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Tolerability of red yeast rice (2,400 mg twice daily) versus pravastatin (20 mg twice daily) in patients 
with previous statin intolerance. 

Halbert SC1, et al 

43 adults with dyslipidemia and a history of statin discontinuation because of myalgia were randomly assigned 
to red yeast rice 2,400 mg twice daily or pravastatin 20 mg twice daily for 12 weeks. The low-density 
lipoprotein cholesterol level decreased 30% in the red yeast rice group and 27% in the pravastatin group. In 
conclusion, red yeast rice was tolerated as well as pravastatin and achieved a comparable reduction of low-
density lipoprotein cholesterol in a population previously intolerant to statins. 
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Lipid-lowering efficacy of red yeast rice in a population intolerant to statins. 

Venero CV, et al 

We reviewed approximately 1,400 clinical charts and identified 25 patients treated with red yeast rice for > or 
=4 weeks. The patients were included if they had pre- and post-treatment lipid levels without simultaneous 
changes in other lipid-lowering medications. These patients had experienced myalgias (68%), gastrointestinal 
intolerance (16%), and/or elevated alanine aminotransferase levels (8%) with previous use of other lipid-
lowering agents. The total cholesterol decreased 15% (-37 +/- 26 mg/dl, p <0.001) and LDL cholesterol 
decreased 21% (-35 +/- 25 mg/dl, p <0.001) during 74 +/- 39 days of treatment. Most (92%) patients tolerated 
the treatment, and many (56%) achieved their LDL cholesterol goal. In patients unable to tolerate daily statin 
use, the total cholesterol level decreased 13% (-33 +/- 10 mg/dl, p <0.001) and LDL cholesterol decreased 
19% (-31 +/- 4 mg/dl, p <0.001). In conclusion, red yeast rice modestly decreased total and LDL cholesterol, 
was well tolerated, and was an acceptable alternative in patients intolerant of other lipid-lowering medications. 
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Red yeast rice for dyslipidemia in statin-intolerant patients: a randomized trial. 

Becker DJ1, et al 

62 patients with dyslipidemia and history of discontinuation of statin therapy due to myalgias. Patients were 
assigned by random allocation software to receive red yeast rice, 1800 mg (31 patients), or placebo (31 
patients) twice daily for 24 weeks. All patients were concomitantly enrolled in a 12-week therapeutic lifestyle 
change program. 

In the red yeast rice group, LDL cholesterol decreased by 1.11 mmol/L (43 mg/dL) from baseline at week 12 
and by 0.90 mmol/L (35 mg/dL) at week 24. In the placebo group, LDL cholesterol decreased by 0.28 mmol/L 
(11 mg/dL) at week 12 and by 0.39 mmol/L (15 mg/dL) at week 24. Low-density lipoprotein cholesterol level 
was significantly lower in the red yeast rice group than in the placebo group at both weeks 12 (P < 0.001) and 
24 (P = 0.011). Significant treatment effects were also observed for total cholesterol level at weeks 12 (P < 
0.001) and 24 (P = 0.016). Levels of HDL cholesterol, triglyceride, liver enzyme, or CPK; weight loss; and pain 
severity scores did not significantly differ between groups at either week 12 or week 24. 

Red yeast rice and therapeutic lifestyle change decrease LDL cholesterol level without increasing CPK or pain 
levels and may be a treatment option for dyslipidemic patients who cannot tolerate statin therapy. 
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Mediterranean Diet and Red Yeast Rice Supplementation for the Management of Hyperlipidemia 
in Statin-Intolerant Patients with or without Type 2 Diabetes. 

Sartore G, et al. 

We studied 171 patients: 46 type 2 diabetic patients treated with MD alone (Group 1), 44 type 2 diabetic 
patients treated with MD associated with RYR (Group 2), 38 dyslipidemic patients treated with MD alone 
(Group 3), and 43 dyslipidemic patients treated with MD plus RYR (Group 4). The mean percentage changes 
in LDL cholesterol from the baseline were -7.34 ± 3.14% (P < 0.05) for Group 1; -21.02 ± 1.63% (P < 0.001) for 
Group 2; -12.47 ± 1.75% (P < 0.001) for Group 3; and -22 ± 2.19% (P < 0.001) for Group 4 with significant 
intergroup difference (Group 1 versus Group 2, P < 0.001; Group 3 versus Group 4, P > 0.05). No significant 
increase in AST, ALT, and CPK levels were observed in all groups. Our results indicate that MD alone is 
effective in reducing LDL cholesterol levels in statin-intolerant patients with a presumably low cardiovascular 
risk, but associating MD with the administration of RYR improves patients’ LDL cholesterol levels more, and in 
patients with type 2 diabetes. 
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Red yeast rice improves lipid pattern, high-sensitivity C-reactive protein, and vascular remodeling 
parameters in moderately hypercholesterolemic Italian subjects. 

Cicero AF1, Derosa G, Parini A, Maffioli P, D'Addato S, Reggi A, Giovannini M, Borghi C. 

Despite a recent health claim by the European Agency on Food Safety, the effect of high doses of dietary 
monacolin supplements from red yeast rice on cholesterolemia has not been tested in Italian subjects. Our aim 
via a crossover, double-blind, placebo-controlled randomized clinical trial was to test if a short-term treatment 
with 10 mg monacolins could improve lipid pattern, high-sensitivity C-reactive protein (hs-CRP), and vascular 
remodeling biomarkers in a small cohort of Mediterranean subjects. Thus, 25 healthy, mildly 
hypercholesterolemic subjects were enrolled, and after 4 weeks of a stabilization diet, subjects were 
randomized to the sequence placebo-washout-monacolins or monacolins-washout-placebo, with each period 
being 4 weeks long. At each study step, a complete lipid pattern, safety parameters, hs-CRP, and matrix 
metalloproteinases 2 and 9 levels were measured. When compared to the placebo group, monacolins-treated 
patients experienced a more favorable percent change in total cholesterol (-12.45%, 95% CI -16.19 to -8.71), 
low-density lipoprotein cholesterol (-21.99%, 95% CI -26.63 to -17.36), non-high-density lipoprotein cholesterol 
(-14.67%, 95% CI -19.22 to -10.11), matrix metalloproteinase 2 (-28.05%, 95% CI -35.18 to -20.93), matrix 
metalloproteinase 9 (-27.19%, 95% CI -36.21 to -18.15), and hs-CRP (-23.77%, 95% CI -30.54 to -17.01). No 
significant differences were observed in regards to triglycerides, high-density lipoprotein cholesterol, and 
safety parameters. On the basis of our data, we demonstrate that a 10-mg monacolin nutraceutical appears to 
safely reduce cholesterolemia, hs-CRP, and markers of vascular remodeling in Italian subjects. These results 
have to be confirmed in larger patient samples and longer studies. 

 

 

 

 

 

Mayo Clinic Proceedings - Volume 78, Issue 8, August 2003, Pages 965–978 



Review - Efficacy and Safety of Plant Stanols and Sterols in the Management of Blood Cholesterol 
Levels 

Martijn B. Katan, PhD, Scott M. Grundy, MD, PhD, Peter Jones, PhD, Malcolm Law, FRCP, Tatu Miettinen, 
MD, PhD, Rodolfo Paoletti, MD, PhD, Stresa Workshop Participants 

Foods with plant stanol or sterol esters lower serum cholesterol levels. We summarize the deliberations of 32 
experts on the efficacy and safety of sterols and stanols. A meta-analysis of 41 trials showed that intake of 2 
g/d of stanols or sterols reduced low-density lipoprotein (LDL) by 10%; higher intakes added little. Efficacy is 
similar for sterols and stanols, but the food form may substantially affect LDL reduction. Effects are additive 
with diet or drug interventions: eating foods low in saturated fat and cholesterol and high in stanols or sterols 
can reduce LDL by 20%; adding sterols or stanols to statin medication is more effective than doubling the 
statin dose. A meta-analysis of 10 to 15 trials per vitamin showed that plasma levels of vitamins A and D are 
not affected by stanols or sterols. Alpha carotene, lycopene, and vitamin E levels remained stable relative to 
their carrier molecule, LDL. Beta carotene levels declined, but adverse health outcomes were not expected. 
Sterol-enriched foods increased plasma sterol levels, and workshop participants discussed whether this would 
increase risk, in view of the marked increase of atherosclerosis in patients with homozygous phytosterol-emia. 
This risk is believed to be largely hypothetical, and any increase due to the small increase in plasma plant 
sterols may be more than offset by the decrease in plasma LDL. There are insufficient data to suggest that 
plant stanols or sterols either prevent or promote colon carcino-genesis. Safety of sterols and stanols is being 
monitored by follow-up of samples from the general population; however, the power of such studies to pick up 
infrequent increases in common diseases, if any exist, is limited. A trial with clinical outcomes probably would 
not answer remaining questions about infrequent adverse effects. Trials with surrogate end points such as 
intima-media thickness might corroborate the expected efficacy in reducing atherosclerosis. However, present 
evidence is sufficient to promote use of sterols and stanols for lowering LDL cholesterol levels in persons at 
increased risk for coronary heart disease. 

 

 

Eur J Clin Nutr 58, 1378-1385 

Intake of dietary plant sterols is inversely related to serum cholesterol concentration in men and 
women in the EPIC Norfolk population: a cross-sectional study.  

Andersson SW, Skinner J, Ellegård L, Welch AA, Bingham S, Mulligan A et al. 

We examined the relation between intake of natural dietary plant sterols and serum lipid concentrations in a 
free-living population. 

Cross-sectional population-based study of 22,256 men and women aged 39-79 y resident in Norfolk, UK, 
participating in the European Prospective Investigation into Cancer (EPIC-Norfolk).  

MAIN EXPOSURE AND OUTCOME MEASURES: Plant sterol intake from foods and concentrations of blood 
lipids. 

Mean concentrations of total cholesterol and low-density lipoprotein cholesterol, adjusted for age, body mass 
index and total energy intake, decreased with increasing plant sterol intake in men and women. Mean total 
serum cholesterol concentration for men in the highest fifth of plant sterol intake (mean intake 463 mg daily) 
was 0.25 mmol/l lower and for low-density lipoprotein cholesterol 0.14 mmol/l lower than those in the lowest 
fifth of plant sterol consumption (mean intake 178 mg daily); the corresponding figures in women were 0.15 
and 0.13 mmol/l. After adjusting for saturated fat and fibre intakes, the results for total cholesterol and low-
density lipoprotein cholesterol were similar, although the strength of the association was slightly reduced. 

In a free-living population, a high intake of plant sterols is inversely associated with lower concentrations of 
total and low-density lipoprotein serum cholesterol. The plant sterol content of foods may partly explain diet-
related effects on serum cholesterol concentration.  
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Inverse relation between dietary intake of naturally occurring plant sterols and serum cholesterol in 
northern Sweden 

Sofia Klingberg, Lars Ellegård, Ingegerd Johansson, Göran Hallmans, Lars Weinehall, Henrik Andersson, and 
Anna Winkvist 

Background: Plant sterols are bioactive compounds, found in all vegetable foods, which inhibit cholesterol 
absorption. Little is known about the effect of habitual natural dietary intake of plant sterols. 

Objective: We investigated the relation between plant sterol density (in mg/MJ) and serum concentrations of 
cholesterol in men and women in northern Sweden. 

Design: The analysis included 37 150 men and 40 502 women aged 29–61 y, all participants in the 
Västerbotten Intervention Program. 

Results: Higher plant sterol density was associated with lower serum total cholesterol in both sexes and with 
lower LDL cholesterol in women. After adjustment for age, body mass index (in kg/m2), and (in women) 
menopausal status, men with high plant sterol density (quintile 5) had 0.15 mmol/L (2.6%) lower total serum 
cholesterol (P for trend = 0.001) and 0.13 mmol/L (3.1%) lower LDL cholesterol (P = 0.062) than did men with 
low plant sterol density (quintile 1). The corresponding figures for women were 0.20 mmol/L (3.5%) lower total 
serum cholesterol (P for trend < 0.001) and 0.13 mmol/L (3.2%) lower LDL cholesterol (P for trend = 0.001). 

Conclusions: The present study is the second epidemiologic study to show a significant inverse relation 
between naturally occurring dietary plant sterols and serum cholesterol. To the extent that the associations 
found truly mirror plant sterol intake and not merely a diet high in vegetable fat and fiber, it highlights the 
importance of considering the plant sterol content of foods both in primary prevention of cardiovascular 
disease and in the dietary advice incorporated into nutritional treatment of patients with hyperlipidemia. 
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Dose effects of dietary phytosterols on cholesterol metabolism: a controlled feeding study 

Susan B Racette, Xiaobo Lin, Michael Lefevre, Catherine Anderson Spearie, Marlene M Most, Lina Ma, and 
Richard E Ostlund Jr 

Objective: We evaluated the effects of 3 phytosterol intakes on whole-body cholesterol metabolism. 

Design: In this placebo-controlled, crossover feeding trial, 18 adults received a phytosterol-deficient diet (50 
mg phytosterols/2000 kcal) plus beverages supplemented with 0, 400, or 2000 mg phytosterols/d for 4 wk 
each, in random order. All meals were prepared in a metabolic kitchen; breakfast and dinner on weekdays 
were eaten on site. Primary outcomes were fecal cholesterol excretion and intestinal cholesterol absorption 
measured with stable-isotope tracers and serum lipoprotein concentrations. 

Results: Phytosterol intakes (diet plus supplements) averaged 59, 459, and 2059 mg/d during the 3 diet 
periods. Relative to the 59-mg diet, the 459- and 2059-mg phytosterol intakes significantly (P < 0.01) 
increased total fecal cholesterol excretion (36 ± 6% and 74 ± 10%, respectively) and biliary cholesterol 
excretion (38 ± 7% and 77 ± 12%, respectively) and reduced percentage intestinal cholesterol absorption (−10 
± 1% and −25 ± 3%, respectively). Serum LDL cholesterol declined significantly only with the highest 
phytosterol dose (−8.9 ± 2.3%); a trend was observed with the 459-mg/d dose (−5.0 ± 2.1%; P = 0.077). 
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Effect of coenzyme q10 on myopathic symptoms in patients treated with statins. 

Caso G1, Kelly P, McNurlan MA, Lawson WE. 

Treatment of hypercholesterolemia with statins (3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitors) 
is effective in the primary and secondary prevention of cardiovascular disease. However, statin use is often 
associated with a variety of muscle-related symptoms or myopathies. Myopathy may be related in part to statin 
inhibition of the endogenous synthesis of coenzyme Q10, an essential cofactor for mitochondrial energy 
production. The aim of this study is to determine whether coenzyme Q10 supplementation would reduce the 
degree of muscle pain associated with statin treatment. Patients with myopathic symptoms were randomly 
assigned in a double-blinded protocol to treatment with coenzyme Q10 (100 mg/day, n = 18) or vitamin E (400 
IU/day, n = 14) for 30 days. Muscle pain and pain interference with daily activities were assessed before and 
after treatment. After a 30-day intervention, pain severity decreased by 40% (p <0.001) and pain interference 
with daily activities decreased by 38% (p <0.02) in the group treated with coenzyme Q10. In contrast, no 
changes in pain severity (+9%, p = NS) or pain interference with daily activities (-11%, p = NS) was observed 
in the group treated with vitamin E. In conclusion, results suggest that coenzyme Q10 supplementation may 
decrease muscle pain associated with statin treatment. Thus, coenzyme Q10 supplementation may offer an 
alternative to stopping treatment with these vital drugs. 
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Coenzyme Q10 supplementation decreases statin-related mild-to-moderate muscle symptoms: a 
randomized clinical study. 

Skarlovnik A, Janić M, Lunder M, Turk M, Šabovič M. 

BACKGROUND: 

Statin use is frequently associated with muscle-related symptoms. Coenzyme Q10 supplementation has 
yielded conflicting results in decreasing statin myopathy. Herein, we tested whether coenzyme 
Q10 supplementation could decrease statin-associated muscular pain in a specific group of patients with mild-
to-moderate muscle symptoms. 

MATERIAL/METHODS: 

Fifty patients treated with statins and reporting muscle pain were recruited. The Q10 group (n=25) 
received coenzyme Q10supplementation over a period of 30 days (50 mg twice daily), and the control group 
(n=25) received placebo. The Brief Pain Inventory (BPI) questionnaire was used and blood testing was 
performed at inclusion in the study and after 30 days of supplementation. 

RESULTS: 

The intensity of muscle pain, measured as the Pain Severity Score (PSS), in the Q10 group was reduced from 
3.9±0.4 to 2.9±0.4 (P<0.001). The Pain Interference Score (PIS) after Q10 supplementation was reduced from 
4.0±0.4 to 2.6±0.4 (P<0.001). In the placebo group, PSS and PIS did not change. Coenzyme 
Q10 supplementation decreased statin-related muscle symptoms in 75% of patients. The relative values of 
PSS and PIS significantly decreased (-33.1% and -40.3%, respectively) in the Q10 group compared to placebo 
group (both P<0.05). From baseline, no differences in liver and muscle enzymes or cholesterol values were 
found. 

CONCLUSIONS: 

The present results show that coenzyme Q10 supplementation (50 mg twice daily) effectively reduced statin-
related mild-to-moderate muscular symptoms, causing lower interference of statin-related muscular symptoms  
with daily activities. 
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Statin therapy and plasma coenzyme Q10 concentrations-A systematic review and meta-analysis of 
placebo-controlled trials. 

Banach M, Serban C, Ursoniu S, Rysz J, Muntner P, Toth PP, Jones SR, Rizzo M, Glasser SP, Watts 
GF, Blumenthal RS, Lip GY, Mikhailidis DP, Sahebkar A; Lipid and Blood Pressure Meta-analysis 
Collaboration (LBPMC) Group. 

Abstract 

Statin therapy may lower plasma coenzyme Q10 (CoQ10) concentrations, but the evidence as to the 
significance of this effect is unclear. We assessed the impact of statin therapy on plasma CoQ10 
concentrations through the meta-analysis of available RCTs. The literature search included selected 
databases up to April 30, 2015. The meta-analysis was performed using either a fixed-effects or random-effect 
model according to I2statistic. Effect sizes were expressed as weighted mean difference (WMD) and 95% 
confidence interval (CI). The data from 8 placebo-controlled treatment arms suggested a significant reduction 
in plasma CoQ10 concentrations following treatment with statins (WMD: -0.44μmol/L, 95%CI: -0.52, -0.37, 
p<0.001). The pooled effect size was robust and remained significant in the leave-one-out sensitivity analysis. 
Subgroup analysis suggested that the impact of statins on plasma CoQ10 concentrations is significant for all 4 
types of statins studied i.e. atorvastatin (WMD: -0.41μmol/L, 95%CI: -0.53, -0.29, p<0.001), simvastatin 
(WMD: -0.47μmol/L, 95% CI: -0.61, -0.33, p<0.001), rosuvastatin (WMD: -0.49μmol/L, 95%CI: -0.67, -0.31, 
p<0.001) and pravastatin (WMD: -0.43μmol/L, 95%CI: -0.69, -0.16, p=0.001). Likewise, there was no 
differential effect of lipophilic (WMD: -0.43μmol/L, 95%CI: -0.53, -0.34, p<0.001) and hydrophilic statins (WMD: 
-0.47μmol/L, 95%CI: -0.62, -0.32, p<0.001). With respect to treatment duration, a significant effect was 
observed in both subsets of trials lasting <12 weeks (WMD: -0.51μmol/L, 95%CI: -0.64, -0.39, p<0.001) and 
≥12 weeks (WMD: -0.40μmol/L, 95%CI: -0.50, -0.30, p<0.001). The meta-analysis showed a significant 
reduction in plasma CoQ10 concentrations following treatment with statins. Further well-designed trials are 
required to confirm our findings and elucidate their clinical relevance. 
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Red yeast rice and coenzyme Q10 as safe alternatives to surmount atorvastatin-induced myopathy in 
hyperlipidemic rats. 

Abdelbaset M, Safar MM, Mahmoud SS, Negm SA, Agha AM. 

Statins are the first line treatment for the management of hyperlipidemia. However, the primary adverse effect 
limiting their use is myopathy. This study examines the efficacy and safety of red yeast rice (RYR), a source of 
natural statins, as compared with atorvastatin, which is the most widely used 
synthetic statin. Statin interference with the endogenous synthesis of coenzyme Q10 (CoQ10) prompted the 
hypothesis that its deficiency may be implicated in the pathogenesis of statin-associated myopathy. Hence, the 
effects of combination of CoQ10 with either statin have been evaluated. Rats were rendered hyperlipidemic 
through feeding them a high-fat diet for 90 days, during the last 30 days of the diet they were treated daily with 
either atorvastatin, RYR, CoQ10, or combined regimens. Lipid profile, liver function tests, and creatine kinase 
were monitored after 15 and 30 days of drug treatments. Heart contents of CoQ9 and CoQ10 were assessed 
and histopathological examination of the liver and aortic wall was performed. RYR and CoQ10 had the 
advantage over atorvastatin in that they lower cholesterol without elevating creatine kinase, a hallmark 
of myopathy. RYR maintained normal levels of heart ubiquinones, which are essential components for energy 
production in muscles. In conclusion, RYR and CoQ10 may offer alternatives to overcome atorvastatin-
associated myopathy. 

 

 


