
ture. In addition, genetic studies identifying individuals with unique phenotypes of either abnor-
mally high or low LDL-c concentrations have provided insight into possible therapeutic modalities 
that have recently provided the physician with the tools necessary to apply the LDL Principle to 
achieve reversal of atherosclerosis. The epidemic of atherosclerotic cardiovascular disease has 
resulted in numerous randomized controlled intervention trials in an attempt to identify ap-
proaches to reduce ASCD morbidity and mortality. Recently published data indicate that circulat-
ing LDL-c levels of 50 mg/dl or less are not only physiologic at birth but also effective in greatly 
reducing cardiovascular disease. In addition, the recent availability of two PCSK9 inhibitors pro-
vides the primary care physician with the possibility of achieving this low level of LDL-c even in 
statin intolerant patients. The widespread availability of the coronary artery calcium scan plus the 
inclusion of traditional cardiovascular risk factors in risk assessment has enabled the physician to 
readily identify asymptomatic individuals at high risk for cardiovascular events. Aggressively ap-
plying the LDL Principle to these individuals has the potential of greatly reducing cardiovascular 
mortality. This review will document the scientific basis for this principle and provide the argu-
ments in favor of its aggressive application. 
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1. Introduction 
In the United States, 500,000 individuals die from atherosclerotic cardiovascular disease (ASCD) each year 
(Figure 1) [1]. This number equates to approximately one death per minute. More people die from cardiovascu-
lar disease than all the cancers combined [2]. Furthermore, many of these deaths are in people during their pro-
ductive years when they are raising a family and contributing to society. During the last several years, the num-
ber of individuals dying of heart disease has been in decline. However, this statistic obscures the fact that the  
 

 
Figure 1. Legend-application of the LDL-c Principle Top trian-
gle. At present, there are approximately 500,000 deaths per year 
in the U.S. attributed to atherosclerotic cardiovascular disease 
[1]. The LDL-c of individuals admitted to the hospital due to 
ASCD have an average LDL-c of ~94 mg/dl [62]. Middle Tri-
angle. Based on the LDL-c Principle (for each reduction in 
LDL-c, there is a corresponding reduction in ASCD), the death 
rate should decline to ~250,000 over 10 years with an LDL-c of 
70 mg/dl [46]. At this LDL-c level, coronary artery disease may 
be reversible in some individuals with minimal risk factors [52]. 
Bottom Triangle. A further reduction in LDL-c to <50 mg/dl 
should reduce the CHD death rate to ~25,000 yr. At this LDL-c 
level, coronary artery disease should be reversible in almost all 
individuals [63]. These predictions are based on the supposition 
that the duration of therapy is lifelong. Included in the 25,000 
cardiovascular deaths are those individuals with genetic hyper-
lipidemic abnormalities and individuals who cannot take athe-
rosclerotic medications and/or reduce their cardiovascular risk 
factors via lifestyle changes.                                       
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actual prevalence of heart disease is increasing [3]. The reason for this apparent contradiction is that improved 
technology is saving lives of heart attack victims. Most disturbing is the fact that the medical establishment em-
ploys a very conservative attitude in contrast to an aggressive preventive approach to this epidemic [4]. One 
reason often cited for this reluctance to aggressively treat subclinical atherosclerosis is the lack of a definitive 
clinical trial to “prove” efficacy. However, no clinical trial is totally free from bias [5]. Furthermore, many ran-
domized clinical trials are not feasible because a placebo control group is unethical and/or the duration or size of 
the trial with sufficient power is impractical. For these situations, alternative statistical approaches have been 
recommended [6]-[9]. 

Over a decade ago, several prominent professional caregivers including cardiologists, lipidologists, and in-
ternists called for a new, aggressive approach to the prevention of ASCD [10] [11]. This request has recently 
been updated [12]. However, their recommendations have not translated into action by the primary caregivers in 
the United States. Since these publications, many new studies have been reported, further supporting the conten-
tion that atherosclerotic cardiovascular disease is a preventable condition. During the last 30 years, major ad-
vances have been made in our understanding of the pathogenesis of atherosclerosis by both basic scientists and 
clinicians [13]-[16]. Admittedly, there are areas in lipid metabolism and atherosclerosis progression that still 
need to be explored and explained. However, sufficient knowledge is now available through many scientific 
publications that the progression and reversal of atherosclerosis are within the ability of the medical establish-
ment. In one form or another, these authors are applying the LDL-c Principle. Figure 2 details the individual 
components of this principle which will be reviewed in this article. Furthermore, we know that the arterial up-
take of low density lipoprotein cholesterol (LDL-c) is primarily responsible for the progression of the atheros-
clerotic plaque whereas the activity of high density lipoprotein is highly correlated with its removal [17]. These 
opposing forces continue throughout life beginning in the teenage years with LDL-c slowly predominating with 
atherosclerotic plaque deposition in many individuals [18].  

2. The Most Important Question 
Given the above cardiovascular mortality and morbidity, rational individuals should be asking “why are we not 
preventing atherosclerotic heart disease?” The reasons are multifactorial and complex. For example, the average 
time required for a major medical discovery to be translated into direct benefit to the population is ~17 years [19] 
[20]. As a group, professional caregivers are conservative, learning primarily from the clinical setting rather than  

 

 
Figure 2. legend-components of the LDL-c Principle-The LDL-c Principle has 
several components that are listed in the figure. Details of each component are 
given in the text.                                                                
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from recent publications [21]. Physicians themselves generally resist major changes in the way they practice for 
both nonfinancial and financial reasons [22]. In addition, acquiring new knowledge requires time and effort 
which are not reimbursed in today’s market place [23]. It is much easier to wait for “guidelines” to be published 
and to follow these recommendations without questioning the rationale or scientific basis for the “expert” advice. 
Unfortunately, the average age of publications that are listed as supporting published guidelines are 8 years old 
[20]. Furthermore, many of the cardiovascular treatment guidelines from major organizations are in conflict with 
each other or with previously published guidelines [24]. Their recommendations reflect the opinions and biases 
of the individuals composing the organizations’ guideline committees [25]-[27]. 

3. Pathogenesis of a Coronary Thrombosis 
The detailed steps in progressing from atherosclerotic plaque to coronary thrombosis have been described by 
Libby and only summarized here [12] [28]. An atherogenic plaque in the coronary artery takes many years to 
develop [18]. The process begins with the movement of excess LDL-c from the circulation, through the internal 
endothelial lining and into the vessel’s medialsection. This is accompanied by the movement of macrophages 
from the circulation, which takes up the oxidized LDL-c in the vessel wall via specific macrophage receptors. 
Eventually, these lipid laden macrophages coalesce into a fatty streak which is the first recognizable structure of 
a forming plaque. As the process continues, inflammatory substances including cytokines, metalloproteinases, 
other atherogenic lipoproteins, and thrombogenic substances enter the plaques’ lipid core which develops a 
fibrous cap. This all important cap prevents extrusion of the plaque’s content into the vessel lumen. Smooth 
muscle cells migrate from the vessel’s wall to surround the plaque and stabilize it [29]. Calcium also precipitates 
around the plaque for presumably further stabilization [30]. If the plaque becomes unstable, the fibrous cap will 
be thinned by inflammatory constituents and eventually the plaque’s contents will rupture into the vessel lumen 
[31]. The core of the plaque contains thrombogenic material which attracts platelets and subsequently a blood 
clot is formed over the plaque [29]. This vessel occlusion results in a coronary thrombosis. In contrast, stabiliza-
tion of the plaque involves removal of the lipid contents and thickening of the fibrous cap [32].  

4. Why Focus on LDL-c? 
To be sure, LDL-c is not the only atherosclerotic lipoprotein. Some investigators recommend measuring non 
HDL cholesterol which includes LDL-c as well as triglyceride remnant lipoproteins and also lipoprotein (a) [33]. 
Other investigators prefer to measure the apolipoproteins that combine with lipids to form lipid particles [34]. 
One advantage of this approach is that an accurate estimation of the number of LDL-c particles can be obtained 
since there is only one apolipoprotein B molecule per LDL-c particle [35]. In addition, inflammatory factors 
undoubtedly play an important role in the development of the fatty streak and plaque instability [14]. Risk fac-
tors such as diabetes, hypertension, family history, low HDL-c and smoking are also important contributors [36]. 
The importance of an intact endothelial arterial layer is critical for regulating the entrance of LDL-c particles 
into the sub-endothelial space. This includes the availability of nitric oxide, monocyte adhesion factors, and suf-
ficient anti-oxidants to control the oxidation of LDL-c before uptake by macrophages. Specific receptors on the 
surface of macrophages for oxidized LDL-c facilitate the pathogenesis of the fatty streak and the atherosclerotic 
plaque [37] [38]. In patients with renal disease, there are many factors (some known, many unknown) that con-
tribute to atherosclerosis. Lipid lowering with statins may have several beneficial effects in addition to LDL-c 
lowering in patients with mild to moderate renal disease. However, lipid lowering has not yet been shown to be 
beneficial for individuals on dialysis [39].  

The measurement of LDL-c has limitations. For example, it does not indicate whether the measured LDL-c is 
primarily composed of large or small LDL-c particles. Studies have demonstrated that small, dense LDL-c par-
ticles are more atherogenic than larger, less dense LDL-c particles [34]. Furthermore, the LDL-c level is not 
usually measured directly, but calculated from the Friedewald equation [40]. This calculation works well when 
the triglyceride level is close to the normal range but is inaccurate at elevated triglyceride concentrations [41]. 
However, LDL-c and its subsequent oxidation are the prime instigators of the fatty streak and atherosclerotic 
plaque. Overall, the LDL-c concentration is a good predictor of future cardiovascular events and has been meas-
ured in all atherosclerotic treatment and prevention trials [42]. Most importantly, professional caregivers are fa-
miliar with its measurement and it is included in all lipid profile measurements. Thus, until a better predictor of 
atherosclerosis is readily available and clinically familiar, we recommend its use as the targeted lipoprotein of 
risk. 
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5. The Importance of the Duration of LDL-c Exposure 
There is at least one major difference between intervention trials to lower LDL-c and population studies which 
exam LDL-c concentration and the incidence of atherosclerotic cardiovascular disease. Intervention trials usual-
ly last up to five years in duration whereas population studies describe LDL-c concentrations that have been 
present for many years, often since adolescence. This is likely the reason that the reduction in cardiovascular 
disease by a statin intervention to a specific LDL level is not as great as examining the prevalence of cardiovas-
cular disease at that same level of LDL-c in a population [43]. For example, in individuals with a lifetime non-
sense mutations in PCSK9 resulting in a reduction of LDL-c by 38 mg/dl compared to a similar population of 
middle aged individuals, cardiovascular disease was reduced by 88% [44]. In contrast, statin intervention trials 
which also reduce LDL-c by ~40 mg/dl reduce cardiovascular disease by only 20% /yr. [45]. However, what is 
not often appreciated is the observation that the benefits of statin therapy increase with the duration of treatment. 
For example, in the 58 statin trials carried out in various populations, for an LDL cholesterol reduction of ~40 
mg/dl the risk of cardiovascular events was reduced by 11% in the first year of treatment, 24% in the second 
year, 33% in years three to five, and by 36% thereafter (p < 0.001 for trend) [46]. These data strongly suggest 
that LDL-c lowering should begin before advanced atherosclerosis is present. 

6. Traditional Risk Factors 
There are numerous risk factors for atherosclerosis besides atherogenic lipoproteins. Some of these have been 
demonstrated to be independent risk factors when multivariate statistics have been applied [36]. Traditionally, 
smoking, hypertension, family history, age, diabetes, sedentary lifestyle, a Westernized diet, and obesity have all 
been implicated in the pathogenesis of atherosclerotic heart disease. The interplay of these risk factors is com-
plex and difficult to quantify. For example, individuals who demonstrate increased physical fitness have reduced 
heart disease, but whether it’s the physical activity or the difference in lifestyle that goes along with a physically 
active individual is not resolved [47]. In addition, the Tarahumara Indians who favor exercise and ingest a vege-
tarian diet, have an average LDL-c of 70 mg/dl and minimal atherosclerotic risk factors [48]. They are characte-
rized by a very low incidence of cardiovascular disease [49]. However, it is clear that these risk factors do play a 
major role in accelerating atherosclerosis in most populations. Thus, an individual with diabetes and hyperten-
sion may require a lower LDL-c level to reverse atherosclerosis than another individual without these risk fac-
tors. For example, a large cohort of people with diabetes and symptomatic ASCD had an average LDL-c of 78 
mg/dl [50]. Thus, although we recommend that an individual’s LDL-c should be less than 50 mg/dl, we also fa-
vor an even lower LDL-c in individuals having multiple cardiovascular risk factors. 

An alternative lipoprotein often considered a beneficial factor is high density lipoprotein (HDL-c) [51]. In 
many studies, it has been highly correlated with reverse atherosclerosis [52] [53]. Unfortunately, raising HDL-c 
via medications, exercise, and weight loss has never been shown to reduce cardiovascular disease [54]. In addi-
tion, although HDL-c has many anti-inflammatory properties, during stress states this lipoprotein may exhibit 
inflammatory characteristics thereby promoting atherosclerosis [55]. For the above reasons, targeting changes in 
HDL-c as an anti-atherosclerotic goal cannot be recommended at this time. 

7. Lifestyle Changes 
Our focus on the reduction of LDL-c concentration as the principle risk factor to aggressively address should not 
be interpreted to suggest that a healthy lifestyle should not be part of an atherosclerosis reversal program. Indeed, 
several of the cardiovascular risk factors described above are secondary to an unhealthy lifestyle. Hypertension, 
obesity, smoking, an elevated cholesterol, and a high saturated fat diet all contribute to plaque deposition in the 
coronary arteries [56]. Improved lifestyle should always be the cornerstone of atherosclerosis prevention therapy. 
This change in behavior should include appropriate exercise and a diet designed to achieve normal body weight 
with a reduction in saturated fat and an increase in poly unsaturated fatty acids [57]. However, as has been 
demonstrated in the United States by the epidemic of obesity, lifestyle changes are very difficult to achieve [58]. 
As discussed below, one approach to motivating patients to improve their lifestyle is to obtain a coronary artery 
calcium scan to quantitate their atherosclerosis burden [59] [60]. Thus, it is important for caregivers to appre-
ciate the reversibility of atherosclerosis and communicate this information to their patients. 
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8. LDL-c Recommendations 
Current recommendations from most organizationsissuing LDL-c guidelines state that the circulating LDL-c 
concentration should be 70 mg/dl or less [61]. This LDL-c level is an improvement over previous recommenda-
tions which suggested goals of 100 mg/dl or even as high as 130 mg/dl. In addition, since the development of 
atherosclerosis is a life-long process, the duration of LDL-c exposure must also be considered in designing 
treatment regimens [43]. 

Unfortunately, all clinical trials to date utilizing the LDL-c goal of 70 mg/dl demonstrate significant “residual 
risk” (i.e., individuals experiencing major cardiovascular events) in spite of active LDL-c lowering therapy [51]. 
The number of individuals experiencing cardiovascular events and death in the “residual risk” category has al-
ways been greater than the number of individuals who benefit from the limited experimental LDL-c lowering. 
Although the authors of these publications are understandably enthusiastic concerning the lives saved and/or 
ASCD events prevented, very little attention is paid to the residual number of individuals experiencing a cardi-
ovascular event. It should be noted that the average LDL-c for patients entering the hospital with an acute coro-
nary event is below 100 mg/dl and their HDL-c is above 40 mg/dl [62]. These data suggest that an LDL-c goal 
of 70 mg/dl is not adequate in most individuals with risk factors to reduce atherosclerotic cardiovascular disease 
to an acceptable level. This conclusion is supported by statin clinical trials in which reversal of atherosclerosis 
was not observed until the LDL-c was below 70 mg/dl [63]. 

A meta-analysis of 26 randomized clinical trials including data from 170,000 participants indicates that fur-
ther reductions of LDL-c cholesterol safely produce definite further reductions in the incidence of heart attack, 
coronary revascularization, and ischemic stroke, with each 1.0 mmol/L (~39 mg/dL) reduction of LDL-c reduc-
ing the annual rate of these major vascular events by ~20% [45]. Over a five year period, this reduction in athe-
rosclerotic events would be substantial. Furthermore, there was no lower limit threshold for this LDL-c reduc-
tion implying that the lower the LDL-c concentration, the better [64]. What the cumulative rate of ASCD would 
be over a ten year period or if the mean LDL-c were reduced to 50 mg/dl or less has not been directly studied. 
Thus, none of these trials included an LDL-c goal of 50 mg/dl or lower, but for participants that did achieve an 
LDL-c lower than 70 mg/dl, definite benefit was observed without an increase in side effects [45].  

9. LDL-c Receptor 
The circulating LDL-c concentration is determined to a great extent by the number of LDL-c receptors that are 
present on the hepatic surface. Brown and Goldstein received the Nobel Prize in Medicine for the demonstration 
that patients who genetically had very high levels of circulating LDL-c were deficient in the hepatic LDL-c re-
ceptor [65]. These patients died at a very early age of atherosclerotic cardiovascular disease unless they received 
a liver transplant to correct the LDL-c receptor deficiency [66]. The determinants of the number of hepatic 
LDL-c receptors are multiple and complex but both genetics and the hepatic content of unesterified cholesterol 
are primary determinants [65]. Under normal circumstances, the LDL-c receptor is recycled every ten minutes 
(approximately 150 times)to the hepatic surface before being degraded [43] [67]. The three primary LDL-c lo-
wering medications (discussed below) all express their LDL-c lowering activity through increasing the concen-
tration of LDL-c receptors on the hepatic surface, albeit by different mechanisms. 

10. How Low and How Safe? 
The critical question that professional caregivers should be asking is how low the patient’s LDL-c should be to 
prevent and/or reverse atherosclerosis? Several intravascular ultrasound studies have demonstrated that reversal 
may occur at a mean LDL-c concentration of 65 mg/dl [53] [63] [68]-[70]. However, this level may not be suffi-
ciently low or rapid enough for all patients, particularly individuals with significant risk factors such as smoking, 
poorly controlled diabetes, and abnormally low HDL-c levels. Furthermore, large statin trials in which the 
LDL-c concentrations are targeted to 70 mg/dl or less have uniformly demonstrated that the lower the better 
without additional side effects [71] [72]. 

The second question that professional caregivers should ask is what level of LDL-c is safe i.e., how low an 
LDL-c can be reached without significant side effects. Studies directly addressing this question have only ex-
amined LDL-c levels down to 100 mg/dl [73]. However, there is much indirect information that LDL-c levels 
below 50 mg/dl are safe [74]. For example, many healthy people are born with an LDL-c of 40 mg/dl [75] [76]. 
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Second, short term (3 months) studies combining both high intensity statins and a PCSK-9 inhibitor have re-
duced LDL-c levels to 35 to 38 mg/dl without additional side effects compared to placebo [77]. Recent studies 
utilizing PCSK9 inhibitors resulting in a mean LDL-c concentration of 40 mg/dl have resulted in a reduction in 
cardiovascular events without serious side effects [78]. Since every cell in the body has its own inherent ability 
to synthesize cholesterol, the necessity to obtain cholesterol from circulating LDL-c in the adult has not been 
demonstrated. In addition, one adult individual with a genetic deficiency of PCSK-9 has an LDL-c concentration 
of 14 mg/dl with no apparent ill effects [79]. 

11. Medications 
Statins-As important as this pathogenic knowledge of atherosclerosis is, even more important is the fact that 
professional caregivers now have the medications available to reverse the arterial atherosclerotic process by ag-
gressively lowering LDL-c and reducing inflammation [80] [81]. With the availability of high potency statins 
(atorvastatin and rosuvastatin), dramatic decreases in LDL are now possible [82]-[85]. Significant decreases in 
cardiovascular events have been observed in numerous statin trials (Cholesterol Treatment Trialists’ (CTT) Col-
laboration). Several studies using coronary artery CT angiography have directly demonstrated that statins reduce 
non-calcified plaque [86] [87]. Furthermore, atherosclerotic plaques can be stabilized within one month of in-
itiating statin therapy by reducing the plaque’s lipid content and inflammatory constituents [88]. They also in-
crease the thickness of the lesions fibrous cap, increasing its stabilization [89]. An unstable plaque may rupture 
into the coronary vessel lumen and initiate a blood clot with subsequent vessel occlusion [12]. 

The challenge now is to convince patients to take these anti-atherosclerotic medications. Fifty percent of pa-
tients are no longer taking prescribed statins after two years [90]. It is clear that patients who take their pre-
scribed statin medication have lower hospitalization costs at two years than patients who do not take their medi-
cations [91]. A coronary artery calcium scan (discussed below) often results in improved patient compliance 
with statins and aspirin [92]. Practically every study of long term statin use has shown that the benefits of statins 
outweigh the risks, even in individuals without established cardiovascular disease but with cardiovascular risk 
factors [93]. The principal reported risks of statins include an elevation of liver enzymes, myalgias, diabetes and 
cognitive impairment. 

Statin induced severe liver function abnormalities are rare. In fact, the FDA no longer requires periodic mon-
itoring of liver function tests in patients taking statins [94]. Myalgias and severe myopathies are also rare-ap- 
proximately one in 10,000 with simvastatin [95]. Recent blinded studies emphasize that even in patients who 
state they cannot take statins because of perceivedmyalgias, almost none of these individuals are actually statin 
intolerant [96]. In addition, low doses of rosuvastatin can be given intermittently to individuals who believe that 
they are truly statin intolerant with good results [97]. In the 26 randomized statin trials in which a statin high 
dose was compared to either a low statin dose or placebo, all of the excess cases of rhabdomyolysis (10 versus 
none) occurred with high dose simvastatin therapy (80 mg/day) [95]. In these five trials, the rate of excess rhab-
domyolysis was four cases per 10,000 volunteers. This excess has not been reported with the newer, more potent 
statins, atorvastatin and rosuvastatin. Statin induced myalgias, when assessed in double blinded studies, are 
more common but still relatively rare [98]. Based on a review of healthy clinical-trial participants, the place-
bo-corrected incidences of minor muscle pain, myopathy (with significant elevations in creatinine kinase), and 
rhabdomyolysis are 190, 5, and 1.6 per 100,000 patient years, respectively [99]. 

In spite of claims to the contrary, statins do not directly cause diabetes [100]. What they do cause is a small 
elevation in fasting glucose, approximately 2 mg/dlin non-diabetic individuals [101]. There has never been a 
report of a patient with normal glucose tolerance being placed on a statin who then rapidly developed diabetes. 
What has been reported in population studies is that a certain percentage of patients placed on a statin meet the 
criteria for diabetes with a fasting glucose of 126 mg/dl or a hemoglobin A1C of 6.6% [101]. These patients 
likely had prediabetes (with a fasting glucose of 122 to 125 mg/dl or a hemoglobin A1C of 6.4%) prior to taking 
a statin and the small rise in glucose induced by the statin raised them into the diabetic range of glucose intoler-
ance. It should be noted that all side effects of statins are dose dependent and therefore the lowest dose of a sta-
tin that can achieve an LDL-c below 50 mg/dl should be used. The concurrent use of ezetimibe (10 mg) and a 
high potency statin (10 mg) will often achieve this goal in most individuals who start with an LDL-c of ap-
proximately 100 mg/dl. This prediction is based on the observations that 10 mg/d of atorvastatin will lower 
LDL-c by 40% and ezetimibe by an additional 24% [102] [103]. Finally, numerous case reports in the literature 
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suggest that statins are responsible for cognitive impairment. However, a recent review and meta-analysis does 
not support these allegations [104] [105]. Furthermore, other reviews are in agreement and also suggest that 
there is preliminary evidence of a beneficial effect of statins on many cognitive functions [106]. On balance, if 
statins do cause mental impairment, it must be a rare occurrence. 

Cholesterol blockers-The majority of free cholesterol (3/4 = 1500 mg/day) absorbed through the intestinal 
tract is derived from cholesterol secreted into the biliary tract by the liver [107]. This quantity increases the cho-
lesterol content of the liver with a subsequent decrease in hepatic LDL-c receptors. Directly blocking the intes-
tinal cholesterol receptor with ezetimibe will reduce free cholesterol absorption by 50%, decrease the hepatic 
content of cholesterol, and increase hepatic LDL-c receptors [108]. High intestinal cholesterol absorption has 
been shown to be associated with increased cardiovascular disease [109]. Studies have demonstrated that there is 
a specific receptor in the intestine critical for cholesterol absorption-the Nieman-Pick C1 Like 1 protein receptor 
[108] [110]. Ezetimibe directly blocks this receptor. 

Individuals with genetic polymorphisms in the intestinal cholesterol receptor “loss of function” have low 
LDL-c levels and a low incidence of atherosclerotic heart disease [111] [112]. Inactivating mutations of this re-
ceptor provides protection from coronary artery disease [113]. This medication will lower LDL-c approximately 
24% and increase LDL receptors on the liver [103]. One advantage of this medication is that it works at a dif-
ferent anatomical location from statins and reduces LDL-c with minimal side effects [114]. It does not increase 
the incidence of myalgias when used in conjunction with a statin [115]. 

PCSK9-The recent FDA approval of two proprotein convertase subtilisin/kexintype (PCSK9) inhibitors (ali-
rocumab and evolocumab) provides the physician with a potent class of medications to lower LDL-c levels if a 
statin and ezetimibe do not achieve the <50 mg/dl goal [116] [117]. PCSK9 inhibitors prevent the binding of the 
PCSK9 protein with the LDL-c receptor, thereby preventing the catabolism of hepatic LDL-c receptors and thus 
significantly lowering circulating LDL-c [78] [118]. Since the effectiveness of high dosages of potent statins is 
limited by statins’ increase in the PCSK9 protein, the PCSK9 inhibitors enhance the LDL-c lowering effects of 
statins [119]. This internal feedback regulation of LDL receptors is counterproductive to achieving a major re-
duction in circulating LDL-c concentration. Granted, additional long term safety experience needs to be gained 
with these agents which lower the circulating PCSK9 protein. However, short term phase 2 and phase 3 studies 
have not identified any serious side effects [120]. In addition, combinations of a PCSK9 inhibitor plus either a 
statin or ezetimibe or both were effective at additionally lowering LDL-c without an increase in serious side ef-
fects compared to placebo [77]. Variations in the genetic sequence of the PCSK9 protein which reduce its activ-
ity (loss of function) result in a reduction in LDL-c and protection against cardiovascular disease [45]. Plasma 
PCSK9 levels are predictive of recurrent clinical events in a cohort of patients with stable cardiovascular disease 
treated with a low dose of atorvastatin [121]. 

One advantage of the above medications is that they all possess other beneficial effects on lipids and inflam-
mation besides lowering LDL-c. For example, statins (at least in higher dosages) raise HDL-c and part of their 
anti-atherosclerotic effects has been attributed to this activity [53] [122]. More importantly, many of the plaque 
stabilizing effects of statins have been attributed to their anti-inflammatory effects [42]. In fact, the an-
ti-inflammatory effects of statins may be equally important to prevention of heart attacks as their inhibitory ef-
fects on cholesterol synthesis [42]. These effects are observed within weeks of beginning statins, too soon to be 
related to their LDL-c lowering activity [123]. Ezetimibe has similar beneficial effects, although not as pro-
nounced as statins [114]. Recent studies have also demonstrated beneficial effects of PCSK9 inhibitors, aside 
from their LDL-c lowering activity [124]. It is difficult to separate the LDL-c lowering effects from the other 
beneficial effects since the ratio may depend on the characteristics (i.e., the presence of cardiovascular risk fac-
tors) of the population being treated. 

12. Identification of Patients at Risk 
The availability of potent medications that lower LDL-c to less than 50 mg/dl would not be of much benefit to 
the professional caregiver if he/she did not have a rapid, non-invasive, inexpensive method to diagnose coronary 
artery atherosclerosis. Fortunately, recent studies have demonstrated that a coronary artery calcium scan meets 
all of these requirements [125]-[127]. This test, which requires approximately 10 minutes to complete (with mi-
nimal radiation exposure), is rapidly becoming widely available. In most cities, the test costs less than $200. It is 
the best, non-invasive test to predict future cardiovascular events [92] [128]-[130]. The test is most valuable in 
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the asymptomatic patient with no known cardiovascular disease. When coronary artery calcium scan is com-
bined with traditional risk factors, even better predictions are achieved [129]. The coronary artery calcium test 
has been shown to be even superior to coronary artery angiography (for non-hemodynamic coronary lesions) 
which is invasive and much more expensive [131] [132]. The reason for this advantage is that the majority of 
coronary events occur in areas of the coronary artery that have no obstructive lesions [15] [131].  

The major limitation of coronary calcium scanning is its inability to detect non-calcified plaque [133]. This is 
the primary reason that individuals with a negative coronary calcium score still have a small, but definite rate of 
cardiovascular events. These non-calcified plaques may become unstable and rupture. They can be detected us-
ing coronary artery CT angiography, but this procedure is more technologically changeling, more expensive, and 
requires the intravenous administration of contrast material. A recent multicenter study of this technology in 
symptomatic patients did not demonstrate an improved clinical outcome after two years [134]. However, the 
protocol did not specify aggressive anti-atherosclerotic therapy for those individuals with coronary artery pla-
ques and no LDL-c treatment goals were recommended. 

An important question concerning the coronary calcium scan is “at what age should the test first be ordered”. 
Since many individuals die from cardiovascular disease in their early 50 s, we recommend that scanning for co-
ronary artery calcium begun at the age of 40 years, particularly in high risk individuals (diabetes, hypertension, 
smokers, low HDL, etc.) [135]. Coronary artery calcium scanning has initiated a paradigm shift in patients with 
diabetes [2]. For example, coronary artery calcium scanning in healthy, asymptomatic type 1 diabetic individu-
als with a mean age of 43 years demonstrated a 31% positive coronary artery calcium score [136]. Recent 
American Heart Association (AHA) guidelines recommend treating patients with statins according to their risk 
category, with high risk individuals being treated with high dose statins and lower risk individuals being treated 
less aggressively [137]. However, assessment of ~7000 asymptomatic individuals in the MESA clinical trial 
demonstrated that approximately 50% of individuals recommended for treatment with statins according to AHA 
guidelines actually had a zero calcium score making it very unlikely that these individuals would have a cardi-
ovascular event within the next five years [138]. We recommend that before the physician start a statin in an 
asymptomatic patient, that a coronary artery calcium score be obtained in order to prevent inappropriate and 
unnecessary statin therapy [139]. In addition, the use of the MESA website CHD risk score calculator  
(https://www.mesa-nhlbi.org/MESACHDRisk/MesaRiskScore/RiskScore.aspx) will provide a risk assessment 
that combines both the coronary artery calcium score and traditional Framingham risk categories [129]. The co-
ronary calcium score has demonstrated good predictability even in high risk individuals under the age of 45 
years [140]. 

The coronary artery calcium score should be repeated at future intervals if the score is zero or low (we rec-
ommend five years) so that anti-atherosclerotic therapy can be initiated in a timely fashion. For higher calcium 
scores, a more frequent repeat calcium score may be indicated. By repeating the test, additional information may 
be gained because the rate of progression of the calcium score is also a significant predictor of future cardiovas-
cular events [141]. However, since statins increase coronary artery plaque calcium (theoretically as a method of 
stabilizing the plaque), a decrease in a calcium score for patients placed on statins should not be anticipated [86] 
[142]. 

The reason to repeat a calcium score at periodic intervals is that the rate of coronary artery calcium progres-
sion has important prognostic significance [133]. Using data from the MESA clinical trial composed of ap-
proximately 7000 asymptomatic community based individuals, Budoff et al. demonstrated that individuals who 
progress from a baseline “0” calcium score to a positive score had a 1.5 times increase in the risk for atheroscle-
rotic heart disease. Annual coronary calcium scores greater or equal to 100 units were associated with a 2.5 to 
3.0 times increase in risk [141]. In addition, individuals with diabetes who have progression of atherosclerosis 
may need additional therapy [143]. 

13. Conclusions 
It is clear that professional caregivers now have the tools to rapidly diagnose and prevent ASCD death in their 
patients. Cost analyses to date have supported the use of statins in both primary and secondary prevention [93] 
[144]. Unfortunately, all cost analyses do not incorporate the human suffering and loss to family members of 
productive citizens who die from cardiovascular disease. The critical issue facing all professional caregivers 
making treatment decisions for their patients is: “do the benefits outweigh the risks?” For 500,000 Americans 
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who will die from ASCD each year, the benefit of aggressive anti-atherosclerotic therapy is clearly improved 
health and life. The risks include medication side effects (which are minimal for the majority of individuals), 
cost of medications (which must be balanced against the cost of emergency room visits and invasive cardiac 
procedures), and unknown future side effects from anti-atherosclerotic medications. Unfortunately, the reason 
that more professional caregivers do not aggressively treat atherosclerosis is not because they conclude that the 
risks outweigh the benefits. It is because behavioral change is extremely difficult. Acquiring the knowledge of 
anti-atherosclerotic therapy requires time from a busy schedule, and their institutions and businesses lack the fi-
nancial incentive to support this approach [145]. 

The LDL hypothesis, i.e., that a reduction in circulating LDL-c concentration results in a reduction in cardi-
ovascular events, has been supported by many statin clinical trials. However, since statins have pleotropic ef-
fects beyond their LDL-c lowering capability, questions have been raised as to whether the benefits are due pri-
marily to the anti-inflammatory effects of statins [42]. With the publication of the IMPROVE-IT clinical trial in 
which a non-statin medication reduced LDL-c with a concomitant lowing of cardiovascular events, the LDL-c 
hypothesis has been verified [103]. The term “LDL-c Principle” has been suggested to emphasize this observa- 
tion [64]. Our article reviews the application of this principle in reducing and reversing cardiovascular disease. 
Recent guidelines are also endorsing this approach [4] [146]. The challenge is now to translate these observa- 
tions into treatment realities. 
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