
Diet and Cholesterol Reduction

After a comprehensive assessment of recent clinical evi-
dence, the most current National Cholesterol Educa-

tion Program Adult Treatment Panel (ATP) III guidelines
call for renewed emphasis on lowering levels of serum cho-
lesterol (1). The ATP III update recommends that physi-
cians set a low-density lipoprotein (LDL) cholesterol goal
of less than 1.8 mmol/L (�70 mg/dL) for high-risk pa-
tients, based on studies such as the Heart Protection Study
(2). Although the cut-points of 3.4 mmol/L (130 mg/dL)
and 4.1 mmol/L (160 mg/dL) for LDL cholesterol in mod-
erate- and low-risk individuals remain unaltered, it may
not be long before they are also lowered.

Statins have been very successful in lowering choles-
terol levels, but despite this, some people prefer to try diet
first. Furthermore, a small number of individuals prefer to
avoid the statin-related increased risk for myalgia, and a
very small number of people have a contraindication to
statins (3). The study by Gardner and colleagues in this
issue (4) is an important reminder that diet, in addition to
drugs, can play a role in achieving cholesterol targets.
Gardner and colleagues, performing a 4-week study in
which the investigators provided all of the food, found that
a more “plant-based” diet low in saturated fat yielded an
advantage of 0.18 mmol/L (7.0 mg/dL) in LDL cholesterol
reduction compared with the control diet, a more tradi-
tional low-saturated-fat diet. Put in different terms, the
plant-based diet achieved an additional reduction in LDL
cholesterol level of 4.7 percentage points over the 4.6%
reduction in the control group. The 9.3% total reduction
in LDL cholesterol from baseline in participants following
the plant-based diet is large enough that we would expect it
to reduce all-cause mortality if sustained over time (5).

Gardner and colleagues asked whether plant-based
foods have additional cholesterol-lowering benefits that are
unrelated to their more favorable fatty acid profile. To
determine this, the authors enriched their test diet with
considerably more vegetables and whole grains than the
control diet, together with soy, oats, wheat germ, almonds,
peanuts, flaxseed, and garlic, all of which independently
have been shown to reduce serum cholesterol. At the same
time, the authors provided equal amounts of total fat, sat-
urated fat, and dietary cholesterol in both the test and
control diets. The difference in cholesterol lowering be-
tween treatments was therefore not due to differences in
fatty acid profile or dietary cholesterol intake. The greater
reduction in serum LDL cholesterol level seen on the test
diet was probably due to its inclusion of foods with more
fiber (41 g/2000 kcal vs. 22 g/2000 kcal)—specifically vis-
cous fiber—and a higher proportion of vegetable protein
and other cholesterol-lowering components found in
plant-based foods.

The dietary approach in Gardner and colleagues’ study
reflects current thinking on how to increase the effective-

ness of therapeutic diets. For example, ATP III guidelines
advocated 2 g of plant sterols per day and 15 to 25 g of
viscous fiber foods (such as oats and barley) per day (6),
and the American Heart Association has highlighted the
possible benefits of soy protein and nuts (7). Moreover, the
U.S. Food and Drug Administration has permitted health
claims for heart disease risk reduction for viscous fiber (oat
�-glucan and psyllium), soy protein (25 g/d in 4 servings),
plant sterols (1.6 g/d), and, most recently, nuts (for exam-
ple, 42 g of almonds per day) (8). Viscous fibers increase
bile acid losses; soy proteins and other vegetable proteins
are associated with reduced hepatic cholesterol synthesis;
plant sterols block cholesterol absorption; and nuts are
sources of vegetable protein, plant sterols, and monounsat-
urated fat. Studies of each of these components have con-
sistently shown favorable effects on the blood lipid profile.
In effect, a combination of these food ingredients is the
dietary equivalent of combining cholestyramine, a statin,
and ezetimibe.

The recommended ATP III quantities are substantially
greater than the amounts that Gardner and colleagues pro-
vided to their study participants and may require the use of
specific foods containing concentrated sources of cholesterol-
lowering ingredients. Gardner and colleagues wanted to
measure the effects of a diet of routinely consumed foods.
However, in other studies, the investigators have provided
patients with combinations of cholesterol-lowering food
components (a dietary portfolio) in the amounts advocated
by the ATP III. These studies achieved 30% reductions in
LDL cholesterol, much larger than that seen in Gardner
and colleagues’ study (8). A 30% reduction, if sustained in
the real world where researchers do not provide the food,
would be similar to the LDL cholesterol reductions seen in
the statin trials, which reduced coronary heart disease
(CHD) events by 25% to 35%. Furthermore, eating high
levels of cholesterol-lowering foods in combination re-
duced the ratio of total cholesterol to high-density lipopro-
tein (HDL) cholesterol and the ratio of LDL cholesterol to
HDL cholesterol, unlike in Gardner and colleagues’ study.
Nevertheless, Gardner and colleagues’ approach may have
more general application because it supports adherence to a
plant-based diet (9). Diets with higher levels of cholesterol-
lowering foods will provide an option for those in need of
greater cholesterol reductions through diet. Nevertheless,
the ingredients for both dietary approaches are available at
local supermarkets and health food stores.

The participants in Gardner and colleagues’ study fol-
lowed the study diet for only 1 month. Nevertheless,
1-year studies of plant sterols in self-selected diets and 4
months of metabolic studies of viscous fibers have shown
that serum LDL cholesterol level decreases rapidly after
patients start the diet and remains low as long as the diet is
followed. Therefore, persons who adhere to the diet are
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likely to sustain the reductions in LDL cholesterol seen in
Gardner and colleagues’ study.

Gardner and colleagues’ study has 2 important mes-
sages. First, diets that “lump” foods rather than “split”
them have a place. These diets combine several cholesterol-
lowering foods in a specific diet rather than depending on
a single cholesterol-lowering food. Second, the reduction
in LDL cholesterol in Gardner and colleagues’ study may
explain why plant-based diets are associated with lower
CHD risk, since the constituents of these diets are natu-
rally occurring combinations of cholesterol-lowering di-
etary components. The experience of vegetarians provides
an idea of the benefits of plant-based diets. Vegans who
consume no animal products and therefore have relatively
high intakes of plant-based foods have much lower levels of
serum LDL cholesterol than people who eat a typical diet
(10). Vegetarians have a reduced incidence of CHD, which
contributes to overall longevity (11). After age 30 years,
vegetarian Seventh-day Adventists have a life expectancy
that is 5 years longer for men and 3 years longer for women
than that of non-Adventist omnivores (11). The European
Prospective Investigation into Cancer and Nutrition
(EPIC)–Oxford study of 56 000 British men and women
also showed a reduced risk for CHD in vegetarians (12).
Furthermore, components of a plant-based diet, such as
fruit fiber (13), nuts (11, 14), and whole grain cereals (15),
have all been shown in observational studies to be associ-
ated with a reduced risk for heart disease in nonvegetarians.
Vegetarian diets have resulted in angiographic improve-
ment in established CHD (16). Although participants in
Gardner and colleagues’ study ate the plant-based diet for
far too little time to expect an effect on cardiovascular end
points, these other studies suggest that long-term increased
consumption of plant-based foods leads to good outcomes.
The authors of a comprehensive review of plant-based di-
ets, longevity, and the Seventh-day Adventist experience
came to the same conclusion (11).

At a time of renewed effort to reduce serum choles-
terol levels, the plant-based diet studied by Gardner and
colleagues occupies an intermediate, bridging position be-
tween conventional diets low in saturated fat (which
achieve a 5% reduction in LDL cholesterol level) (17) and
drug therapy (which achieves a 25% to 35% reduction in
LDL cholesterol level). Gardner and colleagues’ study also
points to the advantage of combining several plant-based
dietary strategies and forms a link with diets using more
concentrated sources of the plant food components (which
may achieve as much as a 30% reduction in LDL choles-
terol level) (8, 18, 19). Either of these dietary approaches
in combination with statins could reduce the amount of
drugs required to achieve therapeutic goals and thereby
avoid the rare potential side effects that are more likely to
occur at higher statin doses (20).

Perhaps the most obvious significance of Gardner and
colleagues’ paper is the injection of new enthusiasm into
the dietary management of hyperlipidemia. Previous stud-

ies have focused on saturated fat reduction with only mod-
est results in general populations. The success of diets that
combine foods containing active cholesterol-lowering com-
ponents may make diet relevant in the age of powerful
drugs like statins. Furthermore, plant-based diets, like sta-
tins, may have benefits other than cholesterol reduction,
such as effects on C-reactive protein (8) and, in the case of
the high-fiber components, satiety and colonic health. The
unanswered question regarding plant-based diets enriched
with cholesterol-lowering components is the extent to
which they reduce cardiovascular disease. The major bar-
rier to testing this hypothesis is sustained adherence to the
diet, a question that short-term studies do not answer (6).
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