- SYMPOSIA PROCEEDINGS -

Threshold Level or Not for Low-Density
Lipoprotein Cholesterol

Based on a debate between Philip ]. Barter, MD, PhD, FRACP,
and Frank M. Sacks, MD

Debate Summary

As drugs, such as the statins, and other thera-
pies demonstrate the ability to significantly lower
levels of low-density lipoprotein cholesterol
(LDL-C), one issue is whether there /is a lower
threshold below which no further decline in
coronary heart disease occurs. Those who evalu-
ate the data from multiple trials/and conclude
that no significant decrease in coronary event
rates occurs at or below 125 mg/dL suggest using
this level as a guideline for clinical application of
cholesterol-lowering therapy. On the other hand,
analysis of the results of the;same population and
primary prevention studies concludes that no
such threshold exists. The issues affected by the
decision of whether to use a threshold include
costs to the healthcare system for additional
physician time, tests, and medication; unknown
clinical events and safety related to very low LDL-
C; and resource prioritization to an unestablished
therapeutic approach.

Dr. Barter:

Large-scale, prospective  population
studies, as well as several large primary
prevention and secondary prevention
studies, have shown that elevated plasma
levels of total cholesterol and low-density
lipoprotein cholesterol (LDL-C) are pow-
erful predictors of future coronary events
and coronary death. Because the popula-
tion studies have also demonstrated no
evidence of a plasma cholesterol thresh-
old level at which coronary heart disease
(CHD) does not occur, the only logical
conclusion is that the lower the total and
LDL-C levels, the better.

It is important to emphasize, however,
that this conclusion is based on the
results of the studies, and not on sub-
group analyses, meta-analyses, or other
statistical manipulations.

The largest of the population studies,
the Multiple Risk Factor Intervention
Trial (MRFIT), followed more than
350,000 men in the United States for
more than 10 years.! Using plasma cho-
lesterol quintiles, the study investigators
examined the relationship between the
plasma cholesterol concentration and
the risk for death from CHD. They found
a continuous reduction in the CHD
death rate as a function of decreasing
cholesterol levels down to the lowest
quintile (levels below 5 mmol/L or 193
mg/dL). However, relatively few people
in much of Western Europe, Australia,
and the United States have cholesterol
levels in the lowest quintile, which
accounts in large part for the high rates
of coronary events and CHD mortality in
those countries.

A much smaller prospective study
using the same design-used in MRFIT was
conducted in Shanghai by a group of
investigators from Oxford University,
England.? In that study, both the plasma
cholesterol levels and the relative risk of
dying as a result of CHD for patients in
the uppermost quartile were'almost iden-
tical to those for patients in the lowest
quintile in MRFIT. The Shanghai study
demonstrated that the relationship
between cholesterol levels and CHD
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death is continuous, even at lower cho-
lesterol concentrations of less than 4
mmol/L or 155 mg/dL. Just as the higher
range of cholesterol levels in MRFIT
reflects increased CHD and CHD mortal-
ity in westernized countries, the Shanghai
study reflects the lower overall incidence
of hypercholesterolemia, coronary events,
and death from CHD in China.

Neither MRFIT nor the Shanghai
study found any evidence of a lower
threshold level below which CHD does
not occur. Moreover, both studies are
representative of the many population
studies that have found no evidence of a
lower threshold. The conclusion is sim-
ple: Lower is better.

The real test of the “lower is better”
premise, however, is intervention trials.
Three large-scale primary prevention tri-
als have found a substantial reduction in
major coronary events with cholesterol-
lowering therapy during the 5-year study
periods, regardless of the baseline LDL-C
level. In 2 of the studies—the Lipid
Research Clinics Coronary Primary
Prevention Trial,® which used cholestyra-
mine, and the West of Scotland Coronary
Prevention Study (WOSCOPS),* which
used pravastatin—the baseline LDL-C
levels were high. In the Air Force/Texas
Coronary Atherosclerosis Prevention
Study (AFCAPS/TexCAPS)® using lovas-
tatin, the baseline LDL-C levels were
within the normal range.

A key issue is whether the LDL-C level
on treatment predicts coronary risk. As
demonstrated in the 3 primary preven-
tion trials, the mean on-treatment LDL-
C level is highly predictive of the
observed reduction in major coronary
events. In the placebo groups, on-treat-
ment LDL-C levels predict risk in a linear
fashion, as shown in the population stud-
ies. In the active treatment groups in all
3 trials, the on-treatment LDL-C level is
highly predictive down to a mean level of
3 mmol/L in AFCAPS/TexCAPS.?

These findings from the primary pre-
vention studies support those of the pop-
ulation studies, namely, that there is no
evidence of a cholesterol threshold below
which there is no further benefit.

An identical conclusion can be
drawn from the results of 3 large-scale
secondary  prevention trials:  the
Scandinavian Simvastatin Survival Study
(4S)%; the Cholesterol and Recurrent
Events (CARE) trial,” which involved
the use of pravastatin sodium; and the
Long-term Intervention with Pravastatin
in Ischemic Disease (LIPID) study.®
Secondary prevention studies are partic-
ularly crucial because the real risk, as
well as the most meaningful benefits of
risk reduction, is for individuals who
already have existing coronary disease.

As in the primary prevention trials,
the 4S, CARE, and LIPID trials demon-
strated that a reduction in the LDL-C
level was accompanied by a reduction in
major coronary events, regardless of the
LDL-C level at baseline, which was high
in 4S° and average in the CARE and
LIPID studies.”® Also paralleling the find-
ings of the primary prevention studies,
the 4S, CARE, and LIPID trials found
that the on-treatment LDL-C level was
highly predictive of the risk for a coro-
nary event, in both the placebo groups
and the active treatment groups down to
a level of 2.5 mmol/L (100 mg/dL).>S

Thus, findings from population stud-
ies and primary and secondary preven-
tion trials provide no evidence of a lower
threshold and lead to the conclusion
that the lower the total and LDL-C lev-
els, the better.

Dr. Sacks:

The efficacy of the statins in lowering
LDL-C levels has been amply demon-
strated. The issue, however, is not
whether to treat—certainly, nearly every
patient with CHD needs lipid-lowering
therapy—but how to treat. Specifically,
at what level does the influence of LDL-C
on coronary risk become null? In other
words, at what LDL-C level does treat-
ment cease to provide any additional ben-
efit in terms of further risk reduction?

Clearly, data from the same epidemio-
logic studies and clinical endpoint trials
are subject to different interpretations,
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leading to different conclusions, as is the
case in this debate. For example, the
finding from the small-scale Shanghai
study? that lower cholesterol levels are
associated with lower risk for CHD death
does not prove that megadoses of choles-
terol-lowering drugs should be used in
patients with relatively low cholesterol
levels, nor does it support changing stan-
dard therapeutic approaches. There were
very small, absolute numbers of coronary
events and deaths in the study for which
there was incomplete adjustment for
covariate factors.

In addition, data from other epidemio-
logic studies conducted in various coun-
tries around the world are not consistent
with the “lower is better” premise. A 7-
country prospective study,’ including
Japan and countries in the southern
Mediterranean region, has shown that
coronary event rates do not decrease as
cholesterol levels go down; the event
rates are simply low to begin with.

The explanation for the low event
rates is the curvilinear relationship
between serum LDL-C levels and coro-
nary events.!” In the curvilinear model,
reducing LDL-C to below-average levels
continues to lower risk but with dimin-
ishing returns at lower concentrations.
This strongly supports the premise that
factors other than cholesterol per se con-
tribute to CHD.

Several, large-scale epidemiologic
studies involving thousands of patients
around the world have had relatively few
coronary events. In studies where the
LDL-C levels are high, a strong relation-
ship exists between LDL-C and heart
disease. However, only a moderate rela-
tionship exists between the 2 in studies
where LDL-C levels are in the mid range,
and a weak relationship (that is, a nearly
flat line instead of a gentle or steep curve
if the LDL-C levels and coronary events
are plotted on a graph) in studies where
LDL-C levels are at the low end.

Simply stated, the data are demon-
strating a curvilinear relationship
between LDL-C levels and coronary
events, indicating the loss of the influ-
ence of cholesterol on coronary event
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risk and suggesting a diminishing return
for cholesterol-lowering strategies. The
point at which the influence of choles-
terol becomes null and the benefits of
reducing cholesterol further begin to
diminish appears to be about 180 mg/dL
for total cholesterol.

“The efficacy of the statins in lowering
LDL-C levels bas been amply demon-
strated. The issue, however, is not
whether to treat— certainly, nearly every
patient with CHD needs lipid-lowering
therapy—but bow to treat.”

—Frank M. Sacks, MD

Both the CARE and LIPID trials were
designed to enroll a representative popu-
lation of patients with a broad range of
total and LDL-C levels, thus permitting
the investigators to study the relation-
ship between LDL-C and coronary
events over a broad range of LDL-C lev-
els. When data from both studies are
combined, pravastatin treatment is effec-
tive in reducing coronary events in
patients whose baseline LDL-C levels
were in the upper 4 quintiles. However,
in treated patients whose baseline LDL-
C levels were in the lowest quintile
(below 125 mg/dL), there was very little
reduction in coronary events.”® Each
quintile in the CARE and LIPID studies
had substantial numbers of patients, for
example, 2500 with LDL-C levels below
125 mg/dL.

Another approach is the evaluation of
the relationship between on-treatment
LDL-C levels and coronary event rates,
as was done in the CARE study and in
48. The results regarding this aspect of
the investigations are consistent. In 48,
coronary event rates decrease as LDL-C
levels are reduced from 200 mg/dL to the
low 100s. Few patients achieved an LDL-
C level below 100 mg/dL.%" In the CARE
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trial, the coronary event rate declined as
LDL-C levels decreased from 174 to 125
mg/dL (4.5 to ~3.2 mmol/L), but no fur-
ther decline in coronary events was seen
in the LDL-C range from 125 to 71
mg/dL (~3.2 to 1.8 mmol/L).+12

The CARE, 48, LIPID, and other stud-
ies support the premise that an elevated
LDL-C level is the paramount risk factor
for CHD. Nevertheless, although lower-
ing LDL-C levels is extremely important,
it is also apparent that even a powerful
risk factor must have a limit. In this
regard, the data from the 4S and CARE
studies are consistent, with both studies
finding no significant decrease in coro-
nary event rates when the LDL-C level is
at 125 mg/dL or below.

The WOSCOPS primary prevention
trial examined the relationship between
LDL-C levels and coronary events in
high-risk patients in yet another ways; it
looked at the percent reduction in LDL-C.
The study investigators found that maxi-
mal risk reduction occurred when LDL-C
levels decreased by 24%; LDL-C reductions
beyond 24% did not produce any addition-
al reduction in risk for coronary events.*!3
As in the CARE study, data from
WOSCOPS favor the threshold model.

Although the data support treating all
patients with elevated cholesterol levels,
the default position should be more
moderate with regard to lowering LDL-C
levels. Levels such as 3.0 to 3.2 mmol/L.
should be considered as cut-off points for
achieving clinical benefit.

REBUTTAL

Dr. Barter:

There is no doubt, and no argument,
that all patients at risk for CHD should
be treated with cholesterol-lowering
therapy. However, to clarify treatment
for these patients, we must review the
clinical trial results—not the subgroup
analyses or other statistical manipula-
tions, but the trial results.

For example, in the secondary pre-
vention trials involving patients at high
risk, we should examine the reduction in
coronary events as a function of the

absolute mmol/L. reduction in plasma
cholesterol, not just as a percentage
reduction in cholesterol level and coro-
nary events. When the data are studied
in this manner, the reduction in plasma
cholesterol predicts the reduction in
events. This also is true for the LIPID
study® with pravastatin, the CARE study”’
with pravastatin, the 4S° with simvas-
tatin, and the Program on the Surgical
Control of Hyperlipidemias,'* which
used ileal bypass surgery to reduce cho-
lesterol levels. Although these different
studies involved different populations,
the relationship between plasma choles-
terol lowering and the reduction in coro-
nary events was remarkably linear and
the results were the same: lower choles-
terol levels and fewer coronary events.

To summarize, the population stud-
ies have provided no real evidence of a
lower threshold. Although it is to be
expected that the reductions in choles-
terol levels and coronary events will fol-
low a curvilinear pattern if plotted on a
graph, the curve is simply flattening out
because the values cannot go below zero.

In the primary prevention studies, the
on-treatment LDL-C levels predicted the
coronary event rate, with no evidence of
a lower threshold. In the secondary pre-
vention studies, the reduction in coro-
nary events was a direct function of the
reduction in plasma total cholesterol,
either in mmol/L or mg/dL.

Dr. Sacks:

Different philosophies are at the core
of this debate: slicing the individual
study populations into subgroups versus
splicing the individual studies together
to draw a line.

Even though the same data, interpret-
ed in different ways, can be used to sup-
port either position, patients of higher
risk (those with hypercholesterolemia
and CHD) derive more benefit from cho-
lesterol-lowering therapy than patients
at lower risk. Nonetheless, all derive
some benefit from treatment.

There is evidence that the adverse
effect of LDL-C is largely confined to lev-
els above 125 mg/dL. At present, it is
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premature to say a switch exists to turn
LDL-C on and off, and I personally favor
some type of curvilinear relationship.
Also, enhanced reduction of clinical
events and safety have not yet been
established for LDL-C titration to 100
mg/dL (2.4 mmol/L) or below. Moreover,
there are several practice-related draw-
backs to the “lower is better” philoso-
phy: an increase in costs for physicians,
laboratories, and medication; and priori-
tization of resources to an unestablished
therapeutic approach (titration).

QUESTION-AND-ANSWER
SESSION

Other Risk Factors for
Myocardial Infarction

Question from the Audience: Recent
European and US guidelines have
stressed the importance of absolute risk
for a_future myocardial infarction and the
need to concentrate on other risk factors
such as diabetes, hypertension, and smok-
ing, to guide treatment. Dr. Sacks, how
would you manage a patient with well-con-
trolled type 2 diabetes and an LDL-C level of
3.2 mmol/L who continues to smoke?

Dr. Sacks: First, I am in favor of risk
stratification. We achieve the best possi-
ble formula to compute risk for a coro-
nary event in a patient and apply it to
target therapy for primary prevention in
patients at highest risk.

However, it is not clear whether the
patient you described is at increased risk
because of diabetes and smoking or
because of an LDL-C level of 3.2 mmol/L.
I surmise that this patient, who smokes
and has type 2 diabetes, also has hyper-
tension, high triglycerides, a low high-
density lipoprotein cholesterol level
(HDL-C), and high levels of atherogenic
lipid remnants—the metabolic syndrome.
In this patient, LDL-C is not the prob-
lem, but the other factors are. I would
work intensively on the other factors.

Dr. Barter: The evidence for secondary
prevention is strong for an LDL-C level of
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2.5 mmol/L, but it is not strong for levels
below that. However, I believe the role of
HDL-C in risk reduction has been greatly
underestimated. In my opinion, future
studies will show that raising HDL-C lev-
els will provide as much additional bene-
fit in reducing coronary events as that
provided with the statins.

Diabetes and CHD

Question from the Audience: Should
treatment goals for patients with diabetes
who have CHD be the same as for those
with CHD who do not have diabetes?

Dr. Barter: This has been under debate
for some time, and the evidence reflects
considerable variation. The relative risk
for a coronary event is 5 to 7 times high-
er in patients with existing CHD than in
patients without existing CHD.'® Studies
suggest the increased risk for coronary
events is 2 to 4 times higher in patients
with diabetes than in those without dia-
betes.’® One study found that patients
with diabetes without prior myocardial
infarction have a similar risk for a
coronary event as patients without dia-
betes who have had a prior myocardial
infarction.!”

Without further evidence, it is prema-
ture to consider patients with diabetes
who do not have CHD to be the same as
patients without diabetes who have CHD
with regard to secondary prevention.
However, such evidence will be available
soon, and these patients will be and
should be included in the secondary pre-
vention group.

Dr. Sacks: 1 agree.

Maximal Statin Doses

Question from the Audience: Dr. Barter,
considering your position that lower is
better, would you agree that every high-
risk patient should receive the maximal
dose of a statin to achieve the lowest LDL-
C level?

Dr. Barter: Based on the results of the
LIPID trial,® the Australian government
will now subsidize lipid-lowering therapy
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for all patients with existing CHD whose
plasma total cholesterol levels are above
4 mmol/L. That is consistent with the evi-
dence. Whether these patients should
receive the maximal dose of a statin is a
decision that should not be made until
more evidence from clinical trials shows
it is safe and efficacious to do so. Results
from the ongoing trials, such as the
Treatment to New Targets study, should
provide some answers.

I suspect substantially higher doses
will be used, but I am not convinced—
even by my own argument—that lower
is better and that patients with exist-
ing CHD should automatically go on to
the maximal dose. I believe the evi-
dence is strong for an LDL-C level of
about 2.5 mmol/L, and treatment for
secondary prevention is essential if the
LDL-C level is above 2.5 mmol/L or if the
plasma total cholesterol level is above
4 mmol/L.

I want to emphasize that although we
should aim at target levels, it is far more
important to aim for 100% treatment of
every high-risk patient. None of these
patients should be neglected.

Dr. Sacks: The idea that the lower the
LDL-C concentration, the better and the
higher the statin dose, the better is 2 sep-
arate issues, and it is important to make
a distinction between them. The results
of the ongoing mega-trials comparing dif-
ferent statin doses may favor higher
statin doses. The reason may not be LDL-
C lowering but could be the additional
increase in HDL-C levels, reduction of
triglyceride levels, or pleiotropic effects.
It will be interesting to see the outcome
when the results of these trials are avail-
able in 4 or 5 years.

Dr. Barter: We will probably be recom-
mending an LDL-C level between 2 and
2.5 mmol/L. and an HDL-C level above 1
or 1.2 mmol/L.

High-Risk Patients
Question from the Audience: Aren’t we

really arguing for the patient who is at sig-
nificant risk for CHD? Isn'’t the real chal-

lenge to lower the risk in these patients as
much as possible instead of lowering the
risk in those whose LDL-C levels are
already at 2.5 mmol/L?

Dr. Sacks: 1 totally agree. The problem is
that we are not treating all the high-risk
patients—although we know they can
benefit from cholesterol-lowering thera-
py. Although the investigators expanded
the number of patients who can benefit
from treatment, the trial does not have
any patients with baseline LDL-C levels
below 125 mg/dL.

In this debate, we argued the fine
points of lowering LDL-C levels. The crit-
ical point, however, is to treat all high-risk
patients with proven, beneficial therapy.
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