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Coronary Artery Disease Prognosis and C-Reactive Protein
Levels Improve in Proportion to Percent Lowering

of Low-Density Lipoprotein

James H. O’Keefe, Jr., MDa,*, Loren Cordain, PhDb, Philip G. Jones, MSa,
and Hussam Abuissa, MDa

This editorial outlines the data supporting aggressive lipid goals and options for treating
low-density lipoprotein (LDL) cholesterol to a range of approximately 30 to 70 mg/dl. The
physiologically normal cholesterol range is approximately 30 to 70 mg/dl for native hunter-
gatherers, healthy human neonates, free-living primates, and virtually all wild mammals.
Randomized statin trials in patients with recent acute coronary syndromes and stable
coronary artery disease have demonstrated that cardiovascular events are reduced and
cardiovascular survival optimized when LDL cholesterol is reduced to <70 mg/dl. Second-
ary prevention trials have shown a decrease in all-cause mortality in proportion to the
magnitude of LDL cholesterol reduction. An original analysis of available data shows
that the ability of a lipid-lowering therapy to reduce the C-reactive protein level is
closely correlated with its efficacy in LDL cholesterol reduction. Randomized trial data
have shown no relation between either percentage LDL cholesterol decrease or final
LDL cholesterol level achieved and the risk for myopathy or hepatic transaminase
elevations associated with statins. Therefore, intensive LDL cholesterol reduction to
levels of 30 to 70 mg/dl should be pursued in subjects with or at high risk for coronary
artery disease. © 2006 Elsevier Inc. All rights reserved. (Am J Cardiol 2006;98:

135–139)
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he development and progression of atherosclerosis is a
omplicated process that is influenced by a variety of risk
actors. One of these, elevated low-density lipoprotein
LDL) cholesterol appears to be a requisite catalyst in ath-
rosclerosis, and incontrovertible evidence shows that low-
ring very high LDL cholesterol levels markedly reduces
he risk for coronary artery disease (CAD) and its compli-
ations.1 However, atherosclerosis is commonly seen even
n asymptomatic subjects with LDL cholesterol levels of
pproximately 90 to 130 mg/dl, which are considered aver-
ge or “normal.”1 In fact, 80% of total CAD events occur in
ubjects with LDL cholesterol levels in the “average”
ange.2 This editorial discusses the evidence and rationale
or reducing LDL cholesterol to the physiologically normal
ange of 30 to 70 mg/dl.

In 2004, an update to the Third National Cholesterol
ducation Program Adult Treatment Panel guidelines stated

hat the aggressive reduction of LDL cholesterol to �70
g/dl was an optional goal for very high-risk patients.3

owever, most eligible patients are not being treated to the
ew aggressive goal, although safe and effective pharma-
ologic options are now available. A recent national survey4
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f United States physicians reported that of 1,447 treated
yslipidemic patients with CAD, 1,082 (82%) met criteria
or very high risk, yet just 60% were treated to the LDL
holesterol goal of �100 mg/dl, and only 18% were treated
o the new goal of �70 mg/dl.

hy Average Is Not Optimal

n accumulating body of evidence indicates that the phys-
ologically normal LDL cholesterol level for the average
ubject, and the threshold for atherogenesis and CAD
vents, is approximately 30 to 70 mg/dl.1 However, the
verage LDL cholesterol level in American adults is ap-
roximately 130 mg/dl, or roughly twice the truly normal
hysiologic range.1

Our lifestyle today is radically different from the lifestyle
or which we are genetically adapted. Hunter-gatherer pop-
lations, following their indigenous lifestyles, have shown
o evidence of atherosclerosis on the basis of clinical data
nd/or autopsy studies.5 These hunter-gatherers had total
holesterol levels of approximately 100 to 140 mg/dl, cor-
esponding to LDL cholesterol levels of about 50 to 70
g/dl. Approximately 10,000 years ago, with the introduc-

ion of agriculture and animal husbandry, the human diet
nd lifestyle began to change drastically.6 Today, most
merican adults are overweight and sedentary, and 75% of

he calories we consume are in the form of highly processed
oods. Although the LDL cholesterol levels of healthy ne-

nates are in the 30 to 70 mg/dl range, levels begin to
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ncrease sharply as soon as infants are weaned and intro-
uced to the modern diet.

Some physicians and patients believe that a target LDL
holesterol level of 30 to 70 mg/dl is excessively low and
ay predispose to adverse effects over the long term. How-

ver, this is precisely the normal range for patients living the
ifestyle and eating the diet for which we remain genetically
dapted. Recent studies suggest that lowering the LDL level
o �70 mg/dl is not only safe but also more effective in
reventing atherosclerosis and cardiovascular events than
ess aggressive LDL cholesterol reductions.7

ower Is Better

t is the degree to which LDL cholesterol is reduced, not the
eans of achieving lower levels, that determines how ef-

ectively atherosclerosis and its complications are pre-
ented. Even in the prestatin era, studies showed that ath-
rosclerosis progression and cardiovascular events could be
educed if LDL cholesterol was significantly reduced.8,9

ore recently, randomized controlled trials have shown that
hether patients are given statins or placebo, the rate of

ngiographic progression of atherosclerosis is closely re-
ated to the degree of long-term reduction in LDL choles-
erol.1 Studies using ultrasound to determine carotid inti-
al-medial thickness as a marker for atherosclerosis have

lso documented that aggressive LDL cholesterol reduction
alts or slows the progression of atherosclerosis, whereas
oderate LDL cholesterol reduction does not.10,11

An intravascular ultrasound study of 507 patients
howed that rosuvastatin 40 mg/day lowered LDL 53% and
ncreased HDL 15%. At the end of 2 years, the rosuvastatin
herapy regressed the coronary atheroma volume of 7%.12

he Outcome of Rosuvastatin Treatment on Carotid Artery
theroma: A Magnetic Resonance Imaging Observation

tudy12 was among the first to use high-resolution magnetic

igure 1. A highly significant relation exists between LDL cholesterol
eduction and CRP reduction in randomized trials of various lipid-lowering
herapies.
esonance imaging to assess the effects of a statin on ath- L
rosclerotic plaque size and composition. This 2-year trial
andomized patients with carotid atherosclerosis to either
ow-dose (5 mg) or high-dose (40 or 80 mg) rosuvastatin,
hich resulted in LDL cholesterol reductions of 39% and
8%, respectively. Low- and high-dose statin therapy de-
reased the volume of plaque with a lipid-rich (proinflam-
atory) necrotic core by 17.6% (p � NS) and 35.5% (p �

.006), respectively. These preliminary results were pre-
ented at the 75th European Atherosclerosis Society Con-
ress in 2005.

ow-Density Lipoprotein Cholesterol
nd Inflammation

ultiple studies have demonstrated that C-reactive protein
CRP), a systemic marker of inflammation, provides pow-
rful cardiovascular prognostic information that is indepen-
ent and additive to that provided by the LDL cholesterol
evel.13 A highly significant relation exists whereby the
ore effective therapies for reducing LDL cholesterol also

end to produce the greatest reductions in CRP (Figure 1).
For example, a recent report14 found that in subjects aged

65 years, simvastatin reduced LDL cholesterol by 38%
nd CRP by 16%, whereas a combination of simvastatin and
zetimibe reduced LDL cholesterol and CRP by 52% and
7%, respectively. Combination therapy with rosuvastatin
nd ezetimibe has produced impressive reductions in LDL
holesterol (65%) and CRP (54%).15 Thus, more robust
DL cholesterol reductions are correlated with lower CRP

evels.

holesterol Reduction for Preventing Coronary
rtery Disease Events

any observational studies have demonstrated a positive
elation between cholesterol levels and CAD risk that ex-
ends far below the average range noted in modern popula-
ions.2

The Pravastatin or Atorvastatin Evaluation and Infection
herapy trial16 randomized 4,162 patients with acute coro-
ary syndrome to either atorvastatin 80 mg/day or prava-
tatin 40 mg/day. Atorvastatin reduced LDL cholesterol by
1% to a median value during treatment of 62 mg/dl,
hereas pravastatin reduced LDL cholesterol by 22% to a
edian level of 95 mg/dl. After 2 years, a highly significant

6% reduction in the primary end point was seen in the
torvastatin group versus the pravastatin group (p � 0.005).
here was also a 28% reduction in all-cause mortality (p �
.07) in atorvastatin-treated patients, although the mean
DL cholesterol level achieved in the pravastatin-treated
ohort was less than the previous LDL cholesterol goal
f �100 mg/dl.

The Treating to New Targets trial17 provided support for
he “lower is better” hypothesis in patients with stable CAD.
n this study, 10,001 patients with stable CAD were ran-
omized to either 80 or 10 mg/day of atorvastatin. The mean

DL cholesterol during treatment was 77 mg/dl in the
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torvastatin 80-mg arm compared with 101 mg/dl in the
torvastatin 10-mg arm. At 4.9 years of follow-up, a 22%
elative reduction in events was noted in the atorvastatin
0-mg arm (p �0.001).

The Incremental Decrease in Endpoints Through Ag-
ressive Lipid Lowering study18 compared atorvastatin 80
g with simvastatin 20 mg in 8,888 patients with CAD over
5-year period during which the LDL cholesterol levels

uring treatment were 81 mg/dl (a 49% reduction) and 104
g/dl (a 33% reduction), respectively. Although the pri-
ary end point was not met (major CAD events were 11%

ower in the atorvastatin group, p � 0.07), the high dose of
torvastatin did significantly reduce the risk for stroke and
onfatal myocardial infarction. Overall, the trial was con-
istent with the totality of clinical trial evidence, indicating
hat prognosis is improved when LDL cholesterol is driven
nto or near the physiologically normal level of �70 mg/dl.

s a Low-Density Lipoprotein Cholesterol Range
f 30 to 70 mg/dl Feasible?

everal strategies are currently available to attain LDL
holesterol reductions of �50%. The most potent statins,
imvastatin, atorvastatin, and rosuvastatin, are capable of

igure 2. Relative risk reduction in CAD event rates is directly proportional
o percentage difference in LDL cholesterol during treatment. Estimates
ere obtained from a random-effects metaregression of log hazard ratios
n percentage difference in mean LDL cholesterol during treatment. The
izes of the data points are proportional to the amount of information
vailable for each estimate; variances of effect estimates were approxi-
ated from published confidence intervals. p Values denote the signifi-

ance of the slope term. The regression equation was back-translated to the
multiplicative) risk reduction scale, giving a slight curvature to the trend
ine in the figure. All analyses were conducted using SAS version 9.1 (SAS
nstitute Inc., Cary, North Carolina). A to Z � Aggrastat to Zocor; CARDS �
ollaborative Atorvastatin Diabetes Study; CARE � Cholesterol and Re-
urrent Events; 4S � Scandinavian Simvastatin Survival Study; HPS �
eart Protection Study; LIPID � Long-Term Intervention With Pravasta-

in in Ischemic Disease; POSCH � Program on Surgical Control of
yperlipidemias; PROVE-IT � Pravastatin or Atorvastatin Evaluation and

nfection Therapy; TNT � Treating to New Targets.
roducing reductions in LDL of 47%, 60%, and 63%, re- C
pectively, as monotherapy. Combination therapy can also
ubstantially improve the lipid-lowering efficacy of statin
herapy. Specifically, ezetimibe typically reduces LDL cho-
esterol an additional 25% when added to statin therapy.19

ther options include niacin and plant sterols or stanol esters in
ombination with statin therapy. Although omega-3 oils do not
educe LDL cholesterol levels, they are effective alone and
hen added to statins for further reducing major CAD

vents by 19%, as shown by the Japan EPA Lipid Interven-
ion Study presented by Dr. Yokoyama during the late-
reaking clinical trials session at the American Heart Asso-
iation Scientific Sessions in 2005.

ercentage Low-Density Lipoprotein Cholesterol
eduction as a Treatment Strategy

ome experts have suggested that a specific LDL choles-
erol threshold is somewhat arbitrary, and if clinically ap-
arent atherosclerosis is noted, aggressive cholesterol re-
uction is warranted regardless of the absolute baseline
DL cholesterol level.2 LDL cholesterol reductions of 50%

n secondary prevention and 30% in primary prevention are
upported by the cumulative randomized trial experience.1

ur group analyzed major secondary prevention studies to
xplore the relation between percent LDL cholesterol re-
uction and CAD events (nonfatal myocardial infarction or
ardiovascular death). We found a significant correlation
p �0.02) between percent reduction in LDL cholesterol
nd relative risk reduction of CAD events, as demonstrated
n Figure 2. This relation was present regardless of whether
he therapy that produced the decrease in LDL cholesterol
as a partial ileal bypass operation or any of a variety of

tatins.
Recently, a prospective meta-analysis of data from

0,056 patients in 14 randomized trials of statins showed a
ighly significant and linear relation between LDL reduc-
ion and overall survival.20 This study reported that for
very 1 mmol/L (39 mg/dl) reduction in LDL cholesterol
ver a 5-year period, all-cause mortality was reduced 12%
p �0.0001). For example, a 76 mg/dl LDL cholesterol
eduction from 146 to 70 mg/dl (a 52% decrease) would be
xpected to reduce all-cause mortality by 24% over a 5-year
eriod, and a LDL cholesterol reduction from 184 to 70
g/dl (a 62% decrease) would reduce all-cause mortality by

6%. The magnitude of LDL cholesterol reduction, but not
he specific lipid therapy used, determined the degree of
enefit. These findings suggest that pleiotropic effects of
tatins, if present, accrue in proportion to the degree to
hich LDL cholesterol is reduced, not some “magical”

ffect of a specific agent. The recent Fenofibrate Intervention
nd Event Lowering in Diabetes study also demonstrated the
ver-riding importance of LDL cholesterol reduction for im-
roving CAD prognosis.21 In this study, involving 9,795
atients, fenofibrate reduced LDL cholesterol by 12% and
riglycerides by 30% but did not significantly reduce either

AD death or all-cause mortality.
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afety of Aggressive Low-Density Lipoprotein
eduction

ecent data indicate that subjects with naturally low LDL
holesterol levels or those treated with statin therapy have
mproved longevity.22 A recent analysis of the Pravastatin
r Atorvastatin Evaluation and Infection Therapy study7

howed that LDL cholesterol reduction to very low levels
�40 mg/dl) was not only safe but also more effective at
reventing adverse events than less aggressive reductions
Figure 3). The cumulative body of randomized data shows
o effect of statins on the incidence of cancer.23

The principal safety concerns with statin therapy involve
yalgia or myopathy and hepatotoxicity. The incidence of

tatin-associated muscle pain and weakness is estimated to
e 1% to 5%. Severe myopathy with rhabdomyolysis occurs
n about 1 to 3 patients per 10,000 treated, with little
ifference among the marketed statins.23,24 When rhabdo-
yolysis does occur, it usually is in the context of predis-

osing risk factors such as diabetes, major surgery, hypo-
hyroidism, liver failure, or renal failure. Deaths due to
tatin-related rhabdomyolysis are very rare (about 1 in every
0 million treated patients).24

Although the risks for myopathy and abnormal liver
unction tests are dose dependent for each statin, the greater
eductions in LDL cholesterol seen with the more potent
tatins do not appear to carry a greater risk for toxicity than
o more moderate LDL cholesterol reductions.25

ther Beneficial Effects of Aggressive Low-Density
ipoprotein Cholesterol Reduction

lthough speculative, it may be that elevated LDL choles-
erol over a lifetime can predispose to a wide variety of
hronic “age-related” degenerative diseases commonly seen
n modern civilization. If the physiologically normal LDL
holesterol range is, as we believe, 30 to 70 mg/dl, it is
ossible that lowering elevated LDL cholesterol levels to
evels closer to this truly normal range may improve not just

igure 3. More aggressive LDL cholesterol reduction in the Pravastatin or
torvastatin Evaluation and Infection Therapy study was not only safe but

lso associated with improved outcomes.7
therosclerosis and its complications but also other diseases
ommonly attributed to the aging process. Statins have been
eported to reduce the incidence of symptomatic peripheral
ascular disease,26 dementia,27 and, in observational studies,
acular degeneration28 and fractures due to osteoporosis.29

onfirmation of these potential unintended benefits of statin
herapy awaits prospective trials, some of which are cur-
ently under way.
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