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ABSTRACT

Metabolic syndrome (MetS) is a group of interrelated risk factors, including central obesity, insulin resistance,
dyslipidemia, and hypertension that increase the risk of developing cardiovascular diseases, type 2 diabetes, and
other chronic conditions. The global prevalence of MetS has been steadily rising, largely driven by sedentary
lifestyles and poor dietary habits. While conventional pharmacological treatments are essential for managing MetS,
there is growing interest in plant-based compounds as potential therapeutic agents. These compounds offer
promising benefits due to their ability to address multiple aspects of MetS, including inflammation, oxidative stress,
insulin resistance, and lipid metabolism, with minimal side effects. This review provides an overview of several plant-
based compounds, such as curcumin, resveratrol, berberine, green tea catechins, and cinnamon, highlighting their
mechanisms of action, clinical evidence supporting their use, and potential for future treatment options. By exploring
the efficacy of these natural compounds, this review aims to contribute to the understanding of alternative and
complementary approaches in managing MetS, with a focus on their therapeutic potential, safety, and clinical
applicability.
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INTRODUCTION
Metabolic syndrome (MetS) is a cluster of with side effects and do not address the underlying

interconnected risk factors that significantly increase
the likelihood of developing chronic conditions such
as cardiovascular diseases (CVD), type 2 diabetes
(T2D), and other related health issues [17]. The key
features of MetS include central obesity, insulin
resistance, dyslipidemia (elevated triglycerides and
low HDL cholesterol), and hypertension. According
to the World Health Organization (WHO),
approximately 25% of the global population is
affected by MetS, with its prevalence steadily rising
due to the increasing adoption of sedentary lifestyles,
poor dietary habits, and lack of physical activity [37].
Visceral obesity is often central to the development of
MetS, as the accumulation of fat in the abdominal area
exacerbates the condition by triggering chronic low-
grade inflammation and insulin resistance, which are
key contributors to its progression [4,5].

Pharmacological interventions, including statins,
antihypertensive drugs, and insulin sensitizers, are
commonly prescribed to manage the symptoms of
MetS [67. However, these treatments often come

causes of the syndrome. As a result, there is growing
interest in exploring alternative treatment options,
particularly  those derived from plant-based
compounds [77]. These compounds have shown
promise in combating MetS by offering a variety of
beneficial effects, including anti-inflammatory,
antioxidant, hypoglycemic, and lipid-lowering
actions. Such natural therapies provide a
complementary approach to traditional treatments,
offering a safer and more holistic strategy for
managing MetS [8-107]. This review examines
several plant-based compounds with demonstrated
efficacy in addressing the key components of MetS,
their mechanisms of action, clinical evidence
supporting their use, and their potential for future
applications in MetS management.

Mechanisms of Action of Plant-Based
Compounds in Metabolic Syndrome
Plant-based compounds exert a wide range of effects
that can aid in managing the individual components
of metabolic syndrome (MetS) [11]. These
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compounds influence key metabolic pathways and
offer therapeutic potential through their anti-
inflammatory, antioxidant, and insulin-sensitizing
effects, among others [127]. Below are some of the
most important mechanisms through which plant-
based compounds exert their beneficial effects in
MetS management.

Anti-inflammatory  effects: Chronic  low-grade
inflammation is a key driver of insulin resistance,
dyslipidemia, and hypertension, all of which are
components of MetS [1387. Many plant compounds
possess potent anti-inflammatory properties that help
modulate inflammatory cytokines such as tumor
necrosis factor-alpha (TNF-a) and interleukins,
thereby reducing systemic inflammation [[147]. This
modulation can not only improve insulin sensitivity
but also mitigate other risk factors associated with
MetS, including high blood pressure and lipid
imbalances. The anti-inflammatory action is
particularly  significant  because inflammation
contributes to the development of atherosclerosis and
endothelial dysfunction, both of which are risk factors
for cardiovascular disease in individuals with MetS
[15].

Antioxidant effects: Oxidative stress is another major
contributor to the pathogenesis of MetS, leading to
cellular damage, particularly in the liver, adipose
tissue, and blood vessels [167]. Plant-based
compounds with antioxidant properties neutralize
reactive oxygen species (ROS), reducing oxidative
damage to tissues and organs. This effect can help
improve insulin sensitivity and reduce the risk of
complications like cardiovascular diseases [17].
Furthermore, antioxidant compounds also protect
against the progression of fatty liver disease, a
common comorbidity in MetS.

Insulin sensitization: Insulin resistance is a central
feature of MetS and plays a pivotal role in the
pathophysiology of the syndrome. Improving insulin
sensitivity is, therefore, crucial in managing the
condition [167]. Several plant compounds have been
shown to activate critical signaling pathways, such as
AMP-activated protein kinase (AMPK), which
improves glucose uptake in cells and enhances insulin
sensitivity [15]. By modulating these pathways,
plant compounds help to restore normal insulin
signaling, thereby addressing one of the root causes
of MetS.

Lipid-lowering effects: Dyslipidemia, characterized
by high triglycerides and low HDL cholesterol, is a
hallmark of MetS [187]. Plant-based compounds can
regulate  lipid metabolism  through various
mechanisms, such as enhancing lipoprotein lipase
activity, increasing the synthesis of high-density
lipoprotein (HDL) cholesterol, and reducing the
synthesis of low-density lipoprotein (LDL)
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cholesterol [197]. By improving lipid profiles, these
compounds help reduce the risk of atherosclerosis and
cardiovascular  disease, which are common
complications associated with MetS.

Plant-Based Compounds in the Management of
Metabolic Syndrome
A growing body of research supports the potential of
plant-based compounds in managing MetS. Many of
these compounds are derived from commonly
consumed plants and have demonstrated efficacy in
clinical studies [207. Below are some of the most
extensively studied plant-based compounds with
promising therapeutic effects in MetS:

Curcumin (Curcuma longa)
Curcumin, the active compound found in turmeric,
has garnered significant attention due to its potent
anti-inflammatory,  antioxidant, and insulin-
sensitizing properties [217]. Clinical studies have
demonstrated that curcumin supplementation can
reduce inflammation and oxidative stress, which
contribute to the progression of MetS [227.
Additionally, curcumin has been shown to improve
insulin sensitivity, reduce blood glucose levels, and
lower triglycerides and LDL cholesterol. Several
clinical trials have also reported beneficial effects on
metabolic markers such as waist circumference, blood
pressure, and lipid profiles [23,247]. The compound’s
ability to modulate inflammatory pathways like NF-
kB and inhibit oxidative stress helps address multiple
components of MetS simultaneously, making it a
promising candidate for MetS management.

Resveratrol (Vitis vinifera)
Resveratrol, a polyphenolic compound found in red
wine, grapes, and certain berries, is well-known for its
antioxidant and anti-inflammatory effects [257].
These properties make resveratrol a valuable
compound in the management of MetS. Studies have
shown that resveratrol improves insulin sensitivity,
reduces blood glucose levels, and lowers triglyceride
levels, all of which are key features of MetS. In
addition to its metabolic effects, resveratrol has
vasodilatory effects, which help reduce blood
pressure, and it improves endothelial function, which
is crucial for cardiovascular health [267. Clinical
trials have demonstrated resveratrol’s ability to
reduce biomarkers of MetS, including waist
circumference and blood pressure, further supporting
its potential in MetS management.

Berberine (Berberis spp.)
Berberine, an alkaloid compound found in several
plant species such as Goldenseal and Berberis, has
been extensively studied for its metabolic benefits
[277. It has been shown to activate AMPK, a key
regulator of cellular energy metabolism, which helps
improve insulin sensitivity and modulate lipid
metabolism [287. Numerous clinical studies have

of the Creative Commons Attribution License

(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original work is properly cited



www.idosr.org

demonstrated that berberine supplementation
effectively lowers fasting blood glucose, HbAlc,
triglycerides, and LDL cholesterol levels [297.
Furthermore, berberine has been shown to help
reduce body weight and reduce systemic
inflammation, both of which are important aspects of
MetS. Its multi-targeted actions make berberine a
strong candidate for addressing the underlying
causes of MetS.

Green Tea Catechins (Camellia sinensis)
Green tea is rich in polyphenolic compounds known
as catechins, particularly epigallocatechin gallate
(EGCG), which exhibit antioxidant and anti-
inflammatory effects [807. Green tea catechins have
been shown to improve insulin sensitivity, lower
blood glucose levels, and reduce body fat, making
them effective in managing MetS. Furthermore, these
catechins have lipid-lowering properties, helping to
reduce triglyceride and LDL cholesterol levels while
increasing HDL cholesterol [817. Several studies
have demonstrated that green tea catechins
contribute to weight management, improve metabolic
function, and reduce the risk of developing type 2
diabetes and cardiovascular disease in individuals
with MetS [307]. Green tea’s ability to target multiple
components of MetS further underscores its
therapeutic potential.

Cinnamon (Cinnamomum verum)
Cinnamon, particularly its active compound
cinnamaldehyde, has been found to have insulin-
sensitizing effects and may help regulate blood
glucose levels [327]. Cinnamon supplementation has
been linked to improved fasting blood glucose levels,
reduced HbA1c levels, and enhanced insulin
sensitivity in individuals with MetS [33].
Additionally, cinnamon has been shown to reduce
triglyceride and LDL cholesterol levels. The anti-
inflammatory and antioxidant properties of cinnamon
contribute to its overall effectiveness in managing
MetS [347]. Given its accessibility and low cost,
cinnamon offers a viable option for individuals
seeking complementary treatments for MetS,
particularly in improving glycemic control and lipid
profiles.

Abner, 2025
Plant-based compounds offer a promising alternative
or adjunct to traditional pharmacological treatments
for MetS [857]. With their multifaceted mechanisms
of action, including anti-inflammatory, antioxidant,
insulin-sensitizing, and lipid-lowering effects, these
compounds have the potential to address the key
components of MetS simultaneously [837. Curcumin,
resveratrol, berberine, green tea catechins, and
cinnamon are among the most studied plant-based
compounds, with substantial clinical evidence
supporting their efficacy. Further research is needed
to establish optimal dosages, formulations, and
combinations of these compounds to maximize their
therapeutic benefits in the management of MetS.

Safety and Considerations

While plant-based compounds offer significant
potential in managing MetS, it is crucial to assess
their safety and possible interactions with other
medications. Generally, most plant-based compounds
are safe and well-tolerated when consumed in
moderate amounts [36]. However, the bioavailability
of many plant compounds can be a limiting factor,
which may reduce their effectiveness. To overcome
this challenge, enhanced formulations such as
nanoparticles, liposomal preparations, or co-
administration with substances like piperine (found in
black pepper) are sometimes used to improve
absorption and bioavailability 3877. Despite their
beneficial properties, plant compounds can interact
with various medications, including anticoagulants,
antihypertensive drugs, and insulin-sensitizing
agents [387. For example, compounds like curcumin
and resveratrol may have blood-thinning effects,
which can enhance the effects of anticoagulants,
increasing the risk of bleeding [897. Similarly, some
plant compounds may interact with medications that
regulate blood pressure or glucose levels, potentially
leading to additive or synergistic effects [407.
Therefore, it is essential for individuals considering
plant-based compounds as adjunctive treatments for
MetS to consult healthcare professionals before
starting supplementation. This helps ensure that
there are no adverse interactions or contraindications
with other medications they may be taking.

CONCLUSION

Plant-based compounds hold considerable promise in
managing MetS by addressing key components such
as insulin resistance, dyslipidemia, hypertension, and
obesity [417]. While several of these compounds have
shown positive effects in clinical trials, additional
large-scale, well-designed studies are needed to
confirm their efficacy and safety across diverse
populations [427]. Future research should focus on
determining the optimal dosages, potential
combinations of plant compounds, and their long-
term effects. Additionally, investigating the
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mechanisms through which these compounds
influence metabolic pathways will provide deeper
insights into their therapeutic potential. The role of
plant compounds in gut microbiota modulation and
epigenetic regulation presents another exciting
avenue for future research. Understanding these
mechanisms may help identify new targets for MetS
treatment and enhance the effectiveness of plant-
based therapies [487]. Ultimately, plant-based
compounds may serve as valuable adjuncts to
traditional pharmacological treatments, offering a
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more natural and holistic approach to managing
MetS. With continued research, these compounds
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could become an integral part of comprehensive MetS
management strategies.
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