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Summary

Hypercholesterolemia is a major risk factor fordtavascular morbidity and mortality. There is agabody

of evidence showing that low-density lipoproteid{l) cholesterol-lowering is associated with a siigaint
cardiovascular risk reduction, both in primary aedondary prevention.

Treatment strategies to achieve optimal LDL cheledtlevels include both interventions on lifestgied
pharmacological measures. The initial therapeuytpr@ach to patients with hypercholesterolemia idetia
low dietary intake of cholesterol, saturated amdr$" fats and an increase in dietary fiber, assediwith
physical activity. However, patients compliancehltese recommendations is often inadequate, eslyaaial
the medium to long term. Some dietary componentis potential cholesterol-lowering activity are prat

in small amounts in food. Therefore, in recent gedre use of "nutraceuticals" (i.e., nutrients and/
bioactive compounds with potential beneficial eféeon human health) has become widespread. Such
substances may be added to foods and beverageéakeor in the form of dietary supplements (liquid
preparations, tablets, capsules).

A growing number of nutraceuticals with slight tooderate cholesterol-lowering activity have been
proposed. However, scientific research regardirgctiovlesterol-lowering effect of some nutraceusideds
produced conflicting results; in addition, methaxptal limitations flawed the quality of severaéts.

In the present document, the cholesterol-lowertttyi#y of some nutraceuticals (i.e. fiber, phy&rsts, soy
products, policosanol, red yeast rice and berbewiiebe discussed along witll) the level of evidence on
the cholesterol-lowering efficacy emerging fromenmvientional studies in humans; 2) the possible side

effects associated with their use; 3) the categarigpatients who could benefit from their use.

Key words: berberine, cardiovascular risk, cholesterol, fibertraceuticals, phytosterols, policosanol, red

yeast rice, soy.
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Introduction

High plasma cholesterol levels are associated antincreased cardiovascular morbidity and mortahith
hypercholesterolemia being listed among the maadiovascular risk factors (1).

A large number of prospective studies have comndigteshowed a direct and independent association
between serum cholesterol and cardiovascular 2sk).(This correlation appears to be linear, with n
evidence of a threshold level above or below whitchre is a significant change in the slope of the
regression line that describes the relationshipvéen cholesterol and cardiovascular risk (1-3).
Low-density lipoprotein (LDL) cholesterol reductioboth in primary and secondary prevention trigs,
associated with a significant cardiovascular risluction (4). There is also evidence showing that t
magnitude of cardiovascular risk reduction assediatith LDL cholesterol-lowering largely depends on
pre-treatment LDL cholesterol levels, estimateddicaascular risk and timing of the cholesterol-lowwg
intervention (5- 7). Clinical trials with stating@& more recently with ezetimibe, have reinforcad t
hypothesis that LDL cholesterol-lowering producesleniable benefits in terms of cardiovascular risk
prevention. In addition, it is largely acceptedttthe greatest cardiovascular risk reduction tsiabd in
patients reaching lower plasma LDL cholesterol I&¥&,9).

The intensity of cholesterol-lowering should bepgmional to the initial absolute plasma choledtéreels,
and to the patients’ cardiovascular risk, the tatieing estimable with specific algorithms and redlarts
(). Furthermore, the higher the patients’ riskrenambitious should be the therapeutic goal todmeaed

for LDL cholesterol (1). Likewise, timeliness ofalbsterol-lowering intervention is also crucial.ipoint
arises from some considerations: 1) cardiovasciglkrassociated with cholesterol is cumulative,ateng

on time of exposure to circulating cholesterol Isvg10); 2) patients with genetic forms of
hypocholesterolemia (e.g., loss of function mutadiof PCSK9 gene), that are characterized by low LD
cholesterol levels from birth, obtain greater cavdscular risk reduction than it would be expedted

their absolute plasma cholesterol levels (11); &)lyeprescription of cholesterol-lowering therapy i
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associated with better therapeutic compliance &h2) more effective prevention of cardiovasculameve
particularly in patients at higher risk (7, 13).

Treatment strategies to achieve optimal plasma Léholesterol levels include both lifestyle and
pharmacological interventions. The initial therapewpproach to hypercholesterolemia should always
include non-pharmacological measures (1). Low dyetatake of cholesterol, saturated and “transs fand
increased intake of dietary fiber, as well as egerprograms suited to the patients physical pog&Eb, are
associated with LDL cholesterol reduction and exmmeficial effects on additional cardiovasculakri
factors. Lifestyle changes are necessary as athestipeutic approach in low risk subjects, bub ats
addition to drug therapy in patients at higher marascular risk. Despite this evidence, the effjcat
lifestyle interventions is often hampered by sometations: patients compliance is unsatisfactarg poor
adherence and maintenance in the medium- to lang-te common (14). In addition, some dietary
components with potential cholesterol-lowering\atgiare present in small amounts in food. Therefdine
use of nutraceuticals has become widespread imtrgears. Nutraceuticals are nutrients and/or oac
compounds of plant or microbial origin, with podsibbeneficial effects on human health when
supplemented in adequate amounts (often above firesent in foods). Nutraceuticals may be added to
different foods and beverages (fortified foods, @aments), or taken in the form of dietary suppletse
(liquid preparations, tablets, capsules).

A growing number of nutraceuticals with variableoldsterol-lowering activity have been proposed and
scientific research regarding some of them hasymed conflicting results; in addition, reliabiligf a
number of trials has been flawed by methodolodiaaitations. Based on this background, the choleste
lowering activity of the most popular nutraceutgcéle., fiber, phytosterols, soy products, polaud, red
yeast rice and berberine) will be discussed alottly: i) the level of evidence on the cholesteroldong
efficacy rising from interventional studies in huma2) the possible side effects associated wiir thse;

3) the categories of patients who could benefinfrautraceutical supplementation.
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Fiber

Dietary fiber consists of the edible part of platitat is not digested in the human small inteséind pass
through the large intestine quite intact. It in@sdnon-starch polysaccharides (cellulose, hemiosky
gums, pectins), oligosaccharides (inulin, fructma$accharides) and lignin.

From a functional point of view, dietary fiber isogped into 4 classes (15):

1. insoluble, non-fermentable fiber (bran). It is arsadluble fiber that is poorly fermented in the
intestine; it can exert mechanical laxative effects

2. soluble, non-viscous, fermentable fiber (inulinxwli®m, oligosaccharides). It is quickly and easily
fermented in the intestine. It does not cause as®éd viscosity and it is rapidly and completely
fermented by the intestinal microbiota. It may havprebiotic effect, but it does not exert laxative
effects;

3. soluble, viscous, fermentable fibep-glucan, guar gum, pectin, glucomannan). It is kjyic
fermented and forms a viscous gel in water, inengashime viscosity and reducing nutrients’
absorption. It is rapidly fermented in the intestithus losing its laxative effects;

4. soluble, viscous, non-fermentable fibgasyllium, methylcellulose). It reduces the absorption of
nutrients due to its viscosity and exerts laxaéffects.

The cholesterol-lowering effect of fiber is mairdye to its viscosity. Water soluble viscous fibemis a

gel that binds bile acids in the small intestind arcreases their excretion in feces. Cholestara major
component of bile; hence, the increased bile aeichlf excretion leads to an increased liver use of
cholesterol for bile production. The higher fibesoosity, the greater its cholesterol-lowering ptitd
(16,17).

It has been suggested that products of fiber fetatien in the gut (e.g., short-chain fatty acidgynexert
favorable effects on lipid metabolism (18). Obséorel studies have shown that regular consumpaion
dietary fiber is associated with a significant ¢avdscular risk reduction (19,20). In particulaoy fach

increase of 10 g/day fiber consumption, especfatisn whole cereals and fruit, 14% reduction in tis& of



101  coronary events and 27% reduction of death frororeamy heart disease has been observed (21). Tide lip
102 lowering activity of fiber has been claimed to explpart of these beneficial effects. Several swidiave
103  explored the influence of fiber supplementationptasma lipid levels. Fiber enriched diet, includimgher
104 amount of legumes, fruit and vegetables, reduc#s tbtal and LDL cholesterol levels (22-24). Corseady,
105 the effect of whole grains on plasma lipid levelsitill limited and controversial.

106 A consumption of approximately 35 g/day of fibershibeen recommended for cardiovascular disease
107  prevention. Nevertheless, the intake of fiber ishi@low the recommended daily dose worldwide (25-RB7
108 happens also among Mediterranean populations, wingditionally consumed a larger amount of fiber
109 (26,27). Therefore, in recent years, increasingre@st has been addressed to the study of the tdroles
110 lowering effect of different types of fiber addexdthe usual dieEvidence from randomized controlled trials
111 (RCTs) and meta-analyses is shown in Table 1. Qiyeliatary supplementation with fiber includirfy
112 glucan (28,29)psyllium (28,30,31), pectin (28), guar gum (28) chitosaf),(3jlucomannan (33) and
113 hydroxypropylmethylcellulose (34,35) reduced siguaiftly plasma LDL cholesterol concentrations in
114  healthy subjects, in patients with either hyperebtdrolemia or with diabetes. Reductions of plakibh
115  cholesterol levels have been observed also irsteahluating the effect of fiber supplementationtam of
116  statin therapy; some of these studies have beatucted for a fairly long period (up to six months).

117  The cholesterol-lowering effect of fiber rangesnirgl% (chitosan) to 14% (guar gum), with possible
118  variations in relation to the doses used in théedkht trials. It should be emphasized that thisatfcan be
119  greater when the daily fiber intake is higher amat £ven higher doses are unlikely to cause scgmifiside
120 effects. The effect of fiber on triglycerides angjHidensity lipoprotein (HDL) cholesterol is leskar
121 (Table 1), although some studies suggest a possiflaence of fiber in reducing postprandial
122 triglyceridemia (36,37). Additional RCTs are neededrovide a clear answer on whether dietary fiser
123  able to influence these lipid parametdrs.addition to the lipid-lowering effects, fiber proves other

124  parameters, such as plasma glucose and insuéfs|ddood pressure and body weight (18).
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In general, the quality of intervention studies docted with added fiber are satisfactory and thesults

seem to be quite comparable. In fact, on the bafsi€urrent knowledge, fiber has been the objech of

specific claim by the US Food and Drug Administati(FDA) @-glucan andpsyllium) and by the
European Food Safety Authority (EFSA)B-dlucan, chitosan, glucomannan, guar gum,
hydroxypropylmethylcellulose and pectin) for theim@nance of optimal cholesterol levels (Table 2).

In conclusion, a regular intake of fiber, mostlyathwith higher viscosity, reduces LDL cholesterol
concentrations. When an adequate intake of fib#r diet alone is not feasible, the use of fibertaonng
supplements can be an effective strategy to sabelyce cholesterol levels and possibly cardiovasaigk.
Side effects related to excessive intake of fiber anusual (38,39), except for symptoms of intestin
discomfort with higher doses (bloating, flatulengesteorism) (39).

Overall, the use of added fiber may be advisedwie®ple are unable to increase their intake dadie

fiber with natural foods: 1) in the general popigat 2) in patients with mild hypercholesterolerarad low

to moderate cardiovascular risk; 3) in patientdwiild hypercholesterolemia and/or metabolic syntro

(Table 3)

Phytosterols

Phytosterols and their esterified derivatives, @lignare bioactive compounds of plant origin; thee
structurally similar to cholesterol and are poahsorbed in the gut (0.5-2% for sterols and 0.@440for
stanols). They are found in small amounts in fruegetables, nuts, seeds, cereals, legumes arthleds
and their average dietary consumption is aboutr8§@ay, although it may be higher in vegetariar@¥) (6
mg/day) (40).

The cholesterol-lowering effect of phytosterolsniainly due to their structural homology with chaéesl.
Phytosterols reduce intestinal cholesterol absompitiy competing with dietary and bile cholestefolthe
enterocytes, they are carried back into the imtaktiumen by the ATP-binding cassette sub-family G

member 5 (ABCG5) and ABCG8 transporters and exdrnet¢he faeces (41).
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Cross-sectional studies have shown an inverse iaisocbetween natural plant sterols intake and LDL
cholesterol levels (42-44). In agreement with tHes#ings, RCTs and meta-analyses show that aeased
intake of phytosterols reduces significantly pladotal and LDL cholesterol levels by about 12 mg(eB-
10%) in healthy subjects and in patients with hgpelesterolemia (45-51) (Table 4). A similar chtdesl
reduction has been observed in a meta-analysisidies performed in diabetic patients (52) (TableThe
effect of phytosterols on plasma triglycerides &l cholesterol levels is unclear. Clinical trigdeovide
conflicting results and meta-analyses show no Bggmt effect of supplementation of phytosterolstibese
parameters (47,51-53) (Table 4).

The cholesterol-lowering effect of phytosterols egs to be higher in patients with plasma LDL chiamol
levels above 160 mg/dL (45-48). Also, phytostermlticed cholesterol-lowering is greater in patients
heterozygous than in patients with homozygous lojpesterolemia (54). No evidence of interaction of
phytosterols with most lipid-lowering drugs (statirezetimibe, fibrates) has been described. Moreave
additive cholesterol-lowering effect has been dbedr when phytosterols are taken in combinatiorh wit
statins and ezetimibe (40).

The efficacy of phytosterols in reducing plasmalesi@rol levels is dose dependent for doses below 3
g/day; above this dose a plateau effect is commatigerved without any further significant LDL
cholesterol-lowering effect. Moreover, it has bedrown that the efficacy of phytosterols and stam®ls
similar up to a daily consumption of 2 g (55), tager being the dose of phytosterols recommengaudst
scientific societies (1,56-58).

A sufficient intake of phytosterols is rarely prded by diet, even in vegetarians; therefore, phgtots are
used to enrich foods and drinks (e.g., margaringust drinks, cream cheese, bakery products) or Ineay
part of specific supplements.

Phytosterols have no significant side effects wtiery are used at the recommended doses. However, an
excessive intake of phytosterols may be associai#iil a reduced intestinal absorption of fat-soluble

vitamins; therefore, patients taking high dosesplytosterols should be informed of this possibk.ri
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Sitosterolaemia is a rare autosomal recessive siseaaracterized by phytosterols’ accumulation wue
ABCG5 or ABCGS8 gene mutations. Homozygosity fostbondition is characterized by an abnormally high
intestinal absorption of sterols, severe hyperdietelemia, early atherosclerosis development and
increased cardiovascular morbidity and mortalit§)(8Conversely, heterozygous patients are asymgioma
and can tolerate the intake of sterols with dighaaigh it has not still defined the threshold adavhich
consumption of phytosterols may be harmful for éheslividuals. No side effects for regular consuompt

of 2 g/day of phytosterols have been recorded.

Data on the hypocholesterolemic effect of phytmdsederive from good quality intervention studies

performed in a quite large number of subjects; all.ethe results reported appear to be quite cterdisin

this light, FDA and EFSA released a claim relatethe use of phytosterols for LDL cholesterol retttin
(Table 2). EFSA recommended not to exceed a doSegdflay and suggests that patients receiving-lipid
lowering medications should use phytosterols undedical supervision. FDA released a health claim
recognizing the reduction of coronary artery dise@gsk for a dose of phytosterols up to 3.4 g/&milarly

to most nutraceuticals, the cost of phytosterolptementation should be considered, because contsnuo
treatment is needed over time to maintain its @telel-lowering efficacy (Table 3).

In accordance with the major international sciénsbcieties (1,56-58), the regular use of 2 giofay
phytosterols under medical supervision may be advisr reducing LDL cholesterol by 10%:

1) in patients with mild hypercholesterolemia domd to moderate cardiovascular risk, when drugapegr

is not yet indicated; 2) in patients already ongdihierapy who cannot achieve the recommended LDL

cholesterol target levels;3) in patients with doeated intolerance to multiple statins (Table 3).

Soy
Soy (Glycine max) is an East Asian native legumeplant, rich in proteins (36-46%, depending on the
variety), lipids (18%), soluble carbohydrates (1586Q fiber (15%). The high content of essentialrami

acids is a particular feature of soy compared bemokegumes. Soy contains also several micronusrigunch
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as lecithin (0.5%), sterols (0.3%), isoflavonesl$0), tocopherols (0.02%) and low levels of tocotois,
lignans and sphingolipids (60). Nutritional propestand health benefits of soy have been studiechémy
years, with epidemiological observations suggeséingnverse relationship between soy consumpti@h an
cardiovascular risk. The cholesterol-lowering effetsoy is generally attributed to its isoflavoc@ntent.
Isoflavones are phytoestrogens which are able nal ltihe estrogen receptor and to exert estrogen-like
activity. They affect lipid metabolism either ditgcby modulating lipogenesis and lipolysis, or inedtly

by regulating appetite and energy balance (61).b&ay processing thecniques, varieties of soy and
culturing conditions influence the amount of soyflavones (62). Whole soybean, that is less condume
Western countries, has the highest concentratiasofiivones, whose content decreases progressiely

the increasing degree of soybean processing (62).

The cholesterol-lowering effect of soy (63) mayrblated also to its content in lecithin, phytoskeremdp-
glucan, which are able to reduce intestinal chetestabsorption (60,64). Moreover, soy proteinsudimg
B-conglycinin (7S globulin) and glycinin (11S glo)| and peptides obtained by their intestinal lojyhis
may exert cholesterol-lowering effects by promotiig -receptor (LDLR) expression (65,66).

A meta-analysis of 38 studies performed betweery & 1994, concluded that soy proteins are able to
reduce LDL cholesterol levels by 12.9% (67). Thisservation has prompted FDA to release a claim in
1999 (Table 2) stating that dietary intake of 28ag/ of soy protein can reduce cardiovascular rg&.(
Several meta-analyses (50,69-76) have later denadedt that soy protein-induced LDL cholesterol
reduction ranged from 4% to 6% (Table 5). In 20BESA has rejected a claim on the possible benéficia
effects of soy because of lack of evidence of arcbause-effect relationship (77). However, mooendy
Health Canada observed that 33% of interventionaiss with either isolated or concentrated s@tens
found a significant reduction in plasma LDL choést levels (78). Overall, trials performed in retgears
have provided contradictory results on the chotestewering effects of soy (77-81).

The inconsistency of these data might have difterexplanations. Soy contains several bioactive

components exerting a possible influence on plasdiacholesterol levels, although it is not cleariarhof

10
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them is primarily responsible for the greatest ebtdrol-lowering effect; type, dose and duratiorsoy
supplementation and the different characteristicshe studied populations make results of thesastri
difficult to be interpreted and compared each otl@mally, it should be kept in mind that a statislly
significant but modest reduction in plasma LDL @stérol levels might not necessarily be assochattda
significant clinical benefit, given the absencedata on cardiovascular outcomes. Therefore, siogassa
source of vegetable protein, fiber, unsaturates, fatamins, minerals and phytonutrients its dieiatake
can be encouraged. In addition, consumption ofgogucts can be a useful substitute for animalcur
foods that naturally contain more saturated fat@ralesterol.

Evidence on the cholesterol-lowering effect of aigtsupplementation with soy products is currently
contradictory; thus, such supplementation may vesad but with some level of uncertainty: 1) in the
general population; 2) in patients with mild hygestesterolemia and low to moderate cardiovascigér r

(Table 3).

Policosanol

Policosanol (PCS) is a mixture of long chain linediphatic alcohols (octacosanol, tetracosanol,
hexacosanol, and others) that are present in beegwatatoes, rice bran and in sugar cane (82). The
mechanism behind PCS-induced cholesterol-loweragriot yet been fully elucidated. It has been sedgs
that PCS inhibits 3-hydroxy-3-methyl-glutaryl-cogne A (HMGCo0A) reductase, thus reducing
cholesterol synthesis (83,84). PCS has been usédid$owering agent in Cuba since 1991; until 200
scientific literature on the potential cholestdimkering effect of PCS was derived from studiesCuba
(85-99). These studies (100,101) showed that steya-derived PCS reduced LDL cholesterol similaoly
statins and more than plant sterols; in additio@SPraised plasma HDL cholesterol levels without
significant side effects (Table 6). PCS-inducedlesterol-lowering seems to be dose dependent iosa d
range of 2 to 40 mg/day. More recently, the bemafieffects of PCS on plasma cholesterol levelsHaeen

guestioned by the results of several RCTs performdéurope and the US; these RCTs failed to fing an

11



250 significant effect of PCS on plasma cholesteroklsvn different clinical settings. The lack of ¢esterol-
251 lowering efficacy has been confirmed for both Culsagar cane-derived PCS (102,103) and for PCS
252  extracted from different sources (104,105). In 2@BASA rejected a claim on the beneficial effe¢t®GS
253  for lack of evidence of a cause-effect relationgbapween PCS supplementation and cholesterol-lageri
254  (106).

255  Without consistent data on the cholesterol-lowegffgcacy from different and independent research

256  groups, the use of PCS cannot be advised for deotddowering.

257

258 Red yeastrice

259 Red yeast rice (RYR) is a fermented product of used for centuries in China for the preparatiomic#
260 wine, as a flavor enhancer, as a food coloring fmdtherapeutic purposes as "aid for digestion and
261 circulation" (107).Fermentation of red rice by the yedébnascus purpureus produces, among the others,
262  monacolin K, a monacolin that is structurally anddtionally similar to lovastatin (107,108). Mon&dndK
263 is able to inhibit HMGCOoA reductase and cholestaxgithesis. The cholesterol-lowering efficacy of RY
264 might be only in part attributable to monacolin Kccordingly, RYR contains at least 10 different
265 monacolins, many of them with supposed HMGCoA réake inhibitory activity. Furthermore, RYR
266  contains phytosterols, which are able to reducestimal cholesterol absorption, as well as fibet amcin,
267  which exert cholesterol-lowering effects (108,108¢veral trials have reported that RYR is effechwel
268 safe in the treatment of patients with mild to nmatke hypercholesterolemia. Placebo-controlledsrisdme
269 of these lasting more than four years, have comefiirthe cholesterol-lowering effect of RYR, with a
270  reduction of total cholesterol ranging from 16%3t and of LDL cholesterol from 22% to 32% (110).
271 The prescribed daily dose of RYR was variable gséhtrials, as well as the content of monacolirf khe
272 different RYR preparations (Table m);some of these trials, the dose of monacolin &eeded 10 mg/day.
273 The first prospective double-blind placebo-con#dltrial in the American population has been pentt

274 in 1999 (111). Untreated patients with hyperlipige@mere randomized to receive either 2.4 g/day YRR

12



275 or placebo for 12 weeks. At the end of the studL Lcholesterol levels were significantly different
276  between the two groups compared to baseline; Lilesherol levels decreased by 39 + 19 mg/dL (2290) i
277  the group receiving RYR and 5 £ 22 mg/dL (5%) ia tllacebo group. No adverse events were reported in
278 the two treatment arms (111). Additional clinicalals with RYR and meta-analyses (112-115) have
279  reported similar results in different study popigdas (Table 7). In a meta-analysis of thirteen canized
280 placebo-controlled trials (113) including over 8@¥slipidemic patients, RYR reduced significantly ILD
281  cholesterol levels by 34 mg/dL compared to placehe;cholesterol-lowering effect of RYR was neither
282 related to the dose and the duration of the nuiitecad supplementation nor it was associated with
283  significant side effects.

284  Similar results have been reported in other metdyars (112,114,115), confirming the cholesterol-
285 lowering efficacy of RYR and its good safety prefiln particular, a meta-analysis by Gerard e{ldl4)

286  showed that the incidence of muscle, hepatic andl radverse events was comparable between RYR and
287  placebo; overall, the clinical relevance of thegiole adverse events of RYR were moderate, butigtrne
288 underlined also the incomplete reporting of safééya in most individual trials included in this et
289 analysis (114).

290 Randomized trials have investigated the safetyilpraff RYR in patients who discontinued or refused
291  treatment with statins. RYR tolerability was conmgzhmwith that of pravastatin in patients with a drigtof

292  statin-induced myalgia (116). Comparable LDL chtes reductions (30% and 27% in the RYR group and
293  in the pravastatin group, respectively) were adckgem both treatment groups, with also a low preneé¢ of
294  myalgias (5% and 9% in the RYR group and in thev@statin group, respectively). In patients withtiata
295 intolerance, supplementation with 3.6 g/day of RYd&luced plasma LDL cholesterol levels by 27%
296 compared to placebo, with a comparable safety Iprbfetween RYR and placebo (117). Particularlynpai
297 scale, serum creatine phosphokinase and liver emigwels did not differ in the two groups.

298 The impact of RYR on cardiovascular prognosis hasnbstudied in the “China Coronary Secondary

299  Prevention Study” (118); this trial recruited 487&tients with previous myocardial infarction anddeate

13



300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

hypercholesterolemia, randomized to receive euenzhikang (i.e., a purified extract of RYR containing
5-6.4 mg of monacolin K) or placebo for 5 yeaXaenzhikang reduced plasma LDL cholesterol levels by
20% and the risk of coronary heart disease even#dbhbo compared to placebo. Moreover, treatment with
Xuenzhikang also reduced significantly total mortality by 33%ardiovascular mortality by 30% and
coronary revascularizations by 33%, with a comparatafety profile to placebo. Improvement of
endothelial function following RYR spplmentation1d) futher supports the possible cardiovascular
protective effect of RYR. The “Task Force for thamagement of dyslipidemias of the European Sooikety
Cardiology and the European Atherosclerosis Sdtietjluded RYR among those nutraceuticals with a
documented cholesterol-lowering activity (1).

On the basis of the quality and consistency ofdiita present in the literature in 2011, EFSA esglbthe

cause-effect relationship between use of RYR andter@ance of an adequate plasma LDL cholesterol
concentration in the general adult population; #fisct would be reached with a dose of 10 mg/day o
monacolin K. Monacolin K is subjected to the saesnctions of lovastatin. In 2007, a claim by FDA
underlined the potential risks arising from onlgt®pping of products containing RYR. Since 2007AFD
did not release further advices on this topic (€&l In 2016, the Joint Commission of Expertshef t
Federal Office of Consumer Protection and Foodt84BVL) and the Federal Institute for Drugs and
Medical Devices (BfArM) in Germany has decided thiaiducts with a monacolin K dose of 5 mg per day
have a significant pharmacological/metabolic acéad therefore should be classified as drugs.

Safety of different preparations containing RYRI&bated, in part because composition of products
containing RYR is quite variable (120). For instancommercial preparations labeled as containif@igné@
of RYR per capsule, have been reported to cont@iiable amounts of monacolin K, ranging from Q@1
11.15 mg/capsule. Moreover, some RYR preparationtamed citrinin (121), a mycotoxin with possible
renal toxicity. Therefore, the use of commerciapgarations of RYR should be supported by adequate

demonstration of purity, safety and cholesteroldang efficacy.
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On'the basis of current knowledge, the use of R¥éparations containing a monacolin K ded® mg/day
can be advised in patients with mild to moderatdiogascular risk and LDL cholesterol levels exacagd
th recommended therapeutic targets by 20-25% er tEsspite adequate lifestyle changes have been

implemented (Table 3).

Berberine

Berberine (BBR) is an isoquinoline alkaloid thatestracted from different plants, including Berlseri
vulgaris, Coptis chinensis, Berberis aristata (12R has anti-microbial, immune-modulatory, anti-
tumoral and metabolic effects (122). Additional deable effects of BBR on cardiovascular system have
been proposed, considering that BBR promotes viadmah, reduces the risk of congestive heart failur
cardiac hypertrophy and arrhythmias (123). The ettelol-lowering effect of BBR have been related to
different mechanisms of action. BBR promotes ameased expression and half life of the LDLR on the
hepatocyte surface (124); the transcriptional &@gtiof the LDLR promoter is increased by BBR-inddce
stimulation of the activation of JNK/c-jun. AlsoDLR mRNA is stabilized by ERK modulation (125).
Overall, all these effects promote an increasedesgon of the LDLR. In addition, BBR reduces the
expression of PCSK9 in vitro; because PCSK9 promlysosomal degradation of the LDLR, BBR-induced
PCSK9 inhibition might increase LDLR availability26). Finally, BBR-induced activation of AMPK,
which in turn inactivates HMGCOA reductase (127)aymhave a role in cholesterol- and triglyceride-
lowering.

A study evaluating the effect of BBR in patientsttwihypercholesterolemia has shown significant
cholesterol- and triglyceride-lowering effects oBmB, with 25% and 35% reductions of plasma LDL
cholesterol and triglyceride levels, respectivel?¥); these effects were more pronounced in patieat
receiving other lipid-lowering drugs.

The lipid-lowering effects of BBR have been evahghin three meta-analyses (128-130, Table 8). xng

al. (128,129) performed two meta-analyses of trialpatients with hypercholesterolemia and/or type
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diabetes. The dose of BBR used in the differeattnanged from 0.5 g to 1.5 g/day. These metaysesl
reported similar findings: BBR was associated vaith5 mg/dL decrease of plasma LDL cholesterol &vel
along with a significant reduction of plasma triggyide level and a mild but significant increaselaisma
HDL cholesterol concentrations (Table 8).

The lipid-lowering efficacy of BBR was compared hvitthat of simvastatin. In patients with
hypercholesterolemia, a 2-month treatment witheeitBBR, simvastatin or their combination, reduced
plasma total cholesterol, LDL cholesterol and yrogiride levels (131). Combination therapy redudeadma
LDL cholesterol levels compared to the individuefiee treatments. Moreover, adding BBR to simvastat
improved the mild statin-induced triglyceride-lowey of simvastatin alone (131). Possible side ¢$fext
BBR emerged mostly in those trials using the higlieses of BBR; side effects included constipation,
diarrhea, abdominal distension and bitter tastehexmouth (129). Repeated oral administration oRBB
reduced the CYP2D6, CYP2D9 and CYP3A4 cytochroniwigcin healthy subjects (132); thus, possible
interactions between BBR and drugs that use theesdegradation pathways need to be considered.

Although results from intervention studies with BBIRe quite consistent, it should be noted that atrath

interventional trials with BBR have been performéa Asian populations, that makes results’

generalizability difficult. Moreover, bioavailalii of the different BBR preparations is a matterdebate.

Accordingly, the intestinal absorption of BBR igeaf minimal and with a wide inter-individual varikly;
this issue could be responsible for a possibleabdity in the lipid-lowering efficacy of the diffent BBR
preparations.

Neither EFSA nor FDA have released yet specifioxtdaon the cholesterol-lowering efficacy and safaty
BBR.

Based on current knowledge, if the results obsenvésian populations would be confirmed in othémeic
groups, the use of BBR at a dose of 0.5-1.5 g/dajdcbe advised in:

1) patients at mild to moderate cardiovascularwghk LDL cholesterol levels exceeding recommended

therapeutic goals by 20% or less, despite lifesthEnges have been implemented; 2) patients withtmi

16



374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

moderate hypercholesterolemia and metabolic synelramparticular those with modest increases in
triglycerides or initial dysglycemia, possibly inrabination with a statin; 3) patients with diffetéevels of
risk in which there is a clear and documented ertirice to multiple statins or who refuse statiattreent

(Table 3).

Nutraceutical combinations

Evidence reporting the cholesterol-lowering efficanf different nutraceuticals has raised considerab
interest on this topic and prompted the developrménbvel preparations containing multiple nutraezsals
with the aim to reach greater total and LDL chaestreductions.

The possibility to combine different nutraceuticalsses from two main speculative assumptions:ol) t
exploit the possible complementary lipid-lowerinffeets of each nutraceutical; 2) to reduce nutracal
doses in order to ensure tolerability while maimitag the lipid-lowering efficacy. To date, few RChave
been performed to support this assumptions.

The effect of combining fiber and phytosterols bagn presented in a review of interventional stjdie
normolipidemic and moderately hypercholesterolemdividuals (133); an average reduction of plasma
total and LDL cholesterol levels of 8 and 11%, extively, has been reported. The variety of fiber
supplements combined with phytosterols stronglgcff the cholesterol-lowering efficacy. In additibmno
studies comparing the effect of the individual comgnts versus their combination, revealed a siightl
higher cholesterol-lowering effect of the nutracealtcombination (134,135).

The combination of phytosterols and RYR did notvide an additional cholesterol-lowering effect
compared to the individual nutraceuticals (136).

The combination of RYR, BBR, PCS, astaxanthin (ASegenzyme Q10 (CoQ10) and folic acid (FA)
reduced plasma LDL cholesterol levels by 25%, witheelevant side effects (137). This combination
reduced total cholesterol, LDL cholesterol andlyagrides in patients with hypercholesterolemia8(13

moreover, the same nutraceutical combination retltt®@ MA index, suggesting a possible positive effect
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on " insulin sensitivity.  Additional studies have beeperformed using the combination of
RYR/BBR/PCS/ASX/CoQ10/FA; specifically, patients thvi polygenic hypercholesterolemia, coronary
artery disease, statin intolerance, and childrethh wither heterozygous familial hypercholesterokerar
familial combined hyperlipidemia have been treatath this nutraceutical combination (139-145). Qalgr
these studies confirmed the LDL cholesterol-lowgmfficacy of the nutraceutical combination (frotb%

to 32%), with a greater cholesterol reduction itigras with higher pre-treatment LDL cholesteraldks. A
recent systematic review and meta-analysis of RC3Slsowed that the combination of
RYR/BBR/PCS/ASX/CoQ10/FA was associated with sigaifit reductions of plasma total cholesterol
(-26.15 mg/dL), LDL cholesterol (-23.85 mg/dL),glsiceride (-13.83 mg/dL) and glucose levels (-2.59
mg/dL), and a modest but significant increase afspla HDL cholesterol levels (2.53 mg/dL) (146).
Finally, small sample size studies have shownttih@isame nutraceutical combination was able toorer
endothelial function, aortic stiffness, endotheimliry and low-grade systemic inflammation (13®1317).
Although the use of nutraceutical combinations rhigave possible advantages in terms of efficacy and
tolerability, evidence is still lacking on the potial additive/synergistic cholesterol-loweringexfts of the
different nutraceuticals. Finally, the cholestdmiering benefit provided by the addition of PCSatoy

nutraceutical combination is questionable.

Common issues of nutraceutical supplementation

Although health benefits may arise from the usedifferent nutraceuticals with cholesterol-lowering
activity, their use might be also associated withsgible risks, some of which are common to all
nutraceuticals whereas other risks are relategeoific nutraceuticals.

Single-center design, short duration of supplentemaand small sample size of most trials testing t
cholesterol-lowering efficacy of nutraceuticals #ne main limitations. Hence, despite a number efam
analyses have been published confirming the beakfifluence of some nutraceuticals on lipid plefi

results of larger multicenter trials are desirable.
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The independent buying and use of nutraceuticalghtmencourage patients under pharmacological
treatment to reduce or discontinue medicationsawitta prior consult with physicians. In agreemerthw
this possibility, propensity to self-treatment grabr compliance to drug therapy has been recordezhg
statin-treated patients who were informed on thesiple beneficial effects of phytosterols (148149
Overall, the use of cholesterol-lowering nutraceal should not be considered as the “safe aligaidb
pharmacological intervention. This is particularlyrue in patients with genetic forms of
hypercholesterolemia and in other categories oépts at high or very high cardiovascular risk.

Another point to consider is that the cost of altified foods is far higher than that of non-féad foods.

In 2008, EFSA reported that the cost/kg of plaatas-enriched products can be up to 4-times higjtean
that of non-enriched products (150). Similarly, st of products containing RYR and BBR is higtiemn
that of generic statins. Hence, if we considerdigmificant relationship between socioeconomicustatnd
dietary habits (151,152), the cost of most nutracels can potentially interfere with their regular
purchasing and, consequently, with adherence argispEnce to supplementation. This is a cruciah{oi
because as for cholesterol-lowering drugs, theagieartic effect of nutraceuticals is expected talbsely
related to their regular use. Finally, the largd ancontrolled availability of nutraceutical preg@ons (e.g.,
supermarkets, e-commerce, drugstores) and thebddgdihat their use may be suggested by physgian
nutritionists, dietitians, but also friends, relas, or decided upon by the patients themselvestmig
predispose to the risk of incorrect consumptiotheke preparations and to the consequent side<sfidus
risk might be higher for those nutraceuticals Wgharmacological" properties.

This statement highlights the need for a closeaboltation between physicians, nutritionists, healihe
professionals and patients in order to prevent widespread improper and uncontrolled use of
nutraceuticals. In order to promote a safe andmatiuse of specific nutraceuticals, competent aittbs
and caregivers should ensure careful monitoringretcriptions, self-medications, the adequacy @edo
and compliance to nutraceutical supplementatiokerole in many of these processes should be glaye

physicians, that should be aware of the possild&sriof an incorrect use of cholesterol-lowering
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nutraceuticals; however, they should also consttier potential benefit of a controlled use of single

nutraceuticals or rational combinations of nutraicals.

Conclusions

Based on current literature, the cholesterol-lomgeeffect of some nutraceuticals (fiber, phytodterBYR)

is consistent and supported by a good level oinsifie evidence (Table 9). Therefore, their use nbay
advised in some particular categories of patieassyeported in Table 3. With regard to BBR, theye i
sufficient evidence showing significant cholestdmlering effects, although these effects emergethf
interventional studies carried out almost exclusive Asian populations, thus making these resdilifscult

to be generalized to other ethnic groups (TableD2}ta on the cholesterol-lowering effects of sog ar
conflicting and, therefore, the strength of theoramendation is quite low, whereas the scientificience

is inconclusive for PCS (Table 9). Among the diietr nutraceuticals combinations, there is evidence
supporting the cholesterol-lowering efficacy antegaof low doses of RYR/BBR/PCS/ASX(CoQ10/FA,
however, on the basis of the available data, therstill no demonstration of an additive/synergisti
cholesterol-lowering effect of the single nutraesals used in this combination.

Therefore, the most relevant conclusions of trageshent may be synthesized as follows:

1) On the basis of data present in the literatoreesnutraceuticals (added fiber, phytosterols,yesabt
rice) may help control hypercholesterolemia;

2) Of course, the above nutraceuticals may be &b lwamly in subjects who do not yet need

pharmaceutical treatments, or in addition to dheyapy.
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Table 1.Meta-analyses and randomized controlled trialsuimans on the lipid-lowering effects of differenpég of fiber

Fiber Tvoe of stud Subjects Average dose Mean duration Ref
P y (Number, Type) (range) (range) Observed effects ’
n:1600
) ) . Healthy subjects 5.0 g/day 6 weeks | LDL-C: -6.2 mg/dl
P-glucan (oats) Meta-analysis of 25 RCT Hypercholesterolemia (2-30 g/day) (2-12 weeks) No effect on TG and HDL-C (28)
Diabetes mellitus
n:2529
. Healthy subjects | LDL-C: -9.6 mg/dl
Meta-analysis of 28 RCT Hypercholesterolemia (3-12.4 g/day) 212808 No effect on TG and HDL-C (29)
Type 2 Diabetes
n7s? 9.1 glday 7 weeks | LDL-C: -10 mg/dl
Psillyum Meta-analysis of 17 RCT Healthy subjects . (2-30 glday) (2-56 weeks) No effect onTG and HDL-C (28)
Hypercholesterolemia
. n: 1717 | LDL-C: - 11 mg/dl
Meta-analysis of 21 RCT Hypercholesterolemia (3-20 g/day) (2-26 weeks) No effect on TG (30)
n:187 | LDL-C: -11 mg/dI (-6%)
RCT Hypercholesterolemiaon 14 g/day 8 weeks 1 TG: -20 mg/dI (-17%) (31)
pharmacological treatment No effect on HDL-C
n: 277
. . Healthy subjects 4.7 g/day 5 weeks | LDL-C: -9.9 mg/dI
Pectin Meta-analysis of 7 RCT Hypercholesterolemia (2-30 g/day) (4-6 weeks) No effect on TG and HDL-C (28)
Diabetes mellitus
n: 356
) . Healthy subjects 17.5 g/day 66 days | LDL-C: -22 mg/dI
Guar gum Meta-analysis of 18 RCT Hypercholesterolemia (2-30 g/day) (4-24 weeks) No effect on TG and HDL-C (28)
Diabetes mellitus
| LDL-C: -6.2 mg/dl
. . n:1219 3.7 g/day 8.3 weeks
Chitosan Meta-analysis of 9 RCT . 1 HDL-C: 1.2 mg/dI (32)
Healthy subjects (0.24-15 g/day) (4-24 weeks) 1 TG: 11 mg/di
n: 231, | LDL-C: -16 mg/dI
. Healthy subjects
Glucomannan Meta-analysis of 14 RCT 4 (1.2-15.1 g/day) (3-16 weeks) | TG: -11 mg/dI (33)
Hypercholesterolemia
) . No effect on HDL-C
Diabetes mellitus
A: | LDL-C: -14 mg/dl
n:52 A: 5 g/day No effect on TG and HDL-C
HPMC RCT Hypercholesterolemia B: 15 g/day 8 weeks B: | LDL-C: -14 mg/dI (34)
No effect on TG and HDL-C
n:13
-C: (- 0,
RCT Hypercholesterolemia on 5 g/day 4 weeks | LDL-C: (-10%) (35)

pharmacological treatment

No effect on TG and HDL-C

1:increase|: reduction, HDL-C: HDL-cholesterol, LDL-C: LDL-chesterol, HPMC: hydroxypropyl-methylcellulose , TtHglycerides, RCT: randomized controlled trials.
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Table 2.Claims released by EFSA and FDA on nutraceuticils eholesterol-lowering activity

Effective dose

Nutraceutical evaluated in the EFSA FDA
claim
Fiber:
. Reduction del LDL-C
- * -
B-glucan > 3 g/day Reduction of LDL-C Reduction of CHD risk
Chitosan 3 g/day Maintenance of normal levels of LD )
Glucomannan 4 g/day Maintenance of normal leveldif-C )
Guar gum 10 g/day Maintenance of normal levelsDEAC )
HPMC 5 g/day Maintenance of normal levels of LDL-C )
Pectin 6 g/day Maintenance of normal levels of LOL- )
Psyllium > 7 g/day - Reduction of LDL-C
Phytosterols 3 g/day Reduction of LDL-C ReductiohBL-C
Soy derivatives 25 g/day - Reduction of CV risk

Policosanol

Red Yeast Rice

Berberine

10 mg/day of
monacolin K

Monacolin K has the same

Maintenance of normal levels of LDL-C restrictions to which is subjected

lovastatin.

* From oats and barley, CHD: coronary heart diseeB&-C: LDL cholesterol, CV: cardiovascular, HPMC:
hydroxypropylmethylcellulose.
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Table 3. Advantages, disadvantages and possible indicatibaisolesterol-lowering nutraceuticals

Advantage Disvantages Possible indication

Fiber - LDL-C reduction by 4-14% Intestinal discomfort for excessive doses - General population that fails to increase fibéake with diet
- Effect on other CV risk factors alone
- Relatively low-cost - Patients with mild hypercholesterolemia and lownmderate

cardiovascular risk *
- Patients with mild hypercholesterolemia and metalsyindrome

Phytosterols - LDL-C reduction by 8-10% - Self purchasing by patients and risk of no medical- Patients with mild hypercholesterolemia and lownmderate
- No interaction with lipid-lowering supervision cardiovascular risk *
drugs - Possible excessive intake with the risk of reduced- Patients with intolerance to multiple statins
absorption of fat soluble vitamins - In addition to drug therapy for patients who do rezch optimal
- High cost levels of LDL-C
Soy products - LDL-C reduction by 4-13% - Self purchasing by the patient - General population
- Risk of allergies - Patients with mild hypercholesterolemia and lowrtoderate
- High cost cardiovascular risk *
Red Yeast - LDL-C reduction by 16-25% - Variability of composition and purity of OTC - Patients with mild to moderate hypercholesterolesmid low to
Rice - Good safety profile products moderate cardiovascular risk **
- Reduction of cardiovascular risk - Self purchasing by patients and risk of no medical
supervision

- Higher cost compared to generic statins
- Possible side effects at high doses

Berberiné - LDL-C reduction by 20% - Variability of intestinal absorption - Patients with mild to moderate hypercholesteroleamid low to
- Better safety profile in patients - Self purchasing by patients and risk of no moderate CV risk ***
with intolerance to multiple statins  medical supervision - Patients with mild hypercholesterolemia and metatsyindromé
- Favorable effect on TG, HDL-C - Higher cost compared to generic statins - Patients with intolerance to multiple statins
and blood glucose - In addition to drug therapy for patients who do rezch optimal

levels of LDL-C

* patients requiring a reduction of LDL cholesterglup to 10-15%, ** patients requiring a reductidrL®L cholesterol by up to 20-25%, **patients requiring a reduction of LDL cholesterglup to
20%, 8 studies performed almost exclusively in Asian pagiohs and therefore not easily transferable tergpopulations’ Even in combination with a statin, in patientshwitodest increase in serum
triglycerides and/or blood glucose. HDL-C: HDL césterol, LDL-C: LDL cholesterol, CV: cardiovascyld@G: triglycerides; OTC: over the counter.
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Table 4. Meta-analyses of randomized controlled trials imans on the lipid-lowering effects
of phytosterols

Subjects

Average dose

Mean duration

Type of study (Number, Type) (range) (range) Observed effect Ref.
Meta-analysis r::h>450t?' /d K . dl
of 49 RCT Healthy subjects . (0.3-9 g/day) (3-26 weeks) | LDL-C:-12 mg (46)
Hypercholesterolemia
. n: 1273
Meta-analysis . 2.08 g/day i | LDL-C: -14 mg/d! (-6/-15%)
of 20 RCT Healthy subjects . (0.45-3.2 g/day) (2-52 weeks) No effect on TG and HDL-C (“47)
Hypercholesterolemia
. n: 6805
Meta-analysis . 2.15 g/day ) . aqo
of 84 RCT Healthy subjects _(0.45-9 g/day) (21-182 days) | LDL-C: -13 mg/dI (-8.8%) (48)
Hypercholesterolemia
Meta-analysis Healr;EZZIBJ?)'ects 1.6 g/day 28 days | LDL-C: -13 mg/dI (-8.5%) (49)
of 41 RCT YSUDIEC'S =~ (93.32g/day)  (21-315days)  No effect on HDL-C
Hypercholesterolemia
Meta-analysis Healthy subjects 2.1 g/day o 0
of 124 RCT  Hypercholesterolemia (0.2-9 g/day) At leastyyerks | LDL-C: -6/12%. (50)
n: 453
Meta-analyisis Familial (1.6-2 g/day) (4-8 weeks) | LDL-C: -25 mg/dI (51)
of 6 RCT Hypercholesterolemia No effect on TG and HDL-C
Meta-analysis n: 148 | LDL-C: -12 mg/dI
of 5RCT Diabetes mellitus (1.8-3 g/day) (3-12 weeks) N5 effect on TG and HDL-C (52)
- i . s -B0,
Meta-analysis n: 935 (0.8-4 g/day) (3-4 weeks) | TG: -11 mg/dl (-6%) (53)

of 12 RCT

Hypercholesterolemia

No effect on HDL-C

*2 studies with supplementation of stanols andufliss with supplementation of sterafsjncrease: reduction, HDL-C: HDL
cholesterol, LDL-C: LDL cholesterol, TG: triglycees, RCT: randomized controlled trials.
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Table 5.Meta-analyses of randomized controlled trials imhas on the lipid-lowering effects of soy

Subjects Average dose Mean duration
Type of study (Number, Type) (range) (range) Observed effect Ref.
Meta-analvsis n: 743 Soy proteins | LDL-C: -12.9%
of 38 RCYI' Healthy subjects 47 g/day - | TG: -10.5% (67)
Hypercholesterolemia (18-124 g/day) 1 HDL-C: 2.4%
n: 959 Soy proteins
Meta-analysis : . (19-60 g/day) | LDL-C: -6.56 mg/dI
of10RCT Hgf::'thhg’l :;2{%?; . lsoflavones A" least 14 days Xy ¢ 1.16 mg/di (69)
yp (1-95 mg/day)
n: 639 Soy proteins
Meta-analysis Healthy subjects (25-100 g/day) . (70)
of 8 RCT Hypercholesterolemia  Isoflavones | LDL-C: -5.79 mg/d
(3-132 mg/day)
Meta-analysis Inr:11833b Isoflavones ( ks) { LDL-C: -5.25% 1)
Healthy subjects ) 4-26 weeks 1 TG: -7.27% 71
of 23 RCT Hypercholesterolemia (3-185 mg/day) 1 HDL-C: 3.03%
. Soy proteins
) . n: 1756 ) |LDL-C -4.25 mg/dI
Meta-analysis Healthy subjects (20-106.2 g/day) (3-52 weeks) | TG: -6.26 mg/dI (72)
of 41 RCT Hypercholesterolemia Isoflavones HDL-C: 0.77 mg/dl
yp (2-192.4 mg/day) ! +0.77'mg
. Soy proteins .
. n: 430 | LDL-C: -4.98%
Meta-analysis Healthy subjects (25-133 g/day) (3-14 weeks) | TG: -0.69% (73)
of 11 RCT Hypercholesterolemia Isoflavones 1 HDL-C: 3.00%
(0-317.9 mg/day) -
. . | LDL-C: -8.88 mg/dl
Meta-analysis n: 2913 Soy proteins (T6%)
Healthy 26.9 g/day (4-52 weeks) ; (74)
of 30 RCT Hypercholesterolemia (15-40 g/day) L TG: -7.70 mg/dl
1 HDL-C: 2.74 mg/d|
| LDL-C: from - 4.2 to
Meta-analysis Healthy subjects Soy proteins ) -5.5%
of 43 RCT Hypercholesterolemia <65 g/day (4-18 weeks) 1 TG: -10.7% (75)
1 HDL-C: 3.2%
. Soy proteins .
) . n: 183 h | LDL-C: -11.6 mg/dl
Meta-analysis Type 2 Diabetes (30-111 g/day) (6-208 weeks) | TG: -19.5 mg/dl (76)
of 8 RCT mellitus Isoflavones HDL-C: 1.9 mg/d|
(0-132 mg/day) ! - 4.2 Mg
i . . | LDL-C: 4.6 mg/dI
Meta-analysis Familial _ ) 1 TG: 22 mg/d (51)

of 14 RCT

Hypercholesterolemia

1 HDL-C: 2.7 mg/dl

1:increase|: reduction, HDL-C: HDL cholesterol, LDL-C: LDL citesterol, TG: triglycerides, RCT: randomized coliéd trials.
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Table 6. Meta-analyses and randomized controlled trialsuim&ns on the lipid-lowering

effects of policosanol

Type of study (Nu%tj)zjre,qlt'ilpe) Av?rrgr?gee(;ose Me??aﬂ;r;t'on Observed effect Ref.
. Healthy subJects | LDL-C: - 23.7%
Meta-analysis Hypertension 12 mg 29.6 weeks | TG: 12.45%: (101)
of 30 RCT Hypercholesterolemia  (5—40 mg) (4-104 weeks) ; HD'I_-C:l10.6;%)
Type 2 Diabetes
HyperC:
| LDL-C: -6%
Hypercholesterolemia * _I?ngCG%SS%
RCT Familial . 20 mg 12 weeks - T (102)
Hypercholesterolemia + LDL-C: 3%
1 HDL-C: 2.5%
| TG: -9.8%
Hypercaé)ll:s?erolemia L LDL-C: -2% to -9%
RCT Mixed 10-80mg 12 weeks | TG: -10% to 20% (203)
- . 1 HDL-C: 0.6% to 4.6%
hyperlipidemia
40 | LDL-C: -7.7%
RCT Hyperch().lesterolemia 20 mg 8 weeks 1 TG: -1.3% (105)
| HDL-C: -3.3%
1. increase, |: reduction, HDL-C: HDL cholesterol, LDL-C: LDL chesterol, TG: triglycerides, HyperC:

Hypercholesterolemia, FH: Familial Hypercholestenola, RCT: randomized controlled trials.
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548 Table 7. Meta-analyses of randomized controlled trials imaas on the lipid-lowering effects of

549 red yeast rice
550
Subjects . Mean duration
551 Type of study (Number, Type) Content of monacolin K (range) Observed effect Ref.
552
. . | LDL-C: -28 mg/dI
>3 jpriloiny Dygii;gi?nia 3-12.4 mg/day (4-82ZV Sveekesks) | TG: -36 mg/d (112)
554 1 HDL-C: 5.8 mg/dI
555
. LDL-C: -34 mg/dI

Meta-analysis n: 804 12 weeks ! )
556 of 13 RCT Dyslipidemia 2-11.4 mg/day (4-24 weeks) ! TG];f'ZO mg/d| (113)
557 No effect on HDL-C

n: 2811

558 . - ) | LDL-C: -39 mg/dl

Meta-analysis Dyslipidemia, 23 weeks .
559 of 20 RCT Type 2 Diabetes, 4.8-24 mg/day 4-168 weeks * L%ng g]g/drln dl (114)

CHD, Hypertensive el Mg

560

Meta-analysis n: 4558 | LDL-C: -24 mg/dI
261 of 21 RCT Hypertensive (RYR 1200-1800 mg/day) 4-234 weeks ' oftect on TG and HOL-C ~ (119)
562
563 1 increase,: reduction, HDL-C: HDL cholesterol, LDL-C: LDL clesterol, CHD: coronary heart disease, RYR: recstydae, TG:
564 triglycerides, RCT: randomized controlled trials.
565
566
567
568
569
570
571
572
573
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580
581
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583
584
585
586
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590

Table 8. Meta-analyses of randomized controlled trials irmhas on the lipid-lowering
effects of berberine
Type of Subjects Average dose Mean duration
study (Number, Type) (range) (range) Observed effect Ref.
Meta- _ | LDL-C: -13/-22 mg/d|
analysis T Q-zllgiszbetes 0.5-1.5 g/day (8%5 4WV(3§:§S) | TG: -19/-45 mg/dI (128)
of 14 RCT yp t HDL-C: 0.8/2.7 mg/dl
Meta- n: 874 | LDL-C: -25 mg/dI
. L . 15 weeks .
analysis Dyslipidemia, 0.5-1.5 g/day (8-52 weeks) | TG: -44 mg/dl (129)
of 11 RCT Type 2 Diabetes 1 HDL-C: 1.9 mg/dI
Meta- . | LDL-C: -25 mg/dI
analysis D sr;i' ‘ildselmia 0.6-1.5 g/day (8%7Wv3§|(;§s) | TG: -35 mg/dl (130)
of 6 RCT ysiip t HDL-C: 2.7 mg/d

1. increase|: reduction, HDI-C: HDL cholesterol, LDL-C: LDL cholesterol, TGigtycerides, RCT: randomized controlled

trials.
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592

Table 9.LDL-C reduction, levels of evidence and strengtirecfommendation

for different cholesterol-lowering nutraceuticals.

Degree of LDL Strength of

Level of evidence

cholesterol reduction recommendation
Fiber + I A
Phytosterols + I A
Soy derivatives +/- I C
Policosanol - VI D
Red Yeast Rice ++ I A
Berberin ++ % *

Levels of evidence and strength of recommendationraling to the Italian standard of care for diabet
(153):

Levels of evidence:

I: evidence obtained from multiple randomized coltéd trials and/or from systematic reviews of ramized
controlled trials;

II: evidence obtained from one randomized trial;

VI: consensus of experts.

Strength of recommendation:

A: strongly recommended,;

C: basic uncertainty;

D: no recommendation.

* The level of evidence would be I, because suppdryemteta-analysis of interventional studies, anengjth
of recommendation A; however, because these stugigs conducted almost exclusively in Asian
populations, the data are not easily transferabtetier ethnic groups.
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The cholesterol-lowering activity of some nutraceuticals (i.e. fiber, phytosterols, soy products,
policosanol, red yeast rice and berberine) has been reviewed.

The level of evidence on the cholesterol-lowering efficacy emerging from interventional studies in
humans has been evaluated.

The possible side effects associated with their use have been reported.

The categories of patients who could benefit from their use have been established.



