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Abstract

Every cardiovascular clinical trial that has examined the beneficial effects of
lowering LDL cholesterol to prevent cardiovascular events has demonstrated
residual cardiovascular risk in the interventional treatment group. Residual
risk is the term applied to the cardiovascular events (e.g., myocardial infarc-
tion, stroke, and cardiovascular death) that occur in spite of being on “optimal”
medical therapy. This term is usually applied to secondary intervention studies,
Le, lipid lowering treatments in subjects who have already had at least one
cardiovascular event. Studies that described residual risk have attributed it, at
least in part, to the fact that the LDLc has not been lowered sufficiently to stop
atherosclerotic plaque formation and rupture into the arterial lumen. However,
a recent cardiovascular intervention clinical trial which achieved a very low
group median LDLc of 30 mg/dl still demonstrated significant residual risk. Of
more importance to reducing residual risk may be addressing the ongoing in-
flammation in the coronary arteries that results in cellular liberation of cyto-
kines and proteases that attack the atherosclerotic plaque’s fibrous cap. Recent
studies have shown that inflammation may act independently of LDL to cause
cardiovascular events. This article provides evidence that inflammation is the
primary cause of residual risk and will need to be treated as aggressively as LDL
lowering if CVD events in the post treatment period are to be significantly re-
duced. Addressing major risk factors including obesity, diabetes, smoking,
hypertension and hyperlipidemia are critical to reducing inflammation. Statins
and aspirin are the mainstay medications to reduce ongoing inflammation.
However, newer pharmaceuticals may also be required to reduce inflammation
to undetectable levels. Targeting inflammation to eradicate residual cardiovas-
cular risk will be the next therapeutic challenge facing primary care physicians.
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1. Introduction

Inflammation is a characteristic of all chronic diseases in man. It is the primary
defense mechanism against invading organisms and hostile environmental
agents. It has developed over millions of years of evolution and involves a mul-
tiplicity of genes, organ systems, cellular organelles, and active metabolites.
When inflammation is active, it may be lifesaving to the individual. However, it
also can cause great harm with damage to blood vessels, organs and the func-
tional capacity of the organism. Atherosclerosis is a chronic disease characte-
rized by increased inflammation affecting all of the arteries in the body. As a
consequence, the endothelial lining of the arteries becomes damaged, resulting
in the development of atherosclerotic plaques that lead to arterial thrombosis.
Controlling this inflammatory response is critical to reducing atherosclerotic
cardiovascular events.

Cardiovascular disease is the number one cause of death in the U.S. Numer-
ous treatments for this disease have been proposed over the last two decades
primarily aimed at reducing risk factors and correcting levels of abnormal lipids.
Much less attention has been paid to reducing inflammation in spite of the fact
that the majority of subjects in clinical trials to reduce atherosclerosis continue
to have cardiovascular events in spite of aggressive LDL lowering therapy. These
recurrent events are called residual cardiovascular risk and attempts to reduce it
have not been successful. Understanding the pathogenesis of cardiovascular dis-
ease is critical to ultimately preventing and/or reversing its devastating effects in
the U.S. population.

Atherosclerosis is an inflammatory, progressive disease that begins during fet-
al development and progresses throughout life [1]. As such, age is one of the
primary determinants of cardiovascular risk [2]. The rate of development is in-
creased by several well established risk factors including glucose intolerance,
smoking, hypertension, and hyperlipidemia [3]. Early intervention into these
factors has been recommended by many authors, and studies have demonstrated
the benefits of this approach [4]. Based on these observations, atherosclerosis
should be considered a chronic disease whose treatment will require a prolonged
effort to reverse the atherosclerotic process.

Several therapeutic approaches have been successful in reducing and/or re-
versing the progression of atherosclerosis. All of these approaches have resulted
in increasing the hepatic LDL receptor resulting in a reduction in circulating
LDL cholesterol, including low cholesterol and saturated fat diets, ileal bypass
surgery, intestinal cholesterol blockade by ezetimibe, hepatic cholesterol synthe-
sis reduction by statins, and blockage of PCSK9 protein by monoclonal antibody
inhibitors [5]. Even in individuals at low risk for ASCVD, the reduction of athe-
rosclerotic cardiovascular events has been shown to be proportional to the re-
duction in circulating LDL cholesterol, with each mmol of reduction (~48
mg/dl) resulting in a concurrent reduction in events of 11 per 1000 individuals

within five years [6] [7]. To this end, several intravascular ultrasound studies
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have demonstrated that reversal of coronary atherosclerosis occurs when the
LDL cholesterol approximates 65 to 70 mg/dl with statin therapy [8]. This
process has been shown to begin in the carotid artery within one month of in-
itiating statin therapy and continuing at one year and thereafter [9]. Stabilization
(increase in thickness) of the atherosclerotic plaque’s cap (the usual site of the
plaque rupture into the coronary artery) can be shown to occur within nine
months of initiating statin therapy [10].

Unfortunately, all of the pharmaceutical studies demonstrating a beneficial
reduction in LDL concentration in reducing cardiovascular events have demon-
strated a large remaining group of individuals with residual cardiovascular risk
(Figure 1). This risk includes myocardial infarction, thrombotic stroke, acute
severe angina, and peripheral vascular occlusion. This risk tends to decrease with
time, presumably because with treatment unstable atherosclerotic plaques be-
come stabilized against rupture into the coronary artery arterial lumen. Howev-
er, during the first several years of initiating LDL lowering therapy, many pa-

tients continue to experience major cardiovascular events (residual risk).

2. What Causes Residual Risk?

Residual cardiovascular risk is primarily caused by the rupture of an unstable
atherosclerotic plaque, with the resultant extrusion of thrombogenic material
(including cholesterol, cholesterol esters, remnant lipoproteins, and lipoprotein
[a]) into the arterial lumen [11]. The resultant thrombosis can result in partial or
total obstruction of the coronary artery, resulting in unstable angina and myo-
cardial infarction. Successful reduction of residual cardiovascular risk will re-
quire a rapidly acting therapeutic approach to stabilize atherosclerotic plaques
with thin fibrous caps throughout the vascular tree. The thickness of the fibrous
cap is a major determinant of the difference between an acute myocardial infarc-

tion and stable angina [12]. For example, in the infarct-related site of a study of
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Figure 1. Time course of cardiovascular events during 24 months of therapy with a
PCSKO9 inhibitor compared to a statin control. In spite of a 15% reduction in events at one
year and a 25% reduction at two years, many patients still had cardiovascular events in
spite of dramatic lowering of LDL cholesterol with a PCSK9 inhibitor. The rate of residual
risk cardiovascular events decreases with duration of the intervention. Note that the
number of individuals having a cardiovascular event is significantly greater than the
number of individuals in whom an event was prevented by the PCSK9 intervention. Data
adapted from [16].
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42 patients with acute myocardial infarction, the fibrous caps in their arteries
averaged 57 +/— 12 um versus the fibrous caps instable angina patients of 180
+/— 65 pm (p < 0.001). In a pivotal study of plaque morphology from patients
suffering from an acute myocardial infarction, Van der Wal and co-workers
examined the culprit plaque lesion in 20 patients who died of a myocardial in-
farction [13]. They observed that the immediate site of plaque rupture was al-
ways associated with inflammation. They state that “inflammation plays a role in
destabilizing the fibrous cap tissue and thus, in enhancing the risk of coronary
thrombosis” (see Figure 2).

Regression of atherosclerosis occurs at an LDLc of approximately 65 to 70
mg/dl [8] [14] [15]. However, this process requires a significant amount of time
to become clinically significant (more than two years). Two recent publications
emphasize this point. First, in the Fourier Clinical Trial, the PCSK9 inhibitor
evolocumab was administered for 2 years and compared to a randomized place-
bo comparative group [16]. In spite of a significant reduction of CVD events in
the PCSK9 group (15% in year one, 25% in year two), this group still had a large
number of residual events (1344 out of a study population of 13,784) during this
time period. Second, using an alternative approach to lowering LDLc (or non
HDL cholesterol) with the cholesterol ester transfer protein inhibitor anacetra-
pib, the REVEAL Clinical Trial reduced the CVD event rate 1% (10.8% com-
pared to 11.8% in the placebo group) [17]. However, no benefit of lowering the
LDLc to approximately 30 mg/dl for the first two years was observed. To put this
small benefit in proper perspective, out of 15,225 patients in the treated group,
1640 still had a cardiovascular event. Thus, although aggressive lowering of
LDLc will reduce a small number of residual risk events, additional approaches
will be necessary to further reduce the remaining heart attacks, strokes, and car-
diovascular deaths.

The most likely additional factor to LDLc lowering is a significant reduction

in inflammation. As shown in Figure 3, inflammation (as assessed with high

Figure 2. Electron micrograph of an atherosclerotic plaque showing entrapped red blood
cells and attached lymphocytes (WBC). The stability of this cap is critical for preventing
the rupture of the plaque into the arterial lumen. Local enzymes such as metalloprotei-
nases degrade this cap whereas statins tend to stabilize it. Data adapted from [41].
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Figure 3. Relative importance of LDL versus inflammation (as assessed by CRP) in pre-
venting CVD events after statin therapy. Note that inflammation is as important as
hyperlipidemia in reducing cardiovascular risk. Data adapted from [26].

sensitivity C-reactive protein, Ze., hsCRP) is of equal importance to LDLc in re-
ducing CVD events. It is likely that continued inflammation in atherosclerotic
plaques leads to plaque rupture and arterial thrombosis. Although statins do re-
duce inflammation to some extent, this effect has not been sufficient to negate
residual risk. The hypothesis that inflammation is critical to the pathogenesis of
atherosclerotic events is supported by a recent publication demonstrating that
the use of a specific monoclonal antibody that inhibits plaque inflammation
(without altering plasma LDL concentration) reduced CVD events. Unfortu-
nately, when the humanized monoclonal antibody canakinumab was used to de-
crease atherosclerotic plaque inflammation, an excess number of fatal infections
were observed [18]. What is urgently needed is a specific inhibitor of plaque in-

flammation without significant adverse effects.

3. Pathogenesis of Residual Risk

Stabilization of an unstable atherosclerotic plaque is a complex process. Unstable
plaques are characterized by thin fibrous caps, an excess of inflammatory cells,
metalloproteinases, cytokines, a large lipid core, and minimal calcification [19]
[20]. Critical to the stability of atherosclerotic plaque is the integrity of the fibr-
ous cap that overlays the thrombogenic lipid core [21] (see Figure 2). This cap is
formed from collagen secreted from smooth muscle cells. It may also contain in-
flammatory cells and cytokines. Enzymes secreted from macrophages and
smooth muscle cells, termed metalloproteinases, may degrade the collagen and
weaken the integrity of the fibrous cap. Thus, all plaques are in a precarious bal-
ance between increasing stability versus increasing cap dissolution. At the
present time however, it is not clear which of these components are the most
critical and need to be addressed first. Part of the beneficial effects of potent sta-
tin therapy has been attributed to its anti-inflammatory activity which may re-
duce the tendency of the plaque to rupture [22]. This activity may account for
their very rapid benefit in patients with an acute coronary syndrome. In addi-

tion, statins may stabilize fibrous caps by increasing plaque calcification and re-
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duce the lipid core [23]. Unfortunately, these latter effects may take months to

become effective in the majority of patients.

4. What Do We Know about Atherosclerosis and
Inflammation?

The importance of inflammation in the pathogenesis of atherosclerosis was re-
viewed 18 years ago in a review entitled “Atherosclerosis-An Inflammatory Dis-
ease” [24]. In this review, many of the basic processes of the inflammatory
process were detailed including the damage to the endothelial layer of the artery
and its consequences. In addition, Ridker and coworkers have published several
clinical studies which independently emphasizing the primary role of inflamma-
tion in pathogenesis of cardiovascular events [25]. They demonstrated that the
beneficial effects of pravastatin could be attributed to a reduction in inflamma-
tion in individuals with normal cholesterol levels. Many changes in the artery
affect the severity of the inflammatory response. For example, the flow of blood
in the artery is altered by arterial branches, bifurcations, and acute curvatures
that alter the flow of blood, resulting in a decrease in shear stress and an increase
in turbulence [24]. At these sites, adhesion molecules form and attract mono-
cytes and T lymphocytes which then migrate into the vessel wall.

In patients with an acute cardiovascular event treated with statins, it may be
difficult to separate the beneficial effects of lowing LDL from the effects of re-
ducing inflammation (Ze., CRP). However, this was done statistically by Ridkeret
al. in 3745 subjects participating in the (PROVE IT-TIMI 22) study, a rando-
mized controlled trial of patients experience an acute coronary syndrome [26].
These authors observed that for patients with post-treatment LDL cholesterol
levels of more than 70 mg per deciliter, the rates of recurrent events were 4.6 per
100 person-years among those with CRP levels of more than 2 mg per liter and
3.2 events per 100 person-years among those with CRP levels of less than 2 mg
per liter. The respective rates among those individuals with LDL cholesterol le-
vels of less than 70 mg per deciliter were 3.1 and 2.4 events per 100 person-years
(P < 0.001). These data strongly suggest that the level of CRP achieved with sta-
tin therapy has a major effect on the degree of benefit from lowering LDLc. Ta-

ble 1 provides a risk assessment of future cardiovascular disease at various levels

Table 1. CRP risk estimate for cardiovascular disease in healthy men and women fol-
lowed for 8 years.

Quintile CRP Range mg/L Risk Estimate
1 0.1-0.7 Low
2 0.7-1.1 Mild
3 1.2-1.9 Moderate
4 2.0-3.8 High
5 3.8-15.0 Highest

Data adapted from [27].
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of CRP. This table is based on analysis of over 5000 men without known cardi-
ovascular disease [27].

5. Clinical Approach

In the clinical trial literature, much emphasis has been placed on the benefit in
reducing cardiovascular events with pharmaceutical intervention. Much less
emphasis has been applied to the problem of residual risk, in spite of the fact
that for every event prevented, three or more cardiovascular events have still
occurred [28]. Although difficult to prove, it is likely that the residual risk events
are caused by previously present unstable plaques rather than newly developed
plaques (assuming that LDL cholesterol has been reduced below 65 mg/dl with
high potency statins) [15].

What should be the physician’s approach to residual risk? The first approach
should be the acknowledgement that the danger from a recurrent event far ex-
ceeds any benefit of routine antilipidemic therapy [29]. The second approach
should be the continued assessment of inflammation (Ze., by hsCRP analysis) at
every visit in addition to monitoring a lipid profile The third approach should
include the concept that atherosclerosis is a chronic disease which begins in
childhood and progresses through decades of life and its reversal may require

extended periods of time (years).

6. Treatments

Three pharmaceutical agents that have been demonstrated to: 1) reduce LDLc
levels, 2) increase the hepatic LDL receptor concentration, and 3) reduce cardi-
ovascular events are ezetimibe, high potency statins, and PCSK9 inhibitors [30]
[31] [32]. The first two classes of drugs are now generic and should be used to-
gether to aggressively lower LDL cholesterol below 50 mg/dl. The third class
(PCSKO9 inhibitors) is not only expensive but prescribing these agents is often re-
stricted to specific internal medicine subspecialties. Statins and ezetimibe also
decrease inflammation, an added benefit to their reduction of LDL cholesterol.
Low dose aspirin (81 mg/day) is also beneficial in reducing inflammation and is
recommended in individuals with elevated CRP [33] [34]. In fact, the reduction
in cardiovascular events with aspirin therapy has been attributed to its reduction
in inflammation rather than its anti-platelet activity [35]. The importance of in-
flammation and its reduction with aspirin in preventing cardiovascular events
was emphasized the Physicians Health Study, a randomized double blind place-
bo controlled study of 22,071 men followed for 8 years [35]. In this study, 543
men developed a heart attack or stroke. Their baseline CRP was 1.51 mg/L, sig-
nificantly greater than a comparable group of 543 men who did not develop car-
diovascular disease. The use of aspirin in one fourth of the total study cohort
significantly reduced cardiovascular events as well as reducing the level of CRP.
Of particular interest was that aspirin was only effective in the top quartile of

CRP in this study group, suggesting that elevated CRP was contributory to the
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cardiovascular event. The study was terminated early because of the highly sig-
nificant reduction in cardiovascular disease induced with aspirin therapy.

Aggressive lifestyle changes that may involve reduction in sources of inflam-
mation are also very important with normalization of blood pressure and he-
moglobin A1C being paramount. A diet that achieves normal body weight that is
low in saturated fat will also reduce the hepatic production of atherogenic lipids
[36]. An exercise program is beneficial as several studies have documented a re-
duction in cardiovascular events when people who exercise are compared to
people who do not [37] [38].

7. Conclusion

Reducing residual cardiovascular risk is a major challenge for all clinicians, pri-
marily due to a lack of specific therapy to stabilize atherosclerotic plaques. There
are no randomized controlled trials that specifically have addressed this issue.
Statin therapy has been shown to reduce the immediate post-acute coronary
morbidity and mortality, suggesting a beneficial effect [39]. A strong case can be
made for also reducing inflammation [25]. In addition, antiplatelet therapy is
often used to reduce the hypercoagulable state and is recommended in second-
ary prevention to reduce post cap rupture with arterial thrombosis [40]. Howev-
er, the optimal approach to prevent atherosclerosis is by aggressively addressing
cardiovascular risk factors, reducing LDL cholesterol below 50 mg/dl, and re-
ducing inflammation with a CRP less than 1.0 mg/L. Additional research is ur-
gently needed to address residual risk as a significant cause of morbidity and

mortality.
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