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A B S T R A C T   

The risk of atherosclerotic cardiovascular disease (ASCVD) is strongly related to lifetime exposure to low-density 
lipoprotein (LDL)-cholesterol in longitudinal studies. Lipid-lowering therapy (using statins, ezetimibe and PCSK9 
inhibitors) substantially ameliorates the risk and is associated with long-term reduction in cardiovascular (CV) 
events. The robust evidence supporting these therapies supports their continued (and expanding) role in risk 
reduction. In addition to these ‘conventional’ therapeutics, while waiting for other innovative therapies, growing 
evidence supports the use of a range of ‘nutraceuticals’ (constituents of food prepared as pharmaceutical for-
mulations) including preparations of red yeast rice (RYR), the product of yeast (Monascus purpureus) grown on 
rice, which is a constituent of food and is used in traditional Chinese medicine. The major active ingredient, 
monacolin K, is chemically identical to lovastatin. RYR preparations have been demonstrated to be safe and 
effective in reducing LDL-C, and CV events. However, surprisingly, RYR has received relatively little attention in 
international guidelines – and conventional drugs with the strongest evidence for event reduction should always 
be preferred in clinical practice. Nevertheless, the absence of recommendations relating to RYR may preclude the 
use of a product which may have clinical utility in particular groups of patients (who may anyway self-prescribe 
this product), what in the consequence might help to reduce population CV risk. This Position Paper of the 
International Lipid Expert Panel (ILEP) will use the best available evidence to give advice on the use of red-yeast 
rice in clinical practice.  
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1. Introduction 

Recent decades have seen tremendous advances in the prevention of 
cardiovascular diseases (CVD) – achieved as a result of pharmaceuticals 
(particularly lipid-lowering and antihypertensive drugs) and improve-
ments to diet and lifestyle [1]. Dietary modifications have largely 
focused on the macronutrient components of diet, with strong recom-
mendations around the reduction of the proportion of energy obtained 
from saturated fat being an important component of recommendations 
for many years [2,3]. However, micronutrients may also have an 
important role in modulating health and disease – particularly constit-
uents of food with drug-like properties (physiological activity at low 
doses). Their role may be especially important as most of them have 
multidirectional beneficial properties, working not only for lipid 
lowering, but also decreasing blood pressure and/or arterial stiffness 
and/or inflammation, etc. [4] Increasing scientific and clinical knowl-
edge relating to the safety and efficacy use of these preparations is 
becoming available. Many patients are more inclined to find ‘natural’ 
products acceptable than conventional medicines and self-medicate 
with nutraceutical products. Physicians and prescribers therefore have 
a need for high-quality evidence-based recommendations relating to the 
use of nutraceuticals, however the topic has received relatively little 
attention in international guidelines. 

1.1. Lipids, lipoproteins, and atherosclerotic cardiovascular disease 

The risk of atherosclerotic cardiovascular disease (ASCVD) is 
strongly related to lifetime exposure to low density lipoprotein (LDL)- 
cholesterol in longitudinal studies [5]. Lipid-lowering therapy (using 
statins, ezetimibe and PCSK9 inhibitors) substantially ameliorates the 
risk and is associated with long-term reduction in cardiovascular (CV) 
events [6–10]. The unambiguous evidence supporting these therapies 
supports their continued (and expanding) role in risk reduction. In 
addition to these ‘conventional’ therapeutics, growing evidence sup-
ports the use of a range of ‘nutraceuticals’ (constituents of food prepared 
as pharmaceutical formulations) [11–16]. Efficacy claims have been 
made for a wide range of nutraceuticals in the CVD prevention and 
management. The evidence has been summarised in position papers of 
the International Lipid Expert Panel (ILEP) [11,12,14,15,17]. Amongst 
the many nutraceuticals with potential lipid-lowering effects, red yeast 
rice (RYR) stands out as having a particularly broad evidence base, and 
therefore merits further detailed consideration on its role in lipid dis-
orders management. 

1.2. Red yeast rice 

RYR is a natural product of yeast (Monascus purpureus) grown on 
white rice. It is a constituent of the diet in parts of Asia and is used in 
traditional Chinese medicine [17,18]. The major active ingredient is 
monacolin K, which (in its lactone form) is chemically identical to 
lovastatin, and is therefore, a naturally occurring inhibitor of 3-hydrox-
y-3-methyl-glutaryl-coenzyme A (HMGCoA) reductase, a rate-limiting 
enzyme in the endogenous production of cholesterol. Importantly, 
RYR consumption results in reduction of circulation concentrations of 
atherogenic LDL-C particles [18], and studies have suggested that this is 
associated with a substantial reduction in the risk of cardiovascular 
events [19], raising the possibility that red yeast rice preparations may 
have a role in preventing cardiovascular disease. As expected with 
natural products, RYR contains a wide (and variable) range of chemical 
constituents, and several monacolins (M, L, J & X) may contribute in 
varying degrees to the lipid-lowering effect (reviewed extensively else-
where) [20]. 

1.3. Organization of this International Lipid Expert Panel (ILEP) position 
paper 

Where appropriate, the level of evidence and the strength of rec-
ommendations are categorized accordingly. While working on this Po-
sition Paper we strictly followed the ILEP scientific policy on the 
preparation of the recommendations (https://ilep.eu/publications/). 
Briefly: (1) the idea on this paper was suggested by Prof. Maciej Banach 
(M.B.), which was formally sent to the Steering Committee of the ILEP 
(see: www.ilep.eu for details) for approval. Next, (2) the selected ILEP 
Members - as well as external experts – recognized researchers in the 
field of nutraceuticals, and specifically red yeast rice were invited to be a 
part of the writing Committee (WC) of this paper. After establishment of 
the WC (3) there was the first Global Steering Committee (SC) virtual 
meeting, during which the most recent information on RYR efficacy, 
safety, aim of the paper and its main content was widely discussed. Next, 
(3) M.B. & Prof. Peter Penson (P.P.) started to work on the draft version 
of the recommendations, which were next extensively discussed with all 
the WC members during the 2nd SC virtual meeting, putting specially 
emphasis on the tables with recommendations. In case of disagreement, 
each recommendation was voted. In the next step (5), the final draft of 
recommendations was sent to all WC members for the review process 
and approval. Each comment and suggestion were responded and 
discussed. 

1.4. Efficacy of Red-Yeast Rice in dyslipidaemias and cardiovascular risk 
reduction 

Many available studies have evaluated the efficacy of RYR prepara-
tions on lipid profiles, and (to a lesser extent) CVD outcomes. The results 
of such studies have been summarised in several meta-analyses [18,21, 
22]. Beneficial effects of RYR supplementation on plasma lipid profile 
have been recognised for several years. A 2014 meta-analysis, including 
804 participants with hypercholesterolemia across 13 randomized 
controlled trials (RCTs) concluded that red yeast rice supplementation 
(with the dose of monacolin K between 2 and 11.4 mg and follow-up 
from 4 to 52 weeks) significantly reduced serum total cholesterol 
(− 0.97 mmol/L (95% confidence interval [CI]: − 1.13, − 0.80), tri-
glycerides (− 0.23 mmol/L (95% CI: − 0.31, − 0.14) and LDL-C (− 0.87 
mmol/L (95% CI: − 1.03, − 0.71) compared with placebo, without any 
reports of serious side effects [18]. More recently a network 
meta-analysis combined the results of 47 RCTs and a total of 4824 
subjects who were treated with RYR-containing Chinese patent medi-
cines with appropriate comparators (which included simvastatin). 
Interestingly, specific RYR preparations were found to be more effective 
than simvastatin in respect of the magnitude of LDL-C and total 
cholesterol lowering. However, the authors did suggest that owing to 
limitations inherent in their study, the validity of their results should be 
confirmed in large, well-designed, multicentre, prospective RCTs. [22]. 

Another recent meta-analysis of the effect of RYR preparations on 
major adverse cardiac events (MACE) outcomes and cardiovascular risk 
factors included almost 7000 participants across 30 RCTs [21]. The 
authors reported that RYR use was associated with impressive re-
ductions in mortality (RR = 0.62, 95% CI [0.49, 0.78]) and MACE (RR =
0.54, 95% CI [0.43, 0.66]). These findings were accompanied and might 
have been a result of the significant reductions in total cholesterol 
(− 0.74 mmol/L, 95% CI [− 1.02, − 0.46]), triglycerides (− 0.45 mmol/L, 
95% CI [− 0.70, − 0.21]), and LDL-C (− 0.42 mmol/L, 95% CI [− 0.78, 
− 0.06]). Fasting plasma glucose (− 0.46 mmol/L, 95% CI [− 0.71, 
− 0.22]), haemoglobin A1c (− 0.49, 95% CI [− 0.71, − 0.26]), Homeo-
static Model Assessment for Insulin Resistance (HOMA-IR) (− 0.93, 95% 
CI [− 1.64, − 0.21]), and blood pressure (=mean arterial pressure − 3.79 
mmHg, 95% CI [− 5.01, − 2.57]) were also reduced, with no increase in 
adverse reactions compared to placebo [21]. 

However, whilst the results of this study are impressive, and add 
evidence to support the efficacy and safety of RYR, there was substantial 

M. Banach et al.                                                                                                                                                                                                                                



Pharmacological Research 183 (2022) 106370

3

heterogeneity in patient characteristics, and aside from a small number 
of notable exceptions [23–25], the trials were generally small (median 
67 participants) and of relatively short duration (median follow up of 10 
weeks). Therefore, a small number of larger longer trials contribute 
substantially to the overall results. Indeed, the mortality findings were 
based upon the results of only 2 studies (277 events) and the MACE 
findings on 3 studies (336 events). As such further long-term prospective 
trials of red yeast rice are warranted. The question is, which often ap-
pears, while discussing the lipid lowering efficacy of nutraceuti-
cals/natural products, whether we really need RCTs - similarly to drugs - 
to investigate their impact on hard endpoints. For RYR, we have mul-
tiple studies showing its impact on lipid profile and other car-
diometabolic parameters, with few studies (and meta-analyses) 
evaluating its role on CV outcomes, and besides omega-3 fatty acids and 
phytosterols, it is the 3rd nutraceutical with such impressive 
Evidence-Based Medicine. [26]. 

1.5. Safety of red-yeast rice 

RYR has been shown to be very well-tolerated by patients at doses of 
monacolin K up to 10 mg/day [27]. In previously statin-intolerant (SI) 
patients, mild myalgia may be reported20, however data on this is 
inconsistent, and other analyses suggested its good tolerability even in 
those with SI [27]. Concerns about the safety of red yeast rice, generally 
relate not to the monacolin content, per se, but to batch-to-batch vari-
ability in monacolin content and especially the presence of contami-
nants (particularly citrinin, a nephrotoxic by-product of rice 
fermentation). [23] Therefore, it is so critically important to focus on the 
quality of production of RYR preparations, with monacolin K dose 
control, and with the postmarketing nutrivigilance. The largest 
meta-analysis on RYR safety of 53 RCTs comprising 112 treatment arms 
with 8535 subjects [27], published after European Food Safety Au-
thority (EFSA) recommendations from August 2018 (based mostly on 
cases, without checking the production quality control – with confirmed 
contamination, mostly without dechallenge and rechallenge), showed 
that monacolin K administration was not associated with increased risk 
of musculoskeletal disorders (MuD; odds ratio (OR) 0.94, 95% CI 0.53, 
1.65), and showed reduced risk of non-MuD (0.59, 95%CI 0.50, 0.69) 
and serious adverse events (0.54, 95%CI 0.46, 0.64) vs. control. Inter-
estingly, we showed that increasing daily doses of monacolin K were 
negatively associated with increasing risk of non-MuD (slope: − 0.10; 
95%CI: − 0.17, − 0.03; two-tailed p < 0.01). [27]. 

In order to better understand RYR safety and efficacy and to provide 
reassurance about the quality of individual preparations, approaches 
used in the ‘conventional’ pharmaceutical sphere can be applied. Pro-
ducing products in line with the principles of Good Manufacturing 
Practice (GMP), can ensure the batch-to-batch consistency of active 
monacolin ingredients, and the absence of toxic compounds such as 
citrinin. Furthermore, applying the principles of pharmacovigilance and 
postmarketing surveillance to nutraceuticals - ‘nutrivigilance’ allows for 
a much greater likelihood of detecting adverse effects (particularly rare 
symptoms) than would be possible in a RCT. [24]. 

A recent report was published following the monitoring of the inci-
dence of spontaneously reported suspected adverse reactions in a brand 
of food supplement which contained a range of lipid-lowering nutra-
ceuticals including RYR (200 mg, equivalent to 3 mg of monacolin K). 
Adverse events were reported in only 0.037% of 2287,449 exposed 
consumer between 2004 and 2019. Only 21 users of the product 
(0.0009%) reported suspected serious adverse events, and of these only 
six adverse events (0.0003%) were assessed by the manufacturer as 
serious and potentially related to exposure to the product. [24] Whilst 
these data are undoubtedly reassuring, the findings are only applicable 
to the specific product, which was evaluated, and the findings can be 
extrapolated to the products with confirmed content (controlled dose, 
lack of contamination), and quality of production. 

1.6. The regulatory environment for red yeast rice preparations 

In many jurisdictions, nutraceutical preparations are often marketed 
as ‘food supplements’ and therefore are not regulated in the same way as 
medicines (so long as manufacturers do not make any specific health- 
related efficacy claims about their products). Products containing 
RYR, however, have been the subject of greater regulatory scrutiny – 
particularly in regions where lovastatin is only available on a prescrip-
tion - because, it has been argued that selling a product containing 
monacolin-K is equivalent to selling a prescription medicine. This situ-
ation presents unique challenges and opportunities. The U.S. Food and 
Drug Administration (FDA) determined in 1998 that red yeast rice 
products that contain more than trace amounts of monacolin K are un-
approved new drugs and cannot be sold legally as dietary supplements. 
The EFSA has adopted a scientific opinion on the safety of monacolins in 
RYR following case reports of adverse effects linked to the use of 
products containing such rice [28]. Based on this scientific opinion, the 
EU proposes to restrict the use of monacolins from RYR to ensure this 
substance is used safely in foods and food supplements. The draft rec-
ommendations would not permit the sale or supply of RYR preparations 
which contain ≥ 3 mg of monacolin K2. 

Greater regulatory oversight is likely to result in greater cost of 
products to the patient (and therefore less widespread availability). 
However, greater oversight presents some opportunities with respect to 
the potential to use RYR more effectively in the prevention of CVD. One 
of the commonest concerns surrounding the use of nutraceuticals is the 
wide variety of quality between preparations, and the potential for 
contamination and batch-to-batch variation. Thus, whilst a physician or 
prescriber might be convinced (based upon published evidence) of the 
efficacy of RYR, in the absence of a locally-available quality assured 
product, they will be understandably reluctant to recommend red yeast 
rice to patients. Greater regulation is likely to result in the more wide-
spread availability of high-quality preparations and to remove from the 
market substandard brands. 

1.7. Red yeast rice in international guidelines 

Taking into account all the information presented above, surpris-
ingly, the European Society of Cardiology (ESC) 2021 Guidelines on 
cardiovascular disease prevention in clinical practice, state that red 
yeast rice supplements should not be recommended and warn that they 
may cause adverse effects [25]. The 2019 American College of Cardi-
ology (ACC)/ American Heart Association (AHA) Guideline on the Pri-
mary Prevention of Cardiovascular Disease make no mention of red 
yeast rice [29], which might be also partly associated with the FDA 
recommendations on RYR released in 1998 that states that “RYR prod-
ucts that contain more than trace amounts of monacolin K are unap-
proved new drugs and cannot be sold legally as dietary supplements” 
[30]. In 2007 FDA issued a consumer warning to avoid RYR products 
because they may contain unauthorized drug (lovastatin) and imple-
mented current GMP requiring that proper controls be in place by di-
etary supplement companies to ensure products are manufactured and 
processed in a consistent manner and produce high-quality products that 
are not adulterated with impurities or contaminants and are accurately 
labeled [30]. On the other hand, currently, the FDA is not regulating 
manufacturers of RYR products, therefore there is the large need for the 
action to update the FDA statement with the most updated data and 
suggest necessary changes, also regulatory ones. In the United Kingdom, 
the National Institute for Health and Care Excellence recommendations 
on risk reduction in cardiovascular disease (including lipid modifica-
tion) are currently in the process of being updated, however the current 
document makes no recommendation with respect to red yeast rice. ILEP 
have produced several position papers, relating to the use of nutra-
ceuticals (including red yeast rice) in clinical practice, and particularly 
in statin-intolerant patients [11,12,14,15,17]. Also other societies and 
experts’ group previously attempted (before and after EFSA decision 
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2018) to indicate the role of RYR in the therapy of lipid disorders, 
indicating the groups of patients that might benefit the most from the 
supplementation and emphasizing the issue of safety (nutrivigilance) 
and quality of production (lack of contamination) [31,32]. 

1.8. Rationale and philosophy of the ILEP recommendations on red-yeast 
rice 

These recommendations have been developed in the recognition that 
the potential use of RYR has been sparsely considered (if mentioned at 
all) in the major international guidelines for the reduction of cardio-
vascular disease. The absence of recommendations is understandable, to 
the extent that, compared to ‘conventional’ pharmaceuticals, the 
availability of long-term outcomes data from randomised-controlled 
trials for RYR is limited. Nevertheless, the current situation is entirely 
unsatisfactory in that prescribers, physicians and patients do not have 
easy access to evidence and expert opinion on a widely available 
product. 

The authors of this ILEP position paper strongly advocate the use of 
therapies (statins, ezetimibe, alirocumab, evolocumab and new thera-
pies that soon will be available and hopefully reimbursed) which have 
been shown to reduce the risk of cardiovascular disease in large, long- 
term well-designed outcomes trials wherever possible and appropriate. 
Furthermore, they strongly indicate the need to improve the adherence 
to cheap and available therapies like statins, combination therapy of 
statins and ezetimbe, and support the expansion of criteria for reim-
bursement, so that these highly effective drugs for the reduction of 
cardiovascular disease can be made available to all patients for whom 
evidence suggests are likely to derive a benefit. RYR, and other nutra-
ceuticals [13–16,33] should be considered as supplementary or sup-
portive agents in the armoury of lipid-modification. They should not 
routinely replace medicines for which a larger body of long-term effi-
cacy and safety data exist. Nevertheless, it is recognised that the body of 
evidence supporting the lipid (LDL-C)-modifying effects of red yeast rice 
is greater than for any other nutraceutical. Therefore, in the context of 
patient-centred care, and in healthcare systems, which must ration the 
availability of costly drugs, we acknowledge that specific situations 
(outlined below) currently exist in which conventional therapeutics may 
not be indicated (or may not be appropriate) and based on available 
evidence red-yeast rice may be considered in the management of unmet 
clinical needs. 

Whilst it is acknowledged that consuming red-yeast rice as part of a 
healthy diet might contribute to improved lipid profile and health 
benefits, this position paper will comment only on the use of nutra-
ceutical preparations, prepared in accordance with the principles of 
Good Manufacturing Practice, in which the dose of monacolins and the 
composition of the product can be verified. ILEP is not in a position to 
provide recommendations or endorsements in respect of the quality, 
safety or efficacy of any specific brands or products. 

1.9. Specific Recommendations 

In light of the rationale described above, patient groups (adult pa-
tients; there is no indication to use RYR in children and adolescents) and 
situations have been identified in which nutraceutical supplementation 
with RYR might contribute to the management of clinical needs which 
are currently unmet (Section 3.1). There are also situations in which red 
yeast rice should not be considered (Section 3.2). Recommendations are 
also made relating to ensuring the safety and efficacy of red yeast rice 
products (Section 3.3) and relating to the provision of information and 
education necessary to allow patients to make an informed decision 
relating to the use of red yeast rice (Section 3.4). 

2. Patient groups in whom red yeast rice may be considered 

2.1. Patients not indicated for statin therapy owing to low CVD risk 

The recognition that an individual’s risk of ASCVD is strongly related 
to their lifetime exposure to LDL-C has led to the recognition that ‘Lower 
is better for longer’ [34]. In younger individuals (without lipid disorders 
such as familial hypercholesterolaemia), optimization of diet and life-
style are the preferred means to maintain low LDL-C. Nevertheless, a 
large proportion of individuals (even 75%) will not achieve ideal LDL-C 
through diet and lifestyle alone, leaving them with an untreated modi-
fiable risk factor for CVD [34]. Because international guidelines gener-
ally indicate statin therapy based on 10-year cardiovascular risk (rather 
than LDL-C measurements), individuals with an absence of other risk 
factors (e.g., smoking, hypertension, diabetes, obesity) are mostly not 
indicated for statin therapy. In the long-term greater consideration 
should be given to the use of lifetime risk scores and to evaluate the 
benefits and harms of statins in lower risk populations than have been 
included in the major trials. Thus, to reduce the overall risk associated 
with persistently elevated LDL-C in this low-risk patients’ population, 
the use of high-quality preparations (see Section 3.2) of red yeast rice or 
low dose statin, after detailed discussion with patients, should be 
considered [34] (Table 1). 

2.2. Patients unwilling to take a statin 

The provision of healthcare should be based upon the principles of 
patient-centred care and shared decision-making. In this light, it must be 
accepted that some patients eligible for statin therapy, may chose not to 
take a statin, but may be nevertheless willing to use a red yeast rice 
preparation (Table 2). When a patient is considering such a course of 
action, it is essential that they are provided with sufficient information 
regarding the relative efficacy of RYR and conventional statin therapy to 
allow them to make a truly informed decision about their therapy (see 
section 3.3.1, below). Evidence relating to the efficacy and safety of red 
yeast rice is summarised above (Section 1.3) and in previous position 
papers of ILEP. [11,12,17]. 

2.3. Patients with statin intolerance and the nocebo/drucebo effect 

Although statin intolerance affects fewer than 10% of treated pa-
tients, it can present a difficult barrier to effective cardiovascular risk 
reduction [35]. RYR had been previously carefully evaluated in trials of 
statin-intolerant patients [11]. Even though red yeast rice contains 
monacolin K / lovastatin (in a very low dose), it may be tolerated in most 
patients and has previously been endorsed by ILEP in this situation [11]. 
It has been also confirmed in the clinical practice, in which we might 
observe lack of statin-associated muscle symptoms (SAMS) in patients 
treated with RYR, previously with statin intolerance (drucebo effect?) or 
in those that are not willing to use statins and are in favour to use RYR 
[36]. This use is consistent with other approaches to statin intolerance, 
such as using low- or alternate-day dosing of statins to minimise adverse 
effects whilst retaining come therapeutic benefit [36–38]. 

In addition to patients with true statin intolerance, a substantial 
proportion of patients who take statins, experience side effects due to the 
expectation that they will occur, the nocebo/drucebo effect [39–41] or 
misattribute unrelated ailments, such as musculoskeletal injury to an 

Table 1 
Recommendations on the RYR applications in patients not indicated for statin 
therapy owing to low CVD risk.  

Recommendation Summary Class Level 

Red yeast rice should be considered for patients who have a 
suboptimal lipid profile despite diet and lifestyle 
interventions. 

IIa B  
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effect of statin therapy. Comprehensive advice on the management of 
this patient group has been recently published by ILEP [36]. This may 
include the use of nutraceuticals as part of the ‘MEDS’ (Minimizing 
disruption to therapy; Educating the patient regarding the benefits of 
statin therapy, using Diet and nutraceuticals to complement pharma-
ceutical lipid-lowering, and monitoring Symptoms and biomarkers) 
approach to the initial management of all patients with suspected AEs on 
statin therapy [36] (Table 3). 

3. Patient groups in whom red yeast rice should not be 
considered 

3.1. Secondary Prevention of CVD 

The lipid-lowering effects of red yeast rice are well-documented and 
provide a very useful supplement to diet and lifestyle in reducing life-
time exposure to LDL-C. However (particularly at a maximal dose of 
monacolin K of 3 mg/day) there is a clear ‘ceiling’ to the effectiveness of 
this approach. In the secondary prevention of cardiovascular disease, 
very substantial reductions in LDL-C are required to prevent recurrent 
events [7,9,10,42]. Therefore, despite data availability on the applica-
tion of RYR in secondary prevention patients (and others at very high 
risk of first events, apart from statin intolerant patients), these in-
dividuals should wherever possible, receive high intensity statin ther-
apy, ezetimibe, bempedoic acid and/or PCSK9 inhibitors/inclisiran as 
appropriate. 

3.2. Contraindications unrelated to CVD indication 

As with all medicines, there exist groups of patients for whom the 
benefit/risk ratio of red yeast rice is unlikely to be favourable, therefore 
the use of red yeast rice is not recommended in these patients (Table 4). 

4. Products 

RYR preparations used in the management of hyperlipidemia and 
cardiovascular risk must be produced following Good Manufacturing 
Practice directives. This is crucial in order to avoid batch to batch 
variability of the active ingredient and to ensure the absence of 

contaminants (particularly citrinin). 
Red yeast rice may be presented as a single ingredient preparation or 

in a nutraceutical ‘polypill’ preparation. Compound preparations have 
the advantage that multiple ingredients may have additive or synergistic 
effects on lipid-lowering, however, each ingredient will need to be 
checked for suitability in light of the patient’s condition and circum-
stances [13–16,33,43] (Table 5). 

5. Provision of Information 

As with all treatment and prescribing decisions, it is essential that the 
conversation with physician/prescriber furnishes the patient with suf-
ficient information to make an informed decision regarding the use of 
red yeast rice. This includes considerations about the cost, benefits, and 
risks of therapy with red yeast rice in comparison to statin therapy, and 
no therapy. 

5.1. Composition and efficacy of red yeast rice 

If patients have heard of red yeast rice, it is likely to be in the context 
of a ‘natural statin’. However, it is essential that patients are informed 
that whilst red yeast rice does indeed contain a natural statin molecule 
that the dose and potency are very low (<3 mg monacolin K/day) 
compared to guideline-directed statin therapy, and that owing to the 
variation in composition between brands of red yeast rice, and potential 
synergisms between different components, whose quantities can vary 
according to the production process, the effect obtainable by any 
particular product (in terms of LDL-C lowering or cardiovascular event 
reduction) cannot be easily predicted. 

5.2. Safety of red yeast rice 

Whilst adverse effects of red yeast rice are rarely reported, it is 
important that patients are made aware of the potential for mild muscle 

Table 2 
Recommendations on the RYR applications in patients who are unwilling to take 
statin/any lipid lowering drug.  

Recommendation Summary Class Level 

In primary prevention, in patients who (after careful 
education as to the benefits and risks of statin therapy) are 
unwilling to take a statin, RYR is recommended alone or in 
combination with other available lipid lowering therapies. 

I C 

In primary prevention, in patients who (after careful 
education as to the benefits and risks of lipid lowering 
therapy) are unwilling to take any lipid lowering drugs, 
RYR is recommended. 

I C  

Table 3 
Recommendations on the RYR applications in patients with statin intolerance 
and the nocebo/drucebo effect.  

Recommendation Summary Class Level 

Red yeast rice should be considered as an alternative 
approach to statin therapy in patients with confirmed statin 
intolerance* . 

IIa B 

Red yeast rice may be considered as part of a supportive 
strategy to manage dyslipidaemias and cardiovascular risk 
in patients with statin-associated muscle symptoms likely 
to result from the nocebo/drucebo effect. 

IIb C 

*Alone or in combination with ezetimibe; in those that cannot use other non- 
statin therapies (like bempedoic acid, PCSK9 inhibitors or inclisiran). 

Table 4 
Recommendations on the RYR contraindications.  

Recommendation Summary Class Level 

Red yeast rice is not recommended in patients with any of the 
following characteristics:   

1. in patients with hypersensitivity to monacolin K/lovastatin or 
any of the excipients,  

2. in patients with acute liver disease,  
3. in patients with severe renal impairment (eGFR <30 ml/min),  
4. in patients with myopathy* ,  
5. in women who are pregnant, breastfeeding and in women of 

childbearing potential not using effective contraception. 

I C 

*muscle weakness, sometimes with cramping, stiffness, and soreness, with ex-
ercise intolerance and elevated creatine kinase (in most of the cases). 

Table 5 
Recommendations on the required criteria of RYR products.  

Recommendation Summary Class Level 

Only recommend RYR products which fulfil the following 
criteria:   

1. Manufactured according to principles of GMP  
2. Daily dose of < 3 mg monacolins#,  
3. Recommended minimum dose of citrinin (and any other 

possible contamination – NOAEL: ≤0.2 µg/kg b.w per day; for a 
70 kg person ≤14 µg/day*) 

Fixed combination of natural products is recommended, but 
careful consideration should be given to the benefits and 
potential harms of additional ingredients. 

I C 

#based on the EFSA decision 2022/860 (1st June 2022); *based on EFSA 2012 
consensus panel; NOAEL - No-observed-adverse-effect-level 

M. Banach et al.                                                                                                                                                                                                                                



Pharmacological Research 183 (2022) 106370

6

pain – this is particularly important in the case of patients with 
confirmed statin intolerance, or patients unwilling to take statins 
following muscle symptoms attributed to statin therapy. 

5.3. Cost (to the patient) of therapy with red yeast rice 

Reimbursement for red yeast rice product is likely to be unavailable 
in many healthcare settings. As such, the patient is likely to bear the cost 
of treatment (which may exceed the cost of prescription medicines, 
especially where these are subsidised). It is therefore essential that the 
patient understands the likely ongoing costs before commencing treat-
ment. Furthermore, if the medicine is not prescribed, it may not appear 
in patient medication records and summary care records. Therefore, if 
patients elect to purchase red-yeast rice, physicians must emphasise the 
importance of the patient mentioning the use of red yeast rice in in-
teractions with other healthcare professionals, such as at medicines 
reconciliation on admission to hospital. This will help to reduce the 
likelihood of iatrogenic harms owing to drug interactions or inadvertent 
double prescribing. 

5.4. Choice of product 

It is essential that patients are informed of the importance of using a 
product manufactured according to the principles of Good 
Manufacturing Practice – to ensure consistency of dose and absence of 
toxic contaminants, and preferably with the postmarketing nutrivigi-
lance monitoring. Where there is any doubt that patients may not be able 
to distinguish such a product, it is recommended that practitioners/ 
prescribers recommend locally available products by brand name 
(Table 6). 

6. Conclusions 

Red yeast rice preparations have been shown to be safe and effective 
in improving lipid profiles, and, to some extent in reducing the risk of 
cardiovascular events. Red yeast rice should not routinely be used in the 
place of conventional treatments (statins, ezetimibe and PCSK9 in-
hibitors) for which higher-quality long-term outcomes data exist. 
However, in specific situations (statin intolerance, patients with dysli-
pidaemia ineligible for statin therapy, strong patient preference), the use 
of red yeast rice may be considered. When recommending a red-yeast 
rice product to patients, it is important to ensure that the product has 
been produced according to the principles of GMP, to ensure consistency 
of dose of the active ingredient, and the absence of harmful 
contaminants. 

7. Limitations and cautions 

Despite the strong and established causative links between LDL-C 
reduction and reduced cardiovascular mortality, there is little long- 
term outcome data relating to the use of Red-Yeast Rice as a lipid- 
lowering agent. Long-term outcomes trials are unlikely to be available 
for RYR (as well as for other natural products) to provide answers to all 
the questions addressed in these recommendations. However, we 
strongly recommend long-term monitoring of safety and efficacy of 
nutraceuticals within postmarketing consumer data and real-life 
studies/registries. Therefore, expert consensus, based upon existing 
evidence, is probably the best approach to make treatment decisions. 
The purpose of this consensus document is to provide such recommen-
dations. It should be noted that the regulatory status of red yeast-rice 
and the quality of available products (in respect of standardisation of 
dose and absence of contaminants) varies substantially worldwide. 
These recommendations presuppose the availability of high-quality 
contaminant free products, however ILEP cannot endorse specific 
product or brand. Medical professionals are encouraged to consider our 
recommendations when making decisions regarding the treatment of 

patients with lipid disorders and statin intolerance. However, the posi-
tion paper does not override in any way the individual responsibility of 
healthcare professionals to make appropriate, accurate and patient- 
centred decisions, considering the patient’s medical history, and in 
consultation with the patient and/or, where appropriate, their guardian 
or caretaker. It is also the responsibility of health professionals to verify 
the doses, rules, and regulations applicable to drugs, and devices at the 
time of their prescription or use. The authors of this position paper are 
aware that the use of recommendations depends on several judgement 
calls that take into account the values and preferences of the patient. 
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B. Cybulska, PoLA/CFPiP/PCS/PSLD/PSD/PSH guidelines on diagnosis and 

Table 6 
Summary of information, which should be conveyed as part of a physician-pa-
tient’s consultation.  

Summary of information which should be conveyed as part of a consultation  

1. Composition of RYR preparations (contains ‘natural’ statin)  
2. Relative evidence base and efficacy of red yeast rice vs. statins  
3. Duration of therapy  
4. Approximate cost of therapy  
5. Quality of products  

M. Banach et al.                                                                                                                                                                                                                                

http://refhub.elsevier.com/S1043-6618(22)00315-2/sbref1
http://refhub.elsevier.com/S1043-6618(22)00315-2/sbref1
http://refhub.elsevier.com/S1043-6618(22)00315-2/sbref2
http://refhub.elsevier.com/S1043-6618(22)00315-2/sbref2
http://refhub.elsevier.com/S1043-6618(22)00315-2/sbref2
http://refhub.elsevier.com/S1043-6618(22)00315-2/sbref2
http://refhub.elsevier.com/S1043-6618(22)00315-2/sbref2


Pharmacological Research 183 (2022) 106370

7

therapy of lipid disorders in Poland 2021, Arch. Med. Sci. 17 (6) (2021) 
1447–1547. 

[3] M. Mazidi, D.P. Mikhailidis, N. Sattar, P.P. Toth, S. Judd, M.J. Blaha, A. 
V. Hernandez, P.E. Penson, M. Banach, International Lipid Expert Panel (ILEP) & 
Lipid and Blood Pressure Meta-analysis Collaboration (LBPMC) Group. Association 
of types of dietary fats and all-cause and cause-specific mortality: A prospective 
cohort study and meta-analysis of prospective studies with 1,164,029 participants, 
Clin. Nutr. 39 (12) (2020) 3677–3686. 

[4] A.S. Chopra, R. Lordan, O.K. Horbańczuk, A.G. Atanasov, I. Chopra, J. 
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P. Galtier, D. Gott, U. Gundert-Remy, G.G. Kuhnle, C. Lambré, J.C. Leblanc, I. 
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