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#1 Cholesterol and
Coronary Artery Disease

The Cholesterol Hypothesis

Althoughthe cholesterol hypothesis has been
subjected to longstanding debate, recent research
has provided strong evidence in support of this
position and has served to stimulate the formation
of national guidelines aimed at lowering plasma
cholesterol levels.

According to the cholesterol hypothesis, ele-
vated levels of plasma cholesterol directly contrib-
ute to the pathogenesis of atherosclerotic dis-
ease, which ultimately causes coronary artery
disease (CAD). CAD is the result of both thrombo-
genic and progressive atherogenic occlusion of
the arterial blood vessel lumen.

Early evidence in support of the cholesterol
hypothesis was derived from plaque studies and
feeding experiments in primate models. Similarly,
epidemiological evidence supports the direct re-
lationship between plasma cholesterol levels and
CAD risk.

In spite of these findings, only recently has
more conclusive evidence been available to sup-
port the cholesterol hypothesis and prospective,
randomized, double-blind, control intervention trials
been completed. These indicate that lowering of
plasma cholesterol levels can reduce CAD risk
and cause disease regression.

It should be recognized that “plasma choles-
terol” from the perspective of the cholesterol
hypothesis refers to total plasma cholesterol lev-
els as a reflection of plasma LDL-C, the athero-
genic plasma lipoprotein. Thus, plasma choles-
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terol values as a predictor of CAD risk are a
surrogate, reflecting plasma LDL-C levels.

Recent Prospective Trials

THe Lirio ResearcH CLiNics CoRONARY PRIMARY
PRrevention TriaL (LRC-CPPT)

This double-blind, placebo-controlled trial,
randomized 3,806 asymptomatic hypercholesterol-
emic (Type I1a) men to receive diet (low fat, low
cholesterol) intervention plus one of the following:

e Cholestyramine (Questran®)
e Placebo

After seven years of intervention, the experi-
ments resulted in:

e The incidence of CAD events in seven per-
cent of the cholestyramine group

e The incidence of CAD events in 8.6 percent
of the placebo group

e A 19 percent reductionin CAD eventsin the
treated group associated with the reduc-
tion in total cholesterol (13.4 percent) and
LDL cholesterol (20.3 percent)

® An eight percent reduction in total choles-
terol associated with a 19 percent reduction
in CAD risk (one to two ratio)

® A 25 percent reduction in total plasma cho-
lesterol levels in the men who took the full
therapeutic medication dose, correspond-
ing with a 49 percent reduction in fatal and
nonfatal CAD events



THe Hewsinkg HearT Stupy (THHS)

This randomized, double-blind, prospective
primary prevention trial compared:

e The effects of gemfibrozil placebo on plasma
lipids and lipoproteins

e Incidence of CAD events in 4,081 Finnish
men (Types Ila, IIb and IV)

After five years, this study resulted in:

® A 34 percent total reduction of CAD events
inthe gemfibrozil group (most evidentinthe
subgroups of men with elevated plasma
triglyceride levels, Types IIb and IV)

e Reduction of CAD risk by three to five per-
cent associated with a one percent increase
in plasma HDL-C levels

THE CHOLESTEROL-L.OWERING
AtHeRoscLERosIS Stupy (CLAS)

This secondary prevention, placebo-controlled
study involved men who had undergone coronary
artery bypass graft surgery. It was designed to
assess the effect of plasma cholesterol lowering
using a combination therapy of colestipol (Coles-
tid®) and niacin with dietary intervention on angi-
ographic findings.

Compared with the placebo group, the men
receiving medication therapy experienced:

e Plasma LDL-C reduction of 43 percent

e Plasma triglyceride reduction of 22 percent
@ Increase in plasma HDL-C of 37 percent

® A regression of lesions of 16 percent
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These changes in plasma lipids and lipopro-
teins were also associated with a decrease in the
number of new lesions noted in both native arter-
ies and vein grafts. In addition, less disease
progression was evident in the native vessels of
the treated group.

Relationship Between Plasma Cholesterol
Level and CAD Risk

Although the presence of a continuous rela-
tionship between plasma cholesterol levels and
CAD has been suggested, findings from the
Multiple Risk Factor Intervention Trial (MRFIT)
recently confirmed the existence of this relation-
ship. Figure 3.1 (see Section #3) shows the rela-
tionship between serum cholesterol levels in the
group of 325,348 men during screening and the
age-adjusted incidence of CAD-related mortality
during afive-year period of subsequent follow-up.

Despite the definite direct relationship be-
tween serum cholesterol levels and CAD risk shown
inthese findings, this relationship is notably curvi-
linear. This indicates that, although lower plasma
cholesterol levels represent a lower CAD risk,
there appears to be an aspect of diminishing
returns.

Clearly, plasma cholesterol lowering in the
hypercholesterolemic is important for CAD risk
reduction. This is especially exemplified by the
previous clinical intervention trials, which involved
hypercholesterolemic men. Similar trials have not
been conducted in women and normocholesterol-
emics. Additionally, in terms of population attrib-
utable risk, nearly half of CAD-related mortality
occurs between the plasma cholesterol range of
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190 to 249 mg% (4.9 to 6.4 mmol/L). Although
from the individual patient's standpoint, high plasma
cholesterol levels bear an increased risk for CAD.

Therefore, regarding public health, all efforts
aimed at lowering the population’s mean plasma
cholesterol level from its current value of approxi-
mately 210 mg% are beneficial measures for
society as a whole.

The Importance of Plasma HDL-C Level
in CAD Risk |

Although international correlates of plasma
HDL-C levels with CAD risk are not as predictive as
is plasma LDL-C, plasma HDL-C levels show a
well-established inverse relationship to CAD risk
in Western cultures. The current recommendation
forthetreatment of hypercholesterolemiafocuses
on reduction of atherogenic LDL-C levels.

Although few animal studies are available
involving plasma HDL-C and CAD risk, plasma
HDL-C levels may explain the gender differences
in CAD risk. Similarly, postmenopausal estrogen
use raises plasma HDL-C levels and lowers CAD
risk. Certainly, there is an appropriate pathophy-
siological model of the mechanism by which
HDL-C can reduce atherosclerosis.

The exclusion of HDL-C from current formally-
sanctioned treatment schemes also stems from
the difficulty in interpretation of research studies
assessing the effects of plasma HDL-C changes.
PlasmaHDL-C alterations do not occur inisolation
and are confounded by concomitant changes in
other plasma lipoprotein levels. Thus, it remains
difficult to decipher the interactive effects of plasma
HDL-C and LDL-C changes. Also, certain genetic
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disorders with low plasma HDL-C levels do not
appear to cause increased CAD risk.

In addition, from the clinical standpoint, the
measurement of plasma HDL-C levels is problem-
atic. Thisis because lab variability inthe measure-
ment of plasma HDL-C can have a proportionately
greater influence on the smaller plasma HDL
levels than is the case of plasma total choles-
terol. Similarly, current laboratory standardization
is not available for plasma HDL-C, as it is for total
cholesterol, which means HDL-C measurements
are less accurate in the clinical setting than are
plasma LDL-C measurements.

Furthermore, few clinical measures are avail-
able that can safely promote plasma HDL-C in-
creases. In our cost-minded health care system,
the added cost/benefit ratio of plasma HDL-C
levels remains to be shown.

In contrast, a growing body of epidemiolog-
ical evidence continues to identify the powerful
inverse relationship between plasma HDL-C
levels and CAD risk. Therefore, this issue remains
to be settled.

Recent findings based on the combined evalu-
ation of four major prospective American studies
indicate that a one percent increase in plasma
HDL-C level is associated with a reduction in CAD
risk of:

e Two percent for men
® Three percent for women

Using a proportional hazards model, the
LRC-CPPT study indicated a small, but signifi-

cant, CAD-lowering effect of increasing plasma
HDL-C levels.
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The Helsinki Heart Study found that the best
benefitin CAD risk reduction occurred for the men
with plasma HDL-C levels below 35 mg%. Also, in
the study population with the highest baseline
levels of plasma LDL-C, the plasma HDL-C lipo-
protein fraction provided the greatest predictive
valuefor CADrisk. The severity of LDL-C elevation
did not provide any predictive value of CAD risk.

Conversely, the Framingham Study showed
that even at lower cholesterol levels (below 200
mg), lower plasma HDL-C levels are associated
with increased rates of CAD in both men and
women.

Certainly the current guidelines are no re-
placement for clinical judgment. Hopefully, con-
tinued research findings will help to clarify the
HDL-C issue and provide directives for more
concrete clinical guidelines which incorporate
HDL-C directly in the management strategies.

The Total-Cholesterol/HDL-C Ratio
and CAD Risk

The concept of combining the CAD predictive
capacity of plasma total cholesterol (LDL-C) and
plasma HDL-C levels was initially suggested by
findings from the Framingham Study, which pro-
vided evidence that the total-cholesterol/HDL-C
ratio was predictive of CAD risk. Although not
utilized by current guidelines, the concept of this
ratio should not be ignored, especially when indi-
vidual CAD risk-factor management is involved.

In view of Framingham Study findings indicat-
ing that HDL-C is predictive of CAD risk in individ-
uals with total plasma cholesterol levels below 200
mg%, a resurgence in the use of this index may
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