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ABSTRACT

Endocrine disorders, including Type 2 Diabetes, Polycystic Ovary Syndrome, thyroid dysfunction, and Metabolic
Syndrome, represent a major global health burden characterized by metabolic imbalance and hormonal
dysregulation. Increasing interest in nutraceuticals has highlighted cinnamon as a promising natural agent with
potential endocrine-modulating properties. Derived from the bark of Cinnamomum species, cinnamon contains
bioactive compounds such as cinnamaldehyde, polyphenols, and procyanidins that exhibit antioxidant, anti-
inflammatory, and insulin-sensitizing activities. Experimental and clinical studies indicate that cinnamon may
improve glucose metabolism, enhance insulin signaling, and regulate lipid homeostasis. These effects are mediated
through modulation of key metabolic pathways. Emerging evidence also suggests that cinnamon may influence
endocrine function through interactions with the Gut Microbiota. This review summarizes current mechanistic
insights, and future prospects for cinnamon as a complementary therapeutic strategy in endocrine disorders.

KEYWORDS: Cinnamon, Endocrine disorders, Type 2 Diabetes, Polycystic Ovary Syndrome.

INTRODUCTION

The endocrine system plays a vital and highly
coordinated role in  maintaining  physiological
homeostasis within the human body. Through a complex
network of glands including the pancreas, thyroid,
adrenal glands, and reproductive organs the endocrine
system secretes hormones that regulate essential
biological processes such as metabolism, growth and
development, reproductive function, stress responses,
and energy balance. These hormones act as chemical
messengers, traveling through the bloodstream to target
tissues where they regulate cellular activity and maintain
internal stability (Hall & Hall, 2021). Any disruption in
hormone synthesis, secretion, transport, or receptor
signaling can significantly impair normal physiological
functioning and ultimately lead to endocrine disorders.

Endocrine disorders arise when hormonal regulation
becomes imbalanced, either through excessive or
insufficient hormone production or through impaired
cellular responsiveness to hormonal signals. Such
dysregulation can manifest in a wide range of clinical
conditions, including diabetes mellitus, thyroid

dysfunction, obesity, metabolic syndrome, and
reproductive endocrine disorders. Over the past several
decades, the global prevalence of endocrine-related
diseases has risen dramatically. This increase is largely
attributed to rapid lifestyle transitions characterized by
sedentary behavior, increased consumption of calorie-
dense processed foods, urbanization, and growing levels
of psychological stress (Saeedi et al., 2019). In addition
to environmental and lifestyle factors, genetic
susceptibility and epigenetic modifications also
contribute significantly to the development and
progression of endocrine diseases (Cho et al., 2018).

Among endocrine disorders, Type 2 Diabetes Mellitus
(T2DM) represents one of the most widespread and
challenging metabolic conditions worldwide. It is
characterized primarily by chronic hyperglycemia
resulting from insulin resistance combined with impaired
insulin secretion from pancreatic p-cells. According to
recent global estimates, hundreds of millions of
individuals are currently living with diabetes, and this
number is expected to increase substantially in the
coming decades (International Diabetes Federation,
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2021). Persistent hyperglycemia in T2DM can lead to
serious complications, including cardiovascular disease,
neuropathy, nephropathy, and retinopathy, making it a
major public health burden.

In addition to diabetes, other endocrine-related metabolic
disorders such as Polycystic Ovary Syndrome (PCOS)
and Metabolic Syndrome have gained increasing
attention due to their rising prevalence and complex
pathophysiology. PCOS is a multifactorial reproductive
endocrine disorder affecting women of reproductive age
and is commonly associated with hyperandrogenism,
ovulatory  dysfunction, and polycystic ovarian
morphology (Azziz et al., 2016). A key feature of PCOS
is insulin resistance, which contributes to metabolic
disturbances and increases the risk of developing Type 2
diabetes and cardiovascular disease. Similarly, metabolic
syndrome, a cluster of conditions including central
obesity, dyslipidemia, hypertension, and impaired
glucose metabolism represents a major risk factor for
cardiovascular and endocrine complications (Alberti et
al., 2009).

Conventional pharmacological therapies are commonly
employed in the management of endocrine disorders.
These include insulin sensitizers such as metformin,
hormone replacement therapies, and various metabolic
regulators designed to improve glycemic control and
restore hormonal balance. While these medications can
be effective in managing symptoms and slowing disease
progression, long-term treatment is often associated with
limitations such as adverse side effects, reduced patient
adherence, potential drug resistance, and increasing
healthcare costs (Bailey, 2017). As a result, both
researchers and clinicians have shown growing interest
in identifying complementary or alternative therapeutic
approaches that may offer improved safety profiles and
additional metabolic benefits.

In this context, plant-derived bioactive compounds and
traditional herbal medicines have gained significant
attention in recent years. Natural products have been
used since long times as an important source of
therapeutic agents, and many modern pharmaceuticals
have originated from plant-based compounds. Herbal
medicines are particularly attractive due to their wide
availability, cultural acceptance, and potential multi-
target mechanisms of action (Atanasov et al., 2021).
Among various medicinal plants, cinnamon has emerged
as a promising candidate for the management of
metabolic and endocrine disorders.

Cinnamon is a widely used culinary spice derived from
the inner bark of trees belonging to the genus
Cinnamomum, which includes several species such as
Cinnamomum  verum  (Ceylon cinnamon) and
Cinnamomum cassia (Chinese cinnamon). Beyond its
aromatic and flavoring properties, cinnamon has been
used for centuries in traditional medical systems
including Ayurvedic, Chinese, and Middle Eastern

medicine for the treatment of digestive disorders,
inflammatory conditions, respiratory illnesses, and
metabolic disturbances (Ranasinghe et al., 2013). The
therapeutic value of cinnamon has increasingly attracted
scientific interest as researchers have begun to
investigate its pharmacological properties in greater
detail.

Phytochemical analyses have revealed that cinnamon
contains a diverse array of biologically active
compounds, including cinnamaldehyde, cinnamic acid,
eugenol, procyanidins, and polyphenolic polymers.
These compounds exhibit a range of pharmacological

activities such as antioxidant, anti-inflammatory,
antimicrobial, and metabolic regulatory effects
(Gruenwald et al., 2010). Importantly, several

experimental and clinical studies have suggested that
cinnamon may influence key metabolic pathways
involved in glucose and lipid metabolism.

Emerging evidence indicates that cinnamon may help
improve glucose homeostasis, insulin sensitivity, lipid
metabolism, and hormonal regulation, which are critical
factors in the pathophysiology of many endocrine
disorders. For example, cinnamon polyphenols have
been shown to enhance insulin receptor signaling,
promote glucose uptake in peripheral tissues, and reduce
oxidative stress associated with metabolic dysfunction
(Anderson et al., 2004). These mechanisms suggest that
cinnamon could serve as a valuable adjunct in the
prevention and management of metabolic and endocrine
diseases.

Given these promising findings, there is growing
scientific interest in exploring the therapeutic potential of
cinnamon within the context of endocrine health.
Therefore, this article aims to provide a comprehensive
overview of the role of cinnamon in the management of
endocrine disorders. Specifically, it examines the
phytochemical composition of cinnamon, its molecular
mechanisms of action, evidence from experimental and
clinical studies through literature review, potential
clinical applications, safety considerations, and future
research directions that may further clarify its role in
endocrine therapeutics.

LITERATURE REVIEW

Phytochemical Composition and Biological Properties
of Cinnamon

The therapeutic potential of cinnamon is largely
attributed to its diverse array of bioactive
phytochemicals. These naturally occurring compounds
contribute to it’s distinctive aroma, flavor, and
pharmacological activities. Over the past few decades,
extensive phytochemical investigations have identified
numerous biologically active constituents in cinnamon,
many of which are associated with antioxidant, anti-
inflammatory, antimicrobial, and metabolic regulatory
properties (Gruenwald et al., 2010; Ranasinghe et al.,
2013). These compounds interact with multiple cellular
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pathways involved in glucose metabolism, lipid
regulation, oxidative stress, and inflammatory responses,
thereby contributing to cinnamon’s potential benefits in
endocrine disorders.

Major Bioactive Compounds

Cinnamon contains a complex mixture of volatile oils,
phenolic compounds, and polyphenolic polymers that
collectively contribute to its therapeutic effects. Among
these constituents, several compounds have been
extensively studied for their biological activity.

Cinnamaldehyde is the primary active component of
cinnamon essential oil and is largely responsible for the
spice’s characteristic aroma and flavor. Chemically
classified as an aromatic aldehyde, cinnamaldehyde
represents the dominant compound in the bark oil of
many Cinnamomum species. Beyond its sensory
properties, cinnamaldehyde has attracted significant
scientific interest due to its broad spectrum of
pharmacological activities.

Research has demonstrated that cinnamaldehyde exhibits
potent anti-inflammatory, antimicrobial, and metabolic
regulatory effects. Mechanistically, it has been shown to
modulate key signaling pathways involved in
inflammation and glucose metabolism, including nuclear
factor-kappa B (NF-xB) and insulin signaling pathways
(Shen et al, 2012). In experimental studies,
cinnamaldehyde has also been reported to improve
insulin sensitivity, enhance glucose uptake in peripheral
tissues, and reduce oxidative stress, thereby supporting
its potential role in managing metabolic and endocrine
disorders (Anderson et al., 2004; Cao et al., 2017). These
properties make cinnamaldehyde one of the most
important bioactive constituents contributing to the
therapeutic value of cinnamon.

Cinnamic acid is another important phenolic compound
present in  cinnamon.  Structurally related to
cinnamaldehyde, cinnamic acid and its derivatives are
known for their strong antioxidant and metabolic
regulatory properties. These compounds have been
shown to scavenge free radicals and reduce oxidative
damage in biological systems (Mathew & Abraham,
2006). In the context of metabolic health, cinnamic acid
may contribute to the regulation of glucose and lipid
metabolism. Experimental studies suggest that it can
influence enzymatic pathways involved in carbohydrate
digestion and absorption while also improving lipid
profiles by reducing triglyceride and cholesterol levels
(Rao & Gan, 2014). Through these mechanisms,
cinnamic acid may help mitigate metabolic disturbances
commonly observed in endocrine disorders such as
diabetes and metabolic syndrome.

Eugenol is a phenolic compound found in smaller
quantities in cinnamon but is widely recognized for its
significant pharmacological activity. It is also present in
other aromatic plants such as cloves and basil. Eugenol

exhibits strong antioxidant, anti-inflammatory, and
antimicrobial properties, which contribute to the overall
therapeutic profile of cinnamon (Kamatou et al., 2012).
Studies indicate that eugenol may help reduce oxidative
stress and inflammation by inhibiting the production of
reactive oxygen species (ROS) and inflammatory
mediators. These actions are particularly relevant in
endocrine disorders, where chronic inflammation and
oxidative damage play a key role in disease progression.
By modulating inflammatory pathways and protecting
cellular structures from oxidative injury, eugenol may
indirectly support endocrine and metabolic health.

Procyanidins and Polyphenols

Cinnamon is especially rich in polyphenolic compounds,
including procyanidin polymers and other flavonoids.
These polyphenols are believed to be among the most
important  constituents responsible for cinnamon’s
metabolic effects. Polyphenolic compounds are well
known for their powerful antioxidant activity and their
ability to interact with cellular signaling pathways
involved in glucose metabolism.One of the most notable
aspect in cinnamon research was the identification of
procyanidin type-A polymers, which exhibit insulin-like
biological activity. These compounds have been shown
to enhance insulin receptor phosphorylation, increase
glucose uptake in cells, and improve insulin sensitivity
(Anderson et al., 2004). Such effects are particularly
important for individuals with insulin resistance, a key
pathological feature of conditions such as Type 2
diabetes, metabolic syndrome, and polycystic ovary
syndrome. Polyphenols in cinnamon may also contribute
to improved lipid metabolism, reduced oxidative stress,
and enhanced endothelial function, all of which are
essential for maintaining metabolic and endocrine health
(Ranasinghe et al., 2013).

Coumarin is a naturally occurring aromatic compound
found in certain species of cinnamon, particularly Cassia
cinnamon (Cinnamomum cassia). While coumarin
contributes to some of the biological and flavor
characteristics of cinnamon, it has also raised safety
concerns due to its potential toxicity at high levels of
consumption. It has also been recorded that excessive
intake of coumarin has been associated with
hepatotoxicity and liver damage, particularly when
consumed regularly in large amounts (Abraham et al.,
2010). For this reason, regulatory agencies in several
countries have established recommended limits for
coumarin intake. Importantly, the concentration of
coumarin varies significantly among cinnamon species;
Cinnamomum verum (Ceylon or “true” cinnamon)
generally contains much lower levels of coumarin than
Cinnamomum cassia. Thus, careful consideration of
dosage and cinnamon type is essential when evaluating
its therapeutic use.

Antioxidant Properties
Cinnamon is widely recognized as a potent natural
antioxidant, largely due to its high concentration of
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polyphenols and  other  phenolic  compounds.
Antioxidants play a critical role in protecting biological
systems from oxidative stress, which occurs when there
is an imbalance between the production of reactive
oxygen species and the body’s ability to neutralize them
through antioxidant defenses. Oxidative stress has been
strongly implicated in the development and progression
of several endocrine disorders, particularly Type 2
diabetes, metabolic syndrome, and obesity. Elevated
levels of reactive oxygen species can damage cellular
proteins, lipids, and DNA, ultimately impairing insulin
signaling and pancreatic B-cell function (Ceriello &
Motz, 2004). Over time, this oxidative damage
contributes to chronic metabolic dysfunction and disease
progression.

Cinnamon’s antioxidant properties help counteract these
harmful processes. Polyphenolic compounds present in
cinnamon can directly scavenge free radicals while also
enhancing the activity of endogenous antioxidant
enzymes such as superoxide dismutase, catalase, and
glutathione peroxidase (Mathew & Abraham, 2006).
Through these mechanisms, cinnamon may help protect
tissues from oxidative injury and support metabolic
homeostasis.  Several experimental studies have
demonstrated that cinnamon supplementation can
significantly reduce oxidative stress markers while
improving antioxidant capacity in biological systems
(Rao & Gan, 2014). These findings highlight the
potential role of cinnamon as a natural antioxidant agent
in the prevention and management of oxidative stress—
related endocrine disorders.

Anti-Inflammatory Effects

In addition to oxidative stress, chronic low-grade
inflammation is also recognized as a central feature in
the pathogenesis of many endocrine and metabolic
disorders. Conditions such as diabetes, obesity, metabolic
syndrome, and polycystic ovary syndrome are often
associated with persistent activation of inflammatory
pathways within metabolic tissues (Hotamisligil, 2006).

Cinnamon and its bioactive constituents have
demonstrated significant anti-inflammatory activity in
both experimental and clinical studies. Cinnamon
extracts have been shown to suppress the production of
pro-inflammatory cytokines, including tumor necrosis
factor-alpha (TNF-a), interleukin-6 (IL-6), and
interleukin-1p. These cytokines play a crucial role in
promoting inflammation and insulin resistance (Shen et
al., 2012). The anti-inflammatory effects of cinnamon are
believed to occur through the inhibition of key signaling
pathways such as NF-kB and mitogen-activated protein
kinase (MAPK), which regulate inflammatory gene
expression. By modulating these pathways, cinnamon
may help reduce systemic inflammation and improve
metabolic function. Moreover, the combined antioxidant
and anti-inflammatory properties of cinnamon create a
synergistic protective effect against the cellular damage
associated with endocrine disorders. These biological

activities provide a strong scientific basis for
investigating cinnamon as a complementary therapeutic
agent in metabolic and endocrine disease management.

Molecular Mechanisms of Cinnamon in Endocrine
Regulation

The beneficial effects of cinnamon in metabolic and
endocrine disorders are not attributed to a single
biological action but rather to a complex interaction of
multiple molecular pathways. Bioactive compounds
present in  cinnamon particularly  polyphenols,
cinnamaldehyde, and procyanidin polymers interact with
cellular signaling mechanisms that regulate glucose
metabolism, insulin sensitivity, inflammation, and
oxidative stress. These mechanisms collectively
contribute to the improvement of metabolic homeostasis
and endocrine function. In recent years, molecular and
biochemical studies have provided increasing evidence
that cinnamon can influence key regulatory pathways
involved in energy balance and hormonal signaling (Cao
et al., 2017; Ranasinghe et al., 2013; Rao & Gan, 2014).

Understanding these mechanisms is important because
endocrine disorders such as Type 2 diabetes, metabolic
syndrome, and polycystic ovary syndrome are
characterized by disturbances in insulin signaling,
chronic inflammation, oxidative stress, and impaired
glucose metabolism. Cinnamon appears to target several
of these pathological processes simultaneously, thereby
offering potential therapeutic benefits through multi-
target biochemical modulation (Shen et al., 2012; Akilen
etal., 2012).

Activation of the AMPK Pathway

One of the most important molecular mechanisms
through which cinnamon may exert metabolic benefits is
the activation of AMP-activated protein kinase (AMPK).
AMPK is widely recognized as a central cellular energy
sensor that regulates metabolic homeostasis. It becomes
activated when cellular energy levels decline, triggering
metabolic adaptations that restore energy balance by
promoting glucose uptake, fatty acid oxidation, and
mitochondrial ~ activity while inhibiting energy-
consuming processes such as lipid and cholesterol
synthesis (Hardie et al., 2012).

Earlier research suggests that certain cinnamon-derived
compounds, particularly cinnamaldehyde and
polyphenols, can stimulate AMPK activation in
metabolic tissues such as skeletal muscle, liver, and
adipose tissue. Activation of this pathway leads to
enhanced glucose uptake and improved insulin
sensitivity, both of which are critical for maintaining
normal endocrine and metabolic function (Shen et al.,
2012; Cao et al., 2017). By activating AMPK signaling,
cinnamon may also promote fatty acid oxidation and
reduce lipid accumulation, thereby contributing to
improved metabolic profiles in individuals with insulin
resistance or metabolic syndrome (Rao & Gan, 2014).
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Some experimental studies have further demonstrated
that AMPK activation by cinnamon compounds may
influence  mitochondrial  biogenesis and  energy
metabolism, which are essential processes for
maintaining cellular health and preventing metabolic
dysfunction (Zuo et al., 2020). These findings highlight
the potential role of cinnamon as a natural modulator of
cellular energy regulation.

Enhancement of Insulin Signaling

Another important mechanism stressing the endocrine
benefits of cinnamon is, its ability to enhance insulin
receptor signaling. Insulin plays a fundamental role in
regulating glucose metabolism by facilitating the uptake
of glucose from the bloodstream into peripheral tissues
such as skeletal muscle and adipose tissue. However, in
conditions such as Type 2 diabetes and metabolic
syndrome, insulin signaling becomes impaired, leading
to insulin resistance and chronic hyperglycemia. Studies
have shown that cinnamon polyphenols can improve
insulin sensitivity by enhancing the activity of insulin
receptors and promoting insulin receptor
phosphorylation.  This  process  strengthens the
intracellular signaling cascade responsible for glucose
transport and metabolic regulation (Anderson et al.,
2004). Improved insulin receptor function leads to more
efficient glucose uptake and utilization by target tissues,
ultimately contributing to lower blood glucose levels.

In addition, cinnamon compounds may inhibit enzymes
involved in the dephosphorylation of insulin receptors,
thereby prolonging insulin signaling activity within cells.
This effect further enhances insulin sensitivity and
improves metabolic control (Cao et al., 2017). Clinical
and experimental research has therefore suggested that
cinnamon supplementation may provide supportive
benefits in managing insulin resistance and improving
glycemic control in individuals with metabolic disorders
(Akilen et al., 2012).

Regulation of Glucose Transporters

Glucose uptake into cells is primarily mediated by
specialized membrane proteins known as glucose
transporters (GLUTSs). Among these transporters, GLUT4
plays a particularly important role in insulin-regulated
glucose uptake in skeletal muscle and adipose tissue. In
healthy individuals, insulin stimulation triggers the
translocation of GLUT4 transporters from intracellular
storage vesicles to the cell membrane, allowing glucose
to enter the cell. However, in insulin-resistant states, this
process becomes impaired, leading to elevated blood
glucose levels. Research indicates that cinnamon may
help restore this mechanism by increasing the expression
and translocation of GLUT4 transporters. Cinnamon
polyphenols have been shown to enhance GLUT4
activity in muscle and adipose tissues, thereby
facilitating glucose uptake and improving glycemic
control (Qin et al., 2010). Through this mechanism,
cinnamon may contribute to better regulation of blood
glucose levels and improved metabolic balance.

More recent experimental evidence suggests that
cinnamon-derived compounds may influence gene
expression related to glucose transport and metabolism,
further supporting their role in regulating cellular glucose
handling (Zuo et al., 2020). By improving the efficiency
of glucose transport systems, cinnamon may help
mitigate hyperglycemia and metabolic dysregulation
commonly observed in endocrine disorders.

Inhibition of Inflammatory Pathways

Chronic low-grade inflammation is now recognized as a
central factor in the development and progression of
many endocrine and metabolic disorders, including
diabetes, obesity, and metabolic syndrome. Persistent
inflammation can interfere with insulin signaling
pathways, promote insulin resistance, and contribute to
tissue damage over time (Hotamisligil, 2006).

Cinnamon  has demonstrated  significant  anti-
inflammatory activity in both experimental and clinical
studies. Bioactive constituents such as cinnamaldehyde
and polyphenols can suppress the activation of
inflammatory signaling pathways, particularly the
nuclear factor-kappa B (NF-kB) pathway, which plays a
critical role in regulating the expression of pro-
inflammatory genes (Shen et al., 2012).

By inhibiting NF-xB activation, cinnamon reduces the
production of inflammatory cytokines such as tumor
necrosis factor-alpha (TNF-a), interleukin-6 (IL-6), and
interleukin-1p, which are commonly elevated in
metabolic and endocrine disorders. Reduction of these
inflammatory mediators can help restore insulin
sensitivity and improve overall metabolic function
(Gruenwald et al., 2010; Shen et al., 2012). This anti-
inflammatory action is particularly important because
inflammation not only contributes to metabolic
dysfunction but also accelerates the progression of
endocrine-related complications.

Reduction of Oxidative Stress

Oxidative stress is another critical factor involved in
endocrine dysfunction. It occurs when the production of
reactive oxygen species (ROS) exceeds the capacity of
the body’s antioxidant defense systems. Excessive ROS
can damage cellular components including proteins,
lipids, and DNA, ultimately impairing pancreatic 3-cell
function and insulin signaling (Ceriello & Motz, 2004).
Cinnamon exhibits strong antioxidant properties,
primarily due to its high content of polyphenols and
other phenolic compounds. These compounds can
directly neutralize free radicals and enhance the activity
of endogenous antioxidant enzymes such as superoxide
dismutase, catalase, and glutathione peroxidase (Mathew
& Abraham, 2006; Rao & Gan, 2014). Recent studies
have shown that cinnamon supplementation can
significantly reduce oxidative stress markers while
improving antioxidant capacity in biological systems.
This reduction in oxidative damage helps protect
endocrine tissues, particularly pancreatic p-cells, which
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are highly sensitive to oxidative stress (Zuo et al., 2020).
By limiting oxidative injury and improving cellular
defense mechanisms, cinnamon may play an important
role in preserving endocrine function and preventing the
progression of metabolic disorders.

Therapeutic Role of Cinnamon in Major Endocrine
Disorders

Natural bioactive compounds derived from medicinal
plants have gained increasing attention as
complementary therapeutic agents for endocrine and
metabolic  diseases. =~ Among  these,  cinnamon
(Cinnamomum spp.) has been widely investigated
because of its rich content of polyphenols, flavonoids,
and volatile oils that exhibit antidiabetic, anti-
inflammatory, and antioxidant activities. These
compounds appear to influence multiple biochemical
pathways involved in glucose metabolism, lipid
regulation, hormonal signaling, and inflammatory
responses (Mohsin et al., 2023).

Recent experimental and clinical studies suggest that
cinnamon may exert beneficial metabolic effects in
several endocrine disorders, particularly Type 2 diabetes
mellitus, polycystic ovary syndrome, metabolic
syndrome, and obesity. These effects are thought to arise
from improvements in insulin sensitivity, modulation of
carbohydrate metabolism, suppression of oxidative
stress, and regulation of lipid metabolism.

Cinnamon and Type 2 Diabetes

Among endocrine disorders, Type 2 diabetes mellitus
(T2DM) has been the most extensively studied in
relation to cinnamon supplementation. T2DM is
characterized by chronic hyperglycemia caused by a
combination of insulin resistance and impaired insulin
secretion. As the prevalence of diabetes continues to rise
globally, identifying safe and effective adjunct therapies
has become a major priority in metabolic research.

A growing body of clinical evidence indicates that
cinnamon supplementation may contribute to improved
glycemic control. Randomized controlled trials have
demonstrated that cinnamon intake can significantly
reduce fasting blood glucose levels, glycated hemoglobin
(HbAXc), and indices of insulin resistance in individuals
with T2DM. For example, a randomized triple-blind
clinical trial involving adults with diabetes reported that
supplementation with cinnamon for three months
significantly improved glycemic biomarkers, including
fasting glucose and insulin resistance indices (Lira Neto
etal., 2022).

Similarly, recent meta-analyses of randomized controlled
trials have confirmed that cinnamon supplementation can
produce measurable improvements in glycemic control.
A 2024 systematic review analyzing data from multiple
clinical trials found that cinnamon intake significantly

(HOMA-IR), and HbAlc levels among patients with
T2DM (Moridpour et al., 2024).

These metabolic improvements are believed to result
from several biological mechanisms. Cinnamon
polyphenols have been shown to enhance insulin
receptor activity and stimulate intracellular signaling
pathways involved in glucose metabolism. Additionally,
cinnamon compounds may increase the expression and
translocation of glucose transporter proteins such as
GLUT4, thereby facilitating glucose uptake into muscle
and adipose tissues.

Animal studies further support the antidiabetic potential
of cinnamon. Experimental diabetic models have
demonstrated that cinnamon extracts can reduce
hyperglycemia, enhance pancreatic B-cell function, and
protect pancreatic tissues from oxidative stress—induced
damage. Cinnamon may also inhibit key enzymes
involved in carbohydrate digestion, including a-
glucosidase and pancreatic amylase, thereby slowing
glucose absorption from the gastrointestinal tract and
improving postprandial glycemic control.

Another proposed mechanism involves the influence of
cinnamon on gastrointestinal physiology. Some studies
suggest that cinnamon may slow gastric emptying and
delay carbohydrate absorption, which helps reduce
postprandial glucose spikes and improves overall
glycemic stability (Ojo et al., 2025). Despite these
promising findings, the magnitude of cinnamon’s clinical
benefits remains variable across studies. Differences in
cinnamon species (such as Cinnamomum cassia Vvs.
Cinnamomum verum), dosage, duration of
supplementation, and patient populations may contribute
to inconsistent results. Nevertheless, current evidence
suggests that cinnamon may serve as a useful
complementary therapy alongside conventional diabetes
treatments, although it should not replace established
pharmacological interventions.

Cinnamon in Polycystic Ovary Syndrome

Polycystic Ovary Syndrome (PCOS) is a complex
endocrine disorder affecting approximately 6-20% of
women of reproductive age worldwide. The condition is
characterized by hyperandrogenism, chronic anovulation,
and polycystic ovarian morphology. Insulin resistance is
considered a key pathological factor in PCOS,
contributing to both metabolic abnormalities and
reproductive dysfunction.

Realizing the central role of insulin resistance in PCOS,
researchers have investigated whether cinnamon
supplementation may help improve metabolic and
hormonal outcomes in affected women. Several clinical
studies have reported that cinnamon intake may improve
insulin sensitivity and metabolic parameters in women
with PCOS. Improvements in menstrual cyclicity and

reduced fasting blood glucose, insulin resistance ovulatory function have also been observed in some
clinical investigations following cinnamon
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supplementation. The beneficial effects of cinnamon in
PCOS are believed to arise primarily from its ability to
improve insulin signaling and glucose metabolism. By
reducing insulin resistance and hyperinsulinemia,
cinnamon may indirectly decrease ovarian androgen
production, which plays a critical role in the hormonal
imbalance associated with PCOS. Reduced androgen
levels can help restore ovulatory function and improve
reproductive health.

Furthermore, cinnamon possesses potent antioxidant and
anti-inflammatory properties that may be particularly
relevant in PCOS. Women with PCOS often exhibit
elevated markers of oxidative stress and systemic
inflammation, both of which contribute to metabolic
dysfunction and endocrine imbalance. Bioactive
compounds in cinnamon may help mitigate these
pathological processes by scavenging reactive oxygen
species and suppressing pro-inflammatory cytokine
production (Mohsin et al., 2023). Although preliminary
findings are encouraging, the number of large-scale
clinical trials examining cinnamon in PCOS remains
relatively limited. Further research is needed to clarify
optimal dosing strategies and determine the long-term
effects of cinnamon supplementation in women with this
condition.

Cinnamon and Thyroid Disorders

Compared with diabetes and polycystic ovary syndrome
(PCOS), relatively fewer studies have explored the
relationship between cinnamon and thyroid function. The
thyroid gland plays a central role in endocrine regulation
by producing the hormones triiodothyronine (T3) and
thyroxine (T4), which regulate metabolic rate,
thermogenesis, lipid metabolism, and overall energy
expenditure. Dysregulation of thyroid hormone synthesis
or secretion can lead to disorders such as
hypothyroidism, hyperthyroidism, and autoimmune
thyroid diseases, all of which have significant metabolic
and systemic consequences (Mullur et al., 2014; Taylor
etal., 2018).

Recent research has increasingly highlighted the role of
oxidative stress and chronic inflammation in the
pathogenesis of thyroid dysfunction. Elevated reactive
oxygen species (ROS) levels and impaired antioxidant
defense mechanisms have been observed in patients with
autoimmune thyroid disorders such as Hashimoto’s
thyroiditis and Graves’ disease (Ruggeri et al., 2020).
Oxidative stress can damage thyroid follicular cells and
interfere with hormone synthesis, thereby contributing to
endocrine imbalance. Cinnamon contains a wide range of
bioactive  compounds including  cinnamaldehyde,
flavonoids, and polyphenols exhibit strong antioxidant
and anti-inflammatory properties. These compounds
have the potential to protect thyroid tissues from
oxidative damage and improve cellular metabolic
activity (Singh et al., 2021). The antioxidant activity of
cinnamon may help neutralize reactive oxygen species

and support endogenous antioxidant systems, which are
essential for maintaining normal thyroid physiology.

Experimental studies in animal models provide
preliminary support for this hypothesis. For example,
investigations using rodent models have shown that
cinnamon supplementation may influence circulating
thyroid hormone levels and improve metabolic
parameters associated with thyroid dysfunction (EI-
Desoky et al., 2019). These findings suggest that
cinnamon may help regulate metabolic pathways linked
to thyroid hormone activity.

Furthermore, cinnamon’s  ability to  modulate
mitochondrial function and cellular energy metabolism
may indirectly support thyroid hormone action, since
thyroid hormones exert many of their physiological
effects through mitochondrial regulation and energy
production (Venditti & Di Meo, 2020). By reducing
oxidative stress and enhancing mitochondrial efficiency,
cinnamon may contribute to improved endocrine
homeostasis. Despite these promising experimental
findings, clinical evidence in humans remains limited.
Most studies investigating cinnamon’s effects on thyroid
health have been conducted in vitro or in animal models,
and well-controlled human trials are still scarce.
Consequently, further research is necessary to determine
whether cinnamon supplementation can meaningfully
influence thyroid hormone regulation or serve as a
complementary therapy for thyroid disorders.

Cinnamon in Obesity and Metabolic Syndrome
Metabolic syndrome is a multifactorial condition
characterized by a cluster of metabolic abnormalities,
including abdominal obesity, insulin  resistance,
hypertension, dyslipidemia, and impaired glucose
metabolism. These conditions collectively increase the
risk of cardiovascular disease, Type 2 diabetes, and other
endocrine disorders (Saklayen, 2018). The syndrome
reflects complex interactions between endocrine
dysfunction, chronic low-grade inflammation, genetic
predisposition, and lifestyle factors such as poor diet and
physical inactivity.

Because of its bioactive phytochemicals and metabolic
regulatory properties, cinnamon has been investigated as
a potential nutritional intervention for improving
metabolic syndrome parameters. Several studies have
reported that cinnamon supplementation can positively
influence lipid metabolism and cardiovascular risk
factors. Clinical and experimental evidence indicates that
cinnamon intake may reduce total cholesterol,
triglycerides, and low-density lipoprotein (LDL)
cholesterol, while in some cases increasing high-density
lipoprotein (HDL) cholesterol levels (Costello et al.,
2016; Mousavi et al., 2020).

In addition to its effects on lipid metabolism, cinnamon
may also play a role in body weight regulation and
adipose tissue metabolism. Experimental studies have
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demonstrated that cinnamon extracts can inhibit
adipocyte differentiation and reduce fat accumulation by
modulating  transcription  factors  involved in
adipogenesis, such as peroxisome proliferator-activated
receptor gamma (PPAR-y) and CCAAT/enhancer-
binding proteins (Sheng et al., 2017). These molecular
effects may contribute to reduced fat storage and
improved metabolic balance.

Moreover, cinnamon has been shown to activate
metabolic pathways associated with fatty acid oxidation
and energy expenditure, particularly through the
stimulation of AMP-activated protein kinase (AMPK).
Activation of AMPK promotes the breakdown of fatty
acids while inhibiting lipid synthesis, thereby helping
reduce lipid accumulation in metabolic tissues (Li et al.,
2022).

Another important mechanism through which cinnamon
may benefit metabolic syndrome involves its anti-
inflammatory activity. Obesity is often accompanied by
chronic low-grade inflammation originating from
adipose tissue, which contributes to insulin resistance
and metabolic dysfunction. Cinnamon polyphenols have
been shown to suppress inflammatory signaling
pathways and decrease the production of pro-
inflammatory cytokines such as tumor necrosis factor-
alpha (TNF-a) and interleukin-6 (IL-6) (Mohsin et al.,
2023; Jiang et al., 2019). Through these combined
metabolic, anti-inflammatory, and antioxidant effects,
cinnamon may help improve overall metabolic health
and reduce the risk of obesity-related endocrine
disorders. However, it is important to emphasize that
cinnamon should not be viewed as a standalone
treatment for metabolic syndrome. Instead, its potential
benefits are most likely to be realized when used as part
of a comprehensive lifestyle approach that includes
balanced nutrition, regular physical activity, and
appropriate medical management.

Clinical Evidence and Human Studies

In recent years, a growing number of clinical
investigations and human intervention studies have
explored the potential therapeutic benefits of cinnamon
supplementation in individuals with metabolic and
endocrine disorders. These studies aim to translate
promising findings from experimental and animal
research into clinically meaningful outcomes for human
populations. Because cinnamon contains a variety of
bioactive compounds capable of influencing glucose
metabolism, lipid regulation, inflammation, and
oxidative stress, it has attracted significant attention as a
potential complementary therapy for conditions such as
Type 2 diabetes, metabolic syndrome, obesity, and
polycystic ovary syndrome (Heshmati et al., 2019;
Mousavi et al., 2020).

Clinical studies examining cinnamon supplementation
have utilized a variety of formulations, including
powdered cinnamon bark, aqueous or alcoholic extracts,

essential oil derivatives, and encapsulated dietary
supplements. The dosage used in clinical trials typically
ranges from 500 mg to 6 g per day, administered over
periods ranging from several weeks to several months
(Ranasinghe et al., 2013; Mousavi et al., 2020). These
variations in preparation methods and dosage regimens
reflect differences in study design and may contribute to
variability in clinical outcomes.

A number of randomized controlled trials have reported
significant improvements in glycemic control following
cinnamon supplementation. Some clinical studies have
observed reductions in fasting blood glucose levels,
glycated hemoglobin (HbAlc), and indices of insulin
resistance among individuals with Type 2 diabetes who
consumed cinnamon supplements over several weeks or
months (Lira Neto et al., 2022). Improvements in
metabolic parameters such as triglyceride levels, total
cholesterol, and low-density lipoprotein cholesterol
(LDL-C) have also been reported in certain clinical trials,
suggesting that cinnamon may positively influence lipid
metabolism in addition to glycemic regulation (Allen et
al., 2013; Mousavi et al., 2020).

Beyond glycemic and lipid parameters, some human
studies have examined cinnamon’s impact on
inflammatory and oxidative stress markers, which are
important contributors to endocrine and metabolic
diseases. Evidence  suggests  that  cinnamon
supplementation may reduce circulating levels of
inflammatory cytokines such as tumor necrosis factor-
alpha (TNF-a) and C-reactive protein  while
simultaneously enhancing antioxidant capacity (Askari et
al., 2020). These effects are thought to arise from the
polyphenolic compounds present in cinnamon, which
possess strong antioxidant and anti-inflammatory
properties.

Meta-analyses and systematic reviews have attempted to
synthesize findings from multiple randomized controlled
trials to determine the overall clinical effectiveness of
cinnamon supplementation. For example, a recent meta-
analysis of controlled clinical trials concluded that
cinnamon consumption was associated with modest but
statistically significant reductions in fasting blood
glucose and insulin resistance, particularly among
individuals with poorly controlled diabetes (Mousavi et
al., 2020). Similarly, other systematic reviews have
suggested that cinnamon supplementation may contribute
to improvements in HbAlc levels and lipid profiles,
although the magnitude of these effects varies across
studies (Heshmati et al., 2019).

Despite these encouraging findings, the clinical evidence
remains somewhat inconsistent and heterogeneous.
Differences in study populations, cinnamon species
(Cinnamomum cassia vs. Cinnamomum verum), dosage
levels, supplementation duration, and baseline metabolic
status of participants can all influence study outcomes.
Additionally, some clinical trials have reported minimal
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or no significant metabolic improvements, highlighting
the need for cautious interpretation of results (Leach &
Kumar, 2012).

Another factor contributing to variability is the
bioavailability —and  composition of  cinnamon
preparations, which can differ considerably depending on
extraction methods and plant sources. These variations
may influence the concentration of active compounds
such as cinnamaldehyde and polyphenols, thereby
affecting the overall therapeutic potential of the
supplement.

Bound with these limitations, researchers emphasize the
need for well-designed, large-scale randomized clinical
trials with standardized cinnamon preparations and
clearly defined dosage protocols. Future studies should
also investigate long-term safety, optimal therapeutic
dosage, and potential interactions with conventional
medications used in endocrine disorders. Though the
current clinical evidence suggests that cinnamon may
offer supportive benefits for metabolic and endocrine
health, particularly in improving glycemic control and
lipid metabolism, further high-quality human research is
required to confirm its therapeutic efficacy and establish
clear clinical guidelines for its use.

Future Perspectives and Research focus

Although current studies suggest that cinnamon may
have beneficial effects in managing endocrine disorders,
more comprehensive research is necessary to fully
understand its therapeutic value. The available evidence
is promising, but several important gaps remain that must
be addressed before cinnamon can be widely
recommended as a reliable medical or clinical
intervention.

One of the key priorities for future research is the
conduct of large-scale randomized clinical trials. Many
existing studies involve small sample sizes or short
durations, which limits the ability to draw strong
conclusions. Well-designed clinical trials involving
larger populations and longer study periods would help
confirm the efficacy, optimal dosage, and clinical
relevance of cinnamon in treating endocrine-related
conditions. Another important area involves the
standardization of cinnamon extracts. Different studies
often use varying species of cinnamon, preparation
methods, and concentrations, making it difficult to
compare results. Establishing standardized extraction
techniques and dosage guidelines would ensure
consistency and improve the reliability of research
outcomes.

Further investigation is also needed to identify the
specific bioactive compounds responsible for cinnamon’s
biological effects. Cinnamon contains a variety of
phytochemicals, such as cinnamaldehyde, polyphenols,
and flavonoids, but the precise compounds that influence
endocrine regulation are not yet fully understood.

Isolating and studying these active molecules could help
in developing more targeted therapeutic applications.
Researchers must also carefully examine the long-term
safety and potential toxicity associated with prolonged
cinnamon consumption. While cinnamon is widely used
as a dietary spice and generally considered safe, high
doses or long-term supplementation may pose certain
risks. Understanding these safety profiles is essential
before recommending cinnamon as a therapeutic agent.

Emerging technologies also open new possibilities for
improving the effectiveness of cinnamon-based
treatments. The development of nanoformulations of
cinnamon extracts could enhance their bioavailability
and stability, allowing the active compounds to be
delivered more efficiently within the body. Future studies
should explore microbiome-related pathways through
which cinnamon may influence endocrine function.
Cinnamon might interact with gut microbiota, which in
turn could affect metabolic and hormonal regulation.
Investigating these complex biological interactions could
provide deeper insights into its therapeutic potential.

Molecular biology, genomics, and metabolomics play a
crucial role in future investigations as they can help
uncover the precise molecular pathways through which
cinnamon interacts with endocrine systems, ultimately
leading to a more comprehensive understanding of its
role in disease prevention and management. Moreover,
continued interdisciplinary research will be essential to
translate the promising findings on cinnamon into safe,
standardized, and clinically effective treatments for
endocrine disorders.
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