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Serious concerns are expressed on the safe use of red yeast rice (RYR) supplements.

The aim of the present study was to analyse cases received by Lareb on RYR-related

adverse health events. These cases were analysed for the number of reports, number

of adverse drug reactions (ADRs), causality, seriousness of the reaction, latency-

period, age and sex of the patients, concomitant medication and type of reporter. A

total of 94 individual reports were collected by Lareb, corresponding with 187 ADRs.

The analysis showed most reported ADRs were labelled musculoskeletal and connec-

tive tissue disorders (n = 64), gastrointestinal disorders (n = 33) and general disorders and

administration site conditions (n = 23). The use of RYR supplements should be consid-

ered as a significant safety concern. Exposure to monacolin K could lead to serious

adverse effects. To fully assess the safety profile of RYR supplements, more research

is necessary to compose a complete ADR profile of RYR supplements.
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1 | INTRODUCTION

Statins belong to the first-line therapy in the reduction of elevated

blood cholesterol levels and have been shown to reduce the rate of

cardiovascular events and reduce all-time mortality.1,2 However, sta-

tins have been associated with muscle-related adverse events that are

most commonly reported as a major reason for statin intolerance3

Several patients with statin intolerance seek alternative products to

reduce elevated blood cholesterol levels. Additionally, even healthy

consumers use alternative products to lower serum cholesterol. One

of the most common alternative products are red yeast rice (RYR) sup-

plements3 RYR is produced by fermenting rice with Monascus por-

pureus, forming monacolin compounds1 The primary monacolin

compound present in the RYR supplements is monacolin K, which is

chemically identical to the pharmaceutical lovastatin4 Monacolin

K inhibits HMG-CoA reductase, an enzyme that catalyses the

conversion of HMG-CoA to mevalonate, a precursor of cholesterol.

Through the inhibition of HMG-CoA, monacolin K decreases the pro-

duction rate of cholesterol1,5 Several clinical trials have shown that

RYR supplements are associated with the prevention of primary and

secondary cardiovascular events4,6–8 Besides these effects, also anti-

cancer, anti-inflammatory, antihypertensive and antidiabetic effects

have been described5,9

In contrast to these beneficial health effects, serious concerns

exist on the safety of RYR supplements. The structural similarity with

lovastatin implies that similar adverse drug reactions (ADRs) can be

expected. Overall, general toxicological knowledge on the potential

health risks of RYR are lacking. Identification of potential risks of RYR

products is challenging because food supplements are not usually

registered in pharmacovigilance databases where suspected ADRs can

be collected. However, The Netherlands Pharmacovigilance Centre

Lareb has received numerous spontaneous reports of ADRs by RYR
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supplements over recent years. The aim of this article is to compre-

hensively describe the cases received and assess the case series con-

cerning the use of RYR and health complications.

2 | METHODS

2.1 | Description of cases

In the Netherlands, the Pharmacovigilance Centre Lareb maintains the

spontaneous reporting system for drugs, vaccines and natural prod-

ucts with a health claim, such as herbal drugs. By collecting and

analysing reported ADRs, knowledge is generated on the occurrence

of ADRs in daily practice. Data on reported ADRs was gathered from

1991 (establishment of the centre) until March 2020. The reports can

originate from health care professionals or consumers and can be

received directly or through pharmaceutical companies.

All directly received reports in the Dutch spontaneous reporting

system are individually triaged and assessed by trained assessors at

Lareb. For the purpose of this study additional causality assessed was

performed by the authors according to the World Health Organization

causality model to determine the role of RYR in ADR occurrence10

ADRs are coded with the Medical Dictionary for Regulatory Activities

(MedDRA)11 In the case of unregistered products, Lareb uses a

custom built drug dictionary for coding.12

The number of reports, number of ADRs, seriousness of the

reaction13 latency-period, age and sex of the patient, concomitant

medication, and type of reporter were described. The reports were

grouped based on the MedDRA system organ class (SOC) and

preferred term (PT). A line-listing of all selected cases was made.

3 | RESULTS

3.1 | Characteristics of reports

From December 2007 to March 2020, a total of 94 individual reports

were collected by Lareb, of which only 16 were received before June

2017. In these reports, in total 187 ADRs were reported, coded as

PTs according the standardized MedDRA system. Six reports were

according the CIOMS criteria classified as serious: 3 times (acute) pan-

creatitis and 2 times symptoms of rhabdomyolyses such as

chromaturia, abnormal urine odor, myalgia, muscle spasms and malaise

were reported. One report concerned acute hepatic failure with

jaundice where the liver transplantation was required. World Health

Organization causality assessment revealed the role of RYR in to be

certain (n = 2), probably/likely (n = 24), possible (n = 61) and unlikely

(n = 7) in the reported cases.

The majority of reports (n = 75) were submitted by consumers

or other non-health professionals. Nine cases were reported by

pharmacists, 8 cases by a physician and 2 reports were reported by

both pharmacist and physician. Reported sex was 60 females and

34 males and the mean age was 64 years (range 17–81 years), the

median age was 65 years. Concomitant medication use was reported

in 55 reports (59.1%).

The most reported comedication was vitamin D (colecalciferol),

reported 11 times, followed by clopidogrel (Table S1). It must be

noted that 1 report can contain multiple concomitant drugs.

3.2 | Action and outcome

In 66 reports, patients discontinued their treatment with RYR supple-

ments; in 47 cases of these the symptoms resolved, were recovering

or recovered with sequel. The following actions with RYR supplement

occurred in the remaining patients: no adjustment (n = 13), unknown

(n = 5), dose reduced (n = 2), not applicable (n = 6) and not

reported (n = 2).

3.3 | SOC reports

A total of 94 individual reports of ADRs, corresponding to 187 PTs

were related to RYR supplement use (Table S3). The most frequently

reported PTs were labelled under the SOC musculoskeletal and connec-

tive tissue disorders, gastrointestinal disorders, general disorders and

administration site conditions and nervous system disorders (Table S2).

In total 64 PTs were reported in the SOC musculoskeletal and connec-

tive tissue disorders, which included myalgia, muscle spasms, weakness

rhabdomyolysis, muscle atrophy, limb discomfort, flank pain, osteoar-

thritis and tendonitis. Gastrointestinal disorders was reported 33 times,

and included inter alia (i.a.) abdominal pain, abdominal discomfort,

What is already known about this subject

• Red yeast rice (RYR) supplements are used to lower

serum cholesterol levels in patients with statin

intolerance.

• RYR supplements contain a wide variety of monacolin

compounds, of which monacolin K is the primary form

being chemically identical to lovastatin.

• Serious concerns exist on the safety of RYR supplements,

for which general toxicological knowledge on the poten-

tial health risks and involved mechanism is lacking.

What this study adds

• The present study reveals numerous cases of adverse

health effects by RYR and proposes potential toxicologi-

cal mechanisms involved.

• Our study confirms that the use of RYR supplements

should be considered as a significant safety concern.
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nausea, diarrhoea and pancreatitis. General disorders and administration

site conditions was reported 23 times and included i.a. fatigue, malaise

and peripheral oedema. Nervous system disorders, such as headache,

dizziness and sleep disorders, were reported 16 times. All SOCs and

related no. of ADRs can be found in Table S2.

3.4 | Latency

Notable the median latency time for all reported ADRs is 2.1 weeks

and also median latency's for the symptoms classified within the

4 most reported SOCs show the same tendency, as it falls between

1.9 weeks for nervous system disorders, 2 weeks for general symp-

toms, 2.4 weeks for musculoskeletal disorders and 2.9 weeks for

gastrointestinal disorders (Figure 1B).

4 | DISCUSSION

Although RYR-containing products have been available on the market

as food supplements for several years and their efficacy has been

proven,4,6–8 serious concerns about their safety profile remain. The

present study reveals the most reported ADRs due to the use of RYR

supplements to Lareb. It can be noted that the profile of reported

ADRs to RYR of the present study is in line with previous

studies,14–16] with musculoskeletal and gastrointestinal, as the most

frequently reported adverse effects (AEs). Although similar studies

have been published before, these supplements are being used on a

large scale and new cases of AEs due to these supplements arise. Our

case series adds to the existing case reports and contributes to

increasing the awareness for the potential adverse health effects of

RYR supplements. Overall, our results demonstrate that the safety

profile of RYR supplements is similar to that of the synthetic statins,

particularly lovastatin.

Several uncertainties exist that complicate drawing a complete

safety profile of RYR supplements. First of all, there is a wide variabil-

ity in composition of RYR-containing food supplements. The

monacolins in RYR are used in multi-ingredient botanical preparations

containing multiple other components, which have not been fully

evaluated individually or in combination. Moreover, it is evident that

the ratio of monacolin K and its hydroxyl acid form monacolin KA dif-

fers widely in numerous RYR products.17 Other than monacolin K,

there is a lack of data on the bioactivity of the other components in

RYR. Therefore, it is difficult to assess the toxicological mechanisms

of this mixture of monacolins. Since RYR most abundantly consists of

monacolin K, which is a structural homologue to lovastatin, the mech-

anisms of RYR-induced adverse effects are expected to be similar to

those known for statins.

4.1 | Musculoskeletal disorders

Skeletal muscle abnormalities are the most reported and clinically

important side effects of RYR, as shown in Table S2. Smith et al. publi-

shed a case report of a middle- aged man presenting with muscle

weakness after receiving RYR supplements for 2 months.18 After

examining the patients, they found increased creatine kinase levels of

385 IU/L (normal range is 30–160 IU/L). Additionally, Venhuis et al.

reported a similar case report of patients using RYR products.19 The

patients exhibited multiple AEs, including myalgia. Although the exact

mechanisms behind the musculoskeletal ADRs are not known, numer-

ous studies have been performed on identification of the mecha-

nism.20,21 Multiple proposed mechanisms include inhibition of

coenzyme Q10 synthesis, isoprenoid depletion, decreased or altered

sarcolemma membrane cholesterol, disturbed calcium metabolism or

autoimmune phenomena22–25 The most obvious explanation for

RYR-induced myopathy would be the inhibition of mevalonate, a

precursor of coenzyme Q10, due to the HMG-CoA inhibition. As a

consequence of this inhibition, the mitochondrial respiratory chain

may be impaired, and this may result in impaired energy production

and ultimately cell death26 This effect is better described for statins,

as several studies have shown lower levels of coenzyme Q10 after

the use of statins27,28

4.2 | Gastrointestinal related disorders

The cases described by the present study show that gastrointestinal

reactions are often associated with the use of RYR supplements.

These symptoms, varying from dyspepsia to vomiting and abdominal

pain, nausea and diarrhoea, are also mostly reported by other studies6

Mazzanti et al. also found a high percentage of gastrointestinal disor-

ders: 22% of all reported ADRs. In general, the reactions were not

serious with the exception of 1 hospitalization15 Although there is no

specific explanation yet for these side effects of RYR supplements,
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F IGURE 1 Median latency times for the symptoms in the cases
reported to Lareb. GD: general disorders and administration site
conditions; NSD: nervous system disorders; GID: gastrointestinal
disorders; MCD: musculoskeletal and connective tissue disorders;
SOCs: system organ classes
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gastrointestinal reactions are not uncommon reactions associated

with the use of statins, in which mitochondrial dysfunction is

suggested to play an important role29,30

4.3 | Hepatic disorders

Besides musculoskeletal and gastrointestinal disorders, adverse

effects associated with RYR that are repeatedly reported are elevated

levels of hepatic enzymes, indicative for liver injury. This is also shown

by a meta-analysis on the efficacy and safety of RYR supplements that

included a total of 13 randomized controlled trials31 The analysis

showed that the serum alanine transaminase and aspartate amino-

transferase levels were significantly increased in RYR users. This might

explain the 3 cases of liver injury identified by the present study. In

addition to the 3 cases reported by our study, multiple other cases of

RYR-induced liver toxicity have been documented14,15 Three individ-

ual cases of severe hepatitis due to RYR were published previously,

highlighting that, despite the low incidence of liver injury, the use of

RYR supplements might have serious health consequences32–34 The

exact mechanism by which RYR causes hepatotoxicity is not well

understood yet. However, it is expected that liver injury by RYR sup-

plements may be attributed to the presence of lovastatin, as liver inju-

ries are also among the most reported side effects of statin

users1,35–37 Similar to the musculoskeletal adverse effects, mitochon-

drial dysfunction is proposed to play a major role in the observed liver

injury by statins38,39

4.4 | Kidney damage

In our case series, kidney damage due to the use of RYR supplements

was reported 5 times. The induced kidney damage might be explained

by the presence of the mycotoxin citrinin in a significant number of

RYR supplement, although this is unfortunately not measured40

Citrinin is known to have nephrotoxic properties and therefore RYR

supplements containing citrinin is a cause for concern, since it can

pose a serious health risk: both in vivo and in vitro studies showed

that citrinin has potentially mutagenic and mutatoxic properties41–44

Another possible explanation for the toxic effects on the kidneys can

be found in the muscle damage by RYR supplements. This can result

in apoptosis of muscle cells, causing release myoglobin into the blood

stream. In the kidneys, myoglobin can be converted to ferrihaem,

which is considered a nephrotoxic compound45

4.5 | Possible interactions between comedication
and RYR supplements

Comedication influencing the bioavailability of monacolin K could

also increase the chance of adverse health events by RYR supple-

ments. The present case series shows that approximately 60% of the

reported cases concerned the concomitant use of RYR supplements

and medicines (Table S1). The use of comedication can potentially

interfere with the kinetics and dynamics of RYR. Statins are metabo-

lized by cytochrome P450 3A4 enzymes, and the administration of

RYR with cytochrome enzyme inhibitors can therefore increase the

risk of side effects by increasing monacolin K plasma concentrations.

Such pharmacokinetic interaction has been reported in a 28-year-old

kidney transplantation female patient who used a preparation con-

taining RYR and cyclosporine46 This patient developed rhabdomyoly-

sis several months after starting the use of RYR, after receiving a

combination of drugs in her post-transplant period. Another case

report suggests that coadministration of RYR with esomeprazole may

increase the plasma concentrations of monacolin K and thus the

associated risk of myopathy. The proposed mechanism is

competitive inhibition of intestinal P-glycoprotein, resulting in

decreased drug secretion into the intestinal lumen and increased drug

bioavailability47

Also, pharmacodynamic interactions may occur by the combined

use of drugs and RYR supplements. This will especially be relevant in

case of taking RYR together with other statins. In 2 of our cases, ator-

vastatin was reported as comedication. This means that a potentiation

of the HMCG-CoA inhibition may occur, potentially leading to an

increased risk for the occurrence of the ADRs. Hence, the use of RYR

in combination with other drugs needs to be done carefully due to

potential interactions that may lead to serious adverse health effects.

5 | LIMITATIONS

In the assessment of case series of spontaneously reported cases, sev-

eral limitations could play a role. Whereas comedications potentially

cause interactions with RYR supplements and thereby increase the

chance of developing ADRs, they may also have a confounding effect

that complicates identifying the role of RYR in the ADRs. There are,

for instance, concomitant drugs known to be potentially associated

with pancreatitis, such as morphine, perindopril and telmisartan. To

exclude this confounding effect of drugs as much as possible, the use

of comedications is taken into account in the causality assessment.

Another potential limitation of the present case series of spontaneous

reports is notoriety bias48 Although notoriety bias always plays a role

when analysing and discussing spontaneous reports, this does not

mean that the reported cases to Lareb are no real cases, only that the

reporter was triggered to submit their case after the media attention.

Seeing that the cases are reported over a period of multiple years, the

increase in reports is likely to reflect the growing use of RYR products

and is not merely based on more media attention. Finally, the absence

of information about content of monacolin K makes it difficult to

strongly relate the ADRs to the use of RYR supplements. However,

even if such information were available, this would still provide uncer-

tain information for 2 reasons: (i) based on the reports, it cannot be

determined how many dosages 1 patient used; (ii) as the supplements

were generally not chemically analysed, it remains uncertain what

exactly, and how much, is present of monacolins in the supplement.

Interestingly, the analysis of 1 RYR sample of 1 of the reports showed

4 VROLIJK ET AL.



that the dose of monacolin K in the supplements varied between pills

from 1 jar (7 vs 3 mg). It is therefore impossible to assess the

chemicals and doses to which the patients were exposed.

6 | CONCLUSION

The intake of monacolins via dietary supplements can lead to serious

adverse health effects. Monacolin K is chemically identical to lova-

statin and therefore these adverse health effects are similar to those

of lovastatin. The use of RYR supplements should therefore be con-

sidered as a significant safety concern. So far, exact mechanisms on

these toxic effects have not been established. This can be explained

by the fact that the RYR supplements contain a wide variety of chemi-

cal compounds, most of which have not been toxicologically charac-

terized. To fully assess the safety profile of RYR supplements, more

research is needed into all these chemical constituents. Based on

remaining uncertainties on the effects of RYR supplements, it remains

impossible to identify recommended dietary intake levels of

monacolins from RYR that would not give any harmful effect to

human health.
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