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      Abstract


      Elevated serum cholesterol is a significant risk factor for morbidity and mortality. The main approach to reduce cholesterol is the use of statin drugs. The current study tested the use of a novel food-based technique to reduce cholesterol - the combination of red yeast rice extract (RYRE), extra virgin olive oil (EVOO) and oatmeal. The study was a non-randomized prospective intervention that enrolled 86 patients with elevated total and low-density lipoprotein cholesterol (LDL-C). It assessed whether daily consumption of above components would reduce total cholesterol and LDL-C. Subjects were instructed to consume either 2400 mg or 3600 mg of RYRE daily based on their initial serum cholesterol value and asked to use EVOO for cooking and eat 1.5 cups of oatmeal daily. When fasting lipid panels were repeated at 3 and 6 months 90% of females and 80% of males demonstrated a clinically significant reduction of total cholesterol and LDL-C. Among a subgroup that was more compliant, total cholesterol was reduced by 22% and LDL-C was reduced by 31.5%. There was no change in HDL-Cholesterol. The study demonstrates that two commonly consumed foods, oatmeal and EVOO, and a widely available over the counter supplement, RYRE, can reduce serum cholesterol levels similar to the effect of statins.
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      Introduction


      Elevated cholesterol is a prevalent risk factor that causes morbidity and mortality. Despite the awareness of high cholesterol as a major health concern, nearly 100 million Americans have elevated cholesterol, and of those, less than 30% have their cholesterol levels under control [1]. Medical conditions associated with hypercholesterolemia include heart disease and stroke, the two leading causes of death in this country. Studies have also shown a positive correlation between hypercholesterolemia and obesity, the latter being another major health problem in the USA.


      In addition to serious health consequences, hypercholesterolemia is a significant economic burden. The estimated total cost of treatment of cardiovascular diseases in the United States, many of which are related to hypercholesterolemia, exceeds 400 billion dollars annually. This accounts for nearly 15% of all national healthcare costs. Thus, it represents an enormous economic burden and underscores the need to treat hypercholesterolemia in a timely and cost-effective manner.


      The most common treatment modality for patients with hypercholesterolemia is medical management with the cholesterol-lowering statin drugs [2]. Statins antagonize the synthesis of cholesterol in multiple tissues and increases the production of the receptors on liver cells that clear low-density lipoprotein cholesterol (LDL-C) from circulation [3]. The treatment cost of an individual with statins remains quite high even with the availability of generic drugs. The annual cost of treatment with a generic drug is $313 and the number increases substantially to up to $14,000 for non-generics [4].


      An alternative approach to lowering cholesterol levels is to initiate a change in lifestyle, such as a change in eating and exercise habits. Many foods and supplements have been promoted as "health foods" that help lower cholesterol. These include garlic, avocadoes, spinach, canola oil, extra virgin olive oil (EVOO) and oatmeal to name a few [5]. Some claims about these popular health foods have not stood the test of scientific scrutiny. For instance, a large randomized controlled trial that enrolled 192 patients to examine the effectiveness of garlic found no benefit in lowering LDL-C or total cholesterol [6]. Similarly, there is very limited evidence to support that canola oil or spinach lowers serum cholesterol levels significantly [7,8].


      Two foods that have been shown in clinical studies to lower cholesterol are oatmeal and EVOO. Oat β-glucan, a soluble dietary fiber that is found in the endosperm of oats has been shown to lower cholesterol [9]. Studies have shown that intake of oat β-glucan at daily doses of 3 g may reduce total cholesterol and LDL-C levels by 5-10% [9,10]. As a result, oat beta-glucan is one of the few dietary components that have been approved by the FDA to have a claim that states "As part of a healthy diet, the soluble fiber in oatmeal helps remove cholesterol". EVOO has also been shown to lower both total cholesterol and LDL-C [11,12]. EVOO is high in monounsaturated fats, a source of bioactive phenolic compounds and a key element of the Mediterranean diet [11]. It has been shown that dietary supplementation with EVOO reduced total cholesterol and LDL-C [12]. A diet supplemented with EVOO has been shown to promote primary prevention of cardiovascular disease [12].


      A dietary supplement that has shown efficacy in reducing cholesterol levels is red yeast rice extract (RYRE). There is documentation of its use in China dating back to 800 AD and it is widely consumed in other Asian countries such as Japan and Korea [13]. It is manufactured by culturing Monascuspurpureus yeast on white rice at carefully controlled growing conditions to increase the concentrations of chemicals that lower blood cholesterol and triglycerides [13]. The primary cholesterol-lowering bioactive constituent in RYRE is monacolin K, which has a similar chemical structure to the cholesterol lowering statin medication, lovastatin [14]. Similar to lovastatin, monacolin K and other substances found in RYRE inhibit the rate-limiting enzyme in cholesterol biosynthesis, 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase. In addition to monacolin K, RYRE has been found to contain sterols (β-sitosterol, campesterol, stigmasterol, and sapogenin), isoflavones and isoflavone glycosides, and monounsaturated fatty acids, which may also contribute to reducing cholesterol levels. These other substances likely contribute to reducing cholesterol levels since the quantities of the HMG-CoA reductase inhibitory constituents contained in RYRE are inadequate to explain the magnitude of its cholesterol-lowering effects relative to statins [14].


      Several studies have shown that RYRE is effective in lowering cholesterol. Studies conducted in China have shown dietary supplementation with RYRE to reduce cholesterol by 11-32% [15]. In the US, studies have shown total cholesterol reduction of 16% to 18% with dietary supplementation of RYRE [14,16].


      While RYRE, oatmeal and EVOO each individually lower cholesterol, they have not been as effective as statins. Less potent statins typically reduce cholesterol by 20% and more potent can reduce cholesterol by up to 50% [17,18]. This study assessed whether the combination of RYRE, oatmeal and EVOO could be as effective as a statin to reduce total cholesterol and LDL-C. If effective, this dietary approach can potentially replace statins as the first line treatment for lowering plasma cholesterol levels.


      Materials and Methods


      Study design: Non-randomized prospective intervention.


      The study design and procedures were approved by the Kaiser Permanente IRB. The written informed consent was reviewed and signed by each subject before enrollment.


      The inclusion criteria for participation were as follows: Male and female patients aged 40-70 years with total cholesterol ranging from 200-270 mg/dL and LDL-C ranging from 115-200 mg/dL. Prior to study enrollment, all patients underwent assessment for eligibility via performance of a screening fasting lipid profile. The following patients were excluded from study enrollment: 1) Those treated previously for hypercholesterolemia and had abnormal liver function test results; 2) Those with a history of statin-associated myositis or rhabdomyolysis, myocardial infarction, stent, or coronary artery bypass grafting; 3) Those taking any lipid-regulating drugs, hormone replacement therapy, drugs known to affect lipid concentrations, or supplements known to affect lipid levels; 4) Those with an endocrine disease known to lead to lipid abnormalities; and 5) Those who self-reported pregnancy, lactation, current smoking, prevalent heart disease, or cancer.


      Study patients were instructed to consume either 2400 mg (4 × 600 mg/capsule) or 3600 mg (6 × 600 mg/capsule) of RYRE (Jarrow Formulas, Los Angeles, CA, USA) daily, only use EVOO for cooking (maximum 2 tablespoons/day) and eat 1.5 cups of oatmeal (Bob's Red Mill, Milwaukie, OR, USA) daily. Patients whose total cholesterol was 200 to 225 mg/dl were instructed to consume 2400 mg of RYRE, whereas patients whose total cholesterol was greater than 225 mg were instructed to consume 3600 mg of RYRE.


      Subjects were provided a food diary with instructions to complete it to monitor their intake of the dietary interventions. Subjects also had an end of study interview to assess compliance to the study protocol.


      Fasting lipid panels, complete blood count (CBC), liver function tests and chemistry panels were measured at 0, 3 and 6 months. The food diary was analyzed to assess patient compliance level.


      In terms of statistical analysis, the study was powered to detect a 12% reduction in LDL-C with an anticipated 19 mg/dL standard deviation for change in LDL-C levels after the initiation of the intervention. For a target type I error rate of 0.05 and standard deviation for LDL-C = 15, we estimated at least 80 subjects were needed to have a power of 80%. Considering an anticipated 5% dropout rate, 86 patients were recruited to the study.


      Results


      120 patients were screened, and 86 patients enrolled in the study (37 men and 49 women). The patients represented a variety of racial backgrounds, indicative of the ethnic diversity in the area where the study was conducted. Twelve subjects did not complete the first set of follow-up labs. The most common reason for subject withdrawal was due to scheduling conflicts. Other reasons included a development of an unrelated medical condition, difficulty swallowing pills, being started on a lipid lowering medication by their primary care physician or change in health insurance plans. Only one patient withdrew due to a side-effect from the study regimen. The patient had increased bowel gas after initiating the study regimen.


      Baseline demographics and Protocol Compliance rates


      74 patient completed 3 months of the study and 68 remained enrolled for the entire duration of the study. Baseline demographics of the patients who completed 3 months of the study are shown in Table 1.


      Compliance rates were assessed by examination of the food diary and an exit inter-view. In the exit interview, patients were asked how many days in each week they com-plied with the study protocol ranging from 1 through 7 days. A subgroup analysis was performed based on compliance rates. Patients who complied with the protocol at least 6 days of the week were considered highly compliant. 36 of the 68 patients who completed the six months of the study were deemed to be highly compliant per the criteria.


      Effect of study protocol on Serum Cholesterol levels


      At 3 months, the average reduction from baseline of total cholesterol and LDL-C was 15.2% and 22.4%, respectively. At 6 months, the average reduction from baseline of total cholesterol and LDL-C was 15.8% and 21.83%, respectively. There was no statistically sig-nificant change in HDL-C cholesterol, triglycerides or ALT levels at either time point. At 3 months only 3 of the participants did not have a decline in total cholesterol (4%) and at 6 months only 1 patient did not have a decline in comparison in the initial values (1.5%).


      A sample t-test was conducted to examine if the percent change in LDL-C was different from -24% (alpha = 0.05, 2-sided test, Figure 1). The 24% value was assigned since that is the average reduction of LDL-C observed in patients prescribed low dose statins [17]. The percent reduction of LDL-C after 6 months was -21.83% (95% CL -24.66%, -19.00%), which was not statistically significantly different from -24% achieved by statins after 6 months of treatment (p = 0.13). Thus, the T-test procedure demonstrates equivalency when comparing the reduction of LDL-C between low dose statins and the study regimen.


      Among highly compliant patients, at 6 months, the average reduction from baseline of LDL-C and total cholesterol was 30% (Figure 2) and 21.4%, respectively. There was no significant change in HDL-C, triglycerides or ALT levels in this subgroup either. The median percent reduction of LDL-C in this subset of patients after 6 months was -27.40% (95% CL -30.6%, -25.2%), which was statistically significantly lower than -24% by statin in 6-month treatment (p < 0.001).


      Discussion


      The present interventional prospective study assessed whether daily ingestion of RYRE, EVOO and oatmeal could reduce total cholesterol and LDL-C by a clinically significant extent.  Among all participants, this dietary intervention lowered total cholesterol and LDL-C similar to the levels achieved by low dose statins, a prescription medication. Furthermore, there was no significant change in the HDL-C cholesterol. This is a significant development in the treatment of hypercholesterolemia. Patients with elevated cholesterol would have a clinically proven over the counter alternative to lower cholesterol that is as effective as a low dose statin.


      Each ingredient used in this study is relatively safe. Oatmeal has been a staple of Western diets for centuries. It is made using hulled oat grains and is recommended as a breakfast cereal for individuals older than 2 years of age. Oat flour is also used to make numerous foods that are consumed worldwide [19]. EVOO is derived from the fruit of the olive and is a traditional oil in the Mediterranean region. Its use heralds back to 8th century BC and there are no known side effects of consuming olive oil [20]. The use of red yeast rice (RYR) in China was first documented in the Tang Dynasty in 800 AD [13]. It has been used to make rice wine, as a food preservative for maintaining the color and taste of fish and meat, and for medicinal properties. Medieval Chinese medical literature mentions RYR as a substance that "improves circulation". RYR continues to be a dietary staple in many Asian countries, including China and Japan, with daily consumption up to 50 grams [13].


      The mechanism by which each ingredient lowers cholesterol is unique. Oatmeal reduces cholesterol via a component known as beta-glucan which blocks the absorption of bile acids and cholesterol in the intestine and promotes their excretion. Beta-glucan may also lower cholesterol by undergoing bacterial fermentation and releasing short-chain fatty acids which may reduce cholesterol synthesis through inhibition of the enzyme HMG-CoA reductase [4]. EVOO is postulated to reduce cholesterol through the promotion of LDL-C efflux from the body. Phenolic components of EVOO reduces oxidative modifications to HDL-C and by maintaining the physicochemical properties of HDL-C, im-proves the functionality of HDL-C, especially the capacity to promote cholesterol efflux [15]. RYRE has been known to contain substances that lower cholesterol [13]. These include monacolins, which are like statins and other substances such as sterols and isoflavones.


      While oatmeal, EVOO and RYRE have each been shown to lower cholesterol, the level of LDL-C reduction achieved by the combination of the three ingredients is quite impressive. Based on past studies, one would expect the reduction to be around 20%. However, highly compliant study participants achieved a reduction of around 30%. This level of reduction indicates the three ingredients may be working in a synergistic manner to reduce cholesterol.


      There was varied response to the study protocol. For instance, a subset of study patients, who were identified as highly compliant in the exit interview, had a significantly greater reduction in cholesterol levels in comparison to the remainder of the group. This group's LDL cholesterol reduction was 30%, greater than the reduction achieved by low dose statins. Among the remainder of the study subjects, cholesterol reduced to a lesser extent and in one patient there was no reduction in cholesterol levels. One factor that likely affected the efficacy of the study protocol was the level of patient compliance. On the exit survey, the main factor that reduced compliance was the requirement to eat oatmeal daily. Patients stated that after a few weeks they became "tired" of eating oatmeal and desired other breakfast options. Patients also stated that it would be convenient if the components used in the study were available in a pill form. Inspired by patient feedback, additional research was undertaken, and a single pill has been developed that contains all three components of the study protocol.


      Another factor that almost certainly affected patient response was individual variation in diet. This study did not require that patient adhere to any particular diet. Patients were given commonly known dietary information in a handout form that comprised of healthy eating guidelines recommended by the U.S. Department of Agriculture. The only dietary stipulations were exclusive use of olive oil as the form of oil in food preparation and daily consumption of oatmeal. The rationale for this approach was to assess the effectiveness of the study regimen in a community setting where patients could easily incorporate the study protocol into their daily routine. Multiple studies have shown dramatic changes in existing diets are rarely sustained long-term [21,22].


      This study provides a novel, straightforward approach to effectively reduce LDL-C without utilizing prescription medications. The combination of RYRE, EVOO and oatmeal offers a new way to reduce cholesterol by an extent that is usually achieved by prescription medications. Such an approach to reduce cholesterol would translate into significant cost savings for the medical system, since an over the counter approach will not have associated physician visit and pharmacy costs. Most importantly, this combination of ingredients to lower cholesterol will have broad appeal to a generation of individuals seeking natural, nutritional approaches to attain good health.
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