Dietary Supplements for
Cholesterol Management

Jaime P. Almandoz

Introduction

The United States Dietary Supplement and
Health Education Act categorizes the use of bo-
tanical or natural medicines, including those used
for the treatment of hypercholesterolemia, as “di-
etary supplements” [1]. Patients tend to seek out
alternative or complimentary therapies for one
of three reasons. First, they may be dissatisfied
with conventional or prescription medications
that have been ineffective, harmful, too costly, or
technologically oriented. Second, the selection of
alternative therapies may give the patient a great-
er sense of autonomy and empowerment with
respect to their healthcare decisions. Third, and
most commonly, alternative therapies are more
compatible with the patient’s beliefs, values, and
healthcare philosophy [2].

There is a perception by the general public
that botanical products are inherently safe be-
cause they are natural and have been used as tra-
ditional folk remedies. Little attention is paid to
the lack of evidence of their efficacy or safety
in well-designed controlled trials. Consumers do
not consider that these products may be adulter-
ated with prescription medications or contami-
nated with harmful substances, as there is a lack
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of regulation and standardization for composi-
tion, biological activity, safety, and reporting of
adverse events [3, 4].

Around 20% of the US population take bo-
tanical supplements with the highest consump-
tion in older non-Hispanic white women [5]. The
use of supplements in those over 65 years of age
is increasing and it is worth noting that almost
30% of people in this age range also take five or
more prescription medications [6, 7]. As less than
half of patients disclose the use of supplements
to their physician and <1% to their pharmacist,
there is significant potential for medication inter-
actions [6].

Numerous dietary supplements are taken to
lower cholesterol; however, many do not dem-
onstrate efficacy or safety in well-designed clini-
cal trials, and struggle with the limitations listed
above. The evidence for the more commonly
used supplements is reviewed in this chapter
while polyphenols, isoflavones, and plant sterols
are reviewed elsewhere.

Red Yeast Rice

Red Yeast Rice (RYR) is a traditional Asian food
item that is used to flavor, color, and preserve
food (Fig. 23.1). The medicinal value of RYR
was first promoted during the Tang dynasty,
around AD 800, to aid digestion and circula-
tion [8]. RYR consists mainly of nonglutinous
rice, red yeast (Monascus purpureus), and fer-
mentation by-products comprising of polyketides
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Fig. 23.1 Red yeast rice: nonglutinous rice fermented
with Monascus purpureus. (Courtesy of Robin Kok)

known as monacolins, fatty acids, and trace ele-
ments. In 1979, Endo discovered monacolin K,
a polyketide that inhibits 3-hydroxy-3-methyl-
glutaryl-coenzyme A (HMG-CoA) reductase, an
early rate-limiting step in cholesterol synthesis
[9, 10]. Monacolin K, also known as mevinolin
or lovastatin, accounts for around 90% of the
total monacolin fraction in RYR. Monacolin K
and its hydroxyl acid form, monacolin KA, are
the predominant active ingredients in most com-
mercially available formulations of RYR, but
RYR also contains plant sterols, isoflavones, and
cis-monounsaturated fatty acids, which are less
potent cholesterol-lowering agents [8, 11, 12].
RYR supplements are widely available over
the counter and contain unpredictable concen-
trations of the active constituents. When Gor-
don et al. analyzed 12 RYR products, there was
remarkable variability in the levels of total mo-
nacolins (0.31-11.15 mg/capsule), monacolin
K (0.10-10.09 mg/capsule), and monacolin KA
(0.00-2.30 mg/capsule) [13]. Also, one third

of the products contained elevated levels of ci-
trinin, a toxic byproduct of fermentation that is
known to be mutagenic and nephrotoxic [14, 15].
The US Food and Drug Administration (FDA)
has ruled that RYR is a drug and not a dietary
supplement because it contains monacolin K (lo-
vastatin), so manufacturers were told to modify
their products so that they do not contain this ac-
tive component [16, 17]. In spite of this, RYR
supplements continue to be sold in the USA with
varying but sometimes significant amounts of
monacolin K [8].

Multiple clinical trials have evaluated the ef-
ficacy of RYR in lowering cholesterol. In one
study, 83 subjects with hypercholesterolemia
were randomized to 2.4 g/day of RYR (0.4%
monacolins by weight) or placebo. After 12
weeks of treatment, as compared to the pla-
cebo, RYR significantly reduced total choles-
terol (16.1%), low-density lipoprotein (LDL)
cholesterol (22.4%), and triglycerides (11.3 %).
There was no significant effect on high-density
lipoprotein (HDL) cholesterol concentration. The
treatment was well tolerated with no hepatic or
renal function abnormalities noted in any of the
participants. However, there was a single report
of musculoskeletal chest pain at week 12 in the
treatment group [18].

RYR has demonstrated utility in those who
have difficulty tolerating conventional cholester-
ol-lowering therapy with HMG-CoA reductase
inhibitors (statins) due to statin-induced myalgia,
myopathy, elevated liver transaminases, and gas-
trointestinal upset. In a placebo-controlled trial,
62 patients with a history of statin-induced myal-
gia were randomized to receive 3.6 g/day of RYR
(6.48 mg monacolins/day) for 24 weeks. There
was no increase in liver transaminases, creatine
kinase (CK), or pain scores, but significant re-
ductions in total cholesterol (14.9%) and LDL-
cholesterol (21.3 %) were achieved [19].

Investigators from China randomized 4870
subjects with a history of coronary artery disease
(CAD) and dyslipidemia to receive either a pla-
cebo or RYR extract containing 12 mg of mona-
colin K daily for 4.5 years. When compared to
placebo, the treatment group had significant re-
ductions in total-cholesterol (10.9 %), LDL-cho-



23 Dietary Supplements for Cholesterol Management

385

lesterol (17.6 %), non-HDL cholesterol (16.6 %),
and triglycerides (14.6 %), and there was a small
but significant increase in HDL-cholesterol of
4.2%. There was a 45% relative reduction in
coronary events in addition to 30 and 33 % re-
ductions in cardiovascular and total mortal-
ity, respectively. Total adverse events and study
discontinuation were reported as similar in both
groups. There were also minor transient changes
in liver transaminase and CK levels of unreported
severity or duration in both groups [20].

As monacolins are HMG-CoA reductase in-
hibitors, it is not surprising that RYR shares the
potential adverse effects of prescription statin
medications, including myalgia, myopathy, rhab-
domyolysis, and elevated liver transaminases
[21-24]. Patients should be cautioned not to use
RYR preparations in conjunction with statins or
medications that affect their metabolism, such as
those that utilize the cytochrome P450 3A4 path-
way. Allergy to RYR appears to be rare but there
is a case report of an anaphylactic reaction in a
German butcher who used RYR as an ingredient
in sausages [25].

RYR products that contain the active mona-
colins are effective in lowering total cholesterol,
LDL-cholesterol, and triglycerides. The monaco-
lin content varies between brands and even batch-
es of commercially available preparations, which
leads to inconsistencies in the dose and efficacy.
It may be useful as an alternative lipid-lowering
agent in patients who are intolerant to prescrip-
tion statin therapy, but similar precautions should
be taken, as it is an HMG-CoA reductase inhibitor
with a similar side effect profile. RYR may also
be useful in the secondary prevention of those
with established cardiovascular disease but ad-
ditional research and outcomes data are needed.

Soluble Dietary Fiber (SDF)

The FDA recommends the addition of 3 g/day of
B-glucan or 7 g/day of SDF to a low saturated fat,
low-cholesterol diet in order to reduce cholester-
ol and the risk of coronary heart disecase (CHD).
The Administration issued this recommendation
after reviewing 33 clinical studies that evaluated

the effect of supplementary dietary fiber on lipid
levels [26].

Soluble fiber is thought to lower total and
LDL-cholesterol concentrations through several
mechanisms. Intestinal absorption of cholesterol
is reduced in the presence of soluble fiber, which
may be due to viscous soluble fiber forming a
physical barrier to absorption, alteration in the
emulsification of dietary fat, reduction in the for-
mation of small mixed micelles that are more ef-
ficiently absorbed, or a combination [27, 28]. In
human studies, soluble fiber increases the fecal
excretion of bile acids and cholesterol, resulting
in greater bile acid synthesis from circulating
cholesterol in the blood [29, 30]. Soluble fiber
reduces postprandial glucose absorption and in-
sulin levels, which may reduce cholesterol syn-
thesis, as insulin is a stimulator of HMG-CoA
reductase [31-33]. Finally, diets high in fiber
can lead to changes in gut microbiota that may
have multiple beneficial effects on glucose and
lipid metabolism beyond the intestinal lumen
[34]. Fermentation of soluble fiber by gut flora
produces short-chain fatty acids such as acetate,
propionate, and butyrate, which may suppress
hepatic cholesterol production [35, 36].

B-glucans are the principal components of
the endosperm cell walls in cereals such as
oats and barley. They are highly viscous, sol-
uble, nonstarch polysaccharides consisting of
linear glucose chains with varying molecular
weights depending on the method of extrac-
tion [37]. There have been multiple studies and
meta-analyses that have evaluated the effect
of oat B-glucan on cholesterol concentrations.
Brown et al. [38] evaluated data from 25 con-
trolled trials and found that an average of 5 g/
day of soluble oat fiber significantly reduced
total, HDL, and LDL-cholesterols. There was a
significant dose-response effect that for every
gram of soluble oat fiber consumed per day, the
total cholesterol decreased by 1.4 mg/dL, LDL
cholesterol 1.2 mg/dL, and HDL-cholesterol
0.07 mg/dL, but there was no effect on triglyc-
eride concentrations.

A more recent review assessed data from 20
clinical trials, one systematic review and the
above meta-analysis. Of the studies reviewed,
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Fig. 23.2 Psyllium seed husks from Plantago ovate.
(Courtesy of Cary Bass)

70 % reported a significant reduction in circulat-
ing cholesterol concentrations and the authors
concluded that daily doses of at least 3 g/day of
B-glucan result in 5-10 % reductions in total cho-
lesterol and LDL-cholesterol in normocholester-
olemic or hypercholesterolemic individuals. The
authors found that B-glucan is more effective at
lowering LDL-cholesterol when given in a liquid
form than when it is delivered in solid form like
a muffin [39]. For example, men with moderate
hypercholesterolemia experienced a 6% lower-
ing in both total cholesterol and LDL-choles-
terol after drinking oat milk containing 3.8 g of
B-glucan per day [40]. Whereas, Kerckhoffs et al.
found no significant reduction in cholesterol in
either group when they randomized 48 subjects
to bread and cookies with wheat fiber or 5.9 g
of B-glucan per day. In a subsequent experiment
reported in the same paper, when the subjects
were given orange juice containing 5 g/day of
B-glucan or wheat fiber, the B-glucan group expe-
rienced a 7% reduction in total cholesterol com-
pared with the controls [41]. It is proposed that
the cholesterol-lowering efficacy of the baked
products may be attenuated because exposure to
heat reduces the molecular weight and viscosity
of B-glucan polymers [42].

Psyllium is another popular soluble fiber that
is the mucilaginous seed husk of the Plantago
ovata plant (Fig. 23.2). The active cholesterol-
lowering component of psyllium is believed to
be arabinoxylan, a polysaccharide with a xylose
backbone and arabinose side chains [43]. As early
as 1965, Garvin et al. reported a 9 % reduction in
total cholesterol in participants consuming 9.3 g/

day of psyllium hydrocolloid for 3 weeks [44].
When Brown et al. [38] analyzed data from 12
trials with a daily dose range of 2—-10 g of psyl-
lium, they found that for every gram taken per
day, there was a 1.4 mg/dL reduction in total cho-
lesterol, and in the four studies evaluating LDL-
cholesterol, a 2.6 mg/dL reduction. The decrease
in HDL-cholesterol was trivial (0.15 mg/dL per
gram of psyllium) but significant, whereas there
was no significant effect on triglycerides.

The meta-analysis that included 21 studies
by Wei et al. [45] reported that the use of psyl-
lium (3-20.4 g/day) is associated with a low-
ering of total cholesterol by 14.5 mg/dL and
LDL-cholesterol by 10.8 mg/dL in subjects
with mild-to-moderate hypercholesterolemia.
Based on their findings, the authors calculated
that the consumption of psyllium 5, 10, 15 g/day
could result in 5.6, 9.0, and 12.5 % decreases in
LDL-cholesterol, respectively. As opposed to
B-glucan, the form in which psyllium was con-
sumed, e.g., bulk laxative or enriched food, did
not significantly affect the degree of cholesterol
lowering. Similar to studies described earlier,
the authors noted a significant but minimal re-
duction in HDL-cholesterol and no effect on
triglycerides. These findings are similar to those
of Anderson et al. [46] who included data from
three unpublished studies in a meta-analysis of
eight controlled trials. They found that consum-
ing 10.2 g of psyllium per day, as part of a low-
fat diet, reduced total cholesterol by 4%, LDL
cholesterol by 7%, and the ratio of apolipopro-
tein B to apolipoprotein A-I by 6 %.

The cholesterol-lowering effects of dictary
fiber appear to be additive when used in conjunc-
tion with a low-fat diet and statin therapy. In a
placebo-controlled study of hypercholesterol-
emic patients with a mean baseline LDL-choles-
terol of 173 mg/dL, 8 weeks of treatment with
10 mg of simvastatin plus 15 g of psyllium husk
(Metamucil®) per day reduced LDL-cholesterol
levels by 63 mg/dL (36 %), which was the same
amount as 20 mg of simvastatin alone [47].

Soluble fiber is generally well tolerated but
should be introduced gradually to avoid gastro-
intestinal upset. Anaphylaxis and allergies to
SDF preparations, separate from food intoler-
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ances, are rare but have been reported in isolat-
ed cases along with hypersensitivity in health-
care workers with occupational exposures to
psyllium [48-50]. Certain prescription medica-
tions, such as oral contraceptives or antidepres-
sants, should be taken at a different time to the
SDF supplements as the fiber can interfere with
their rate of absorption and the total absorbed
dose [51].

SDF works in multiple ways to beneficially
reduce total cholesterol and LDL-cholesterol as
part of a low-fat diet. Liquid or unheated forms
may be more effective because the reduction in
molecular weight and viscosity that occurs with
cooking may decrease its cholesterol-lowering
efficacy. SDF may be useful in patients who are
unable to tolerate other cholesterol-lowering
agents, as an add-on for those on maximal doses
of other agents who are not at goal, or to mini-
mize the dose of statin used and its potential side
effects. The two most popular forms of SDF are
B-glucan and psyllium. If patients would like
to incorporate these fibers into their diet, they
should aim for at least 3 g/day of B-glucan and
15 g/day of psyllium to achieve significant cho-
lesterol-lowering.

Nuts

Nuts are a recognized sources of poly- and cis-
monounsaturated fatty acids, dietary fiber, vita-
mins, minerals, and bioactive compounds like
phytosterols and polyphenols [52]. In particular,
walnuts have a very high ratio of polyunsatu-
rated fatty acids, and almonds are rich in cis-
monounsaturated fatty acids [53]. Although the
majority of trials have evaluated the cholesterol-
lowering effects of walnuts and almonds, other
nuts, e.g., pistachios and macadamias, have also
been shown to reduce cholesterol levels [53—
56]. Recent evidence suggests that consuming
>3 servings of nuts/week as part of a Mediter-
ranean diet is associated with a 30-55% lower
rate of cardiovascular events and mortality. The
protective effect of nuts is thought to be due in
part to their beneficial effects on lipid metabo-
lism [57, 58].

Zambon et al. carried out a randomized cross-
over trial with 55 hypercholesterolemic Spanish
men and women consuming a Mediterranean diet
as the control treatment. In half of the patients,
35% of the dietary energy from cis-monounsat-
urated fat was replaced with walnuts (41-56 g/
day) for 6 weeks. When compared with the con-
trol group, the walnut group experienced a de-
crease of 4.1% in total cholesterol of and 5.9%
in LDL cholesterol [59].

A study of almond supplementation in hyper-
lipidemic subjects found a significant dose-re-
sponse reduction in cholesterol levels. Groups
receiving 37 g/day experienced 3.1% reduction
in total cholesterol and 4.4 % reduction in LDL-
cholesterol, while the group that received 73 g/
day experienced reductions of 5.6 and 9.4%,
respectively. There was a significant increase in
HDL-cholesterol of 4.6% in the low-dose and
3.8 % in the high-dose almond groups but no sig-
nificant changes in triglycerides [60].

A recent pooled analysis of 25 trials evaluated
the effect of nut consumption on lipid levels in
subjects with normal and elevated cholesterol
levels. The authors found that the lipid-lowering
effect of nuts was dose-related but similar be-
tween different varieties of nuts. Cholesterol re-
duction was greatest in those consuming a West-
ern diet with higher baseline LDL-cholesterol
and lower body mass index. An average daily
intake of 67 g of nuts corresponded to a reduc-
tion in total cholesterol by 10.9 mg/dL (5.1%)
and LDL-cholesterol by 10.2 mg/dL (7.4 %). In
those with triglycerides >150 mg/dL, plasma
levels were reduced by 20.6 mg/dL (10.2%).
When triglyceride levels were <150 mg/dL, nut
consumption did not have a significant effect on
HDL-cholesterol or on triglyceride levels [61].

Patients should be encouraged to incorporate
nuts as part of a balanced calorie-controlled diet.
As nuts are calorie-dense, they should be used
to displace less healthy foods instead of an ad-
ditional source of high-fat calories. While the
magnitude of cholesterol reduction is small, the
numerous nutritional components in nuts (mono-
unsaturated fatty acids, fiber, etc.) may provide
additive health benefits to complement other
cholesterol-lowering strategies.
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Fig. 23.3 Flaxseeds from Linum usitatissimum. (Cour-
tesy of Tiia Monto)

Flaxseed

Flax (Linum usitatissimum) is a flowering crop
that bears golden-brown seeds (Fig. 23.3). It has
been cultivated since 6000 BC and the ancient
Greeks and Romans valued the seeds for their
laxative effects. Today, flaxseed is consumed as
whole seeds, ground (meal or powder), or as an
expressed oil [62]. Whole flaxseed is comprised
of 41 % fat, 28 % dietary fiber, and 21 % protein.
It has a unique fatty acid profile of 73 % polyun-
saturated fatty acids, 18 % monounsaturated fatty
acids, and 9 % saturated fatty acids. Linoleic acid,
an omega-6 fatty acid, makes up approximately
16% of the total fatty acids, and alpha-linolenic
acid (ALA), an ®-3 fatty acid, constitutes around
57%. Flax is also rich in both soluble and insol-
uble fiber along with the plant lignan, secoisolar-
iciresinol diglycoside (SDG) [63].

The dietary supplementation of whole flaxseed,
flaxseed oil, and lignans has been shown to re-
duce blood cholesterol in animal studies [64—67].
Flaxseed is thought to lower cholesterol through
several mechanisms. First, the SDF component
may reduce intestinal cholesterol absorption and
promote excretion of bile acids [68]; second, SDG
and other lignans have been shown to modulate
the activity of 7alpha-hydroxylase and acyl CoA
cholesterol transferase [69]; and finally, ALA dis-
places saturated fats from the diet and may aug-
ment LDL-cholesterol catabolism [70].

Many human trials have evaluated the effects
of whole flaxseed or its components on choles-

terol levels. In a study of 199 postmenopausal
Canadian women, Dodin et al. randomized the
participants to either 40 g of flaxseed or wheat
germ placebo daily for 1 year. At the end of the
trial, there was no reduction in total cholesterol or
LDL-cholesterol in the flaxseed group compared
to the baseline. However, when compared with
the placebo group there was a modest but statisti-
cally significant reduction in total cholesterol of
7.7 mg/dL and an increase in HDL-cholesterol of
3.1 mg/dL [71].

In contrast, 38 postmenopausal women with
hypercholesterolemia were given 38 g of either
whole flaxseed or sunflower seeds baked into a
muffin every day for 6 weeks. The investigators
found that there were significant reductions in
total cholesterol in both the flaxseed (6.9 %) and
the sunflower seed (5.5 %) groups. Notably, only
the flaxseed group saw significant reductions
in LDL-cholesterol (14.7%) and lipoprotein(a)
(7.4%) when compared to the baseline levels
[72]. As compared to whole flaxseed, the addi-
tion of 30 g/day of ground flaxseed did not lower
total cholesterol and LDL-cholesterol more than
a low-fat diet in a study of 161 prostate cancer
patients [73].

The effect of dietary flaxseed lignan (300 or
600 mg SDG daily) was tested in hypercholes-
terolemic subjects with a baseline LDL-choles-
terol >140 mg/dL. After 8 weeks of treatment,
significant reductions in total cholesterol and
LDL-cholesterol were observed in both treatment
groups. In the 600 mg/day group, total cholester-
ol decreased by 22 % and LDL-cholesterol 24 %.
Plasma concentrations of lignan metabolites in-
creased in both treatment groups, and these lev-
els were significantly correlated with reductions
in cholesterol [74]. By contrast, when the same
approach was taken in patients with type 2 dia-
betes who had LDL-cholesterol >160 mg/dL, no
significant effects on lipid levels were observed
with 360 mg/day of SDG after 12 weeks of treat-
ment [75].

Since one of the bioactive components of
flaxseed is proposed to be polyunsaturated fatty
acids, some studies have evaluated the effects of
providing these fatty acids on lipid reduction. In
a study by Harper et al., participants received
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either 3 g per day of ALA or olive oil. At the end
of 6 months, the adjusted total cholesterol level
in the ALA group was 17 mg/dL higher than in
the olive oil group (p=0.03), but the other lipid
fractions as well as the particle sizes were un-
changed [76]. Similarly, Paschos et al. compared
the effect of 15 mL flaxseed oil (8.1 g ALA) to
15 mL safflower oil (11.2 g linoleic acid) in 35
men with untreated dyslipidemia (total cholester-
ol >240 mg/dL), and found no changes in serum
lipid concentrations after 12 weeks [77].

To investigate the effects of flaxseed fiber on
plasma lipids, Jenkins et al. performed a random-
ized crossover study in hyperlipidemic subjects
using 50 g of partially defatted flaxseed or wheat
germ baked into muffins. After 3 weeks, there
were significant reductions in total cholesterol
(4.6%), LDL-cholesterol (7.6 %), apolipoprotein
A-1(5.8%), and apolipoprotein B (5.4 %). In spite
of the decrease in apolipoprotein A-I, there was
no significant change in HDL-cholesterol [78].

Evaluating the body of evidence, a recent me-
ta-analysis concluded that flaxseed supplementa-
tion does lower total and LDL-cholesterol levels
without significant effects on HDL-cholesterol
or triglycerides. The authors found reductions
in total cholesterol when either whole flaxseed
(7.3 mg/dL) or flaxseed lignans (10.8 mg/dL)
was given. The reduction in LDL-cholesterol was
of similar magnitude (6.2 mg/dL) for both whole
flaxseed and lignans. Their analysis suggested
that flaxseed oil does not have any beneficial ef-
fects on cholesterol levels [79].

Overall, flaxseed supplementation is well
tolerated with the principle side effect being
increased bowel movements [62]. Anaphylaxis
from flaxseeds is rare but case reports are present
in the literature [80-82].

The data suggest that supplementing the diet
with whole, ground, or defatted flaxseed leads to
reductions in total cholesterol and LDL-choles-
terol. The lack of effect observed from flaxseed
oil suggests that the cholesterol-lowering power
of flaxseed may be related to its fiber, lignans,
or a combination. The cholesterol-lowering ef-
fect of isolated flaxseed lignans is dose depen-
dent and more efficacious in patients with higher
cholesterol levels. If flaxseeds are added to the

diet to reduce cholesterol, patients should strive
to consume at least 40 g of whole or ground seeds
per day. There are only a few trials that have eval-
uated the effect of flax lignans, and although a
daily dose of 600 mg SDG shows some promise,
the evidence is not strong enough to support the
use of isolated lignans.

Soy Protein

Soy Protein (SP) is derived from the soybean,
Glycine max, in a multistep process that serves
to isolate the protein from soybeans by extracting
the lipid and fibrous components. This results in
an isolated SP concentrate or soy flour that can be
further processed into texturized products [83].

There are epidemiological studies that show
lower incidences of hypercholesterolemia and
ischemic heart disease in Asian countries where
greater quantities of soy products are consumed
[84, 85]. Interest in the ability of SP to lower cho-
lesterol began when scientists noted that substi-
tuting casein (a common milk protein) with SP
in atherogenic, but cholesterol-free, diets pre-
vented hypercholesterolemia and atherosclerosis
in rabbits [86]. Sirtori et al. then demonstrated
that replacing dietary animal protein with SP in
hypercholesterolemic patients reduced total and
LDL-cholesterol levels, which was subsequently
confirmed in a multicenter trial [87, 88]. The evi-
dence is such that the FDA has recommended a
daily intake of >25 g (four servings) of SP as part
of a low-fat, low-cholesterol diet to reduce total
and LDL-cholesterol levels [89].

Several mechanisms have been proposed for
how dietary SP lowers cholesterol. Altered bile
acid metabolism and increased gastrointestinal
excretion of cholesterol are alleged to be medi-
ated by soy peptides, heat-stable saponins, or
trypsin inhibitors that promote cholecystokinin
secretion and biliary outflow [89, 90]. However,
this has not been supported by clinical studies
looking at excretion of fecal neutral steroid or
bile acid outputs [91].

It is suggested that phytic acid decreases
cholesterol by chelating zinc in the intestine.
This results in a higher ratio of copper to zinc,
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which favors lower cholesterol levels [92, 93].
In vitro studies have demonstrated an increase in
LDL-receptor activity that is mediated by stor-
age proteins contained in soy, particularly the 7S
globulin [94, 95]. Clinical studies have shown
that LDL-receptor activity and LDL-cholesterol
degradation by mononuclear cells are increased
by SP-enriched diets in patients with hypercho-
lesterolemia [96].

Soy isoflavones are discussed elsewhere in
this publication, and the readers are referred to
Chap. 22 for further information. Briefly, soy
isoflavones are bioactive molecules that are re-
moved from SP preparations during processing
with alcohol. Carefully controlled studies de-
signed to determine whether the cholesterol-low-
ering effect is from the SP or the isoflavones have
concluded that the LDL-cholesterol-reducing ef-
fect of SP, although modest, is independent of
isoflavones [97].

In 1995, Anderson et al. [98] published a
meta-analysis of 29 controlled studies, which
concluded that SP lowers cholesterol levels
proportional to the degree of hypercholesterol-
emia and not by the quantity consumed, which
ranged from 18 to 124 g/day. Total cholesterol
levels were reduced by 20 % in those with base-
line cholesterol values >335 mg/dL, 7% in
those 259-333 mg/dL and there was no signifi-
cant effect in those with total cholesterol levels
<255 mg/dL. However, when they analyzed the
data within groups receiving SP, they found a
significant dose-related reduction in cholester-
ol: total cholesterol was reduced by 8.9 mg/dL
in the group receiving 25 g SP/day, 17.4 mg/dL
in the 50 g SP/day group , and 26.3 mg/dL in
the 75 g SP/day group. In this analysis, the type
of SP (isolate or textured), diets (usual, low-fat
control, etc.), and the age of the subjects did not
influence the magnitude or dose dependency of
cholesterol reduction.

A more recent meta-analysis by Jenkins et al.
[99] analyzed 11 studies with balanced macronu-
trient profiles and consumption of 20—133 g SP/
day. The authors demonstrated that the cholester-
ol-lowering properties of SP are attributable to
both intrinsic and extrinsic factors. They deter-
mined that 3.6-6 % of LDL-cholesterol lowering

is due to the extrinsic displacement of saturated
fats and dietary cholesterol from foods when
consuming 13-58 g of SP/day. A further 4.3%
reduction in LDL-cholesterol was attributed to
SP’s intrinsic effects.

SP is largely well tolerated but contains at
least 16 potential allergens, e.g., soy hydropho-
bic protein. As a result, soy is on the UN Food
and Agriculture Organization’s list of the eight
most significant food allergens and is felt to be
an under-recognized cause of food-related ana-
phylaxis [100, 101]. Based on the limited data
available, SP products that contain isoflavones
do not appear to have a negative impact on health
in pregnancy or in hormone-dependent malig-
nancy states such as breast or prostate cancer
[102]. However, it would be prudent to exercise
vigilance and moderation with intake.

In conclusion, SP modestly lowers total cho-
lesterol and LDL-cholesterol through extrinsic
and intrinsic mechanisms when it replaces ani-
mal protein from the diet. It is most effective in
those with higher baseline cholesterol levels and
when more than half of the daily protein require-
ment (>25 g/day) is comprised of SP. The benefi-
cial effects of soy on lipids appear to be from the
protein component and not isoflavones, which
are not recommended for cholesterol lowering
because of a lack of evidence.

Garlic

Garlic (Allium sativum) has been widely used in
cooking and as a traditional medicine for thou-
sands of years. An ancient Egyptian manuscript,
the Codex Ebers, cites it as a treatment for heart
disorders, tumors, and numerous other com-
plaints [103]. Garlic is comprised mainly of water
(65%) and its dry weight is made up of fructose-
containing carbohydrates, sulfur compounds,
fiber, protein, vitamins, minerals, and saponins.
The majority of compounds from garlic are water
soluble and less than 1 % are oil soluble. As such,
it is often difficult to compare studies utilizing
different garlic preparations as the content of ac-
tive compounds will vary depending on whether
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it is raw whole garlic, garlic powder, garlic oils,
or other extracts [104].

In vitro studies using isolated rodent and
human hepatocytes have demonstrated that
garlic inhibits cholesterol synthesis in a dose-
dependent manner without significant toxicity
[105-107]. Work by Gebhardt et al. suggests
that the reduction in cholesterol synthesis oc-
curs at the level of HMG-CoA reductase, but
at higher doses lanosterol and 7-dehydrocho-
lesterol will accumulate, suggesting effects
further downstream in the cholesterol synthesis
pathway [106]. More recent work proposes that
organosulfur compounds in garlic, e.g., cyste-
ine sulfoxides like S-allyl-L-cysteine or allicin,
inhibit cholesterol synthesis via 4a-methyl oxi-
dase. Allicin is formed by the action of the heat-
sensitive enzyme alliinase on alliin, a sulfur-
containing amino acid, when raw garlic is cut
or chewed [108]. Water-soluble compounds like
S-allyl-L-cysteine can inhibit cholesterol syn-
thesis by up to 60 % but are cytotoxic at higher
concentrations [109, 110]. However, it may be
that these in vitro cholesterol-lowering effects
are mainly due to cytotoxicity.

The German Association of General Practi-
tioners performed the largest multicenter trial to
evaluate garlic as a cholesterol-reducing agent
by administering a commercially available gar-
lic powder supplement [111]. They randomized
261 patients with type Ila or IIb hyperlipopro-
teinemia and total cholesterol and/or triglycer-
ide levels >200 mg/dL to receive either 800 mg
of garlic powder (1.3 % alliin content) or place-
bo daily for 16 weeks. The investigators found a
mean decrease in total cholesterol of 12 % (from
266 to 188 mg/dL) and a decrease of 17 % in tri-
glycerides (226188 mg/dL). The greatest cho-
lesterol lowering was observed in patients with
baseline cholesterol levels of 250-300 mg/dL.
In this study, 21 % of the treatment group and
9% of the placebo group complained of a mild
garlic smell.

Zhang et al. conducted an 11-week study in
which 51 healthy subjects received either 8.2 mg
per day of garlic oil (containing allyl sulfides) or
placebo. A further 27 volunteers received a garlic
powder preparation containing 7.8 mg of allicin

per day. There was no significant difference in
lipid levels seen in the garlic-treated group as a
whole at the end of the interventions with either
garlic preparation. However, there was a signifi-
cant improvement in HDL-cholesterol in women,
with an increase of 6.2 mg/dL, and a reduction in
total to HDL-cholesterol ratio following the gar-
lic oil treatment specifically [112].

Studies on the use of aged garlic extract
(AGE) are very limited. The AGE is made by
soaking raw garlic in aqueous ethanol for 20
months at room temperature. The filtered ex-
tract is reduced until the final product contains
1.47 g/L of S-allyl-L-cysteine. Macan et al.
[113] assessed the safety of using an AGE
(Kyolic®) in 52 subjects on oral anticoagula-
tion therapy. Volunteers were randomized to re-
ceive 5 mL of AGE twice daily or placebo for
12 weeks. The authors did not comment on the
use of lipid-lowering medications in the study
population at baseline, but did report that 9 % of
subjects in the treatment group and 15% in the
placebo group had a history of hypercholester-
olemia. The mean total cholesterol concentra-
tion at baseline was 184 mg/dL in both groups
and the LDL-cholesterol was 104 mg/dL in the
treatment group and 108 mg/dL in the placebo
group. Following treatment, there were no sig-
nificant differences in total cholesterol, LDL-
cholesterol, or triglyceride concentrations be-
tween groups or within groups. There was, how-
ever, a modest but significant increase in mean
HDL-cholesterol concentration by 2.9 mg/dL in
the group that received AGE.

In contrast to the above study, Lau et al.
used the same preparation of AGE and random-
ized 32 participants with untreated hypercho-
lesterolemia (mean total cholesterol 306 mg/
dL) to receive 4 mL of AGE or placebo daily
for 6 months. In the AGE group, there was an
increase in total cholesterol in almost all sub-
jects for the first 3 months. However, by the
end of the study, 11 of 15 subjects achieved
>10% reduction in total cholesterol. In another
experiment, the authors evaluated 14 subjects
with total cholesterol levels <200 mg/dL and
found no significant cholesterol-lowering effect
after 6 months of the treatment. Finally, when



392

J. P. Almandoz

ten participants with baseline cholesterol within
240-380 mg/dL range were treated with AGE,
six of ten experienced > 10 % cholesterol lower-
ing at 6 months [114].

A study from India evaluated the effect of eat-
ing 10 g of raw garlic after breakfast every day on
cholesterol levels in 50 medical students. After 2
months of treatment, there was a significant re-
duction in total cholesterol of 15.5% compared
to the control group. However, an increase in
clotting time and fibrinolytic activity was also
seen in these otherwise healthy young volunteers.
No comment was made by the authors on how
well the therapy was tolerated or if any partici-
pants dropped out [115].

A meta-analysis by Reid et al. [116] is the most
comprehensive to date, and evaluated 39 primary
garlic trials. They concluded that garlic supple-
ments are effective in reducing total cholesterol
by 17 mg/dL and LDL-cholesterol by 9 mg/dL in
those with cholesterol levels >200 mg/dL. The
magnitude of cholesterol lowering was larger in
trials of longer duration and in subjects with high-
er baseline cholesterol levels. The largest total
cholesterol reduction was observed with AGE
treatment, while the greatest LDL-cholesterol
lowering was seen with garlic powder prepara-
tions. There was a small but significant increase
in HDL-cholesterol (1.5 mg/dL) but no effect
on triglycerides. While generally well tolerated,
60 % of the 39 trials reported side effects. Garlic
breath, odor, or taste was most frequently report-
ed in the treatment groups receiving raw garlic
or garlic powder. However, gastrointestinal side
effects were not more prevalent compared to pla-
cebo groups and no abnormalities were observed
in hepatic or hematological factors.

The current data suggest that garlic, especial-
ly garlic powder, is effective at lowering LDL-
cholesterol by 10% or more in patients with
hypercholesterolemia who are supplemented >3
months. There is also a modest but significant
increase in HDL-cholesterol but no change in tri-
glyceride levels. There are no data to demonstrate
any benefit of garlic supplements in patients who
are already taking conventional lipid-lowering
therapy.

Fig. 23.4 Rhizomes of Coptis chinensis, from which ber-
berine is extracted. (Courtesy of Akiyoshi Matsuoka)

Berberine

Berberine is an isoquinoline alkaloid, originally
isolated from the rhizomes of the plant Coptis
chinensis (Fig. 23.4), which has been used in
Asia to treat gastrointestinal infections and dia-
betes for centuries [117]. The extract has been
shown to improve insulin resistance, glucose
control, and body weight in several in vitro,
animal, and human studies [118—122]. In vitro
studies suggest that berberine affects cholesterol
metabolism by inhibiting cholesterol synthesis
through multiple pathways, including activation
of adenosine monophosphate-activated protein
kinase, upregulating LDL-receptors through
LDL-receptor messenger-ribonucleic acid stabi-
lization in an extracellular signal-regulated ki-
nase (ERK)-dependent manner, increasing tran-
scription of the LDL promoter using the c-Jun
N-terminal kinases (JNK) pathway, and reduc-
ing proprotein convertase subtilisin/kexin type 9
(PCSK9) mRNA and protein levels [123—-126].
In two small studies, obese subjects taking
1.5 g/day of berberine hydrochloride had a non-
significant 12% reduction in total cholesterol;
while patients with type 2 diabetes had a sig-
nificant 13% decrease in total cholesterol after
3 months [127, 128]. More convincingly, a ran-
domized controlled trial of 144 hypercholester-
olemic Caucasian subjects showed that consum-
ing 500 mg of berberine twice daily significantly
decreased total cholesterol, LDL-cholesterol, and
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triglycerides by 11.6, 16.4 and 21.2%, respec-
tively, and increased HDL cholesterol by 9.1 %
[129]. When 116 patients with type 2 diabetes
and dyslipidemia were randomized to the same
dose of berberine (1000 mg/day) for 3 months,
there were significant improvements in glucose
tolerance and body weight, in addition to sig-
nificant reductions in total cholesterol (18.1 %),
LDL-cholesterol (21.1%), and triglycerides
(35.9%) [122].

One study evaluated the addition of berberine
to conventional statin therapy in a single-center
trial. In this study, 63 treatment-naive subjects
with hypercholesterolemia were randomized to
receive berberine hydrochloride (500 mg twice
daily), simvastatin (20 mg once daily), or both
for 2 months. There were significant reductions
in total cholesterol (9.1, 21.8, 29.1 %), LDL cho-
lesterol (14.3, 23.8, 31.8%), and triglycerides
(11.4,22.1, 38.9%) in the berberine, simvastatin,
and combination groups, respectively. The cho-
lesterol and triglyceride reductions in the com-
bination group were significantly greater when
compared to the simvastatin and berberine mono-
therapy groups. HDL-cholesterol was not signifi-
cantly changed in any of the three groups [130].
The addition of berberine to simvastatin therapy
appears to be safe and well tolerated. The addi-
tional LDL-cholesterol lowering achieved with
the combination suggests that berberine could be
used with low-dose statin therapy to reduce the
dose of statin required as well as potential side
effects or toxicities.

Overall, berberine appears to be well toler-
ated and does not cause elevations in liver trans-
aminases or creatine kinase. The most commonly
reported adverse reactions to berberine are gas-
trointestinal in nature, consisting of self-limiting
constipation, flatulence; and in rare instances
headache [122, 127, 129, 131]. Berberine ap-
pears to be safe for use in patients with chronic
liver disease, including chronic hepatitis B, hepa-
titis C, and alcoholic liver cirrhosis, as evaluated
at a single Chinese center. In this study, subjects
experienced significant reductions in total cho-
lesterol, LDL-cholesterol, and triglycerides with-
out elevations in liver transaminases or other side
effects [132]. In addition to cholesterol-lowering,

Fig.23.5 Resin of the guggul tree (Commiphora mukul).
(Courtesy of Jacopo Koushan)

berberine is known to have antiarrhythmic and
vasodilatory effects on the cardiovascular system
[133, 134]. There is a case report of a man who
was taking berberine for hypercholesterolemia
and developed a junctional bradycardia, which
reverted to normal sinus rhythm within 10 days
of the supplement being discontinued [135].

In conclusion, berberine appears to be a rela-
tively safe agent that moderately reduces total
cholesterol, LDL-cholesterol, and triglycerides
by around 10-20%. It may also improve blood
glucose control and reduce body weight, which
also have beneficial effects on hyperlipidemia.
Though data are limited, the available evidence
suggests that berberine further lowers cholesterol
levels when used in conjunction with statins. Fur-
ther studies are needed to confirm this effect and
the safety of combination therapy before berber-
ine is recommended as a supplemental therapy to
conventional lipid-lowering agents or as an alter-
native in patients with statin intolerance.

Guggul

The Commiphora mukul, also known as the
guggul tree, is native to arid parts of the Indian
subcontinent. Medicinal use of its gum resin
(Fig. 23.5) has been described in ayurvedic
texts since 600 BC for the treatment of inflam-
matory conditions, obesity, and atherosclerosis
[136]. The lipid-lowering properties of guggul
were first evaluated in the 1960s and commercial
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preparations have been marketed for this purpose
since the late 1980s [137].

The active isomers, E- and Z-guggulsterone
[cis- and trans- 4,17(20)-pregnadiene-3,16-
dione], are available in ethyl extracts of the
resin [138]. One mode of cholesterol-lowering
action is thought to be though the inhibition of
the farsenoid X receptor (FXR), which is a nu-
clear hormone receptor activated by bile acids.
For example, FXR-null mice do not exhibit
the significant decrease in cholesterol when
treated with guggulsterone that is observed in
wild-type mice fed with a high-cholesterol diet
[139]. There is also evidence that guggulsterone
increases hepatic LDL-cholesterol uptake, fecal
excretion of sterols and bile acids, LDL-choles-
terol catabolism, and inhibits HMG-CoA reduc-
tase [140-143].

There are early trials from India that demon-
strate significant reductions in LDL-cholesterol
with guggulsterone therapy, but many of these
suffer from flawed study designs [137, 144,
145]. A randomized, double-blind, placebo-con-
trolled trial with a standardized, commercially
available guggul extract (Guggulipid) was per-
formed in 103 adults with primary hypercho-
lesterolemia who were eating Western diets. In
this trial, Guggulipid increased mean LDL cho-
lesterol by 4-5% in both the standard-dose and
high-dose treatment groups. Only 18 % of par-
ticipants treated with Guggulipid experienced
a 5% or greater reduction in LDL cholesterol
[146]. Further, Guggulipid caused a hypersen-
sitivity drug rash in 3% of the standard dose
and 15 % of the high-dose recipients. While one
study reporter headache in 71% of treated sub-
jects [147], gastrointestinal upset appears to be
the most frequently reported side effect [137].
There has been one case of rhabdomyolysis re-
ported in an Italian man who had been taking
C. mukul capsules for 2 weeks to treat hyper-
cholesterolemia. He had previously developed
elevated serum creatine kinase while on simv-
astatin therapy, which had normalized before
starting C. mukul [148].

It appears that guggulsterones do not reduce
serum cholesterol in Western populations con-
suming a Western diet. Despite plausible bio-

logical mechanisms for lowering cholesterol,
predominantly from rodent models, rigorous
studies of guggulsterone therapy in humans
have not been able to replicate the early data
from Indian trials. This extract also appears to
cause an excess of hypersensitivity skin rashes
and gastrointestinal side effects requiring ces-
sation of therapy. Therefore, at this time gug-
gulsterone therapy is not recommended for pa-
tients looking for alternative cholesterol-lower-
ing therapies.

Policosanol

Policosanol is a mixture of naturally occurring
alcohols extracted from the wax of purified sugar
cane (Saccharum officnarum L.). The extract was
initially developed in Cuba where it was first ap-
proved for use in 1991. The principal components
of policosanol are the higher aliphatic primary
alcohols octocosanol (CH;~CH,,~CH,~OH),
triacontanol, and hexacosanol [149].

The mechanism of action of policosanol in hu-
mans is unknown. In vitro experiments suggest
that policosanol affects cholesterol synthesis at a
level upstream of mevalonate formation, enhanc-
es LDL-particle uptake and degradation [150].
Animal models suggest that increased clearance
of LDL-cholesterol is the primary mode of cho-
lesterol lowering as opposed to reduced choles-
terol synthesis [151, 152]. Other experimental
models suggest that policosanol prevents lipo-
protein peroxidation, has antiplatelet effects, and
attenuates the development of atherosclerosis
[153-156].

The initial studies on policosanol were per-
formed in Cuba by one consortium. This group
reported that doses of 10-20 mg/day reduced
total cholesterol by ~20% and LDL-cholesterol
up to 31% in a dose-dependent manner [157—
160]. Significant increases in HDL-cholesterol
of 24-29% were also observed in several early
studies [160-163].

More robust randomized, placebo-controlled
studies have failed to replicate the levels of LDL-
cholesterol lowering that were initially reported.
These studies have shown no significant lipid
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Fig. 23.6 Globe artichoke (Cynara scolimus) in bloom.
(Courtesy of Magnus Manske)

reductions in patients of several phenotypes,
including primary hypercholesterolemia, het-
erozygous familial hypercholesterolemia, and
combined hyperlipidemia with 8-12 weeks of
policosanol treatment, ranging in dose from 10 to
80 mg/day [164, 165].

A comparative study evaluated the lipid-low-
ering effects of policosanol (20 mg/day) com-
pared to atorvastatin (10 mg/day) for 12 weeks.
The authors found that policosanol did not sig-
nificantly reduce total cholesterol or LDL-cho-
lesterol levels, nor did it provide any additional
cholesterol lowering when given in combination
with atorvastatin [166].

In spite of promising early reports from Cuban
researchers, rigorously conducted trials per-
formed elsewhere have shown that policosanol
is ineffective at treating dyslipidemia and should
not be recommended to patients.

Artichoke Leaf Extract

The globe artichoke (Cynara scolymus) is a
member of the daisy family and is native to the
Mediterranean region (Fig. 23.6). Artichoke leaf
extract (ALE) has been used medicinally since
the Ancient Egyptian times as an aid to digestion
and to treat hangovers, jaundice, and snake bites
[167]. Since the 1930s, there have been reports
suggesting that ALE has favorable effects on
cholesterol plaques and lipid metabolism [168].

Up to 4% of ALE is made of sesquiterpene lac-
tones; up to 2% consists of phenolic acids such
as chlorogenic acid, caffeic acid, and cynarin;
and around 1% of ALE is flavonoids, includ-
ing luteolin, cynaroside, and scolymoside [167].
Experiments in cell cultures and animal models
have demonstrated that ALE decreases choles-
terol synthesis through luteolin, which is an in-
termediate below HMG-CoA reductase in the
cholesterogenic pathway, and increases biliary
excretion [169—173].

Very few randomized controlled trials have
evaluated the effect of ALE on lipoprotein me-
tabolism. Petrowicz et al. [174] published the
results, in abstract format, of a randomized con-
trolled trial in 44 subjects with average total cho-
lesterol levels of 204 mg/dL. Although subjects
took 640 mg of ALE three times daily, there
was no effect on lipid concentrations. However,
in a subgroup of 24 participants with baseline
total cholesterol levels >200 mg/dL, there was
a reduction in cholesterol that was attributed to
ALE, which was dependent on the baseline cho-
lesterol level—the degree of reduction was not
disclosed.

A multicenter study by Englisch et al. ran-
domized 143 participants with total cholesterol
levels >280 mg/dL to 1800 mg/day of ALE
or placebo for 6 weeks. Compared to baseline
values, the ALE group experienced an 18.5%
reduction in total cholesterol and a 22.9% de-
crease in LDL-cholesterol with no significant
changes in HDL-cholesterol or triglyceride lev-
els [175].

The most recent randomized trial enrolled
131 subjects to receive either 1280 mg/day of a
standardized ALE or placebo for 12 weeks. In the
treatment group, there was a modest but signifi-
cant decrease in total cholesterol (4.2 %) but no
significant changes in LDL-cholesterol, HDL-
cholesterol, or triglycerides [176].

Finally, a study of 17 subjects with familial
hypercholesterolemia specifically evaluated the
effect of Cynarin, the 1,5-dicaffeyl ester of quin-
ic acid, which is a phenolic acid found in ALE.
The intervention failed to produce any significant
changes in cholesterol or triglyceride concentra-
tions after 3 months of treatment [177].
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None of the studies reported any significant
adverse events or laboratory test abnormalities
as a result of ALE treatment. However, there are
scant reports of transient gastrointestinal effects
such as constipation and flatulence [168, 176]. In
conclusion, the current evidence, reinforced by
a recent Cochrane Database Systematic Review,
does not support the use of ALE to lower choles-
terol [178].

Conclusions

Healthcare consumers are free to choose from a
multitude of readily available and well-promoted
dietary supplements. Many patients see these
supplements as safer alternatives, which are
more aligned with their philosophy on health-
care. However, caution must be exercised as
these dietary supplements frequently contain
active compounds that are not standardized or
regulated, and have the potential to interact with
other medications. Patients should be encouraged
to discuss the use of all dietary supplements with
their physicians and pharmacists to reduce the
risk of adverse effects.

There is a distinct role for the use of dietary
supplements in patients who are unable or un-
willing to take conventional lipid-lowering
agents. However, supplements should only be
recommended once there is convincing evi-
dence for their safety and efficacy, either as lip-
id-lowering monotherapies or adjuncts to stan-
dard treatments like statins. Reasonable data
exist to support the use of several supplements
for cholesterol lowering, including RYR, SDF,
nuts, flaxseed, SP, garlic, and berberine. In ad-
dition to inherent metabolic properties, several
of these agents, including SDF, nuts, and soy
protein, reduce plasma cholesterol levels sim-
ply by displacing lipid-rich or cholesterogenic
foods from the diet. Patients should be encour-
aged to modify their lifestyles and consume a
low-fat and low-cholesterol diet as part of any
cholesterol-reducing therapy plan, including the
use of dietary supplements.
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