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Abstract

Dyslipidemia, characterized by abnormal lipid profiles, represents a central contributor to cardiometabolic disorders, including
metabolic syndrome and type 2 diabetes, and remains a major public health challenge. While pharmacological therapies demonstrate
established efficacy in lowering low-density lipoprotein cholesterol (LDL-C) levels, a considerable proportion of patients fail to
achieve guideline-recommended targets. Moreover, conventional therapeutic approaches predominantly target isolated aspects
of dyslipidemia, leaving significant residual cardiovascular risk factors — including hypertriglyceridemia, insulin resistance,
and chronic low-grade inflammation — inadequately addressed. Treatment-related adverse effects further compromise long-term
therapeutic adherence, underscoring the critical need for complementary therapeutic strategies.

Nutraceuticals, with their broad spectrum of actions and generally favorable safety profile, can offer a supportive perspective:
rather than acting on a single pathway, they may influence lipid metabolism, glucose regulation, and inflammatory processes
simultaneously. By complementing pharmacological therapy, nutraceuticals align with the multifactorial nature of cardiometabolic
disorders and may help address residual risk.

This review explores the combined potential of pharmacological and nutraceutical approaches, reflecting on their strengths,
limitations, and possible integration within a holistic strategy for the management of dyslipidemia and related cardiometabolic
conditions.
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with a cluster of cardiometabolic abnormalities — including central
obesity, hyperglycemia, insulin resistance, and hypertension
— that collectively define the metabolic syndrome (MetS).
MetS is associated with a high risk of both cerebrovascular and
cardiovascular diseases. Indeed, each feature of MetS represents

Introduction

Dyslipidemia is one of the primary causal risk factors for the

development of atherosclerotic cardiovascular disease (ASCVD).
It is characterized by elevated plasma concentrations of total
cholesterol, low-density lipoprotein cholesterol (LDL-C) and/or
triglycerides (TGs), as well as decreased levels of high-density
lipoprotein cholesterol (HDL-C) [1]. The accumulation of lipids
within the arterial intima is the first step that triggers a cascade of
local inflammatory responses, which promotes the development of
atherosclerotic plaques [2]. Dyslipidemia is frequently associated

an independent risk factor for CVD, and their coexistence exerts
synergistic and deleterious effects on vascular health. Moreover,
MetS often precedes and contributes to development of type
2 diabetes (T2D). When the two conditions coexist, they act in
concert to further amplify the overall cardiovascular risk [2,3].

Among these interconnected metabolic alterations, dyslipidemia
seems to play a particularly central role, as demonstrated by
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its frequent clustering with other metabolic abnormalities in
defined syndromic patterns. Moreover, the management of one
alteration (e.g., dyslipidemia) can affect the course of others, (e.g.,
hyperglycemia) [4]. This interconnection highlights the need for
therapeutic strategies capable of addressing multiple components
of MetS simultaneously.

Pharmacological treatment of dyslipidemia primarily relies
on statins, which are effective in reducing LDL-C levels and
cardiovascular risk [5]. Other lipid-lowering drugs — including
ezetimibe, proprotein convertase subtilisin-kexin 9 (PCSK-9)
inhibitors, bempedoic acid — can be used alone or in combination
to address specific lipid abnormalities [6]. However, despite their
efficacy, conventional therapies often target individual metabolic
parameters and may be limited by residual cardiovascular risk,
patients’ intolerance, or adverse effect. These limitations have
prompted growing interest in complementary or alternative
approaches that act through broader metabolic pathways.

In recent years, increasing attention has been directed toward
natural compounds with multi-target metabolic activity, which may
offer a more holistic approach to cardiometabolic risk reduction.

Bioactive molecules of marine and terrestrial origin — including
those derived from animal, plant, and fungi sources — have
demonstrated the capacity to modulate several pathophysiological
axes relevant to atherosclerosis and MetS. These include not only
lipid metabolism, but also glycemic control, low-grade systemic
inflammation, and endothelial dysfunction, which collectively
contribute to the development and progression of cardiometabolic
disorders [7,8].

This review explores the evolving scenario of dyslipidemia
management, questioning whether pharmacological therapies
are sufficient to meet the complexity of cardiovascular risk.
Might this be the space where carefully selected nutraceuticals,
not as substitutes but as allies, can offer an added dimension? By
exploring mechanisms of action and clinical evidence, we reflect
on whether a more integrated approach might better align with the
multifaceted nature of lipid disorders.

Pharmacological treatments
Statins

Statins represent the first-line pharmacological intervention for
hypercholesterolemia, with well-established efficacy in reducing
total cholesterol and LDL-C [6, 9]. These agents act as selective
and competitive inhibitors of 3-hydroxy-3-methylglutaryl-

coenzyme A (HMG-CoA) reductase, the rate-limiting enzyme in
the mevalonate pathway of cholesterol synthesis. The inhibition of
hepatic cholesterol synthesis triggers a compensatory upregulation
of LDL receptors (LDLR) on hepatocyte membranes, thereby
enhancing the clearance of circulating LDL-C [10].

Since the late 1980s, starting with lovastatin, a range of statins —
including simvastatin, pravastatin, atorvastatin, rosuvastatin and
pitavastatin — have been approved, expanding therapeutic options
in clinical practice. Statin type and dosage are tailored according
to cardiovascular risk, which remains a pivotal determinant in
reaching LDL-C goals in dyslipidemia management (Table 1)
[10,11].

Current treatment guidelines focus on lowering LDL-C as the
primary strategy to reduce CVD risk, positioning statins as the
cornerstone of dyslipidemia therapy. However, many patients
— particularly those with T2D — remain at high residual CVD
risk despite reaching LDL-C targets, due to persistent lipid
abnormalities. This residual risk is often attributed to mixed
dyslipidemia, characterized by elevated TG and low HDL-C levels
[12,13].

Statins exert modest effects on HDL-C and can reduce in TG levels
at higher doses, but these changes are often insufficient to fully
mitigate the residual cardiovascular risk [14, 15].

Moreover, statin intolerance remains a relevant clinical challenge,
affecting approximately 10% - 25% of treated patients. The most
frequently reported adverse events are statin-associated muscle
symptoms (SAMS), which include mild to moderate myalgia,
weakness, fatigue and muscle pain, while severe manifestations
such as rhabdomyolysis are rare [16, 17]. In some cases, non-
muscle-related adverse effects and laboratory abnormalities may
also occur, either independently or in association with SAMS [16].

Additionally, statin therapy has been associated with modest, dose-
dependent alterations in glucose metabolism, including increased
fasting glucose, glycosylated hemoglobin A1C (HbA1C), and a
higher incidence of T2D, especially in subjects with predisposing
risk factors. Genetic studies have further supported this association,
with variants of the HMGCR gene linked to a 2% - 6% increased
risk of T2D. Although the underlying mechanisms are not yet
fully elucidated, it has been hypothesized that statin-induced
inhibition of the mevalonate pathway may impair insulin secretion,
potentially due to cholesterol accumulation and lipotoxicity in
pancreatic B-cells, contributing to abnormal glycemia [18, 19].
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Therapy Statin type (dose)

Expected LDL-C reduction

Simvastatin (10 mg)
Low intensity statin Pravastatin (10 — 20 mg)

Lovastatin (20 mg)

<30%

Atorvastatin (10 — 20 mg)
Rosuvastatin (5 — 10 mg)

Moderate intensity statin Simvastatin (20 — 40 mg)

Pitavastatin (1 — 4 mg)

Pravastatin — Lovastatin (40 — 80 mg)

<50%

Atorvastatin (40 — 80 mg)
High intensity statin
Rosuvastatin (20 — 40 mg)

>50%

Table 1: Effect of the main statins on LDL-C reduction.

Nonstatin therapies

When statin therapy fails to achieve lipid targets or is not tolerated,
additional or alternative lipid-lowering agents are recommended as
part of comprehensive approach to dyslipidemia management. Bile
acid sequestrants, Ezetimibe, PCSK9 inhibitors, and bempedoic
acid act on lowering LDL-C in this context. On the other hand,
fibrates, niacin, and omega-3 fatty acids may offer additional
benefits in patients with mixed dyslipidemia, particularly in
presence of low HDL-C and elevated TG levels [13].

Ezetimibe

Among the available nonstatin options, ezetimibe is often the first-
line adjunct therapy, especially in cases of statin intolerance, non-
adherence, or when LDL-C targets are not met despite maximally
tolerated statin therapy [20]. Initially approved as a monotherapy
and later in fixed combination with simvastatin, ezetimibe is
widely used in clinical practice.

Ezetimibe is a Nieman-Pick C1-Like 1 (NPC1L1) inhibitor that
reduces intestinal absorption of both dietary and biliary cholesterol,
thereby reducing LDL-C levels [21]. Clinical trials have shown
its efficacy. An 18% LDL-C reduction has been observed with
ezetimibe 10 mg/day, and its combination with statins provides
an additional 15-24% decrease — exceeding the modest 6-8% gain
obtained by simply increasing statin doses [22]. More recently,
rosuvastatin/ezetimibe (10 mg + 10 mg) achieved greater LDL-C
reductions and fewer side effects than rosuvastatin (20 mg) alone
[23].

Similarly, ezetimibe/simvastatin (10/20 mg) was more effective
than atorvastatin (20 mg) to reduce LDL-C levels (78% versus
52%) and to achieve the LDL-C target in patients with coronary
heart disease [24]. This combination also lowered total cholesterol
and TGs, thought effects on HDL-C were minimal [25].

Importantly, the IMPROVE-IT trial confirmed that patients at
very high risk — particularly those with T2D — derive the most
benefit from ezetimibe/statins therapy, with significant reduction
myocardial infarction and strokes, potentially due to effects
beyond cholesterol lowering, such as on inflammation and platelet
activity [26].

Bile acid sequestrants

Bileacid sequestrants (BASs), including cholestyramine, colestipol,
and colesevelam, are non-absorbable resins that lower cholesterol
by binding bile acids in the intestine. This binding prevents their
reabsorption and disrupts the enterohepatic circulation, which in
turn stimulates hepatic conversation of cholesterol into bile acids
[27]. As a compensatory mechanism, hepatocytes upregulate
LDLRs, thereby enhancing the clearance of circulating LDL-C and
ultimately reducing plasma LDL-C levels. Initially developed for
the treatment of hypercholesterolemia, BASs were subsequently
found to improve glycemic control in patients with T2D, likely via
modulation of bile acid composition, hepatic glucose metabolism,
and incretin release [28].

Long-term studies with cholestyramine demonstrated a 20%
reduction in LDL-C, associated with a 19% relative risk reduction
in myocardial infarction and coronary heart disease-related death.
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Modest improvement in glycemic parameters, including reduction
in fasting plasma glucose (FPG) and HbA1C, were also observed
[29].

Colesevelam, the most recently developed BAS, has been
extensively studied both as monotherapy and in combination with
other lipid-lowering or glucose-lowering agents. As monotherapy,
it reduces LDL-C by 15-20% and produce an additive reduction
of ~10% when combined with statins, ezetimibe, fibrate, or niacin
[30].

In patients with T2D, colesevelam added to therapy with
metformin, sulfonylureas, or insulin consistently reduces HbAlc
by ~0.5% and FGP by 13-15 mg/dL. LDL-C reductions ranged
from 6.7% to 15.9%, while TG levels increased by 4.7 to 21.5%
[29].

Similar increases in TGs (10%-12%, dose-dependent) have been
observed in patients with primary hypercholesterolemia treated
with colesevelam monotherapy, along with a modest HDL-C
increase of approximately 10%. Due to their lack of intestinal
absorption, BASs do not exhibit systemic toxicity. However, their
use is commonly associated with gastrointestinal adverse effects,
primarily constipation [31].

Proprotein convertase subtilisin-kexin 9 (PCSK-9) inhibitors

When statins and ezetimibe are insufficient to achieve LDL-C
goals, particularly in patients at very high risk or with statin
intolerance, PCSKO9 inhibitors represent an effective alternative to
further reduce LDL-C and cardiovascular events [32].

PCSKO9 is a key regulator of LDL receptor (LDLR) availability
on hepatocytes. By binding to LDLRs and promoting their
degradation, PCSK9 reduces hepatic clearance of LDL-C,
leading to elevated circulating LDL-C levels [33]. Monoclonal
antibodies such as evolocumab, elirocumab, and tafolecimab
inhibit circulating PCSK9, preventing its interaction with LDLRs
and thereby enhancing receptor recycling and LDL-C clearance
[34,35].

Large-scale trials including FOURIER, ODYSSEY, and CREDIT-2
have demonstrated that subcutaneous administration every 2-4
weeks reduces LDL-C levels up to 60% [36-38].

Notably, evolocumab significantly reduced the risk of
cardiovascular death, myocardial infarction, or stroke by 16% in
the first year and 25% in subsequent years in high-risk patients
[38].

In terms of safety, PCSK9 inhibitors are generally well tolerated,
with most adverse event being mild to moderate. However, long-
term trials such as OSLER-1 have reported a high incidence of
adverse events (94%), with 23% classified as severe and 27%

leading to treatment discontinuation [39]. Common side effects
of alirocumab and tafolecimab include injection-site reactions,
myalgia, and upper respiratory infection [38,40]. These findings
underline the importance of long-term safety monitoring to
maintain adherence and therapeutic efficacy.

An alternative strategy is inclisiran, a small interfering RNA
(siRNA) that inhibits hepatic PCSK9 synthesis. Approved for use
in ASCVD and familial hypercholesteremia, it offers the practical
advantage of twice-yearly dosing, potentially improving adherence
[41]. Innovative approaches, such as PCSK9-targeted vaccines, are
also under investigation and may offer new therapeutic avenues in
the future [34, 42].

Bempedoic acid

Bempedoic acid is an oral prodrug that lowers LDL-C by inhibiting
ATP-citrate lyase (ACLY) in hepatocytes [43]. Once activated to
bempedoic acid-CoA by very long-chain acyl-CoA synthetase
1 (ACSVL1) — expressed in liver but not in skeletal muscle — it
reduces hepatic cholesterol and TG synthesis, upregulates LDLR
expression, and lowers high-sensitivity C-reactive protein (hs-
CRP) by ~ 20%, contributing to anti-inflammatory effects and
ASCVD risk reduction [9].

It is available as 180 mg tablets, alone or in fixed combination
with 10 mg of ezetimibe and is indicated for adults with primary
(heterozygous familial or non-familial) or mixed dyslipidemia
who are statin-intolerant or unable to achieve LDL-C targets
despite maximal tolerated therapy [44,45]. The combination
with ezetimibe offers a synergistic effect on LDL-C reduction,
with results comparable to moderate-intensity statins. However,
concomitant use with simvastatin at doses >20 mg/day is
contraindicated [43, 46].

The absence of ACSVLI in skeletal muscle minimized the risk
of myotoxicity, making bempedoic acid suitable for patients with
SAMS. Nevertheless, treatment may lead to increases in serum
uric acid and creatinine levels, likely via inhibition of the organic
anion transporter 2 (OAT2), potentially triggering gout flares in
predisposed subjects. These effects are generally reversible upon
discontinuation, highlighting the importance of renal function
monitoring during therapy [47].

In addition, bempedoic acid appears to have a favorable profile on
glucose metabolism. Compared to placebo, a lower incidence of
new-onset diabetes has been reported in both normoglycemic and
prediabetes patients, along with modest but significant reduction
in HbAlc levels in patients with prediabetes and T2D [46].

Although the aforementioned therapies have demonstrated
significant efficacy in lowering LDL-C and reducing cardiovascular
events, their effects on other lipid fractions remain limited.
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Specifically, these agents exert only modest effects on TG levels
and negligible impact on HDL-C concentrations, which play a
critical role in residual cardiovascular risk, particularly in patients
with mixed dyslipidemia [35, 48].

This limitation is especially relevant in patients with MetS, T2D,
or visceral obesity, where dyslipidemia — characterized by elevated
TGs, LDL-C, and low HDL-C remains prevalent despite optimal
LDL-C lowering. Clinical guidelines, including those from ESC/
EAS (2023) and AHA/ACC (2019), recognize LDL-C as the
primary therapeutic target bur also emphasize the importance of
managing other lipid abnormalities in high-risk population.

These considerations highlight the need for complementary
treatment strategies aimed at a broader modulation of the lipid
profile.

Fibrates and others conventional treatments
Fibrates

Fibrates represent the main therapeutic class used to manage
elevated TG levels. This group include gemfibrozil, bezafibrate,
ciprofibrate and fenofibrate, all of which act as agonists of
peroxisome proliferator-activated receptors (PPARs). These agents
are administrated as prodrugs and undergo hepatic conversation
to their active form. Among them, fenofibrates — selective for
PPARa — are the most widely used in clinical practice due to its
favorable efficacy [49, 50]. By activating PPARa, fibrates lower
serum TG levels by approximately 20-40% and increase HDL-C
by 5-20%, thereby contributing to a reduction in cardiovascular
and cerebrovascular risk in subjects with hypertriglyceridemia.
In patients with mixed hyperlipidemia, fibrates can be used
either as monotherapy or associated with statins. However, such
combination therapy requires careful monitoring due to the
potential risk of adverse effects, particularly SAMS. This risk is
partly related to the ability of fibrates to alter gene and protein
expression in skeletal muscle, potentially leading to muscle
damage and dysfunction [50].

Niacin

Niacin (vitaminB3)exerts broad lipid-modifyingeffects by reducing
concentrations of all atherogenic ApoB-containing lipoproteins,
inhibiting hepatic VLDL and TG synthesis, and suppressing the
release of free fatty acids from adipose tissue. Moreover, niacin
exhibits vascular protective properties, including antioxidant, anti-
inflammatory, and anti-thrombotic effects. At pharmacological
doses (2-3 g/day), it reduces LDL-C by over 20%, TGs by 30-
40%, and increases HDL-C by approximately 25%, making it the
most effective available agent for raising HDL-C levels [46, 51].
Despite these favorable effects on the lipid profile, randomized
trials have failed to demonstrate additional cardiovascular benefit

when niacin is added to background statin therapy [52]. This lack
of incremental efficacy, combined with a high incidence of adverse
effects — including cutaneous flushing, impaired glucose tolerance,
and hepatotoxicity — has substantially limited the clinical role of
niacin. As a result, its use has progressively declined, and it is no
larger recommended in the current lipid management guidelines
[46, 53].

Omega-3 fatty acids

Omega-3 fatty acids (O3FAs), particularly eicosapentanoic acid
(EPA) and docosahexanoic acid (DHA), represent an additional
therapeutic option for the management of hypertriglyceridemia.

Although naturally present in marine sources and certain plant-
based food, they are considered part of conventional lipid-lowering
therapy only when administrated at pharmacological doses. EPA
and DHA exert their primary lipid-modifying effect by reducing
hepatic VLDL synthesis and enhancing triglycerides clearance,
resulting in a dose-dependent TG reduction of approximately
10-50% depending on baseline values [54]. Notably, EPA-only
formulations exhibit a more favorable lipid profile compared
to mixed preparation. A critical distinction emerges between
formulation types: while mixed EPA+DHA preparation may
increase LDL-C levels, particularly in patients with severe
hypertriglyceridemia (=500 mg/dL), purified EPA formulations do
not induce such increases. The effects on other lipid parameters
remain modest, with minimal impact observed on HDL-C, total
cholesterol, or lipoprotein(a) [Lp(a)] concentrations. O3FAs are
generally well tolerated with few contraindications or significant
drug interactions [32, 55].

Despite early observational data linking O3FAs-rich diets to
reduced cardiovascular risk, results from randomized trials have
yielded inconsistent findings. This apparent paradox has been
explained through recent large-scale interventional studies that
emphasize the critical importance of both for formulation specificity
and dosing strategies. Low-dose EPA+DHA supplements have
failed to demonstrate consistent clinical benefit in both primary
and secondary cardiovascular prevention. In contrast, high-dose
EPA-only interventions have shown significant cardiovascular
risk reduction across multiple trials, including JELIS, REDUCE-
IT, and RESPECT-EPA. Conversely, comparable doses of mixed
EPA+DHA formulations failed to produce cardiovascular benefit
in trials such as STRENGTH or OMEMI [32, 46, 56].

These differential clinical outcomes suggest that EPA may
exert unique pleiotropic effects that extend beyond triglyceride
reduction. Proposed mechanisms include anti-inflammatory,
antioxidative, and plaque-stabilizing effects, potentially mediated
by bioactive metabolites such as resolvin Eland 18-HEPE. The
presence of DHA in mixed formulations may attenuate these
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beneficial effects or exert competing physiological actions that
diminish cardiovascular benefit [56].

Nutraceutical intervention

In recent years, there has been growing interest in the use of natural
bioactive compounds in lipid management (Table 2). Derived from
different sources, these agents exert metabolic, anti-inflammatory,
and antioxidant effects, with some demonstrating specific lipid-
modifying properties.

Among them, phytosterols, monacolin K, and berberine appear to

be the most effective lipid-lowering nutraceuticals.

Unlike conventional pharmacological therapies, nutraceuticals can
act on multiple targets simultaneously and are generally associated
with fewer side effects. This multimodal action may offer broader

benefits in the context of residual cardiovascular risk, particularly
in patients with dyslipidemia, MetS, or statin [57].

Given some limitations of current lipid-lowering therapies to treat
different aspects of dyslipidemia and the persistence of residual
cardiovascular risk despite optimal pharmacological treatments,
an important question arises: can selected nutraceuticals, alone or
in combination with standard therapies, provide clinical support
in this setting? To explore this hypothesis, several nutraceutical
agents with lipid-lowering potential have been studied in both
experimental and clinical context. In the following section, we
review the most promising of these compounds — focusing on
their mechanisms of action, available clinical evidence, and their
potential role in integrative strategies aimed at improving lipid
profiles and reducing cardiometabolic risk.

Total-C
Natural Mechanisms of action LDL-C effect | TG effect HDL-C Notes
compounds effect effect
Neutral or Variable on LDL
O3FAs (EPA/ 1 20-50% (dose- 0o 0o
DHA) | VLDL and TG , dependent) 15-10% | | 5-10% Strong for TG at
15-10% :
pharmacological levels
Phytosterols l absgrptlon of cholesterol at 1 10-15% Neutral Neutral 1 10-15% | EFSA approved
intestinal level
HMG-CoA reductase
o o EFSA regulated
gﬁ’ﬁa“hn K inhibition 1 15-25% 1 5-10% 11-2% | | 15-25%
(like statins)
AMPK phosphorylation
LDLR upregulation Supported by RCTs
Berberine 1 15-25% 1 10-20% 12-5% 1 15-25%
PCSKD9 inhibition Safe at high doses
Anti-inflammatory
Fenugreek . Good, especially in
LDLR upregulation 1 ~10% 1 15-20% 12-5% 1 ~10% oD
LXRs upregulation
Reishi ABCGS5/8 modulation 1 5-10% | up to 20% 1~5% | 15-10% | Moderate
Anti-inflammatory —
antioxidant
l: decrease; 1: increase; RCTs: randomized clinical trials; T2D: type 2 diabetes; RYR: red yeast rice; AMPK: AMP-activated protein kinase
O3FAs: omega-3 fatty acids; EPA: eicosapentanoic acid; DHA: docosahexanoic acid; LDLR: low-density lipoprotein cholesterol receptor; LXRs:
liver X receptors; PCSK9: Proprotein convertase subtilisin/kexin type 9

Table 2: The most promising natural compounds for dyslipidemia management
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Phytosterols

Phytosterols, which include plant sterols and stanols, are naturally
occurring steroidal compounds. To date, over 250 distinct
phytosterols and structurally related derivatives have been
identified across a wide range of plant and marine sources [58, 59].

Phytosterols reduce intestinal cholesterol absorption by competing
with cholesterol for incorporation into micelles, leading to
lower plasma LDL-C levels. Despite their structural similarity
to cholesterol, their bioavailability is very low — less than 5%
compared to 50-60% for cholesterol — primarily due to poor water
solubility and active efflux by ABCG5/8 transporters. After partial
absorption via NPCILC, a small fraction enters the circulation,
mainly within LDL particles, or is incorporated into HDL via
ABACALI1 transporters; the remainder is excreted back into the
intestinal lumen or bile. Genetic factors also influence phytosterol
absorption. Variants in NPC1L1 and apolipoprotein E (ApoE3/4
or ApoE4/4 alleles) have been associated with higher uptake,
although mechanisms are not fully understood [58, 60].

Initially hindered for therapeutic application due to poor
bioavailability, phytosterols regained interest following chemical
modification such as esterification, which increase lipophilicity
and facilitate their incorporation into fat-rich food products.
Notably, when adequately formulated into foods, free phytosterols
can achieve LDL-lowering effects comparable to those of esterified
forms, which improved their incorporation into food products
and enhanced functional efficacy. These findings underscore the
importance of the delivery system over the specific chemical form
of phytosterols. As a result, current formulation strategies are
increasingly focused on optimizing both chemical modifications
(such as esterification) and physical techniques (such as
microencapsulation) to improve their bioavailability [59-61].

Meta-analyses and regulatory assessments indicated that an intake
of 1.5 — 3.0 g/day of plant sterols or stanols can reduce serum
LDL-cholesterol concentrations by up to 12%, with maximal
effect achieved within 2 — 3 weeks [61,62].

In addition to their lipid-lowering effect, phytosterols have been
shown to improve insulin resistance, modulate lipid metabolism,
and potentially reduce the risk atherosclerosis related CVD [61].
Some evidence suggests that daily consumption of 1.5 — 2.0 g/
day of plant sterol/stanols may reduce TGs by 6% — 20% and
increase HDL-cholesterol by 5 — 11%, particularly in subjects with
atherogenic dyslipidemia [61]. However, a network meta-analysis
of 131 trials found no significant effect of plant sterols/stanols
supplementation on TG or HDL-C levels [63]. At higher intakes,
some studies suggest difference in the efficacy between plant
sterols and stanols; however, the available evidence is insufficient,
and well-designed trials are needed to draw definitive conclusions

regarding their relative efficacy as such levels [61].

Data also support the mild hypoglycemic effect of phytosterols. A
meta-analysis of 20 randomized controlled trials involving 1306
participants showed that phytosterol supplementation modestly
decreased insulin levels, fasting plasma glucose, and HbAlc,
although these changes were not clinically significant [64].

Red Yeast Rice - Monacolin K

Red Yeast Rice (RYR) is produced by fermentation of white
rice and Monascus purpureus fungus. The specific fermentation
conditions influence the composition of the final product, including
the presence of red pigments, characteristic flavor compounds, and
bioactive substances such as monacolins. Among these, monacolin
K represents the principal bioactive compound and is structurally
identical to lovastatin, exerting its cholesterol-lowering effects by
competitively inhibiting HMG-CoA reductase [65].

The lipid-lowering efficacy of RYR has been assessed in different
intervention studies, showing that monacolin K (from 4 to 10
mg) can significantly reduce elevated LDL-C levels, without
appreciable effects on TG or HLD-C concentrations [66, 67].

These findings were corroborated by meta-analysis demonstrating
that RYR lowers LDL-C with an efficacy comparable to low-
intensity or low-doses statin therapy. A modest increase in
HDL-C and a negligible reduction in TG levels was also reported
following daily RYR intakes ranging from 1200 to 4800 mg/day,
corresponding to 4 mg to 24 mg of monacolin K [68].

The EFSA has assessed the claim that a daily intake of 10 mg
monacolin K from red yeast rice (RYR) contributes to maintaining
normal LDL-C plasma levels in adults from the general
population. However, due to the structural similarity and shared
biosynthetic pathway between monacolin K and lovastatin, the
EFSA/ANS Panel raised safety concerns in 2018 [69]. Reported
adverse effects were comparable to those observed with lovastatin,
predominantly involving musculoskeletal and connective tissues,
with rhabdomyolysis representing the most severe outcome.
Additional adverse events were reported in decreasing order of
frequency in the hepatic, nervous, gastrointestinal, and cutaneous/
subcutaneous systems [70, 71].

The quality and composition of RYR products can vary substantially,
and their regulatory classification differs across jurisdictions. In
the United States, products containing monacolin K are classified
as prescription drugs, whereas in Europe they are marketed as food
supplements and are available without prescription [71].

Monacolin K from RYR has a demonstrated LDL-C—lowering
effect, recognized by the EFSA for intakes of 10 mg/day in
adults. However, safety concerns at doses >10 mg/day and
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reports of severe adverse reactions even at 3 mg/day have led to
regulatory restrictions. Commission Regulation (EU) 2022/860
set a maximum daily dose of 3 mg, and RYR supplementation is
contraindicated in individuals younger than 70 years and in those
already receiving statin therapy due to the risk of additive toxicity.
This regulation was subsequently amended by Commission
Regulation (EU) 2024/2041, clarifying that the EFSA-approved
claim for LDL-C reduction no longer applies at intakes below 3
mg/day [70,72].

Berberine

Among natural compounds with lipid-lowering potential, berberine
— a natural isoquinoline alkaloid extracted from plants such as
Berberis vulgaris L. and Berberis aristata DC — has attracted
increasing interest due to its pleiotropic actions on metabolic
health [73, 74].

Clinical trials have confirmed the efficacy and safety of berberine,
with high adherence rates and no discontinuation due to adverse
events. Even at high doses (up to 2000 mg/day for 20 days),
berberine was well tolerated in hypercholesterolemic patients,
even in cases of mild to moderate gastrointestinal side effects such
as diarrhea and nausea, which have occasionally been reported at
higher doses [75,76].

Regarding its lipid-lowering efficacy, berberine monotherapy
(500 mg twice daily for 3 months) has demonstrated significant
reductions in LDL-C, total cholesterol, and TG levels in patients
with T2D and dyslipidemia [75.77].

These findings are supported by a systematic review and meta-
analysis of randomized controlled trials evaluating berberine in
combination with simvastatin, which confirmed a greater reduction
in total cholesterol and TG levels compared to statin monotherapy.
Importantly, the incidence of adverse effects — including elevated
transaminases and statin-associated myalgia — was significantly
lower in patients receiving berberine either alone or in combination
with simvastatin, compared to those treated with statins alone [78].

These observations suggest a potential role for berberine in patients
with statin intolerance or in those requiring combination strategies
to achieve lipid targets with improved safety profile.

Beyond lipid-lowering effects, berberine has also been associated
with broader metabolic benefits.

In patients with T2D, clinically reduction in HbAlc and waist
circumference have been reported, while in patients with obesity,
modest weight loss (~2.2 Kg) has been observed [75, 79, 80],
suggesting potential utility in the management of cardiometabolic
risk beyond dyslipidemia.

These multiple effects are likely related to berberine ability to
modulate metabolic homeostasis through several mechanisms, in
contrast to conventional single-target pharmacological treatments.
These include activation of AMP-activated protein kinase (AMPK),
upregulation of hepatic LDLRs, downregulation of PCSK9 and
inhibition of Nod-like receptor thermal protein domain associated
protein 3 (NLRP3) inflammasome.

Activation of AMPK

AMPK is a central regulator of energy homeostasis, promoting
ATP-generating pathways such as glycolysis and fatty acid
oxidation, while simultaneously inhibiting ATP-consuming
pathways, including fatty acid and cholesterol synthesis. Genetics
models support its role in metabolic regulation: mice lacking
AMPKao, the catalytic subunit of AMPK, develop insulin resistance,
glucose intolerance, and increased adiposity under a high-fat diet.
Similarly, systemic and liver-specific AMPKa2 deficiency induces
hypertriglyceridemia in vivo. Notably, antidiabetic drugs like
metformin act partly via hepatic AMPK activation to improve lipid
metabolism and alleviate hepatic steatosis [81].

Berberine exerts many of its metabolic effects trough AMPK
activation. Inobese animal models, chronic berberine administration
reduces body weight and improves insulin sensitivity via AMPK
activation in adipose tissue. In skeletal muscle, it enhances glucose
uptake by stimulating both AMPK and p38 MAPK pathways. In
hepatocytes, berberine activates AMPK and promotes fatty acid
oxidation leading to improved lipid profiles and reduced hepatic
fat accumulation in high-fat-fed animals [82].

Furthermore, in a rat model of hyperhomocysteinemia—a condition
associated with increased cardiovascular risk and dysregulation
of cholesterol biosynthesis — berberine reduced both serum and
hepatic cholesterol levels by inhibited HMG-CoA reductase
activity. This occurred independently of changes in HMG-
CoA reductase gene or protein expression, suggesting a post-
translational regulatory mechanism. Moreover, berberine restored
hepatic levels of phosphorylated AMPK, which were suppressed
in hyperhomocysteinemic rats. Since AMPK activation promotes
HMG-CoA reductase inactivation through phosphorylation,
these findings support AMPK as a key upstream mediator in the
inhibition of cholesterol biosynthesis by berberine [83].

Inhibition of NLRP3 inflammasome

Emerging evidence indicates that berberine exerts anti-
inflammatory effects partly by modulating the NLRP3
inflammasome, a multiprotein complex involved in the release of
pro-inflammatory cytokines such as IL-1f and IL-18. Activation of
NLRP3 is a key contributor to pyroptosis, a pro-inflammatory form
of programmed cell death that plays a role in cardiac inflammation
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and glucotoxicity, particularly in the pathophysiology of
atherosclerosis, myocardial ischemia-reperfusion injury, diabetic
cardiomyopathy, and insulin resistance [84].

In a study using both db/db diabetic mice and high glucose-treated
H9C2 cells, berberine treatment significantly reduced NLRP3-
dependent inflammation. This effect was associated with decreased
mitochondrial reactive oxygen species (mtROS) generation and
suppressed mTOR phosphorylation, two up-stream events known
to promote inflammasome activation [85].

Moreover, previous evidence supports the possibility that AMPK
activation may contribute to the observed effects, as seen with other
agents such as metformin which inhibits NLRP3 via the AMPK/
mTOR axis. Thuse, berberine anti-inflammatory actions may
involve both AMPK-dependent and -independent mechanisms,
including modulation of ROS/NF-kB and mTOR signaling [86].
Overall, these findings suggest that berberine may attenuate
NLRP3-mediated inflammation through multi-target mechanisms,
highlighting its potential as an adjunct strategy for cardiometabolic
protection.

Modulation of PCSK9 and LDLR expression

In addition to its effects on inflammation and cholesterol synthesis,
berberine also modulates pathways involved in LDL-C clearance.
It is known that LDLR and PCSK9 are both transcriptionally
regulated by sterol-responsive element binding protein 2
(SREBP-2), which is activated in response to intracellular
cholesterol depletion. Moreover, PCSK9 expression is regulated
by hepatocytes nuclear factor 1a (HNF1a), a transcription factor
involved in its basal expression [87].

In HepG2 liver cells, berberine has been shown to reduce PCSK9
expression by downregulation of HNFla, a process mediated
by activation of the ubiquitine-proteasome system [88]. This
mechanism differs from that of statins, which increase both LDLR
and PCSK9 via SERBP-2 activation, partially offsetting their
effect. Unlike statins, berberine does not activate HNF1a, allowing
for enhanced LDLR expression without a concomitant rise in
PCSKO9 levels [73].

In vivo studies in dyslipidemic mice fed a high-cholesterol diet
demonstrated that berberine treatment (200 mg/Kg/day for 16
days) resulted in a time-dependent decrease in total cholesterol
and LDL-C. These effects were accompanied by a ~50% reduction
in circulating PCSKO9, a 42% reduction in hepatic HNFla, and a
~67% increase in hepatic LDLR protein expression, confirming
that berberine enhances LDL-C clearance via modulation of
HNF10—PCSK9-LDLR axis [89].

Synergistic combinations with berberine

Given the multifaceted metabolic effects of berberine, its combined
use with other nutraceuticals has been investigated. In this context,
the PROMOTE study demonstrated that co-administration of
berberine (600 mg twice daily) with probiotics (~50 billion CFU
once daily at bedtime) significantly improved fasting HbAlc
levels in drug-naive T2D patients, with enhanced reductions in
total cholesterol, TGs, and LDL-C compared to berberine alone
[90, 91].

Another recent study assessed the effects of berberine (1200 mg)
combined with cinnamon (600 mg) over 3 months in patients
with T2D. This combination significantly reduced HbAlc, fasting
blood glucose and LDL-C levels compared to placebo. However,
no significant improvements were observed in total cholesterol,
TGs, and HDL-C levels, compared to placebo [92], suggesting
selective effects on specific metabolic parameters.

More complex formulations have been developed to address statin
intolerance or insufficient lipid control.

A 6-month trial compared the lipid-lowering efficacy of a
formulation containing berberine (500 mg), policosanols (10 mg),
and RYR (200 mg) — termed BBR/P/RR — against ezetimibe in 228
patients with primary hypercholesterolemia and statin intolerance
or refusal. Both treatments significantly reduced LDL-C, total
cholesterol and TGs, with no effects on HDL-C levels. Notably,
BBR/P/RR was better tolerated and more effective than ezetimibe
in lowering LDL-C (~32% vs. 25%) and total cholesterol (24%
vs. 19%). Furthermore, combined therapy with BBR/P/RR plus
ezetimibe in a subgroup of patients resulted in superior lipid
improvement compared to monotherapy with reduction of 28% vs.
18% for total cholesterol, 37% vs. 23.5% for LDL-C, and 23%
vs. 18% for TGs [93]. Similar benefits were reported in patients
with heterozygous familial hypercholesterolemia (HeFH), where
adding BBR/P/RR to a stable lipid-lowering regimen (statins alone
or combined with ezetimibe) further decreased total cholesterol
(44% vs. 35.5%), LDL-C levels (53% vs. 43%), alongside
reduction in TGs levels (23% vs 18%.) not seen with ezetimibe
alone [93].

In patients with coronary disease post-percutaneous coronary
intervention (PCI) and high-dose statin intolerance, a nutraceutical
formulation containing berberine (500 mg), RYR (200 mg,
providing 3 mg of monacolin K), policosanol (10 mg), folic acid
(0.2 mg), coenzyme Q10 (2 mg), and astaxanthin (0.5 mg) was
compared to ezetimibe. After 3 months, 28% of patients in the
nutraceutical group achieved LDL-C target with good tolerability.
Those not achieving the goal continued combined therapy
(nutraceutical + ezetimibe), resulting in 72.5% of patients reaching
the LDL-C targets at 12 months [94].
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These findings were further supported by the ADHERENCE trial,
where 100 statin-intolerant patients post-PCI were randomized to
low-dose statin (LDS) alone or LDS plus the same nutraceutical
combination. After 3 months, the combination group showed a
significant reduction in LDL-C (—26.8%) and total cholesterol
(—17.5%), with 70% achieving LDL-C <70 mg/dL [95].

In addition to the clinical evidence presented, preliminary
unpublished observational data also support the efficacy of a
nutraceutical formulation combining berberine (500 mg) with
other two unconventional but emerging compounds: fenugreek
(150 mg) and reishi (200 mg). As reported in (Table 3), subjects
with mild hypercholesterolemia treated with this formulation
— termed BBR-FG-R — showed favorable outcomes in terms of
metabolic profile, both when administrated independently and in
combination with statins. Patients with mild hypercholesterolemia
showed a significant, time-dependent improvement. Following

a period of 3 months, BBR-FG-R demonstrated a significant
improvement in lipid parameters, which further improved after a
period of 6 months. A decline of 30.5% in LDL-C, 21.1% in total
cholesterol, 16.6% in TGs, and an 8.8% increase in HDL-C was
observed, with the normalization of each lipid values. In addition,
a decline of 28.1%, in CRP levels, 5.3% in fasting glucose, and 3.4
% in HbA1C was observed.

Moreover, in patients with moderate hypercholesterolemia that
remained not adequately controlled by statins (atorvastatin 10-
20 mg/day or rosuvastatin 5-10 mg/day), the addition of the
nutraceutical resulted in additional significant improvements. A
reduction in LDL-C and total cholesterol of 39.6% and 28.6%,
respectively, was observed, along with a decrease in TGs of
25.8% and LDL-C of 7.9%. This was accompanied by a decline
in inflammatory and glycemic markers also improved, with CRP
decreasing by 55%, fasting glucose by 8.6%, and HbA1C by 5.1%.

Biomarker 6 months® acc .
Baseline® 3 months® ;A/ absolute (relative p value
(mg/dl) 0)
Monotherapy with BBR-FG-R (N=26)
p<0.001
Total Cholesterol 215.1+£23.9 185.7+£22.6 169.7 £22.2 -45.4 (-21.1%)
avs.bvs. ¢
p<0.001
LDL-C 141.1 £21.0 1122 +£20.8 98.1 +20.8 -43.0 (-30.5%)
avs.bvs. c
p<0.01 avs.b
HDL-C 43.944.2 46.8+3.2 47.8+4.9 +3.9 (+8.8%)
p<0.001 cvs. a
p<0.001
TGs 153.1+£22.4 130.8 £16.8 127.7+17.4 -25.4 (-16.6%)
bandcvs. a
CRP 0.32+0.2 0.27+0.16 0.23£0.13 -0.09 (-28.1%) p<0.0lcvs.a
Glycemia® 106.3+7.9 104.3£6.2 100.6 = 6.1 -5.7 (-5.3%) p<0.001 cvs. a
p<0.001 cvs. a
HblAc (%)% 59+0.2 5.8+0.2 5.7+0.3 -0.2 (-3.4%)
p<0.05cvs. b
Combination therapy with statins and BBR-FG-R (N=8)
p<0.001
Total Cholesterol 275.4+£23.6 193.1 £69.6 196.5 £ 10.0 -78.9 (-28.6%)
cvs.bvs.a
p<0.05bvs. a
LDL-C 196.1 £15.9 1379+ 13.8 118.5£8.7 -77.6 (-39.6%)
p<0.0lcwvs. a
HDL-C 48.1+8.2 525+73 51.9+83 +3.8 (+7.9%) p<0.05cvs. a
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p<0.0l avs. b
TGs 172.3+16.7 138.8+17.4 127.9+6.5 -44 .4 (-25.8%)

p<0.001cvs.a
CRP 0.6+0.2 0.45+0.1 0.27+0.1 -0.33 (55%) p<0.01cwvs. a

p<0.0lavs.b
Glycemia 109.4 + 6.0 102.8 +4.2 100.0 +2.4 -9.4 (-8.6%)

p<0.001cvs.a

p<0.05bvs. a
HblAc (%) 59+0.2 57+02 5.6+0.2 -0.3 (-5.1%)

p<0.0l cvs.a

glycated hemoglobin.

(baseline values outside the normal range).

LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; TGs: triglycerides; CRP: C-reactive protein; Hb1Ac:

BBR-FG-R contains: berberis extract (DE titrated to 85%): 590 mg, providing berberine 500 mg; G. lucidum extract (DE titrated to 10%): 200
mg, providing polysaccharides 20 mg; Fenugreek extract (DE titrated to 50%):150 mg, providing saponins 75 mg.

A: difference between values at 6 months and baseline. Data expressed as mean + standard deviation. Repeated Measures ANOVA with Bonferroni

post-hoc test for parametric data and Friedman test with Dunn’s post-hoc test for non-parametric data. § and §§: 14 and 10 patients, respectively

Table 3: Preliminary unpublished observational data

Collectively, findings highlight the potential of berberine-based
combinations to optimize lipid management while providing
additional metabolic and anti-inflammatory benefits, particularly
in statin-intolerant patients or those not achieving their therapeutic
target. This evidence also supports the investigation of other
promising nutraceuticals with synergistic mechanisms of action,
including fenugreek and reishi, which are examined in the
following sections.

Fenugreek

Fenugreek (Trigonella foenum-graecum), a member of the
Fabaceae family, has emerged as a promising nutraceutical for
dyslipidemia management, with its beneficial effects primarily
attributed to bioactive steroidal saponins [96]. At the molecular
level, fenugreek enhances lipid metabolism through multiple
pathways, reducing lipid accumulation and upregulating LDLR
expression by downregulating key adipogenic transcription factors
such as SREBP-1, peroxisome proliferators activated-receptor-y
(PPAR-y), and CAAT element-binding proteins-a (c/EBP-a).

In vitro studies demonstrate that fenugreek treatment (50 ng/ml for
18 h) significantly reduces intracellular TG and cholesterol levels
while increasing LDL uptake via LDLR upregulation [97].

Preclinical investigations in animal models have yielded
heterogeneous but generally supportive results for fenugreek
hypolipidemic and hepatoprotective properties. Studies in
C57BL6/J mice supplemented with 2% fenugreek for 16 weeks
showed improvements in HDL-C and LDL-C concentrations,

along with reduced hepatic expression of fatty acid binding protein
4 (FABP4), a regulator of lipid metabolism linked to inflammation,
though no significant changes were observed in total cholesterol
or TGs [98]. More robust effects were observed with specific
bioactive compounds, such as 4-hydroxyisoleucine (50 mg/kg/day
for 4 weeks), which normalized plasma glucose and lipid profiles
to near-control values in type 1 diabetic models [99].

Additionally, daily administration of fenugreek at 15 mg/kg in
C57BL6/J mice induced dose- and time-dependent reductions
in circulating LDL-C, TGs, and body weight [97], while
supplementation with 8 g per 100g of normal diet demonstrated
protective effects against cholesterol- induced steatosis in hamsters
[100].

Clinical evidence consistently supports fenugreek efficacy,
particularly in T2D patients. In controlled trials, 10 g/day of
fenugreek seed powder for 8-12 weeks produced substantial
reduction in fasting blood glucose (—25%), TGs (—30%), and
VLDL cholesterol (—30.6%), while simultaneously increasing
adiponectin levels. These improvements were accompanied by
reductions in total cholesterol and HbAlc levels, with enhanced
effects observed when seeds were consumed after soaking in
hot water rather than mixed with yogurt [101,102]. Beyond
diabetes, fenugreek has demonstrated lipid-lowering efficacy in
patients with mild-to-moderate hypercholesterolemia, with 40
mg daily supplementation for 8 weeks significantly reducing total
cholesterol, LDL-C, and non-HDL-C levels [103]. Comparable
lipid ratio improvements (total cholesterol/HDL, VLDL/HDL, TG/
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HDL) were observed with fenugreek-enriched chapatis containing
fenugreek seed (0.75 g) and Nigella sativa (4.7 g) over 12 weeks,
though LDL/HDL remained unchanged (Rao et al., 2020).
Polyherbal formulations show enhanced efficacy in treatment-
resistant patients. A combination containing Allium sativum (300
mg), Aloe vera (300 mg), Nigella sativa (1.8 g), Plantago psyllium
(1 g), Silybum marianum (500 mg), and Trigonella foenum-
graecum (2.5 g) improved fasting glucose, HbAlc, LDL-C,
and triglycerides in advanced T2D patients unresponsive to
conventional therapy after 40 days [104]. When added to standard
therapy for 14 weeks, this formulation significantly reduced total
cholesterol, LDL-C, triglycerides, and HbAlc versus placebo,
though fasting glucose remained unaffected [105].

Ganoderma lucidum

Ganoderma lucidum (reishi), a medicinal mushroom extensively
utilized in traditional Chinese medicine, has emerged as a
promising therapeutic agent for cardiometabolic risk management
[106, 107]. This fungal species contains over 200 polysaccharides
and 432 secondary metabolites, including terpenoids and steroidal
compounds, which contribute to its broad spectrum of biological
activities relevant to dyslipidemia and glucose homeostasis [107,
108].

Preclinical investigations demonstrate exciting lipid-lowering
effects comparable to conventional statin therapy. In hyperlipidemic
animal models, G. lucidum ethanol extract (EEG) administered
at increasing doses (6, 24, and 96 mg/kg/day) produced dose-
dependent reductions in total cholesterol and LDL-C levels,
comparable to atorvastatin (2.5 mg/kg/day). Additionally, EEG
significantly increased HDL-C levels and attenuated hepatic
steatosis and aortic plaque formation compared to hyperlipidemic
controls, without increasing serum creatin kinase (CK) levels
[109]. The underlying mechanisms involve upregulation of liver
X receptors (LXRs) and their downstream targets within the ABC
transporter superfamily (ABCA1, ABCG1, ABCG5/8), enhanced
hepatic CYP7A1 expression and activity, and increased fecal bile
acid excretion [110, 111]. Similarly, G. lucidum polysaccharides
(GLP) demonstrate comparable efficacy through LXRa-mediated
pathways, enhanced bile acid biosynthesis, and suppression
of FXR-FGF15 signaling, while exhibiting anti-inflammatory
and antioxidant properties via NF-kB and Nrf2—Keapl pathway
modulation [106]. Collectively, these findings suggest that G.
lucidum improves lipid metabolism through activation of bile acid
synthesis, promotion of reverse cholesterol transport, and reduction
of cholesterol absorption, while maintaining a potentially superior
safety profile compared to statin therapy [109].

Although preclinical data are promising, clinical evidence
remains inconsistent and requires further validation [112]. While

early studies reported modest improvements in lipid profiles and
antioxidant capacity [113], a randomized, placebo-controlled
trial in patients with mild hypertension and/or hyperlipidemia
demonstrated reductions in triglycerides and insulin levels with
increased HDL-C following 12-week supplementation (1.44 g/
day), though atherogenic lipid ratios remained unchanged [114].
Conversely, other investigations failed to demonstrate significant
effects on glycemic parameters in patients with metabolic syndrome
[115]. These inconsistent findings likely reflect variations in
study design, extract composition, mushroom components used
(fruiting body vs. mycelium, with the latter typically containing
higher bioactive compound concentrations dosage, and patient
populations, emphasizing the need for well-designed, large-scale
trials to definitively establish clinical efficacy [116].

Conclusions

Several pharmacological strategies are available for lipid
lowering, ranging from statins to newer agents such as bempedoic
acid. Despite their proven efficacy, a considerable proportion of
patients still fail to reach therapeutic targets, often due to adverse
effects or nocebo responses that compromise adherence. This has
prompted growing interest in complementary strategies, including
nutraceuticals, which may offer pleiotropic benefits on lipid
metabolisms, glycemic control, and systemic inflammation. The
regulatory framework remains a crucial aspect, particularly in the
case of monacolin k from RYR, whose use has been progressively
restricted due to safety and variability in content. In contrast,
berberine has shown consistent efficacy in improving both lipid
and glucose parameters, although its clinical application is still
limited by poor bioavailability, which innovative delivery systems
can help overcome. Beyond these better-known compounds,
less explored nutraceuticals — such as reishi and fenugreek — are
emerging as promising candidates, with the potential to modulate
metabolic pathways.

Importantly, the integration of nutraceutical with pharmacological
agents may represent a rational alternative to intensifying
pharmacological multi-therapy. By combining agents with
complementary mechanisms, it may be possible to enhance
efficacy, improve tolerability, and sustain long-term adherence,
while reducing the burden of side effects often associated with
multiple-drug regimens. A similar rationale applies to nutraceutical
combinations: while some natural compounds may provide modest
benefits when used alone, their synergistic use — by targeting
different aspect of lipid and glucose metabolism or inflammation
— may amplify clinical outcomes and open new opportunities for
personalized interventions.

Beyond the dichotomy between drugs and nutraceuticals, the
future may lie in their thoughtful integration, offering clinicians
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and patients new tools to balance efficacy with tolerability and to
finally reduce the burden of residual cardiometabolic risk.
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