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Abstract
Both clinical and basic science studies during the last 30 years have emphasized the importance of cholesterol in the pathogenesis of atherosclerosis.
There is a direct relationship between the level of circulating cholesterol (as
LDLc remnant particles) and the incidence of cardiovascular events. However, this hypothesis has not gone unchallenged, both in social media and the
scientific literature. This controversy has major consequences to the health of
the public, because atherosclerosis is the number one cause of morbidity and
mortality in the Western World. The proponents of the non-importance of
atherosclerosis base their argument on certain studies. We have carefully
examined these studies in order to address the validity of the challenges. Each
of these studies has its own deficiencies as pointed out in this article. Overall,
the evidence that cholesterol is not the primary underlying pathogenic factor
causing heart attacks and strokes is based on a flawed interpretation of study
results. These studies have several serious deficiencies including lost data, inadequate power, excessive drop outs, borderline significance, and lack of a
control group. The conclusion that cholesterol is essential in the pathogenesis
of atherosclerosis is critical for treating and preventing atherosclerosis and
reducing the prevalence of cardiovascular disease.
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1. Introduction
During the last decade, many studies have been published examining the role of
cholesterol in the pathogenesis of cardiovascular disease (CVD). There have
been several extensive reviews of the pathogenesis of atherosclerosis [1]. The
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atherosclerotic process is complex, but begins in childhood and continues
throughout life [2]. It begins with the entrance of LDL cholesterol into the arterial vessel wall and the activation of the inflammatory process [3]. Macrophages engulf oxidized LDL cholesterol, coalesce into a fatty streak, become
surrounded by inflammatory cells and cytokines, and form an unstable atherosclerotic plaque in the vessel wall [4]. The plaque containing cholesterol can then
undergo three different fates. First, it can become stabilized with progressive calcification, development of a thick fibrous cap, and a reduction in inflammatory
elements. Second, the cholesterol in the plaque can be slowly removed via reverse cholesterol transport, primarily through the activity of high density lipoprotein particles. This “plaque reversal” occurs at an LDL cholesterol concentration of approximately 70 mg/dl [5]. The third fate is for the plaque to rupture
into the artery, with cholesterol and other inflammatory elements activating a
thrombotic cascade, eventually resulting in arterial obstruction and a heart attack or stroke. Statins have been shown to not only accelerate the removal of the
plaque via a reduction in LDL cholesterol, but also by acting acutely to reduce the
inflammation [6]. Thus, statins have pleotropic effects on reducing atherosclerosis.
A large cohort of randomized controlled clinical trials have established the efficacy of statin-induced cholesterol reduction in preventing cardiovascular
events [7] [8]. This observation is valid even in individuals at low cardiovascular
risk [9]. A consensus in the medical community now accepts the LDLc hypothesis that cholesterol (particularly low density lipoprotein cholesterol, i.e. LDLc) is
the primary culprit in the formation of atherosclerotic plaques [10]. However,
the history of medicine is replete with examples of established medical therapies
that later were proven to be false. Therefore, challenging the status quo is an
important function of scientists seeking the truth. To this end, a recent report
challenges the importance of cholesterol (LDLc) in the pathogenesis of atherosclerosis [11]. In addition, the internet is replete with warnings concerning the
use of statins to lower cholesterol to prevent CVD [12]. Examining the validity
of this challenge is also important in order to achieve a scientifically based consensus. There are at least four approaches to respond to a challenge to accepted
scientific dogma. First is to examine the validity of the scientific evidence cited
by the challenger; second is to assess the weight of the totality of evidence; third
is to correlate the pathogenesis of the disease with the therapeutic intervention;
and fourth is to evaluate the response to therapy and its reversal of the disease.
This article applies the first approach, i.e., to address the scientific validity of the
cited evidence purporting to support an alternative to the “LDL hypothesis” that
the lower the LDLc, the less the cardiovascular disease.

2. Study Strengths and Weaknesses
Table 1 lists the studies that have been cited to support the claim that LDLc lowering (primarily by statins) did not result in a reduction of atherosclerotic
DOI: 10.4236/wjcd.2019.93022
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Table 1. Deficiencies of cited studies suggesting No LDCc lowering benefit.
Study name or
Acronym

Study Deficiency
#1

Study Deficiency
#2

Study Deficiency
#3

Comments and
Concerns
(Table 2)

#1 St. Francis

↓Stat

Prot Def

↑Drop in/out

yes

#2 IDEAL

↓ CVD

↓Stat

Prot Def

yes

#3 FIELD

LDL Rcpt

↓Stat

CRP?

yes

#4 4D

CRP?

↑Drop in/out

---

yes

#5 ASPEN

↓Stat

↑Drop in/out

Prot Def

yes

#6 WHI

CRP?

↓CVD

↑Side effcs

yes

#7 ILLUMINATE

↓Observ

LDL Rcpt

↑Side effcs

yes

#8 CDRONA

↓Observ

↓Stat

---

yes

CRP?

Prot Def

---

yes

#10 GISSI-HF

Prot Def

CRP?

↓Stat

yes

#11 AURORA

↓Observ

CRP?

---

yes

#12 SEARCH

CRP?

↑Drop in/out

Prot Def

yes

LDL Rcpt

Prot Def

↑Side effcs

yes

#9SEAS

#13 AIM-HIGH
#14 SDHS

CRP?

LDL Rcpt

Prot Def

yes

#15 HPS2-THRIVE

LDL Rcpt

Prot Def

↑Side effcs

yes

#16 ACCELERATE

LDL Rcpt

↑Side effcs

CRP?

yes

#17 HIJ-PROPER

↓Stat

Prot Def

↓Power

yes

#18 EMPATHY

↓Stat

↑Drop in/out

Prot Def

yes

↓Obser = Observation time too short. No CRP? = Failure to monitor or normalize the concomitant change
in C-reactive protein. LDL Rcpt = Use of an LDLc lowering agent that does not increase hepatic LDL receptors. ↓CVD = Unexpectedly low rate of cardiovascular events. ↓Stat = Lack of reaching the significant level of p < 0.05. ↑Drop in/out = Excessive dropins or dropouts. Prot Def = Protocol deficiencies. ↓
Power = Insufficient statistical power. ↑Side effcs = Intervention had excessive side effects.

events. This table purposely does not focus on the studies in which a lack of a
reduction in cardiovascular death was also cited as an outcome of interest. The
reasons for this approach are multiple. First, none of the cited studies considered
only death as the primary outcome and therefore none were statistically powered
to detect cardiovascular death. Second, major improvements (e.g., beta blockers,
angiotensin receptor blockers, anti-arrythmics, etc.) employed in the treatment
of acute coronary syndromes have occurred in the last decade which greatly increase the survival of patients with a myocardial infarction or stroke [13]. These
advances greatly reduce mortality unrelated to the study’s primary intervention.
Third, death from a myocardial infarction (e.g., congestive heart failure) may
occur many years after a heart attack, much longer than the limited observation
time of most studies.

3. Protocol Deficiencies
The following limitations in study design, study execution, or study complications may have greatly limited the ability to assess the effect of LDLc lowering on
DOI: 10.4236/wjcd.2019.93022
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the prevention of cardiovascular events. Examination of each of the listed studies
considers whether one or more of the following limitations apply (Table 1).
1) Too short an observation time (↓Obser). The significant reduction of
cardiovascular events requires time, sometimes as long as seven years or more as
shown in the IMPROVE–IT clinical trial [14]. The length of time depends on
many variables including the percentage of LDLc lowering, the magnitude of the
cardiovascular risk of the study cohort, and the concomitant change in
C-reactive protein (CRP). Short-term studies may not allow enough time to accumulate sufficient events to reach statistical significance.
2) Failure to monitor or normalize the concomitant change in C-reactive
protein (CRP?). Randomized Controlled Clinical Trials have demonstrated that
significant lowering of CRP is as important as lowering LDLc in preventing cardiovascular events [15]. If CRP does not normalize or minimally decreases, minimal effects of LDLc lowering would be expected. Therefore, it is critical to
monitor this inflammatory marker for normalization (<1.0 mg/L) before a negative study outcome should be considered.
3) Use of an LDLc lowering agent that does not increase hepatic LDL receptors (LDL Rcpt). Recent studies have emphasized the importance of increasing hepatic LDL receptors as the principle mechanism of lowering plasma
LDLc in order to reduce cardiovascular events [16]. Hepatic removal of LDLc is
the primary method for secreting cholesterol into the bile/gut with its eventual
elimination in the stool. Other methods of lowering LDLc (such as clearance by
macrophages) would not be expected to lower the tissue content of cholesterol-rich atherosclerotic plaques. Substances or activities that increase the hepatic
LDL receptor are low calorie diet, bile acid sequestrants, ileal bypass surgery, statins, ezetimibe, PCSK9 inhibitors, and estrogens. Substances or activities that
lower LDL cholesterol but do not increase hepatic LDL receptors include fibrates, cholesterol ester transfer protein inhibitors, and niacin [16] [17]. Therefore, it is important in evaluating an LDL reduction study to be certain that the
intervention that was used increases hepatic LDL receptors.
4) Unexpectedly low rate of cardiovascular events (↓CVD). The power to
detect a reduction in cardiovascular events is dependent on the number of expected events that occur during the study. In many studies, a smaller number of
events occurred than are expected in the control group. The reasons for this are
complex and include the fact that participants in clinical trials have better outcomes than the non-studied general population. This has been termed the
“Hawthorne Effect” [18]. When the number of anticipated outcome events is
reduced, the power of the study to detect a significant difference is also reduced.
5) Lack of reaching the significant level of p < 0.05 (↓Stat). A study may
show a numerical benefit but not a statistical difference in outcome. The traditional use of p < 0.05 is a very conservative statistic, designed to avoid false positive conclusions. We approve of this approach, but it may often lead to the
wrong conclusion, i.e., that the study is demonstrating no beneficial effect of
LDLc lowering (a false negative/type 2 statistical error) when a positive result is
DOI: 10.4236/wjcd.2019.93022
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the true outcome. This is the reason that a negative study conclusion should be
viewed with extreme caution [19].
6) Excessive dropins or dropouts (↑Drop in/out). It is not uncommon for
a new therapeutic modality to become available during the duration of any trial.
For example, during clinical trials involving simvastatin, atorvastatin became
available. Atorvastatin is more potent than simvastatin and is associated with
less myopathy, particularly at maximal dosages. When study participants ingest
an alternative therapeutic agent, this change is termed “dropin.” Dropin numbers are very difficult to predict when studies are designed. The design of every
study which uses an “intention to treat” analysis includes an allowance for individuals to crossover to the alternative arm of the study (crossovers) as well as
participants who stop participating in the trial (dropouts). When this occurs, the
power of the study to detect a difference is compromised [20]. Both excessive
dropins and dropouts can prevent a clinical trial from identifying a significant
difference in outcome between study arms.
7) Protocol deficiencies (Prot Def). Most protocols designs are based upon
data obtained from previous small, non-randomized studies. They are designed
by a committee of experts in various fields and are therefore valid for the specific
question being addressed. During the recruitment and operation of the protocol,
additional information may become available which invalidates the original experimental design. This information is often detrimental for making study conclusions.
8) Lack of Statistical Power (↓Power). In almost all randomized, controlled
studies, the power analysis calculation indicates the number of individuals who
must be included in the study and the duration of the study. It is determined by
the primary question of the study. Asking secondary questions, even when prespecified, is rarely sufficiently powered to provide answers with confidence. Secondary analysis should only be considered exploratory, not definitive.
9) Intervention Side Effects (↑Side effcs). It is not uncommon for a new
therapeutic agent to have untoward side effects that counteract the potential
benefits of the intervention. Common side effects include hypertension, nausea
and vomiting, palpitations, anxiety, etc. Side effects often encourage the participant to reduce compliance with the intervention medication or drop out from
the clinical trial. Excessive side effects may obfuscate the true outcome that the
primary intervention has a significant beneficial effect.
There are no perfect protocols because of limitations on funding, available
populations, resources, and duration. Many conditions change after the initiation of any study which may invalidate the results. However, if a statistically significant primary end point is observed in an intention to treat, randomized,
blinded study, the result is usually valid. In contrast, when a negative result is
observed, great caution must be exercised is accepting the negative result as valid. The reason is that many unforeseen obstacles in study design and execution
may be the cause for the negative result. All the articles cited in support of the
tenet that lowering LDLc does not reduce CVD events are replete with major
DOI: 10.4236/wjcd.2019.93022
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Table 2. Comments and concerns unique to each study.
#1 ST. FRANCIS—authors state “study was underpowered and undertreated”.
#2 IDEAL—not blinded and better adherence to control than atorvastatin intervention.
#3 FIELD—More placebo subjects added confounding statin therapy (p < 0.001).
#4 4D—Atorvastatin reduced the rate of all cardiovascular events combined (p < 0.03).
#5 ASPEN—Protocol changed at 2 years from secondary to primary intervention.
#6 WHI—Only 8.6% of the participants had lipid profiles measured.
#7 ILLUMINATE—Trial terminated early due adverse effects of the CETP inhibitor.
#8 CDRONA—Heart failure only patients, usually excluded from CVD trials.
#9 SEAS—Simvastatin plus ezetimibe reduced all ischemic CVD events (p < 0.02).
#10 GISSI-HF—Study examined death from heart failure, irrespective of cause.
#11 AURORA—The extremely high CRP indicating inflammation was never reduced.
#12 SEARCH—Excessive myopathy in the simvastatin arm vs. control (53 vs. 2).
#13 AIM-HIGH—In a niacin trial, all patients also received simvastatin plus ezetimibe.
#14 SDHS—Critical data lost, no LDLc data reported. Protocol out of date.
#15 HPS2-THRIVE—Niacin caused a significant increase in diabetes, bleeding, etc.
#16 ACCELERATE—The CETP inhibitor raised blood pressure & C-reactive protein.
#17 HIJ-PROPER—Ezetimibe significantly reduced CVD events in hyper-absorbers.
#18 EMPATHY—Japanese study which lost patients and data during an earth quake.
Most of the above unanticipated flaws occurred in the execution and follow-up of the study and
were not included in the initial design of the study protocol.

deficiencies that can invalidate a positive finding (Table 1 and Table 2). Table 1
describes the identified protocol shortcomings. Table 2 briefly lists concerns and
comments that are unique to the execution of each study. In contrast to these
studies, there are numerous well-designed studies that reach the statistically significant conclusion that lowering LDLc does reduce CVD events [7] [8] [9].
From the above analysis, it is evident that many of the cited clinical trials purportedly suggesting that lowing LDLc is not effective in reducing cardiovascular
events are complicated by defective protocols, unforeseen events, or limited
clinical trial data. This is the reason that the methodology and results of each
clinical trial need to be carefully scrutinized.

4. Conclusion
Our analysis of the limitations of the clinical trials purporting to negate the LDL
hypothesis strongly suggests that the cited trials have major deficiencies in design, methodology, or execution. In contrast, there is overwhelming randomized,
blinded clinical trial data in the last decade strongly supporting an essential role
for LDLc in the pathogenesis of atherosclerosis [10]. However, it needs to be
recognized that LDLc is not the only pathogenic factor. Inflammation is an
equally important contributing factor and is very important in the process of
DOI: 10.4236/wjcd.2019.93022
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buildup of a fatty streak and atherosclerotic plaque development. Studies examining the effects of intervention with pharmaceuticals that are designed to
lower cardiovascular events need to consider both LDLc changes as well as inflammatory alterations in the coronary arteries.
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