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Abstract
Introduction : Statins are effective in reducing high cholesterol levels; however, due to associated side effects, many 
patients actively seek alternative medications. This review evaluates the efficacy, side effects, patient adherence, cost-
effectiveness, and accessibility of dietary supplements (DS) as a treatment option for hypercholesterolemia.

Methods This narrative review compares red yeast rice (RYR), flaxseed, artichokes, bergamot, Ayurvedic mixtures 
(with garlic as a prominent ingredient), and statins for treating hypercholesterolemia. We searched PubMed, Scopus, 
and Cochrane databases for studies published between 2012 and 2024 using “hypercholesterolemia” in combination 
with a dietary supplement (red yeast rice, flaxseed, artichokes, garlic, or bergamot). The selected articles were 
published until 28th January 2024 with no language restrictions.

Results Study results suggest that alternative treatments using dietary supplements such as flaxseed, bergamot, or 
red yeast rice may effectively reduce cholesterol levels, with the specific value varying based on the study.

Conclusion The following natural ingredients - red yeast rice, artichoke extract, bergamot, garlic, and flaxseed 
- have been specifically selected for their cholesterol-lowering properties. Based on consistent usage, except for 
aged garlic extract, these ingredients appear to have a beneficial impact on cholesterol levels. (1) It is advisable to 
conduct a comprehensive cohort study to assess the efficacy of relevant dietary supplements, particularly red yeast 
rice, bergamot, and flaxseed, in treating hypercholesterolemia. This is important due to the varying effectiveness of 
alternative treatments. However, there are lingering concerns regarding the lack of supervision and quality control 
that require attention. (2) Further research into the specific molecular composition and the underlying mechanisms 
by which it reduces cholesterol levels is warranted.
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Introduction
Chronic diseases represent a significant global health 
challenge. Approximately one-third of adults worldwide 
are affected by multiple chronic conditions, including 
cardiovascular diseases, diabetes, depression, and cancer 
[1, 2]. Annually, non-communicable diseases such as car-
diovascular diseases, cancer, respiratory disorders, and 
diabetes cause approximately 41  million deaths, which 
constitutes 71% of global mortality. These chronic con-
ditions predominantly affect low- and middle-income 
countries, where 85% of premature deaths occur among 
individuals aged 30 to 69 [3]. From 1990 to 2019, the 
global prevalence of hypertensive heart disease increased 
by 137.91%, from 7.82 million to 19.60 million [4]. Based 
on these facts, it is not surprising that the desire for 
dietary supplements is also increasing. Nutraceuticals, 
dietary supplements, and functional foods offer medical 
or health benefits beyond basic nutrition. The FDA regu-
lates dietary supplements and dietary ingredients, while 
the European Commission uses EFSA for nutraceutical 
regulation, allowing health claims based on scientific evi-
dence [5]. Many of the most common diseases are mani-
fested by increased inflammation levels. So, the same 
dietary supplements can counteract different diseases 
due to the reduction of C-reactive protein over MDA 
(Malondialdehyde) [6, 7]. Propolis supplementation con-
taining prenylated flavonoids shows an improvement in 
inflammation levels in both primary pneumosepsis and 
rheumatoid arthritis, due to the reduction of cytokines, 
which also promote atherosclerosis [6, 7]. Pycnogenol 
(Maritime pine bark extract, Pinus pinaster) contain-
ing polyphenols like bergamot highlights its therapeutic 
potential in reducing inflammation and oxidative stress 
through the modulation of insulin receptor signaling 
pathways and protects against lipid peroxidation [8, 9]. 
A study has found that traditional Iranian medicine has 
demonstrated efficacy in enhancing the conditions of 
COVID-19 patients and reducing the levels of C-reactive 
protein. This traditional medicine encompasses a blend 
of Ficus carica, Vitis vinifera, Cicer arietinum, Descurai-
nia sophia seeds, safflower, Ziziphus jujuba, as well as 
chicken and barley soup, complemented by rose water, 
saffron, and cinnamon spices [10]. The compound of 
Ficus carica includes polyphenols and flavonoids [11]. 
There is evidence indicating that conjugated linoleic 
acid, particularly the c9 and t11 isomers, exhibits anti-
inflammatory properties. Nonetheless, it is important to 
note that no uniform recommendation can be provided 
[12]. In the meta-analysis by Xu et al. in 2020, green tea 
appeared to have a lowering effect on the LDL profile 
[13]. The four main catechins (flavonoids) in green tea, 
particularly epigallocatechin gallate (EGCG), exhibit anti-
inflammatory and anti-obesity properties. They func-
tion as antioxidants that prevent LDL oxidation, thereby 

inhibiting receptor binding activity in HepG2 cells [14]. 
Licorice (Glycyrrhiza glabra) contains glabridin, a flavo-
noid that activates PPARγ (Peroxisome Proliferator-Acti-
vated Receptor Gamma) and shows a lowering effect on 
cholesterol levels [15]. Considering the anti-inflamma-
tory and LDL-lowering properties of flavonoids in prop-
olis, green tea and Licorice [6, 7, 12, 15], as well as the 
benefits of conjugated linoleic acid from Ficus carica [11] 
and the therapeutic potential of Pycnogenol in reducing 
inflammation and oxidative stress [8, 9], it is important 
to understand their possible effects of one of the major 
factors oft morbidity, the atherosclerotic cardiovascular 
diseases (ASCVD). It is related to low-density lipoprotein 
cholesterol (LDL-C) [16] circulating levels, which can 
result from several factors, including hypercholesterol-
emia and dyslipidemia [17]. Defining hypercholesterol-
emia presents challenges due to the variability of blood 
cholesterol levels based on sex and age [18], as well as 
its susceptibility to environmental and genetic factors 
[19]. It can be characterized as a plasma concentration 
of LDL-C ≥ 130 mg/dL (≥ 3.4 mmol/L) and/or non-HDL-
C ≥ 160  mg/dL (≥ 4.1 mmol/L) [20]. The outcomes of a 
recent longitudinal study of 279,221 patients living in the 
UK have revealed a two-fold increase in the prevalence 
of primary hypercholesterolemia/mixed dyslipidemia 
[21]. The proportion of the population with non-HDL-
C levels below 100 mg/dL in the USA increased from 7.3 
to 30.3% between 1999 and 2018 [22]. Considering the 
extensive impact of ASCVD outcomes on a global scale, 
it is imperative to devise strategies to address atheroscle-
rosis and heart diseases by reducing blood cholesterol 
concentrations.

Hypercholesterolemia is asymptomatic; however, if left 
untreated for long periods, elevated serum cholesterol 
may contribute to atherosclerotic plaques and ASCVD 
formation [23]. Since ASCVD has long been one of the 
leading causes of death worldwide, various strategies, 
including pharmacotherapy and dietary therapies, have 
been developed to prevent its development and possible 
adverse health effects [24]. The negative impact of anti-
hypertensive medications’ adverse effects, coupled with 
high costs, particularly in regions with lower socioeco-
nomic indices, contributes to reduced treatment adher-
ence, consequently resulting in poorer medical outcomes 
[25]. HMG-CoA reductase inhibitors or statins are a 
class of hypolipemic agents that are the most prescribed 
medications for decreasing LDL-C levels [26]. However, 
as statins may sometimes cause undesirable side effects 
or are not well tolerated [27], several alternative dietary 
supplements have been developed to help reduce high 
serum cholesterol levels. However, despite their potential 
to lower cholesterol levels, no conclusive studies show 
that plant-based supplements reduce the risk of coronary 
heart disease. The purpose of this review is to provide 
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an overview and evaluation of the most recent alterna-
tive treatments for hypercholesterolemia. Our objec-
tives included assessing the effectiveness, side effects, 
patient adherence, affordability, and availability of these 
treatments. Additionally, we aimed to explore the use of 
dietary supplements (DS) for treating hypercholesterol-
emia, as well as their potential economic impact given the 
prevalence of this condition. Numerous relevant articles 
have demonstrated that the use of dietary supplements in 
cholesterol management has been extensively researched 
over the past decade. As a result, we also emphasize the 
need for further systematic studies in this area. We opted 
for a narrative review due to the considerable method-
ological diversity among the studies included. This review 
specifically focuses on research conducted from 2013 to 
2024 on the use of dietary supplements for lowering cho-
lesterol levels.

Materials and methods
Literature search strategy
In this narrative review, research results on the topic of 
alternative DS to statins were qualitatively assessed and 
summarized. The narrative review utilized a systematic 
search of keyword combinations in the three most rele-
vant medical databases: PubMed, Scopus, and Cochrane. 
The search was conducted three times by both research-
ers (IK and BK). The list of relevant articles was reviewed 
by all authors for additional potentially relevant articles. 
The literature review was conducted according to the 
guidelines for evaluating studies, including their validity, 
size, and reproducibility [28]. The selected articles were 
related to the topic and were published until 28th January 
2024 with no language restrictions. Keyword combina-
tions were used to search term combinations, and results 
are presented in Table  1 [29]. Articles were screened 
by title, abstract, and full text. The search on PubMed 
yielded 210 results comprising reviews, meta-analyses, or 
single studies addressing treating hypercholesterolemia 
with statin alternatives. Articles were selected for analy-
sis if they investigated alternative medicine in the context 
of hypercholesterolemia. The focus was on individual 

studies and meta-analyses examining the administra-
tion, effect, and procurement of statins and statin alter-
natives. For more accurate descriptions, we also used 
cited and referenced studies. When reviewing the rele-
vant articles, RYR, artichoke, bergamot, flaxseeds, garlic, 
Coenzyme Q10 and omega-3 fatty acids were noted as 
potentially useful DS. Coenzyme Q10 was excluded due 
to exclusive combination preparations and omega-3 fatty 
acids were also not included due they have been linked 
to arrhythmias [30]. We also excluded animal models, 
individual case studies and studies dealing with familial 
hypercholesterolemia. Regarding Scopus, the search was 
conducted for sources of high-quality scientific informa-
tion [31]. Free-text words were employed in the search 
[32]. Additionally, we referenced the Cochrane Central 
Register of Controlled Trials (CENTRAL).

Results
Hypercholesterolemia – the role of the statins
Statins are extensively studied pharmaceuticals designed 
to reduce both LDL-C and total cholesterol levels. They 
have been shown to produce a 15% relative risk reduc-
tion in individuals with coronary heart disease undergo-
ing intensive lipid-lowering therapy [33]. They are known 
to improve endothelial function and cardiovascular 
outcomes, reducing plaque vulnerability and inflamma-
tory processes in the body [34]. Morbidity and mortality 
from cardiovascular disease can be decreased via statin 
administration [35]. When statins are used as a control 
in DS efficacy trials, they are generally more effective 
[36]. However, the statin regimens may cause side effects, 
including liver toxicity [37], elevated levels of liver and 
muscle enzymes, and increased incidence of diabetes 
[16, 38]. A recent review on statins and their potential 
side effects showed that the most common cause to stop 
statin medication is statin-induced myopathy [38]. These 
myopathies occur as mild muscle pain or life-threaten-
ing rhabdomyolysis. Pharmacists describe the approach 
of dose modification to avoid muscle discomfort and 
switching statin types to achieve optimal treatment 
for patients [39]. In addition, as the adherence to statin 

Table 1 Search terms in PubMed, number of journal articles in 2012–2024, number of articles selected
Search term hypercholesterolemia AND ryr NOT familial hypercholes-
terolemia, hypercholesterolemia AND bergamot NOT familial hyper-
cholesterolemia, hypercholesterolemia AND artichokes NOT familial 
hypercholesterolemia, hypercholesterolemia AND flaxseeds NOT familial 
hypercholesterolemia, hypercholesterolemia AND garlic NOT familial 
hypercholesterolemia’

RYR Bergamot Artichokes Flaxseeds Garlic Ar-
ticle 
total

Found articles (n) 89 13 22 23 35 182
Adjusted for articles on animal models, without DOI or otherwise not retrievable; 
Duplicates removed:
shortlist item(s) (n)

40 8 10 5 9 72

Articles screened in depth for review (n) 36 6 5 8 8 62
Articles included in review (n) 6 5 5 8 5 29
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intake regimens is found to be suboptimal [40], physi-
cians should monitor patients closely to improve adher-
ence and manage potential side effects.

Dietary supplements – alternatives for statins?
Treatment of hypercholesterolemia with alternative 
substances lowers blood cholesterol levels without the 
known side effects of statin administration. The literature 
search on dietary supplements and hypercholesterolemia 
has revealed the RYR, artichoke, bergamot, garlic, and 
flaxseeds.

The power of red yeast rice
RYR, also known as Xuezhikang, Cholestin, Hypocol, or 
Zhitai, has been used in traditional Chinese medicine 
to regulate blood lipids and circulation [41]. It has been 
widely used for its potential efficiency on inflammation, 
blood pressure, blood glucose, cancer, and osteoporosis 
[42]. RYR is recognized as a food supplement in Europe, 
in addition to being consumed in Asian countries. It is 
important to note that RYR does not have approval as a 
food supplement in Switzerland [43, 44].

For the publication period of 2012–2024, the literature 
search retrieved 89 articles in the PubMed database. A 
total of 6 papers included RYR only to treat hypercho-
lesterolemia. We identified 10 articles in SCOPUS (title/
abstract search). In the end, 4 articles were considered. 
In Cochrane, we found a total of 12 articles with no limi-
tations. However, none of the articles were ultimately 
considered.

Three papers on RYR supplementation compared to 
placebo revealed that 200 to 2400 mg/day had a signifi-
cant efficacy on lowering blood LDL-C concentrations in 
patients with dyslipidemia. Consistent with these results, 
two research papers administering a dose of 1200 mg/day 
RYR compared to statin treatment showed similar out-
comes on blood lipids in patients with dyslipidemia and 
unstable angina pectoris. On the contrary, another study 
administering RYR supplementation (2400  mg/day) for 
28 days showed that statin (rosuvastatin) supplementa-
tion caused more significant reductions in LDL-C levels 
compared to RYR group in adults with no history of ath-
erosclerotic cardiovascular disease.

Using RYR supplements along with other herbal 
extracts also shows promising results. Together with ber-
gamot and artichoke, a synergistic effect is suspected in 
treating hypercholesterolemia [46]. Cicero et al. reported 
in 2017 an 18.2% improvement in LDL-C levels when 
RYR, artichoke extract, and banaba extract were admin-
istered to patients over a 6-week period [45]. However, 
Gerards et al. emphasized in 2015 the importance of 
heterogeneity in studies and state that better or compa-
rable results can be achieved with RYR against an inef-
fective control, as in studies with regular statin therapy 

[47]. Peng et al. considered in 2017 RYR an effective cho-
lesterol-lowering agent, especially when patients exhibit 
statin intolerance [50]. Iskandar et al. reported in 2020 
on the RYR product NutraforChol® in their double-blind, 
randomized, placebo-controlled study. Compared to the 
placebo, a 15% reduction in total cholesterol and up to 
20% reduction in LDL-C was observed [51]. Adherence 
to dosing regimens appears to be ensured in the studies 
conducted. The efficacy of RYR as a cholesterol-lowering 
agent seems to be undisputed, but the composition of the 
active ingredients varies from product to product. The 
costs of RYR treatment are like those of classical statin 
therapy.

Artichoke & bergamot–- Mediterranean food concentrated 
in pills
Artichoke is used in traditional medicine to lower cho-
lesterol and blood lipids. The active ingredients of the 
artichoke are caffeoylquinic acid derivative, glycosides of 
the flavone luteolin, and bitter substances (sesquiterpene 
lactones) [52]. It is believed to have cholesterol-lowering, 
hepatoprotective, and antioxidant effects.

After conducting our search, we identified a total of 22 
articles in PubMed. Ultimately, 5 articles met our crite-
ria and were considered for further review. In SCOPUS, 
we discovered a total of 7 articles through a title/abstract 
search. Ultimately, 2 articles were deemed relevant. In 
Cochrane, we found 1 article without any restrictions; 
however, the article was ultimately considered.

Three research articles by the same researchers apply-
ing artichoke extract were identified. Two studies showed 
that a dose of 500 mg/day of artichoke extract for eight 
weeks decreased the LDL-C levels or total-C/HDL-C 
ratio levels compared to the placebo group in patients 
with mild hypercholesterolemia [54]. Consistent with 
these studies, a meta-analysis of 9 research papers on 
artichoke [55] and network analysis of artichoke [56] 
also underlined a meaningful benefit of artichoke extract 
administration in patients with mild to moderate hyper-
cholesterolemia. The reduction in blood LDL-C ranged 
from 6.1 to 9.9%.

Recent research has raised an interesting question 
about the beneficial impact of artichoke, which could be 
related to the Taq IB polymorphism in the cholesteryl 
ester transfer protein (CETP) gene. The findings showed 
that a high dose of artichoke extract supplementation 
(1800 mg/day) for 12 weeks caused a decrease in LDL-C 
concentrations in men carriers of Taq IB—B1B1. More 
studies are required to elucidate these outcomes [57].

The cholesterol-lowering effect of bergamot is attrib-
uted to the polyphenol fraction of bergamot, which 
functions as an HMG-CoA reductase. Bergamot fruits 
also contain flavonoids [58, 59]. For bergamot, we found 
a total of 13 articles in PubMed, out of which 5 were 
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considered. In SCOPUS, we initially found 4 articles. 
After careful consideration, we narrowed down the selec-
tion to 2 articles. In Cochrane, we found a total of 14 
articles without any limitations. However, none of the 
articles were considered in the end.

Three research studies on bergamot and hypercholes-
terolemia presented positive outcomes regarding blood 
cholesterol modification in patients with moderate 
hypercholesterolemia and mixed hyperlipidemia. Two 
of these studies showed that both bergamot flavonoids 
(1300 gr/day) and bergamot polyphenol fraction (500 
or 1000 mg/day) for 30 days regulated blood cholesterol 
concentrations. In addition, one of these studies high-
lighted that the application of bergamot polyphenol frac-
tion and statins (rosuvastatin (10  mg)) provided better 
outcomes regarding blood cholesterol regulation.

In line with these studies, one study showed promis-
ing results of long-term bergamot extract supplementa-
tion (150 mg/day for six months) regulated blood LDL-C 
fractions. It decreased carotid intima-media thickness in 
patients with hypercholesterolemia. In addition, a meta-
analysis of food supplements and their impact on lipid 
regulation identified Bergamot supplementation as the 
most efficacious dietary supplement in reducing LDL-C 
by 18.2%. It is important to note that the overall number 
of participants in the studies was relatively small [56].

Flaxseeds - an everyday ingredient
Flaxseeds are well-known as a dietary ingredient and 
are increasingly used as a natural or plant source of lin-
olenic acid [62]. We discovered in PubMed a total of 23 
articles. Ultimately, 8 articles were considered. In SCO-
PUS, we found an overall number of 3 articles (title/
abstract search). In the end, no article was considered. In 
Cochrane, we found 1 article with no limitations. How-
ever, in the end, no article was considered.

Seven research studies applying flaxseed. They dif-
fer in study duration ranging from 40 days to 10 weeks 
and in forms including powder, raw, cooked (in bis-
cuits), or oil, presented positive results regarding blood 
lipid regulation in patients with hypercholesterolemia or 
dyslipidemia. All three long-term (49 days to 10 weeks) 
placebo-controlled studies showed that flaxseed admin-
istration in either oil (25  g/day) [63] or cooked in bis-
cuits (28  g/d) [64] forms resulted in a decrease in total 
cholesterol and LDL-C concentrations in patients at 
high cardiovascular risk. In the study comparing the 
effects of a weight loss diet al.one versus the diet com-
bined with the supplement, no discernible variance was 
noted between the flaxseed group and the sunflower oil 
group. Two studies included control groups (no supple-
mentation) against the flaxseed supplementation [65]. 
The outcomes showed that long-term (40 days to 3 
months) flaxseed supplementation, either raw or roasted 

flaxseed powder (30  g/day), significantly reduced total 
cholesterol and LDL-C concentrations in patients with 
dyslipidemia compared to the control group. In addition 
to these studies, one study included two phases for the 
same group 10 weeks of flaxseed supplementation (28 g/
day in the biscuits) after 10 weeks of ordinary diet appli-
cation [66]. The study findings indicated that although 
supplementation reduced total cholesterol concentration, 
no alteration was observed in blood LDL-C levels in the 
supplementation period compared to the ordinary diet 
period. Another study applying lipid loss diet vs. flax-
seed supplementation (15  ml flaxseed oil/day) showed 
that blood LDL-C concentrations were reduced in the 
flaxseed group compared to the diet group [67]. In addi-
tion to these research papers, a meta-analysis on flaxseed 
and hypercholesterolemia indicated that flaxseed sup-
plementation for 12 weeks caused a reduction in blood 
LDL-C concentrations in patients with high LDL-C levels 
and with dyslipidaemia [68]. To summarise these stud-
ies, flaxseed supplementation positively impacts lipid 
modification regardless of its supplementation form. The 
studies do not provide specific details on side effects or 
adverse reactions. A free text search yielded no hits when 
used as intended. However, it is important to consider 
potential side effects when evaluation the study results.

Garlic and herbal mixtures – are ayurvedic and Asian 
treatments efficient?
Garlic, also known as Allium sativum, is a well-known 
vegetable known for its organosulfur compounds, par-
ticularly allicin [94]. Garlic is recommended in Ayurvedic 
teachings to cleanse the blood, but is not recommended 
as part of a normal diet. We found in PubMed a total 
of 35 articles. Ultimately, 5 articles were considered. In 
Scopus, we found a total of 10 articles through a title/
abstract search, but ultimately none of the articles were 
deemed relevant. We found in Cochrane a total of 1 arti-
cle with no limitations. Ultimately, none of the articles 
were considered.

Four research articles investigated garlic (extract or 
whole form), and its effect on blood lipid levels was 
identified [69–72]. Although previous research mainly 
administered normal garlic extracts (fresh garlic gloves), 
three of the four papers applied black garlic (produced 
through fermentation) supplementation [69–71].

Two of the studies [69, 71] administering long-term 
aged garlic supplementation showed no meaningful 
alteration in blood cholesterol levels in patients with 
hypercholesterolemia. The only study using normal gar-
lic supplements showed that statin supplementation 
presented better results than garlic supplementation 
in adults with cardiovascular disease [36]. However, 
a recent meta-analysis on garlic supplementation and 
its ayurvedic impact on hypercholesterolemia revealed 
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positive outcomes of garlic supplementation, indicat-
ing that garlic extract supplementation attenuated blood 
LDL-C concentrations by 10.37  mg/dL [19]. The meta-
studies by Sun, Wang, and Qin showed in 2018 beneficial 
effects of garlic supplementation on LDL-C level [73]. 
Ried, Toben, and Fakler also showed in 2013 a reduction 
in the LDL-C level by up to 10% [74].

It is in the mix: dietary supplements are more than just 
pure ingredients
Numerous studies have used combinations of active 
ingredients, such as RYR, to treat hypercholesterolemia. 
Potential therapeutics include [76–78], CoQ10 [79, 80], 
olive extract [81], antioxidants [82–84], and polyphenols 
[46, 85, 86], bergamot [87], chromium picolinate [53], 
and artichoke extract [88]. The same is true for garlic, 
which is commonly applied with Guggulu [75]. A study 
by Cicero et al. in 2017 determined a significant reduc-
tion in cholesterol levels with a product consisting of 
RYR, artichoke extract, and banaba extract [45]. Another 
study by the same research group in 2015 showed a 22% 
reduction in LDL-C levels with the drug combination of 
RYR and polyunsaturated fatty acids [89]. Therefore, it 
appears that DSs may synergistically match in combina-
tion and produce better results in reducing blood lipid 
levels than single agents. However, when administering 
together, it is also important to clarify its potential side 
effects on health.

Discussion
In considering the efficacy and potential side effects of 
dietary supplements, it is essential to recognize that the 
diverse preparations available may vary in their chemi-
cal composition. Notably, red yeast rice stands out as 
the sole source of Monacolin K, a statin compound [90]. 
While due consideration is given to possible side effects, 
the confirmed efficacy of these supplements is note-
worthy. Additionally, artichoke contains luteolin, which 
may influence the expression of HNF4α in the liver and 
potentially contribute to favorable blood lipid homeo-
stasis [91]. Bergamot may lower blood LDL-C levels and 
may be especially effective in combination with arti-
choke [92]. Flaxseed seems to be one of the most effec-
tive diet supplements against atherosclerosis and may 
decrease cholesterol levels based on its fiber, linoleic 
acid, and phenolic contents [93]. The studies on garlic 
are contradictory, a distinction must be made between 
the different dosage forms. The latest studies have shown 
that garlic does not have significant effects on lowering 
cholesterol [94], The compound contains allicin, a well-
known inhibitor of HMGCR, sterol 4a-methyl oxidase, 
and acetyl-CoA-synthetase enzymes. Consequently, this 
compound may inhibit cholesterol synthesis effectively 
[94]. However, further studies are needed to clarify this 

biochemical interaction. In addition to questionable qual-
ity control of dietary supplements, patients themselves 
may be endangered by using over-the-counter dietary 
supplements. Statins and other drugs used to lower cho-
lesterol are prescribed by specialist doctors, considering 
the patient’s entire clinical picture. In the long term, with 
close follow-up of patients, their health conditions and 
possible side effects of statins are controlled. However, 
the increased use of dietary supplements and their easy 
access without requiring supervision may lead to uncon-
trolled and/or incorrect treatment, and this lack of stan-
dardization may pose a risk for patients [42]. It is advised 
that individuals remain aware of the potential adverse 
effects associated with using dietary supplements and 
take the precaution of seeking guidance from a medical 
professional before proceeding.

Since 2011, the guidelines of the European Cardiol-
ogy Society and the European Atherosclerosis Society 
have suggested using red yeast rice extract to treat mild 
hypercholesterolemia [95]. In addition to red yeast rice, 
other promising candidates are available on the dietary 
supplements market that could potentially replace statins 
or be used as an adjunct therapy. Table 2 summarises the 
potential advantages and disadvantages of alternative 
cholesterol treatments.

The findings on RYR showed that RYR supplemen-
tation could be beneficial in lowering blood lipid lev-
els in LDL-C levels compared to placebo and statins in 
patients with dyslipidemia [50]. These effects are attrib-
utable to its chemical component, Monacolin K, which 
is chemically identical to lovastatin, a statin derivative. 
The potential metabolism of Monacolin K is thought to 
be acting as a rate-limiting step for the enzyme hydroxy-
methylglutaryl coenzyme A reductase, thereby reducing 
cholesterol production in the body [34, 96, 97]. In terms 
of its safety, a recent systematic review and meta-analy-
sis on RYR safety showed that RYR is considered a safe 
and well-tolerated supplement in patients with moderate 
hypercholesterolemia [98]. However, despite these posi-
tive outcomes on RYR safety, authorities, including the 
European Food Safety Authority (EFSA), Federal Drug 
Administration (FDA), and Swiss Agency for Therapeutic 
Products (Swissmedic), have several concerns about RYR 
supplementation. In 2018, the EFSA panel was unable to 
determine the safe and tolerable level for RYR supple-
mentation, highlighting that RYR can cause various side 
effects on muscle and liver [99]. Additionally, it is impor-
tant to note that both the FDA and Swissmedic have cat-
egorized RYR supplements as unsafe for administration 
[100, 101]. While the existing studies on RYR and its 
impact on hypercholesterolemia/dyslipidemia are prom-
ising and indicate good tolerance, further high-quality 
research is imperative to comprehend its effects on car-
diovascular metabolism as well as potential side effects. 
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RYR contains monacolin K, equivalent to lovastatin, so 
its efficacy is proportional to the amount of monacolin 
K. Monacolin K can cause the side effects known from 
statins [39, 45]. According to studies, there is evidence to 
suggest that the side effects are not prevalent. Further-
more, patients who experienced difficulties with statins 
were able to tolerate RYR preparations effectively [45]. 
RYR products have a high tolerability profile but vary 
in monacolin K concentration [48]. Known side effects 
of RYR products include headache, dizziness, visual and 
digestive disturbances, skin rashes, muscle cramps, or 
pain [49].

A meta-analysis of RYR and blood lipid concentra-
tions found that RYR has a lipid-lowering effect like low-
dose pravastatin, simvastatin, or lovastatin when studied 
for 2–20 months [49]. Notwithstanding, the discerned 
outcomes of the conducted studies exhibit a degree of 
ambiguity, indicating that the empirical evidence is not 
uniformly decisive. This nuanced perspective under-
scores the intricate nature of the subject matter, where 
variables and contextual nuances contribute to the com-
plexity of interpretation. The number of patients partici-
pating in the studies is between 30 and 1000; the studies 
are usually randomized and double-blinded. However, 
the quality of the administered DS or their composition 
is insufficiently clarified. Many questions about the toxi-
cology and drug interactions of RYR extracts have now 
been clarified [102], but the composition of a fermented 
‘natural product’ is more diverse than a purely chemically 
produced active ingredient.

Artichoke has been classified as a potential lipid-reduc-
ing agent in the literature due to its phenolic content, 
particularly luteolin, caffeic acid, cynarine, and chloro-
genic acid [103]. While there is a need for more research 
papers on the relationship between artichoke and hyper-
cholesterolemia, the results pertaining to blood lipid 
regulation show promise. The biochemical pathways of 
artichoke seem to be two- the luteolin impact on HNF4α 

expression in the liver, thereby inhibiting two important 
regulator proteins of sterol synthesis, sterol regulatory 
element-binding proteins (SREBPs), 3-hydroxy-3-methyl-
glutaryl-coenzyme A reductase (HMGCR) and Acyl-
coenzyme A Cholesterol acyltransferase (ACAT) [104]. 
This interaction results in attenuating cholesterol syn-
thesis [105]. The second possible mechanism could be its 
higher fiber content and inulin-type fructans; however, 
this mechanism has only been well-validated in animal 
studies [106]. Its side effects are generally unknown; how-
ever, it is reported to cause digestive or upper abdominal 
discomfort rarely [53].

Future research in artichokes is crucial to enhance our 
understanding and uncover potential benefits or draw-
backs, contributing to a more comprehensive knowledge 
base.

Bergamot, also recognized as Citrus Bergamia, is a 
well-known plant with high flavonoid contents, including 
naringenin [107] and shows a beneficial effect on LDL-C. 
Its possible benefits on cholesterol regulation seem to be 
these flavonoids inhibiting HMGCR, thereby repressing 
cholesterol synthesis [108]. It is widely accepted that fla-
vonoids significantly enhance the intracellular synthesis 
of antioxidant enzymes, potentially doubling their pro-
duction [8]. Human studies on bergamot and hypercho-
lesterolemia have shown that supplemental bergamot 
ingestion for 30 days may provide benefits in reduc-
ing blood LDL-C levels in patients with mild to moder-
ate hypercholesterolemia [109]. Furthermore, the use of 
Bergamot extract in combination with rosuvastatin has 
been recommended to enhance the impact of rosuvas-
tatin therapy [110]. Bergamot oil or bergamot products 
are included in the common dietary supplements and are 
approved for use by Swissmedic in Switzerland. Often, 
the products are found in combination with artichoke 
as capsules on the market. The combination product of 
600 mg bergamot oil and 10 mg artichoke extract showed 
very good results without the side effects of statins [111]. 

Table 2 Advantages and disadvantages of administering dietary supplements treating hypercholesterolemia
Advantages Disadvantages
Food could possibly be considered more as a remedy or supporter of healing 
processes.
DSs have been well studied and if taken regularly, they positively influence 
patients’ cholesterol levels.
No need for doctors
No control
No regulations
The DSs are freely marketable and available in the nearest health food store or 
online.
There is documentation and studies regarding the administration of DSs to lower 
cholesterol, especially LDL cholesterol.
Dietary supplements (DSs), synergistically matched in combination, produce 
better results in reducing blood lipid levels than single agents.
Side effects are not known; rarely, digestive, or upper abdominal discomfort 
occurs

The field of DSs is rather confusing; the concentration and quality 
of active ingredients are subject to a wide range of variation.
Possible lack of medical supervision regarding the necessity of 
intake, adherence to intake, and the consequences of possible 
self-therapy.
Lack of quality control, the large number of manufacturers, and 
possible impurities in the DSs also have a negative effect.
Many of the researched and selected studies deal with combina-
tions of active ingredients. Single preparations already contain 
more than the pure active ingredient.
The validity of the studies could be strengthened by increasing the 
number of subjects and dividing the subjects into smaller groups.
The data situation is currently not sufficient to consider the admin-
istration of nutritional supplements to be sensible in the case of 
cholesterol levels in the range of medium hypercholesterolemia.
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No side effects were reported in the studies. A free text 
search revealed certain concerns, particularly regard-
ing bergamottin, a furanocoumarin found in various 
citrus plants. Furanocoumarins inhibit the metabolizing 
enzyme cytochrome P450 3A4 (CYP3A4). Inhibition of 
this enzyme may increase the bioavailability and plasma 
concentration of certain medications, leading to potential 
drug interactions [60]. Grapefruit juice is currently not 
recommended in combination with medication, unlike 
bergamot, due to the unclear amount of this furanocou-
marin [61]. Although the results show the benefits of ber-
gamot extract supplementation [112], more research is 
needed, including a high sample size.

Flaxseed (linseed), also known as Linum usitatissimum, 
shows in all research studies a positive effect on LDL-C, 
is classified as one of the greatest anti-atherogenic herbs 
with its fiber [113] and biochemical components includ-
ing a-linoleic acid, linoleic acid, and phenolic contents 
[114]. The benefits of flaxseed lignans have been indi-
cated with their cholesterol-lowering effects and could 
regress atherosclerotic processes [113–115]. Husna 
Dharma Putera et al. mentioned in 2023 that the bene-
fits of conjugated linoleic acid are caused by its two main 
isomers, c9, t11-CLA and trans-10, cis-12 (t10, c12) [12]. 
All research studies, including this review, have shown 
flaxseed’s beneficial effects on blood lipid regulation 
regardless of application form. In line with these find-
ings, Sadat Masjedi et al. found in 2022 a markedly sig-
nificant decrease in LDL-C concentration after flaxseed 
consumption in subjects with a BMI > 25  kg/m2 [115]. 
Prasad, Khan, and Shoker recommend in 2020 flaxseed 
as an additional agent in cholesterol-lowering therapy. It 
is recommended as an additional agent in the context of 
cholesterol-lowering therapy at a daily dose of 10–60  g 
for flaxseeds or their products [116]. Thus, flaxseed sup-
plementation could be an effective strategy in regulating 
blood lipid levels; however, more studies on this supple-
ment are needed due to the limited number of studies.

Garlic is known for its organosulfur compounds, par-
ticularly Allicin [87] and shows different effects on LDL-
C. When garlic is processed, alliinase converts alliin into 
allicin. Raw garlic and garlic powder dried below 60  °C 
retain enzyme activity. However, heat-treated garlic 
mainly contains alliin due to enzyme inactivation by heat 
[119]. N-alpha-(1-deoxy-D-fructos-1-yl)-L-arginine (Fru-
Arg) has been identified as an antioxidant compound in 
aged garlic [120]. Allicin is classified as a powerful anti-
inflammatory, anti-arteriosclerotic and anti-oxidant 
agent and is known for its inhibitory role in cholesterol 
synthesis by inhibiting HMGCR, sterol 4a-methyl oxi-
dase, and acetyl-CoA synthetase enzymes [116]. Studies 
show a cholesterol synthesis inhibitory effect via water-
soluble organosulfur compounds, particularly S-allyl-
cysteine   from aged garlic extract, and diallyl disulfide 

contained in garlic oil [118]. In terms of garlic adminis-
tration side effects, they may include gastrointestinal dis-
turbances, skin rashes, nausea, bad breath, and body odor 
[75]. However, these side effects are more pronounced 
when using whole garlic. The dosage form and the con-
taining of different sulfur components of garlic appears 
to have a difference in the effect [121]. While recent stud-
ies on the efficacy of aged garlic supplementation did not 
reveal significant benefits for hypercholesterolemia, fur-
ther research is warranted, specifically investigating nor-
mal garlic, whether in extract form or as a whole food. 
This is crucial to understanding potential distinctions 
between past and current findings.

Since the active substances used in dietary supplements 
form the basis of the low-cholesterol Mediterranean 
diet, further studies are needed in which the food can be 
evaluated as a healing agent or at least an accelerator of 
healing processes [117]. The validity of research studies 
can be strengthened by increasing the number of subjects 
and considering various personal characteristics such as 
weight, BMI, and sex. In patients with mild to moder-
ate hypercholesterolemia, administering dietary supple-
ments may be beneficial regarding cholesterol values to 
postpone statin treatment to a later time. Nonetheless, an 
experienced healthcare provider might recommend alter-
native medications to lower cholesterol levels, balancing 
the associated risks for the patient. This recommendation 
hinges on acquiring a comprehensive medical history and 
ensuring regular monitoring of blood values.

Limitations
Our narrative review had few limitations. We identified 
a diverse kind of literature on the topic of hypercholes-
terolemia and dietary supplements, but several meth-
odological limitations were evident. While most studies 
had a correct design, they varied in terms of population, 
study design, sample size, and the types of processing and 
quantities of DS evaluated. These limitations complicate 
efforts to compare and synthesize the findings without 
introducing bias. To account for these constraints and 
still capture recent developments, side effects and limi-
tations, we opted for a narrative review instead of a sys-
tematic review. Additionally, many studies addressed 
hypercholesterolemia only indirectly, which was a further 
limitation. Some relevant studies focusing primarily on 
cardiovascular and inflammatory diseases may have been 
excluded. Future research should address these limita-
tions by adopting more standardized methodologies in 
DS research and by examining the molecular mecha-
nisms involved. This would allow for broader generaliza-
tions regarding the physical compartments affected.
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Conclusion
Cardiovascular diseases stand as the foremost cause of 
death in Switzerland. Faced with concerns about poten-
tial side effects and media uncertainty surrounding 
statins, many patients seek alternative treatment options. 
This review explores various approaches to managing 
hypercholesterolemia through a comprehensive litera-
ture review. Red yeast rice, artichoke extract, bergamot, 
garlic, and flaxseed were chosen as supplements for low-
ering cholesterol. Except for aged garlic extract, these 
supplements appear to positively influence cholesterol 
levels when consumed regularly. However, the adminis-
tration of these dietary supplements is complicated by 
variable concentrations and the quality of active ingredi-
ents. Enhancing the validity of individual studies could be 
achieved by increasing the sample size and incorporating 
previously determined values. Competent specialists can 
prescribe alternative cholesterol-lowering agents with 
acceptable risk, while closely monitoring the patient’s 
blood values. The lack of medical oversight, quality 
assurance, and potential contamination associated with 
dietary supplements pose challenges in their effective-
ness in modifying cholesterol levels.
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