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Background: Red yeast rice (RYR) is a widely avail-
able dietary supplement used by millions of patients as
an alternative therapy for hyperlipidemia. It contains 14
active compounds called monacolins that inhibit he-
patic cholesterol synthesis. Although studies have sug-
gested that some formulations of RYR may be effective
and safe for lipid lowering, monacolin levels are not stan-
dardized among marketed products and are generally not
published on labels. We evaluated monacolin levels in
12 commercial RYR formulations and tested for citri-
nin, a mycotoxin that is nephrotoxic in animals.

Methods: Each formulation of RYR was labeled “600
mg/capsule” of active product. Analyses for monacolins
and citrinin were performed between August 2006 and
June 2008 using high-performance liquid chromatogra-
phy with mass spectroscopy—mass spectroscopy detec-
tion. Laboratory analyses of RYR products were con-
ducted by ConsumerLab.com, White Plains, New York.

Results: There was marked variability in the 12 RYR prod-
ucts in total monacolins (0.31-11.15 mg/capsule), mo-
nacolin K (lovastatin) (0.10-10.09 mg/capsule), and mo-
nacolin KA (0.00-2.30 mg/capsule). Four products had
elevated levels of citrinin.

Conclusions: We found striking variability in monaco-
lin content in 12 proprietary RYR products and the pres-
ence of citrinin in one-third of the formulations tested.
Although RYR may have potential as an alternative lipid-
lowering agent, our findings suggest the need for im-
proved standardization of RYR products and product la-
beling. Until this occurs, physicians should be cautious
in recommending RYR to their patients for the treat-
ment of hyperlipidemia and primary and secondary pre-
vention of cardiovascular disease.
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ARDIOVASCULAR DISEASE IS

a leading cause of death

worldwide, and hyperlip-

idemia is an important

modifiable risk factor for
its development. Although statins and
other proven prescription lipid-lowering
therapies have been available for de-
cades, many patients seek alternative thera-
pies to lower their cholesterol levels.
Herbal and other natural ingredients that
have been studied and remain controver-
sial include policosanol, chromium, egg-
plant extract, garlic, and guggulipid.' Chi-
nese red yeast rice, also known as Hong
Qu, is a medicinal agent and food col-
orant made by culturing a yeast, Monas-
cus purpureus, on rice. This process, when
performed under sterile and controlled
conditions, produces a group of com-
pounds called monacolins that inhibit hy-
droxymethylglutaryl-coenzyme A (HMG-
CoA) reductase, the rate-limiting step in
hepatic cholesterol synthesis. One of the
first commercially available HMG-CoA re-

ductase inhibitor compounds was mo-
nacolin K (MK) (Figure 1), initially iso-
lated by Endo’ from Aspergillus species in
1979, then later purified and marketed as
lovastatin.

Red yeast rice is considered a food or
dietary supplement but can be classified
as a drug by the US Food and Drug Ad-
ministration (FDA) when it is standard-
ized to contain a specific amount of MK
(lovastatin). The FDA has taken action
against several companies in the past de-
cade regarding the lovastatin content in
their supplements and therapeutic claims
made for their products. Nevertheless, red
yeast rice remains widely available to the
public as an over-the-counter dietary
supplement. Several studies have shown
that specific formulations of red yeast rice
reduce low-density lipoprotein (LDL) cho-
lesterol (LDL-C) significantly compared
with placebo.®!° This is likely related to
the effects of MK and the 13 other mo-
nacolins in the supplement,* which also
work to lower the production of choles-
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terol in the liver. In some studies, the products were tested
by an independent laboratory to quantify the amount of
monacolins and to confirm the absence of contami-
nants.10’12’13

Because of these positive studies and increased inter-
est from the public and the media, red yeast rice has
been recommended by health care practitioners, and
patient usage has increased dramatically. In 2008,
American consumers spent $20 million on this dietary
supplement, an 80% increase compared with 2005."*
However, to avoid being considered an unapproved
drug by the FDA, red yeast rice manufacturers typically
do not disclose levels of lovastatin or other monacolins
in their products, and there is no standardization of
these levels across manufacturers. Consequently, there
may be considerable variation in the composition of
monacolins in red yeast rice products from different
manufacturers and discrepancies between label infor-
mation and actual content.'” Thus, it is unclear if the
positive results of these studies can be generalized to all
red yeast rice products.

We hypothesized that there is great variability in ac-
tive constituents of commercially available red yeast rice
products. We compared 12 commercial red yeast rice for-
mulations and analyzed them for monacolin content and
the presence of citrinin (CN) (Figure 2), a potentially
nephrotoxic mycotoxin.

DR METHODS R

Twelve commercial red yeast rice products were purchased and
sent for analysis. They are listed, along with their manufactur-
ers and the Web sites where they were purchased, in Table 1.
They are representative of commonly sold formulations avail-
able in the United States. Products were purchased online from
retailers, catalogs, multilevel marketing companies, or di-
rectly from the manufacturer.

Two of the formulations were tested separately in 2006 and
2007 as materials used in clinical trials.'*"> The other 10 prod-
ucts were tested in March 2008 as part of the product review
of red yeast rice supplements published as part of an online sub-
scription service by ConsumerLab.com (White Plains, New
York).'®

Products were tested for their amount of specific monaco-
lins, disintegration, and potential contamination with CN and
lead. Analyses for monacolins and CN were performed on rep-
resentative composites from each product using high-
performance liquid chromatography (HPLC) (Beckman Coulter
Inc, Brea, California) with a photo diode array detector and sepa-
ration with a 250 X 4.6 mm—column Phenomenex Prodigy (Tor-
rance, California) with confirmation of analytes by reversed-
phase HPLC with mass spectroscopy—mass spectroscopy detection
(Applied Biosystems API 2000 LC-MS-MS; Life Technologies
Corporation, Carlsbad, California)."

Analyses for lead were first performed on representative
composites from each product using an inductively coupled
plasma-mass spectroscopy method in an independent labo-
ratory. If any product was found to have an unacceptable
level of lead, it was retested using the same method in a sec-
ond independent laboratory. Disintegration of nonchewable
and non-time release formulations were analyzed according
to United States Pharmacopeia (USP) recommendations.
All analyses were conducted under the direction of
ConsumerLab.com.
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Figure 1. Chemical structure of monacolin K (lovastatin). H indicates
hydrogen; 0, oxygen.
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Figure 2. Chemical structure of citrinin. H indicates hydrogen; 0, oxygen.

B RESULTS e

In reporting the results, we focused on the amount of
total monacolins (TM), MK (lovastatin), and the
hydroxy form of MK (MK A, hereinafter “MKA”) in
each formulation. The products are identified by letters
herein and not by their proprietary names. Only 1 lot of
each product was tested; therefore, no data were col-
lected about the variability of monacolin levels within
various product lots.

The levels of TM, MK, MKA, and CN in each product
are summarized in Table 2. There was marked variabil-
ity of TM (0.31-11.15 mg/capsule), MK (0.10-10.09 mg/
capsule), and MKA (0.00-2.30 mg/capsule) in the 12 for-
mulations tested. Product F had very low levels of
monacolins per capsule (TM, 0.31 mg/capsule; MK, 0.10
mg/capsule; and MKA, 0.00 mg/capsule) but the high-
est levels of CN (189 pg/capsule). Four of the 12 prod-
ucts had elevated levels of CN.

Table 3 summarizes the daily amounts of TM and
CN that patients would ingest if they followed the daily
serving recommendation on each respective bottle. The
mean (SD) dose of lovastatin (MK) was 6.0 (4.6) mg/d
with a maximum dose of 14.5 mg/d. The mean (SD) dose
of lovastatin plus its hydroxy form (MKA) was 9.0 (7.2)
mg/d with a maximum dose of 19.4 mg/d. Table 4 sum-
marizes the amount of other monacolins (other than MK
and MKA) that were present in each of the 12 products.
Levels of the other monacolins were quite low, with none
exceeding 1 mg/capsule.

None of the products exceeded the California Propo-
sition 65 contamination limit for lead (0.5 png/d). All stan-
dard (nonchewable and non—time release) tablets were
found to disintegrate properly.
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Table 1. Red Yeast Rice Products Analyzed by ConsumerLab.com

Red Yeast Rice Product in 600-mg Capsules Where Purchased

21st Century 100% Vegetarian Red Yeast Rice Extract

Manufacturer, City, State Type of Brand

21st Century Healthcare, Tempe, Arizona Health food store WWww.amazon.com

Atrium Chole-sterin Red Yeast Rice Atrium Inc, Hebron, lllinois Health care www.bayho.com
practitioner line?
Cholestene HPF Red Yeast Rice HPF LLC, Yardley, Pennsylvania Online www.iherb.com

Catalog/internet?
Health food store
Online®

Healthy America, Costa Mesa, California
Natural Balance, High Point, North Carolina
Naturals Dietary Supplements,

Kittanning, Pennsylvania

www.healthyamerica.com
www.allstarhealth.com
www.natsup.com

Healthy America Red Yeast Rice
Natural Balance Red Yeast Rice Concentrated Extract
Naturals

Nature’s Plus Herbal Actives Red Yeast Rice
(1.7% total monacolins)

ResQ LDL-X

Schiff New Red Yeast Rice

Solaray Red Yeast Rice

Natural Organics Laboratories,
Melville, New York
N3Oceanic Inc, Palm, Pennsylvania
Schiff Nutrition Group, Salt Lake City, Utah
Nutraceutical Corp, Park City, Utah

Health food store

Online®
Mass marketd
Health food store

www.iherb.com

www.n3oceanic.com
www.herbalstore.com
www.vitaminshoppe.com

VegLife 100% Vegan Red Yeast Rice
Walgreens Finest Natural Red Yeast Rice

Nutraceutical Corp
Walgreen Company, Deerfield, Illinois

www.vitaminlife.com
www.walgreens.com

Health food store
Pharmacy

aSold primarily through health care practitioner offices.
bFormerly sold through catalogs but now sold via Web sites.
€Sold only through the Internet.

dSold in stores such as Walmart, Kmart, Target, Sam’s Club, Costco, and BJ’s Wholesale Club.

Table 2. Total Monacolin, Monacolins K and KA, and Citrinin Content per 600-mg Capsule of 12 Commercially Available
Red Yeast Rice Products
Monacolin Level, mg/cap
Red Yeast Rice Product Total Monacolin K I
in 600-mg Capsules Monacolins (Lovastatin) Monacolin KA Citrinin, ppm Citrinin, pg/cap
A 5.30 2.53 1.96 ND 0.0
B 2.16 1.02 0.61 ND 0.0
C 418 1.74 1.63 ND 0.0
D 1.65 1.12 0.22 24 14.3
E 6.03 3.63 1.22 ND 0.0
F 0.31 0.10 0.00 189 114.2
G 6.18 2.50 2.30 ND 0.0
H 11.15 10.09 0.52 ND 0.0
| 1.60 0.99 0.23 75.5 57.5
J 3.97 2.66 0.46 ND 0.0
K 1.36 0.97 0.19 119 70.4
L 6.13 3.12 2.07 ND 0.0
Mean (SD) 4.17 (3.00) 2.54 (2.60) 0.95 (0.84) 34.0 (62.1) 21.4 (38.2)
Median 4.08 2.12 0.57 0.00 0.00

Abbreviations: cap, capsule; ND, none detected; ppm, parts per million.

B COMMENT __ py

Our study used an independent testing organization to
quantify the monacolin content of 12 commercially avail-
able red yeast rice products. We found dramatic variation
in active ingredients (monacolin levels), and one-third of
the products contained the potential nephrotoxin CN.
Between 1990 and 2008, the prevalence of herbal and
alternative medicine use among American adults in-
creased from 2.5%'" to over 50% (about 114 million
people).'®1° Most Americans perceive naturally derived
products as safe and as effective as regulated pharma-
ceuticals,” and about 60% of patients do not reveal the
use of dietary supplements or alternative medications to
their health care providers.”' Alternative medicines and
dietary supplements are widely available in health food

stores, pharmacies, supermarkets, and on the Internet.
In 2007, Americans spent approximately $14.8 billion
on nonvitamin, nonmineral natural products.?

Red yeast rice has been used as a food colorant and
medicine in China for centuries and is an increasingly
popular lipid-lowering alternative medication. An English-
language MEDLINE search for “red yeast rice” yielded
107 articles from February 1999 to March 2010, with 39
of the articles published in the last 2 years. Despite the
long history of red yeast rice use, the first randomized,
controlled trial evaluating it was published by Heber et
al'®in 1999. Patients with hyperlipidemia who took 2.4
g/d of a particular formulation of red yeast rice (Choles-
tin; Pharmanex Inc, Simi, California) for 12 weeks
achieved LDL-C lowering of -37.9 mg/dL (-22%) com-
pared with -4.7 mg/dL (-1%) in patients taking placebo
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Red Yeast Rice Products

Table 3. Daily Expected Amounts of Monacolins and Citrinin Per Recommended Daily Serving for 12 Commercially Available

Monacolin, mg/d

Red Yeast Rice Product Total Monacolin K Monacolin K
in 600-mg Capsules Monacolins (Lovastatin) and Monacolin KA Citrinin, pg/d
A 21.20 10.12 17.96 0.0
B 8.64 4.08 6.52 0.0
C 4.18-8.36 1.74-3.48 3.37-6.74 0.0
D 3.30 2.25 2.69 28.5
E 24.12 14.54 19.43 0.0
F 0.62 0.20 0.20 228.3
G 24.71 9.99 19.18 0.0
H 11.15 10.09 10.62 0.0
| 3.21 1.98 2.43 115.1
J 7.94 5.33 6.25 0.0
K 2.71 1.94 2.32 140.9
L, range 12.26-24.52 6.24-12.48 10.38-20.76 0.0
Mean (SD) 11.0 (8.80) 6.04 (4.57) 9.02 (7.22) 42.7 (76.3)
Median 8.29 4.71 6.38 0.00
Table 4. Monacolin Levels Other Than K and KA of 12 Commercially Available Red Yeast Rice Products
Monacolin, mg/U
Red Yeast Rice Product | 1
in 600-mg Capsules JA J XA LA X L MA M DMK
A 0.027 0.004 0.059 0.019 0.076 0.122 NT 0.029 0.473
B 0.012 0.019 0.008 0.080 0.000 0.055 NT 0.007 0.212
C 0.049 0.032 0.024 0.033 0.108 0.067 0.073 0.018 0.281
D 0.013 0.000 0.000 0.011 0.055 0.049 0.000 0.000 0.140
E 0.169 0.031 0.018 0.085 0.125 0.088 0.031 0.064 0.386
F 0.000 0.000 0.000 0.000 0.000 0.000 0.160 0.000 0.051
G 0.054 0.043 0.020 0.049 0.104 0.036 0.051 0.019 0.929
H 0.058 0.000 0.000 0.038 0.073 0.043 0.071 0.045 0.141
| 0.000 0.000 0.000 0.000 0.000 0.042 0.000 0.210 0.093
J 0.025 0.000 0.000 0.053 0.098 0.126 0.041 0.088 0.305
K 0.014 0.000 0.000 0.000 0.000 0.039 0.000 0.000 0.110
L 0.064 0.042 0.016 0.083 0.112 0.056 0.019 0.059 0.315
Mean (SD)? 0.040 (0.046) 0.014 (0.018) 0.012 (0.017) 0.038 (0.033) 0.063 (0.049) 0.060 (0.036) 0.045 (0.049) 0.040 (0.59) 0.286 (0.239)
Median?@ 0.026 0.020 0.004 0.036 0.075 0.052 0.036 0.024 0.246

Abbreviations: DMK, dihydromonacolin; NT, not tested.
2For mean (SD) and median calculations, n=10.

(P<<.001). (To convert LDL-C to millimoles per liter, mul-
tiply by 0.0259.) In a later study, Heber et al** followed
up with an analysis of 9 red yeast rice products and found
marked variability in monacolin content in these formu-
lations and elevated CN levels in 7 products.”

In May 1998, the FDA ruled that Cholestin was not a
dietary supplement but an unapproved drug. The ruling
was affirmed in March 2001, and Pharmanex removed
red yeast rice from Cholestin.** Since that ruling, the FDA
has written warning letters to several other dietary supple-
ment manufacturers to remove drug claims or eliminate
red yeast rice with high lovastatin levels from their prod-
ucts, including Heart and Cholesterol (Mason Vita-
mins, Miami Lakes, Florida) in 2001, Cholestrix (Sun-
burst Biorganics, Baldwin, New York), Red Yeast Rice and
Red Yeast Rice/Policosanol Complex (Swanson Health
Care Products Inc, Fargo, North Dakota) in 2007, and
Red Yeast Rice (Nature’s Way Products Inc, Springville,
Utah) in 2008. Despite these actions by the FDA, red yeast
rice products remain widely available to the public as di-
etary supplements in pharmacies, supermarkets, health

food stores, vitamin stores, and on the Internet—
although levels of lovastatin or other monacolins are not
generally listed on product labels.

In the past 5 years, there has been increased research
interest in red yeast rice as a potentially safe and effec-
tive lipid-lowering agent.®? A recent secondary preven-
tion trial showed a decreased incidence of nonfatal myo-
cardial infarction or death from cardiac causes in patients
randomized to red yeast rice compared with placebo.”
A substudy of that group showed significant decreases
in coronary events and death from coronary artery dis-
ease in an elderly cohort with hypertension.?® Our group
has reported that red yeast rice, when combined with fish
oil and lifestyle changes, is as effective as a moderate dose
of simvastatin in lowering LDL-C levels.”® We, along with
others, have also found that red yeast rice may be an ef-
fective and safe lipid-lowering therapy in subjects with
a history of statin-associated myalgias.'**"*

This study’s most important limitation is the possi-
bility of batch-to-batch variability of the products we
tested. Our approach was to test samples from a single
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lot of each product, representing the same experience en-
countered by a consumer purchasing a red yeast rice
supplement. Because of limited governmental oversight
and variable quality control by manufacturers, monaco-
lin content of different red yeast rice products may dif-
fer dramatically from bottle to bottle. Thus, the levels of
monacolins and CN for the products we tested should
be considered specific to the batches we tested. It is pos-
sible that current good manufacturing practices specific
for dietary supplements, phased in from 2007 to 2010,
may have reduced the chance of batch-to-batch variabil-
ity.?* However, this regulation would not be expected to
reduce brand-to-brand variability because the law al-
lows each manufacturer to set its own standards regard-
ing ingredient composition. It is also possible that the
ingredients of tested formulations may have changed since
we analyzed them. At least 1 formulation has substi-
tuted a phytosterol ester complex and policosanol for red
yeast rice and renamed the product since it was tested.

Unfortunately, there is no way of determining how many
red yeast rice products are available to consumers in the
United States. Our cursory review of formulations avail-
able on the Internet from sites like amazon.com,
vitaminshoppe.com, drugstore.com, ebay.com, etc, yielded
31 different proprietary red yeast rice products. Our analy-
sis was not a thorough product review but a snapshot of
commonly available red yeast rice products. A more thor-
ough and structured survey could be done in the future.

Another limitation is that our study quantified monaco-
lin levels in the products tested but did not evaluate their
lipid-lowering efficacy. While the efficacy of the red yeast
products is thought to be solely from the monacolins, there
also may be other minor synergistic cholesterol-lowering
constituents such as phytosterols, isoflavones, and mono-
unsaturated fatty acids that have yet to be fully eluci-
dated.”">*° Red yeast rice should never be taken concomi-
tantly with prescription statins because the risk of toxic
effects and drug interactions would likely increase with in-
gestion of 2 similar drugs that inhibit HMG-CoA reduc-
tase. Red yeast rice should be taken only under a physi-
cian’s direction, and lipid levels, liver enzymes, and muscle
symptoms should be evaluated regularly because red yeast
rice has been reported to cause myopathy,**> hepatotox-
icity,* and rhabdomyolysis.*”

One-third of the products tested were contaminated
with CN, a mycotoxin produced by several Monascus, Peni-
cillium, and Aspergillus species found in poorly manu-
factured red yeast rice products. Citrinin has been shown
to be mutagenic at concentrations of 0.2 to 1.7 pg/g in
Salmonella hepatocyte assays* and can cause kidney fail-
ure in animals with a median lethal dose (LDs) of 35 mg/
kg.* Although its effects on humans is unknown, it has
been found to be genotoxic in cultured human lympho-
cytes at high concentrations.® Further research is nec-
essary to elucidate the possible adverse effects of CN in
humans to place our findings in the proper context.

Our results highlight an important issue with red yeast
rice and many other alternative medicines: the lack of stan-
dardization of active constituents. Standardization of in-
gredients is difficult for several reasons: (1) There are vari-
able growth and/or culture conditions and differences in
harvesting and processing among manufacturers; (2) me-

dicinal agents from natural sources are complex sub-
stances with many chemical constituents, many of which
have unclear roles in their pharmacologic activity; and (3)
different manufacturers may standardize products to
amounts of 1 or 2 chemicals thought to be active ingredi-
ents, while other constituents are not standardized and may
also have biologic and pharmacologic activity.

In summary, red yeast rice has been used for centu-
ries for its medicinal properties and is an increasingly
popular alternative lipid-lowering therapy that may ben-
efit patients with a history of coronary disease who can-
not take statins,” subjects who refuse statins or prefer a
“natural” approach to pharmacotherapy, or patients with
a history of statin-associated myalgias.'*?"* However, our
study found dramatic variability of monacolin levels in
commercial products and the presence of CN in one-
third of formulations. Further oversight and standard-
ization of the production and labeling of red yeast rice
products may address some of the concerns raised in this
study. Until these issues are addressed, physicians should
be cautious in recommending red yeast rice to their pa-
tients for the treatment of hyperlipidemia and primary
and secondary prevention of cardiovascular disease.
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