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Abstract 

Background:  Dyslipidemia is a prominent cause of cardiovascular disease as it leads to inflammation and plaque 
deposition within arteries. Treatment includes lifestyle modifications and lipid-lowering medications. We aimed to 
assess the therapeutic effects of red yeast rice (RYR) alongside statin therapy.

Methods:  This triple-blind randomized clinical trial involved 92 dyslipidemia patients and was performed in 2019. 
Standard laboratory tests were used to assess the serum LDL cholesterol (LDL-C), HDL cholesterol (HDL-C), total 
cholesterol, triglyceride (TG), and high sensitivity C-reactive protein (hs-CRP) levels. Subsequently, patients randomly 
received one daily RYR or placebo tablet for 1 month beside routine single statin therapy. Subsequently, blood tests 
were repeated and compared against the baseline. Liver function tests were also requested.

Results:  Total cholesterol significantly (P = 0.019) decreased in the treatment group (− 10.2 mg/dL) compared with 
the placebo group (− 1.3 mg/dL). HDL cholesterol decreased by 2.19 mg/dL in the treatment group but increased 
by 0.53 mg/dL in the treatment group (P = 0.083). LDL cholesterol declined in both placebo (− 5.09) and treatment 
(− 0.73) groups (P = 0.187). TG increased by about 7 mg/dL in the treatment group but fell by roughly 1 mg/dL in the 
placebo group (P = 0.386). Hs-CRP increased by 0.28 mg/dL in the treatment group but decreased by 0.09 mg/dL in 
the placebo group (P = 0.336).

Conclusions:  We found that adding RYR (Lesstat®) to statin medications significantly decreases total cholesterol. 
However, no significant effect was seen on other lipid profile components or Hs-CRP. Finally, we showed that RYR is 
safe to add to statins considering liver function (clinicaltrials.gov: NCT05095480).
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Introduction
The prevalence of chronic diseases were estimated about 
21% worldwide [1]. Cardiovascular diseases (CVDs) are a 
leading cause of mortality and morbidity. Atherosclero-
sis is a chronic inflammatory disease that leads to CVDs 
such as coronary artery disease (CAD). There are many 
risk factors for atherosclerosis, the most prominent of 
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which are the male sex, smoking, dyslipidemia, family 
history, and elevated age [2–6].

Dyslipidemia is one of the most important causes of 
CVD as it leads to inflammatory processes and deposi-
tion of plaques within arteries [7]. Currently, treatment 
of dyslipidemia includes lifestyle modifications and the 
use of lipid-lowering medications such as statins, fibrates, 
and ezetimibe [8]. Lifestyle modifications include die-
tary changes. Using phytosterols found in herbal foods 
can improve lipid profile [9]. Nigella sativa is one of the 
herbal medicine that leads to reducing CVD with an anti-
inflammation effect [10]. Statins are the first pharmaco-
logical choice for treating dyslipidemia in patients at high 
risk for CVDs [11] [1].

For several reasons, several studies have looked at 
going beyond statins and benefiting from other agents. 
Firstly, statins are not usually prescribed for patients 
with low to moderate risk of CVD or borderline levels of 
LDL-C; lifestyle modifications are recommended instead. 
Secondly, statins are not tolerated by all patients and 
sometimes cause side effects. Finally, alternative agents 
are associated with certain drawbacks. For example, the 
recently approved anti-PCSK9 monacolin antibodies are 
expensive and are not readily available in all countries. 
Furthermore, ezetimibe agents are inadequate to reach 
goals in patients with high CVD risk, though they pro-
vide a 15–20% reduction in LDL-C levels. Hence, seek-
ing novel agents can open new paths in the lipid-lowering 
course and reduce the chance of CVD [7, 12].

One novel agent with potential lipid-lowering proper-
ties is red yeast rice (RYR), produced from the fermenta-
tion of common rice by the mold Monascus purpureus. 
Natives in East Asia have traditionally used this agent for 
many years, and novel studies have shown that RYR can 
lower blood lipid levels and reduce CVD risk. The lipid-
lowering process is dependent on a substance named 
monacolin K, which is structurally identical to lovastatin 
– a type of statin. The mechanism of action of monacolin 
K is 3-hydroxy-3-methyl-glutaryl-CoA reductase (HMG-
CoA reductase) inhibition. HMG-CoA reductase is the 
main enzyme involved in hepatic cholesterol synthesis 
[13, 14].

As previous studies have demonstrated, RYR can 
reduce the CVD risk and is effective in patients with 
statin intolerance or patients who do not achieve goals 
after single therapy with statins or ezetimibe. RYR is also 
known as the most effective compound available on the 
market for treating hyperlipidemia. It has been claimed 
that consuming a specific dosage of monacolin K exist-
ing in RYR every day leads to an appropriate level of 
LDL-C reduction. Myalgia is one side effect seen in some 
patients who consume RYR; these patients also have 
resistance to low-dose statins. Generally, RYR is a safe 

and good choice for patients with dyslipidemia but no 
other risk factors [15–17].

We conducted a new trial by prescribing RYR to dyslip-
idemia patients already on single statin therapy. We also 
assessed the effect of RYR on the inflammatory marker. 
We aimed to observe the effect of RYR in reaching 
LDL-C targets, keeping in mind possible effects on other 
lipid profile components and hepatic function.

Methods
Study design and study participants
This triple-blind randomized clinical trial involved 92 
patients and was performed in 2019. Using the block 
randomization technique (block size = 2; ratio of 2:2 for 
drug vs. placebo), 43 patients were randomly allocated 
into the treatment arm, while 49 patients comprised the 
control arm. We selected the patients from those refer-
ring to the Prof. Kojuri Cardiology Clinic (Niayesh St., 
Shiraz, Iran, www.​kojur​iclin​ic.​com, Instagram @Kojuri_
clinic). All participants were thoroughly informed about 
the study process and participated voluntarily after pro-
viding informed consent. The study was approved by the 
Professor kojuri Ethical committee, whith the number of 
KCEC-99 − 12, and is registered with clinicaltrials.gov 
(NCT05095480, 27/10/2021), where the study protocol is 
publically available.

Inclusion and exclusion criteria
Adults with serum LDL-C levels ≥100 mg/dL under 
treatment with a statin for at least 12 weeks were eligi-
ble for inclusion in this trial. Excluded were individuals 
with extremely high LDL-C levels (> 200 mg/dL), orlistat 
hypersensitivity, use of alternative lipid-lowering agents 
alongside the statin, or a history of hepatic disease. Preg-
nant or lactating women were also excluded. Patients 
with other chronic disease such as hypothyroidism were 
excluded.

Intervention
Initially, all potential participants were evaluated in terms 
of serum LDL-C, high-density lipoprotein cholesterol 
(HDL-C), total cholesterol, triglyceride (TG), and high 
sensitivity C-reactive protein (hs-CRP) levels. The crite-
ria mentioned above were applied following these tests.

Red yeast rice (RYR) supplements (Lesstat® tablets, 
Gricar Chemical Srl Co.) were prescribed to the patients 
in the treatment arm. The tablets included 200 mg of red 
rice fermented by Monascus purpureus (tit. 5% in mona-
colin K). Among the constituents were 10 mg of mona-
colin K, 90 mg of chitosan, 3.5 mg of lycopene, 30 mg 
of ascorbic acid, and 5 mg of tocopherol. Placebo tab-
lets, similar in shape and color, were prescribed to the 
patients in the control arm. All tablets were packaged 
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identically, with 30 tablets of RYR or placebo being pre-
scribed for daily use to each participant. The tablets were 
coded by staff external to the research group such that 
the researchers were kept blinded until after statistical 
analysis. We instructed the study subjects to consume 
one tablet per day alongside their routine statin therapy 
for 30 days and immediately contact us if any problems 
developed.

Sample size
We determined the sample size by using the following 
formule.

A sample size of 92 patients is sufficient to detect a 
clinically important difference between two groups with 
80% power and a 5% level of significance.

Data collection
We asked the subjects to attend a follow-up visit after 
1 month, at which time the initial blood tests were 
repeated. The initial and final blood tests were performed 
via the same standardized methods using the same kits 
in the same laboratory. At the end of the study period, 
we also assessed possible adverse hepatic effects of com-
bination (statin and RYR) therapy through serum assays 
for aspartate transaminase (AST), alanine transaminase 
(ALT), and total bilirubin.

Statistical analysis
Statistical analysis was performed using SPSS for Win-
dows ver. 25 (IBM Corp., Armonk, NY, USA). To com-
pare the baseline measures across the study groups, the 
independent t-test and chi-squared test were used where 
appropriate. To compare initial and final measures, the 
paired-sample t-test and repeated measure ANOVA were 
used where applicable. Statistical significance was indi-
cated when P < 0.05 in all cases. we used the kolmogorov-
smirnov normality test for evaluating the normality of 
variables (page 04).

Results
We included 92 patients (52 women and 50 men) in this 
study. The mean age of the subjects was about 63 years 
(minimum age is 53 and maximum is 67). We randomly 
allocated 43 patients to the medication group, and the 
other 49 patients comprised the placebo group. At base-
line, the groups were comparable in terms of age, gender, 
the use of different types of statins, and serum levels of 
TG, HDL-C, and Hs-CRP. However, they differed sig-
nificantly in total cholesterol and LDL-C levels (Table 1)
(Fig. 1).

n = [(Zα/2+ Zβ)2×{(p1 (1− p1)+ (p2 (1− p2))} /(p1− p2)2

After 1 month, we measured the lipid profile and hs-
CRP level again, then calculated the difference between 
baseline and final measurements (Table 2). Total choles-
terol significantly (P = 0.019) decreased in the treatment 
group (− 10.2 mg/dL) compared to the placebo group 
(− 1.3 mg/dL). HDL-C decreased by about 2.19 mg/dL 
in the treatment group; however, in the placebo group, 
HDL-C increased by about 0.53 mg/dL. The difference 
was not statistically significant (P = 0.083). The LDL-C 
level declined in both placebo (− 5.09) and treatment 
(− 0.73) groups, but the difference was insignificant 
(P = 0.187). TG increased by about 7 mg/dL in the treat-
ment group but decreased by about 1 mg/dL in the pla-
cebo group. However, the difference was not statistically 
significant (P = 0.386).

The Hs-CRP level increased in the treatment group by 
about 0.28 mg/dL but decreased by about 0.09 mg/dL in 
the placebo group. Again, the difference lacked statistical 
significance (P = 0.336). We also requested liver function 
assays at the end of the study, yielding comparable results 
across the study groups (Table 3).

Discussion
Given the detrimental consequences of dyslipidemia 
and in light of certain limitations to statin use, this rand-
omized clinical trial (RCT) sought to assess the effects of 
red yeast rice (RYR) in patients with dyslipidemia already 

Table 1  Baseline characteristics of patients

RYR​ Red yeast rice,SD Standard deviation, TG Triglyceride, LDL Low-density 
lipoprotein, HDL High-density lipoprotein, Hs-CRP High-sensitivity C-reactive 
protein

RYR​ Placebo P-value

Age (years), mean ± SD 63 ± 8 64 ± 9 0.566

Male, n (%) 17 23 0.475

Statin, n (%)

  Atorvastatin 10 mg 3 7 0.671

  Atorvastatin 20 mg 16 14

  Atorvastatin 40 mg 4 9

  Rosuvastatin 5 mg 8 6

  Rosuvastatin 10 mg 4 3

  Rosuvastatin 20 mg 5 7

  Rosuvastatin 40 mg 3 3

TG (mg/dL), mean ± SD 133.6 ± 68.3 117.3 ± 63.6 0.23

Total cholesterol (mg/dL), 
mean ± SD

164.2 ± 34.4 147.1 ± 25 0.007

LDL cholesterol (mg/dL), 
mean ± SD

100.9 ± 24.2 87.4 ± 20.8 0.005

HDL cholesterol (mg/dL), 
mean ± SD

43.7 ± 10.1 42.6 ± 12.1 0.642

Hs-CRP (mg/dL), mean ± SD 1.59 ± 2.3 1.4 ± 2.16 0.78

Daily calories intake (kcal/day) 2340 ± 120 2297 ± 139 0.11
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on statin therapy. We found that RYR, alongside statin 
therapy, can significantly decrease total cholesterol lev-
els without adversely affecting liver enzymes levels (AST, 
ALT).

Several meta-analyses have confirmed the strong 
relationship between LDL levels and the risk of 

cardiovascular disease (CVD) [18]. One meta-analysis by 
the Cholesterol Treatment Trialists’ (CTT) Collaboration 
worked on data from 14 RCTs and about 90,000 subjects. 
The study suggested that as the serum level of LDL-C 
falls, the risk of CVD decreases accordingly [19]. Another 
CTT meta-analysis on more than 170,000 patients 
revealed that each time the LDL concentration drops by 
one mmol/L, the risk of ischemic stroke, coronary artery 
disease, and revascularization drops by over one-fifth 
[20]. Because of the benefits of LDL-C reduction, lipid-
lowering agents – especially statins – are highly popular.

Recently, RYR has gained popularity as an alterna-
tive LDL-lowering agent with few adverse effects [21]. 
Several meta-analyses have confirmed the effect of RYR 
on the reduction of LDL-C. One recent study worked 
on 20 RCTs and 6663 individuals; it showed that after 2 
months to 2 years of therapy, RYR decreased the serum 

Fig. 1  Study protocol flowchart

Table 2  Differences between baseline and final measurements

RYR​ Red yeast rice, CI Confidence interval, TG Triglyceride, LDL Low-density lipoprotein, HDL High-density lipoprotein, Hs-CRP High-sensitivity C-reactive protein

RYR​ Placebo P-value

TG (mg/dL), mean [95% CI] [− 6, 19] -1 [−12, 11] 0.386

Total cholesterol (mg/dL), mean [95% CI] −10.26 [− 16.05, − 4.47] −1.33 [− 6.27, 3.6] 0.019

LDL cholesterol (mg/dL), mean [95% CI] −5.09 [−9.66, − 0.52] − 0.73 [− 5.43, 3.98] 0.187

HDL cholesterol (mg/dL), mean [95% CI]) −2.19 [−4.2, − 0.18] 0.53 [− 1.8, 2.86] 0.083

Hs-CRP (mg/dL), mean [95% CI] 0.28 [−0.24, 0.8] − 0.09 [− 0.67, 0.48] 0.336

Table 3  Liver function tests of patients in both groups

RYR​ Red yeast rice, SD Standard deviation

RYR​ Placebo P-value

Aspartate transaminase (U/L), 
mean ± SD

23 ± 6 20 ± 3 0.074

Alanine transaminase (U/L), 
mean ± SD

24 ± 13 23 ± 7 0.714

Total bilirubin (mg/dL), mean ± SD 0.82 ± 0.46 0.7 ± 0.25 0.439
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LDL-C level by 1.02 mmol/l (~ 39.4 mg/dl) (with 95% 
confidence) in comparison with the placebo, indicating 
considerable efficacy similar to that of low-intensity or 
low-dose statins (pravastatin 40 mg, simvastatin 10 mg, 
lovastatin 20 mg). The researchers also confirmed a 
slight increase in HDL-C and an insignificant decrease 
in TG [14]. Another study showed that patients receiv-
ing RYR experienced significant decrements in serum 
LDL-C (23.0%) and total cholesterol (15.5%) levels rela-
tive to a control group following a sixteen-week treat-
ment period (P < 0.001) [22]. The lipid-lowering effect of 
RYR is believed to be due to the presence of monacolin 
K, which possesses the same structure as lovastatin [23]. 
It is thought that RYR limits the rate of hepatic choles-
terol production by inhibiting the 3-hydroxy-3-methyl-
glutaryl-CoA (HMG-CoA) reductase enzyme [17].

One consideration in the use of novel lipid-lowering 
agents is hepatotoxicity. A meta-analysis of seven tri-
als [16, 24–29] assessed serum AST levels before and 
after intervention with RYR. The researchers showed 
that although the serum AST level were considerably 
higher in those who received RYR relative to controls, 
they remained within the normal range (0–40 U/L) [Total 
WMD = 1.55 (95% CI: 0.26, 2.84) U/L, I2 = 0%, P = 0.02, 
7 trials (8 comparisons), n = 443]. Our study found that 
after 1 month of treatment, the serum AST level was only 
slightly higher in the intervention group than the placebo 
group (P = 0.074) and remained within the normal range. 
In the mentioned trials [16, 24–29], the serum ALT levels 
was significantly higher in the intervention group com-
pared with the placebo group but again remained within 
the normal range (0–40 U/L) [Total WMD = 1.47 (95% 
CI: 0.42, 2.51) U/L, I2 = 0%, P = 0.006, 7 trials (8 compari-
sons), n = 443]. At the end of our study, the ALT level was 
also negligibly higher in the intervention group relative 
to the placebo group (P = 0.714) and remained within the 
normal range.

Another important aspect related to RYR is that it may 
improve endothelial function. In one study, 50 coronary 
heart disease patients randomly received either RYR 
(1200 mg daily, containing 11.4 mg of monacolin K) or a 
placebo, and the serum hs-CRP concentration was moni-
tored. After 6 weeks, those receiving RYR experienced 
reductions in hs-CRP (P < 0.001) [30]. However, in our 
study, changes in hs-CRP levels after 4 weeks of inter-
vention were not significant compared with the placebo 
(P = 0.78).

Although some recent studies only worked on the effect 
of RYR in isolation on LDL-C, our study investigated the 
effect of RYR when accompanied by another statin (ator-
vastatin or rosuvastatin) on both total cholesterol and 
LDL-C levels. Due to our limited sample size, further 
large-scale studies seem warranted. Another limitation 

was the significant differences in baseline total choles-
terol and LDL levels between the study groups. Although 
the study was randomized, this may be due to the small 
sample size. We also measured the effect of RYR with 
only a one-month follow-up; future studies should con-
sider an extended period of follow-up.

Limitations
Although in this randomized trial, we showed that use of 
RYR is sfae with statin, this need further larger trials to 
show the effect of RYS on lipid profile.

Conclusions
Adding RYR to statin medications significantly decreases 
the serum level of total cholesterol in patients with dys-
lipidemia. However, no significant effect was seen on 
other lipid profile components or Hs-CRP. We also 
showed that adding RYR to statins is safe considering 
liver function over 1 month.

Study protocol
All methods were carried out in accordance with relevant guidelines and 
regulations (based on Helsinki protocol).
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