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Abstract

Major advances have occurred within the last decade in the understanding of
the pathogenesis of coronary artery disease. Not only are the underlying me-
chanisms now clearly defined, but effective medical therapies are available at
low cost and minimal side effects. In spite of these advances, cardiovascular
events are still the leading cause of death in the United States and the Western
world. Analysis of the many factors involved in the delivery of appropriate
cardiovascular care strongly suggests that the primary reason is the overly re-
strictive guidelines published by medical societies. This article proposes a
much broader basis for constructing atherosclerosis clinical guidelines, name-
ly the known pathophysiology of atherosclerosis. If pathophysiology forms the
basis of atherosclerotic treatment recommendations, then a risk/benefit analy-
sis can be used to determine appropriate preventive therapy for any specific
individual. The result will be that many additional individuals will be eligible
for preventive treatment of atherosclerosis, and the saving of many lives at
minimal cost will result.
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1. Introduction

The choice of pathophysiology-based clinical guidelines versus randomized
clinical trials (RCTs) based clinical guidelines has critical bearing upon the in-
creasing prevalence of atherosclerotic heart disease in the United States [1].
Fundamentally, pathophysiology-based clinical guidelines support risk/benefit
considerations for patient specific clinical management by physicians. In con-

trast, randomized clinical trials based clinical guidelines support the mean pop-
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ulation response to a drug or lifestyle intervention and therefore have no proven
outcome for any individual patient to achieve his/her optimal end point re-
sponse. The result is that many of the individuals with significant undiagnosed
atherosclerosis are not being appropriately treated and suffer cardiovascular
events.

It may be surprising that the majority of professional organizations that issue
cardiovascular guidelines base their recommendations primarily on the results of
randomized controlled trials [2]. Rather than considering the risk/benefit ratio
of a recommendation for a patient from the typical comorbid diverse clinical
population, RCTs report a “proven” fact for a highly selected non-representative
group within a 95% confidence interval. The result is that many individuals who
would benefit from a relatively benign, inexpensive therapy are prevented from
receiving treatment. Because they do not qualify for the RCT study group, they
experience a major cardiovascular event.

The difference between randomized control based guidelines and pathophysi-
ological based guidelines is illustrated in Figure 1. Both approaches begin with
the same heterogeneous population. However, to ensure internal validity by
studying a relatively homogeneous population, the randomized control based
guideline approach follows a stepwise exclusion (reduction in the size) of the
population to be tested. In contrast, the pathophysiological based guideline is
not restricted to a homogenous population and therefore does not restrict the
number of individuals to be included in the assessment. This difference is signif-
icant because there are many individuals with atherosclerosis that need to be
treated with medication but are excluded because their personal characteristics
were not included in available clinical trials. These individuals usually include
the elderly, the young, and people with multiple medical issues.

Atherosclerosis belongs to a collection of diseases in which the pathophysiol-
ogy involving abnormalities in the blood must be corrected to achieve a suc-
cessful clinical outcome. The list of such pathophysiology-based diseases is long,
and ranges from gout, in which blood uric acid levels must be normalized to
prevent the inflammation of joints, to AIDS in which the virus in the blood must
be suppressed or eliminated to prevent clinical complications. Table 1 contains a
partial list in which guidelines identify the therapeutic target concentration of
the offending agent for correction to successfully eliminate the clinically ex-
pressed disease. In this group of diseases, treating for a population mean out-
come based on randomized controlled trial guidelines may fail to cure the dis-
ease in those patients who fall outside of the mean RCT population reduction in
concentration of the causative agent in the blood.

From a historical perspective, each of these diseases in Table 1 was treated
with limited success with many different pharmacological and medical ap-
proaches for decades prior to identifying the single abnormality within the blood
that was the essential pathophysiological abnormality. Atherosclerosis treatment

guidelines evolved initially toward improving clinical cardiac outcomes as the
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Figure 1. A comparison between guidelines that are randomized controlled based (RCT)
and guidelines that are based on pathophysiology. In an attempt to study a homogeneous
population, there are many exclusions for RCT based guidelines (which reduce the cost
and duration and also increases the statistical power of the study). Unfortunately, this
approach leads to a study of non-representative populations (poor external validity). In
contrast, pathophysiologically based guidelines apply to all of the population and permit
immediate analysis of all the currently available data.

Table 1. Examples of blood treatment targets causing disease.

Substances Resulting Disease
Uric acid Gout
Iron Hemochromatosis
Copper Wilson’s disease
Hormones
Thyroid Thyrotoxicosis
Growth Hormone Acromegaly
Cortisol Cushing’s disease

Infectious agents
Hepatitis C virus Hepatitis C

Chickenpox virus Shingles

role of an underlying offending agent has taken over 40 years to evolve into pa-
thophysiology-based recognition. For example, bypass surgery of coronary arte-
ries followed later by catheter placed vessel stents quickly demonstrated dramat-
ic resolution of acute coronary occlusion. However, it has become clear that co-
ronary artery stents do not correct the pathology of the underlying vessel and
future atherosclerotic events are not prevented. Thus, coronary artery based dis-
ease has remained the number one cause of death in the United States [3].

Based upon the accumulation of abundant pathophysiologic data today, it is
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the hypothesis of this review to propose that at least two agents, circulating LDL
cholesterol (LDLc) and inflammation as measured by hsCRP, represent a treat-
ment target for pathophysiology-based clinical guidelines in patients bearing a
significant atherosclerotic burden responsible for coronary heart disease.
Atherosclerotic burden is identified in asymptomatic patients with calcium
scanning [Figure 2], and in symptomatic patients by history of heart attack with
or without stent or bypass intervention. Based upon pathophysiology in these
patients, physicians should consider medication titration to achieve the targeted
blood LDLc concentration reduction levels to maximally prevent clinical cardiac

events and reverse atherosclerosis.

2. Background

The pathways to today’s challenge of treatment of coronary atherosclerosis be-
gan before the turn of the century with the pathologic description of fatty athe-
roma within the heart vessels and major arteries. It required a hundred years
before the clinical recognition of heart attacks as the number one cause of death
in the United States led to the identification of effective interventions. It became
understood that the unstable, cholesterol filled, inflammatory atherosclerotic
plaque is the culprit leading to coronary artery thrombosis and death [4]. Rup-
ture of the plaque’s fibrous cap and exudation of the thrombogenic contents re-

sults in arterial coagulation and coronary occlusion [5] [6].

30

CAC > 300
CAC = 100-299
20 I]]]]]]]]] CAC=1-99
[] cac-o
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15

CHD Events per 100 persons,
12.5 yrs. following calcium heart scoring

10

4% 5to11% >12%
Framingham coronary heart disease 10 year Risk projection

Figure 2. The value of the coronary calcium heart scan in predicting CHD events. A pro-
gressive increase in CHD at 12.5 years was observed with increasing coronary calcium at
baseline. The figure also suggests that the CAC scan should be repeated every 5 years to
allow for identification of newly positive scans and the adjustment of risk assessment.
This suggestion is based on the observation that CHD events were observed in the high
Framingham risk category (>12%) when the original score was zero a decade before the
event. Data modified from ref [32].
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For the next fifty years, two pathways of a solution were followed in almost
parallel trajectories. One was directed at surgical removal of a damaged site in a
coronary vessel, and one was directed at the biochemical role of “fat/cholesterol”
as recognized chemically in cutaneous xanthoma in families with early presenta-
tion of heart attacks. Within a decade, the effect of emergent by-pass surgery in
saving patients with acute vessel occlusion was reported and replicated [7].
Within twenty years, this surgical success was followed with similar life-saving
outcome utilizing catheter-based vessel dilating stents. While this became the
standard of acute management, a reduction in the demonstrated role of heart
attacks as the number one cause of death was not observed. During the same 40
years, biochemical investigation achieved two critical advances. The first was the
ability to identify and clinically measure various species of cholesterol lipo-
proteins in the blood. Specifically, the presence of LDL cholesterol in abnormally
elevated lipid levels in children and their parents with a history of early death by
heart attacks suggested an inherited molecular disease. This possibility histori-
cally suggested searching for a biochemical abnormality as a basis for the under-
lying atheroma. With advances in molecular genetics emerging, the demonstra-
tion of hepatic LDL cholesterol defective receptors was confirmed, and quickly
biochemical intervention with inhibitors of cholesterol synthesis were pursued.

The second clinical advance was the demonstration that HMG-CoA reductase
inhibition of cholesterol synthesis with “statins” reduced the test population in-
cidence of heart attacks in randomized clinical trials of qualifying high-risk pa-
tients. These trials of a single dosage of drug were pursued for the next ten years
with statistical and meta-analysis confirmation to demonstrate equivalent suc-
cess to that achieved with vessel surgery [8]. The results were not related to indi-
vidual patient changes in LDLc, but only to the population mean LDLc level.
Heart attacks were indeed reduced, and guidelines issued recommending a sin-
gle daily dosage of a statin as a therapeutic intervention [9]. Without any at-
tempt to achieve a uniform lowering of LDLc in the statin trials, no expectations
for target reductions in individual patients were made [10]. Unfortunately, death
from cardiovascular disease remained the number one cause of mortality in the
United States.

3. Increasing Importance of Pathophysiology

While both vascular surgery and single-dose statin therapeutic interventions
continued, a third pathway of clinical investigation based upon “pathophysiolo-
gy’ was actively being pursued by many scientists around the world. Historical-
ly, this approach had been the most common approach to determining thera-
peutic target concentrations of disease agents such as serum uric acid, lead,
BUN, thyroxin, cortisone, etc. Pathophysiology includes all scientific studies that
describe a disease process either directly or indirectly. These studies include (but
are not limited to) observational, in vitro, cross sectional, animal, database, case

reports, and randomized controlled trials (Figure 3). The great strength of
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Figure 3. A scaled Venn diagram demonstrating the components contributing to the pa-
thophysiology of atherosclerosis. The size of the circles can be used to provide the relative
weight that each component was given toward a treatment recommendation. Overlapping
circles indicate that some studies fall into more than one category (not all overlaps are
shown for reasons of simplicity). The overall “expert consensus” circle includes the con-
sideration of all the available pathophysiological data pertinent to a specific disease’s
treatment and forms the basis of the recommendations. As a hypothetical example, the
numbers (inside the circles) indicate the specific references that are cited in the profes-
sional organization’s guidelines that have the most influence in constructing their rec-
ommendations. The inclusion of this type of diagram increases the communication be-
tween the reader and the authors of the clinical practice guidelines by permitting the
reader to understand the reasons for the recommendations.

pathophysiology is that, a priori, it is continuously strengthened by new discove-
ries and insights into a disease that might occur.

Treatment practice based upon pathophysiology guidelines can utilize a
risk/benefit analysis typical of everyday clinical practice, so that potential un-
known risks can be minimized. This allows safe, aggressive therapy to be applied
to the individual patient with a potential life threatening disease. Finally, by pre-
venting/reversing atherosclerosis, the patient can achieve favorable outcomes
that are both cost effective to the individual and to the U.S. health care system
[11].

The human genetic data in familial hypercholesterolemia have clearly demon-
strated that members of a family with elevated levels of LDLc have heart attacks
prematurely. In contrast, relatives with LDL cholesterol concentrations more
typical of the general population did not seem to have premature heart attacks.
Close examination of the statin randomized control trials revealed a similar pos-
sibility, even though no target level of LDLc was utilized [12]. When one did a

comparison of the many trials with differing statin agents and/or using differing
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statin dosages, a statistical relationship between the degree of LDL reduction us-
ing population means, and the resulting reduced heart attack events could be
recognized [13]. This raised the question of whether or not individual manage-
ment of LDLc lowering to a specific blood level might be considered. Pathophy-
siology based practice has been the traditional knowledge-based process to pur-
sue this possible role of a concentration-based agent causing tissue disease in the
individual patients within a primary care practice.

Recognizing that subhuman primates rarely develop atherosclerosis, other
animal models of atherosclerosis were developed [14]. Discovery of the Wata-
nabe atherosclerotic prone rabbit provided a unique resource to study the athe-
rosclerotic process [15]. Identification of the hepatic LDL receptor by Brown and
Goldstein and proof of its role in homozygous hypercholesterolemia and rever-
sal by liver transplant provided the scientific basis for direct hepatic inhibition of
cholesterol synthesis [16] [17]. Meta-analysis of 90,056 subjects from 14 rando-
mized clinical trials of statins demonstrated the ability to safely reduce hepatic
cholesterol synthesis with this class of medications [18]. More recent genomic
studies of individuals with either inherited increased or decreased atherosclerot-
ic events related to LDL cholesterol concentration has further elucidated the pa-
thogenesis of atherosclerosis depending upon LDLc levels, and the development
of new approaches to the treatment of this disease [19]. Furthermore, analysis of
genomic traits that result in a reduced LDL concentration from early childhood
indicates that this trait is associated with a substantially greater reduction in car-
diovascular events than the current practice of lowering LDL later in life [20]
[21].

Finally, it has been recently reported that a clonal hematopoiesis of indeter-
minate potential (CHIP) mutation in adults over the age of 70 yrs. is significant-
ly associated with increased heart attack and strokes [22]. From a pathophysi-
ologic perspective, these authors relate this observation to the increased atheros-
clerotic inflammation in genetic mice models of familial hypercholesterolemia,
but not in normal cholesterol control mice. The interaction of circulating cho-
lesterol levels and tissue inflammation is an associated area of important ad-
vances that further support the pathophysiologic approach to evolving therapy
for heart attacks. The CHIP genetic inflammatory link is consistent with the di-
rect quantification of calcium presence as an inflammatory component of coro-
nary atherosclerotic plaques in man. This virtual biopsy confirmation of the
amount of atherosclerotic burden in coronary vessels by coronary artery calcium
scan has proved to be statistically linked with the risk of cardiac events during 5
to 15 years of follow-up [18] [23]. The calcium score is independent of clinical
scoring based upon clinical risks including hypertension, diabetes, age, etc., or
can be improved with the standard risk-based prediction such as the Framing-
ham guidelines [24]. Including direct quantification of coronary atherosclerotic
burden identifies those asymptomatic patients in whom targeted LDL reduction

is necessary to reverse the atherosclerosis.
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Of critical importance is that atherosclerosis is a reversible disease [25]. Athe-
rosclerotic regression following LDL cholesterol reduction was first reported
almost two decades ago [26], and more recent studies demonstrated that it was
reversible within one year in subjects with known cardiovascular disease [11]
[27] [28] [29]. Of most importance, investigation of the effect of targeted reduc-
tion in LDL cholesterol was addressed. Studying 1139 individuals with and
without diabetes, reducing the circulating LDL below 70 mg/dl reversed atheros-
clerosis [30]. It was then observed that all LDL-lowering therapies that increase
the hepatic LDL receptor while reducing LDL cholesterol concentration were ef-
fective in reducing cardiovascular events (including lifestyle changes, statins,
ezetimibe, ileal bypass, and PCSK9 inhibitors); whereas therapies that do not in-
crease the hepatic LDL receptor concentration don’t reduce cardiovascular
events (e.g., niacin) [31]. In addition, when cardiovascular clinical trials em-
ploying statins examined the relationship of LDL lowering with the reduction of
cardiovascular events, it was consistently observed that the lower the LDL con-
centration, the fewer the events [32]. This concept has been further extended by
a recent trial of the PCSK9 inhibitor evolocumab that demonstrated the benefits
of even further reduction of circulating LDL cholesterol from 70 mg/dl to 30
mg/dl in high-risk individuals [33]. Finally, understanding the pathophysiology
of atherosclerosis provides reassurance that low LDL cholesterol levels are safe,
at least down to 30 mg/dl [34]. Many humans are born with LDL levels in the 50
mg/d] range [35]. Individuals with a genetic deficiency of PCSK9 may have life-

time circulating LDLc levels as low as 14 mg/dl without adverse effects [33].

4. Effect of Pathophysiology Based Target Guidelines on
Heart Disease

Atherosclerosis is the number one cause of mortality in the United States, more
than all cancers combined [36]. Although the acute mortality has been slowly
decreasing secondary to improved emergency cardiovascular interventions, the
actual prevalence of the disease continues to increase [1]. Approximately 600,000
individuals in the United States suffer a cardiovascular event (myocardial infarc-
tion or stroke) each year. Half of these patients die before reaching the hospital,
and according the American Heart Association, a recent estimate of the cost of
atherosclerotic cardiovascular disease is 207 billion dollars per year [2]. Because
atherosclerosis is a silent killer, at least 50% of these patients were asymptomatic
and unaware that they were at risk.

Guidelines based upon pathophysiology begin by recognizing that atheroscle-
rosis is a chronic disease that begins in childhood. Knowing that 5% of our pop-
ulation has familial heterozygous hypercholesterolemia, consideration could ad-
dress those at the interface between teenagers and young adults. This is the cur-
rent practice in pediatric management of young adult with homozygous familial
hypercholesterolemia [37]. When atherosclerotic burden is identified noninva-

sively within the heart by coronary artery calcium scanning in at-risk members
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of such families, then consideration of targeted medical lowering of their LDL
cholesterol to <50 mg/dl is appropriate. The next category is men and women
who have experienced a heart attack, stroke, by-pass or stent in whom these
events confirm the presence of atherosclerosis. These pathophysiological based
recommendations would identify targeted medical lowering of their LDL cho-
lesterol to <50 mg/dl. Finally, any man or women who is considered “at-risk” for
coronary disease by evaluations such as the Framingham risk calculations, and
who has a positive atherosclerotic burden by cardiac calcium scan, would qualify
for reducing the LDL cholesterol to <50 mg/dl.

The medications currently available are appropriate to achieve a target blood
LDLc concentration of <50 mg/dl by following the patient’s response with titra-
tion to achieve this goal. Based on the known side effects of lifestyle change, sta-
tins, ezetimibe, and low dose aspirin (all of which have been in use for more than
20 years), the benefit of the pathophysiological approach greatly outweighs any
therapy related risks [38]. Since all of the cited therapies are now generic, the
prevention of cardiovascular disease is very cost effective, with medication costs
of less than one dollar per day. Furthermore, because of the anticipated cost
saving from the prevention of emergency acute coronary care, many medical
insurance companies are now providing statins and ezetimibe at no or minimal
charge to their enrollees.

Figure 4 illustrates the estimated difference between the numbers of individu-
als in the Unites States that would be recommended for therapy to prevent athe-
rosclerosis based upon the pathophysiologic target LDL cholesterol level <50
mg/dl compared with therapy reflecting guidelines based upon randomized con-
trolled trials. Randomized controlled trials limit eligible individuals to the age
groups that have been studied between ages 40 - 70 yrs, and exclude adults with
no cardiac risk factors or low Framingham scores. They do not establish the
presence or absence of an atherosclerotic burden so that a subject may be mis-
diagnosed in both categories of having or not having confirmed vascular disease
[39] [40] [41]. Fundamentally, pathophysiological based guidelines would in-
clude an additional 30,000,000 adults and all patients would have a known bur-
den of coronary atherosclerosis by non-invasive cardiac calcium scanning. Since
this is a “chronic” disease beginning in childhood, the simple and inexpensive
cardiac calcium scan in both asymptomatic as well as high-risk men and women
may be the only fail-proof way of establishing the presence of an atherosclerotic
burden, the basic pathophysiologic evidence of vessel disease. Moreover, it has
also been reported that left untreated, all levels of coronary artery calcium scor-
ing may progress over time, including those with an initial calcium score of zero.
This is a chronic disease and strongly influenced by any acquired inflammatory
disease occurring at any time throughout a lifetime, such as influenza [42]. Con-
sidering a physician’s risk/benefit approach to an individual patient, follow-up
calcium scans at 5 year intervals can be considered highly cost-effective, and

particularly so in the presence of other known cardiovascular risk factors.
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Comparison of Basing Therapy on Randomized
Controlled Trials versus Pathophysiology

Randomized Controlled
Trial Based Rx

Pathophysiology
based Rx

| 150,000,000 Adults w/o heart disease | ] 150,000,000 Adults w/o heart disease

80,000,000 Adults > age 50,000,000 Adults > age 80
70 yr., <40 yr. yr., <age 30 yr.
70,000,000 : 100,000,000
1
10,000,000 Adults, no 10,000,000 Adults, no
cardiac risk factors cardiac risk factors
60,000,000 : 90,000,000
10,000,000 Adults, low 10,000,000 Adults,“0”
Framingham risk score Calcium score

50,000,000 adults receive treatment,
many with no atherosclerotic disease

80,000,000 adults receive treatment all
with proven atherosclerotic disease

Figure 4. A comparison of the size of the estimated population that would qualify for
treatment (lifestyle change, medication) to prevent atherosclerotic heart disease. Almost
twice as many individuals would be recommended for interventional therapy when pa-
thophysiology is used as the basis of treatment recommendations. Since RCT based
treatment relies on a published risk score, many patients will be treated that do not have
atherosclerotic disease. In contrast, pathophysiology based treatment only recommends
treatment for individuals with a positive coronary artery calcium score, therefore, only
patients with atherosclerotic disease are treated.

Not surprisingly, there are major differences between all clinical practice
guidelines. The American College of Cardiology and the American Heart Asso-
ciation most recent guidelines of 2013 did not recommend LDL cholesterol tar-
get therapy. However, in 2017 the American Association of Clinical Endocri-
nologists and American College of Endocrinology suggested LDL cholesterol
treatment goals of <55 mg/dl for patients with “Extreme Risk”, <70 with “Very
High risk”, <100 with “High Risk”, and <130 with “Low Risk” [43]. These dif-
ferences result in confusion for physicians attempting to apply them to their pa-
tients because the term “risk” is defined differently by different on-line calcula-
tors [44] [45] [46] [47]. In addition, the weaknesses of randomized controlled
trials have been frequently pointed out by several authors [48] [49]. Table 2 lists
these weaknesses and compares these parameters to those of pathophysiology
based guidelines. There are major differences between RCT based guidelines and
pathophysiology-based guidelines as shown in Table 2. The benefits of patho-
physiology-based guidelines are based on the fact that they include not only RCT
data but also include all other types of scientific evidence. They can also be ap-
plied immediately to the general at risk population whereas RCT based guide-
lines require years for studies to be completed at great cost to the population.

Their narrow focus precludes general applicability to many individuals in the
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Table 2. Comparison of RCT-based and pathophysiology-based guidelines.

Parameter RC‘T bfised Pathoph).rsml.ogy based
guidelines guidelines
1 External validity Very poor Very good
2 Internal validity Very good Good
Agreement among
3 L Very poor Not tested
Societies
Influence on . Not tested, but expectation
4 . . Minimal .
Primary Care givers high
Applicability to # of
5 Pplcablt Y olarger o Moderate High
patients
6 Scientific basis Narrow Very broad
7 Types of studies considered Primarily RCT's All scientific studies
s Difficulty f)f c?nstructing Moderate High
guidelines
9 Cost of medical treatment Minimal Minimal
10 Cost of surgical treatment Very high Very high

population (Ze., poor external validity). Because atherosclerosis is the number
one cause of death in the Western world, the risk/benefit analysis strongly favors
pathophysiology-based guidelines. The pathophysiological significance of do-
cumenting vessel atherosclerosis burden by calcium scan and reducing the LDL
cholesterol to <50 mg/dl, significantly differentiates these two approaches to

therapy guidelines for this chronic disease [Figure 2].

5. Conclusion

This position paper poses the hypothesis that pathophysiologic data establishing
a target lowering of LDL cholesterol and hsCRP in all asymptomatic patients
with coronary atherosclerosis and symptomatic patients with a clinical history of
cardiovascular disease will reduce the number of patients dying of cardiovascu-
lar disease. It acknowledges that randomized controlled trials are often the pre-
ferred experimental design for answering therapeutic questions in very specific
populations, but they exclude the realty of comorbid diseases that characterize
the general clinic population. We are not the first authors to raise issues con-
cerning clinical practice guidelines, but we are the first to offer a feasible alterna-
tive approach. Pathophysiology provides the professional organization with the
ability to factor in non-randomized controlled studies and alter their therapeutic
recommendations in a timely fashion. In many circumstances, it is also cost ef-
fective, preventing the high cost of invasive long-term cardiovascular medical
care [50]. Most importantly, it permits recommendations that are directly appli-
cable to the general clinic population, not just the carefully selected volunteers
enrolled in randomized controlled trials. The beneficiaries of utilizing pathophy-

siology will be both the physicians who rely on guidelines and their patients who
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will receive the most current therapy based upon all the available experimental

data to achieve a target level of reduced LDL and hsCRP concentration.
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