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Type 2 diabetes mellitus (T2DM) represents one of the  most significant public health issues of the  twenty-
first century. It is characterised by chronic hyperglycaemia resulting from insulin resistance, impaired insulin 
secretion, and progressive beta-cell dysfunction. Its prevalence continues to rise globally, driven by sedentary 
lifestyles, unbalanced diets, and an ageing population, imposing significant socioeconomic and healthcare burdens. 
Conventional treatment strategies based on pharmacological therapy, dietary modifications, and increased physical 
activity frequently fail to achieve sustained glycaemic targets, prompting growing interest in  complementary and 
natural interventions. Among various plant-derived substances, cinnamon (Cinnamomum verum J. Presl) has 
emerged as a promising adjunctive agent in glycaemic control. It contains multiple bioactive constituents, such as 
cinnamaldehyde, eugenol, and polyphenolic proanthocyanidins, which exert a range of effects on glucose and lipid 
metabolism. These compounds enhance insulin receptor activity, facilitate glucose uptake in peripheral tissues, inhibit 
intestinal α-glucosidase and α-amylase enzymes, and reduce oxidative stress and inflammatory signalling. Through 
these mechanisms, cinnamon supplementation may improve insulin sensitivity, lower fasting blood glucose, and 
attenuate postprandial hyperglycaemia. Evidence from numerous clinical trials and meta-analyses provides evidence 
that daily supplementation with 1–6 g of cinnamon over several weeks can produce modest yet statistically significant 
reductions in fasting plasma glucose, HbA1c, triglycerides, and LDL cholesterol. Furthermore, experimental findings 
suggest beneficial effects on hepatic enzyme activity and oxidative balance in  patients with T2DM. Nevertheless, 
inconsistencies in  reported outcomes are attributed to differences in  study design, cinnamon species (C. verum 
versus C. cassia), and formulation (powder, extract, or capsule). Safety considerations, particularly with regard to 
the coumarin content of C. cassia, support the preferential use of C. verum in clinical applications. From a therapeutic 
perspective, cinnamon supplementation is a  safe, affordable, and easily accessible complementary strategy that 
could enhance conventional antidiabetic therapy, improve metabolic stability, and promote patient adherence. 
Therefore, integrating cinnamon into comprehensive diabetes management alongside pharmacotherapy, dietary 
regulation, and lifestyle modification may contribute to improved long-term clinical outcomes.
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Introduction
Type 2 diabetes mellitus (T2DM) is a chronic metabolic 
disorder characterised by insulin resistance, impaired 
insulin secretion, and hyperglycaemia (Hameed et al., 
2015). It represents a significant public health concern, 
affecting an estimated 537 million adults worldwide 
in 2021, a  figure projected to increase in  the  coming 
decades (Hossain et al., 2024). T2DM is associated 
with serious complications, including cardiovascular 
disease, nephropathy, neuropathy, and retinopathy, 
which significantly reduce quality of life and increase 
mortality (Kulkarni et al., 2024). 

Over the past three decades, the prevalence of T2DM 
has steadily increased globally and in Poland, reflecting 
lifestyle changes, dietary patterns, urbanisation, and 
an ageing population (Topor-Mądry et al., 2019). This 
upward trend is accompanied by a growing economic 
burden on healthcare systems due to the management 
of chronic diseases and the treatment of complications. 
Therefore, understanding the  epidemiology of 
T2DM is crucial for developing effective prevention 
and intervention strategies (Hossain et al., 2024). 
Traditionally, efforts to manage T2DM have focused on 
pharmacological therapy and lifestyle interventions, 
including dietary modifications and increased physical 
activity (Młynarska et al., 2025). However, despite 
these measures, many patients struggle to achieve 
optimal glycemic control, highlighting the  need for 
safe, accessible, and sustainable complementary and 
adjunctive therapeutic approaches. 

Maintaining stable blood glucose levels is central 
to T2DM management, as chronic hyperglycaemia 
contributes to both microvascular and macrovascular 
complications (Zakir et al., 2023). Clinical studies 
indicate that even modest improvements in glycaemic 
control can significantly reduce the risk of retinopathy, 
nephropathy, and cardiovascular events (Poonoosamy 
et al., 2023). This highlights the importance of achieving 
target glucose levels in  clinical practice. Moreover, 
glycaemic variability, rather than average glucose levels 
alone, is increasingly recognised as an independent risk 
factor for diabetic complications (Martinez et al., 2021). 
Episodes of postprandial and fasting hyperglycaemia 
promote oxidative stress, inflammation, and 
endothelial dysfunction, thereby exacerbating disease 
progression. Consequently, strategies that reduce 
chronic hyperglycaemia and glycaemic fluctuations are 
critical for the effective management of T2DM (Blaak et 
al., 2012). Furthermore, optimal glycemic control also 
improves patients‘ quality of life and reduces healthcare 
costs associated with diabetes-related hospitalisations 

and treatments (Banerji and Dunn, 2013). Despite 
advances in  antidiabetic medications, many patients 
fail to achieve and maintain the  recommended 
glycemic targets due to issues with adherence, side 
effects, or comorbidities, highlighting the  need for 
complementary strategies (García-Pérez et al., 2013). 

As healthcare costs continue to rise and interest 
in  alternative medicine increases, it is essential to 
conduct rigorous evaluations of plant-based therapies 
that have demonstrated efficacy against various 
chronic diseases, including cardiovascular disorders, 
diabetes, and cancer (Hariri et al., 2016; Caserta et al., 
2023; Chen et al., 2025). Within this context, natural 
therapies have attracted growing interest as adjuncts 
to conventional diabetes management (Pandey et al., 
2011; Abeysekera et al., 2022; Nanda et al., 2023). 
Cinnamon (Cinnamomum verum J.Presl), for example, 
has a long history of traditional use for its hypoglycaemic 
properties, and modern scientific research is beginning 
to elucidate the mechanisms underlying these effects 
(Bibi et al., 2024). Bioactive constituents of cinnamon, 
such as polyphenols and cinnamaldehyde, have been 
shown to modulate glucose metabolism, insulin 
signalling, and pathways associated with oxidative 
stress (Mollazadeh and Hosseinzadeh, 2016). Evidence 
suggests that cinnamon supplementation may 
enhance insulin sensitivity, promote glucose uptake 
by peripheral tissues, and attenuate postprandial 
glucose spikes, making it a  promising candidate 
for complementary therapy in  type 2 diabetes 
mellitus (Qin et al., 2010; Moridpour et al., 2024). Its 
accessibility, affordability, and relatively low risk of 
adverse effects further support its potential integration 
into dietary strategies aimed at improving glycaemic 
control. Nevertheless, despite encouraging preclinical 
and clinical findings, the  efficacy and optimal dosage 
of cinnamon remain under investigation (Akilen et 
al., 2012; Moridpour et al., 2024). Variations in study 
design, cinnamon species, and preparation methods 
have contributed to inconsistent results. Despite these 
challenges, cinnamon continues to attract interest 
as a  natural adjunct in  T2DM management, and 
highlighting the need for a comprehensive synthesis of 
the current research to clarify its therapeutic potential.

Cinnamon: Botanical Profile and Chemical 
Composition
Cinnamon is one of the world’s oldest known spices, 
widely utilised in the food processing, pharmaceutical, 
and cosmetics industries. It is derived from the dried 
inner bark of several tropical evergreen species 
belonging to the  genus Cinnamomum Schaeff. 
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(a  member of the  Lauraceae family), which are 
primarily native to Southeast Asia (Blahová and 
Svobodová, 2012).

From antiquity, cinnamon has been esteemed not only 
as a  spice and an incense but also for its antiseptic 
properties. The recorded use of cinnamon dates back to 
approximately 2800 B.C., when the ancient Egyptians 
employed it in  the  process of mummification owing 
to its antibacterial effects and distinctive aroma. By 
the fourteenth century, cinnamon had become valued 
in Europe as an additive for improving the preservation 
of meat. The pursuit of spices such as cinnamon was 
among the  major incentives that drove European 
maritime exploration during the  fifteenth century 
(Pathirana and Senaratne, 2020).

The discovery, trade, and cultivation of cinnamon 
are closely interwoven with the  broader history of 
colonisation. Following the  arrival of the  Portuguese 
in Ceylon in the early sixteenth century, C. verum became 
one of the most prized commodities within European 
imperial trade networks, leading to repeated attempts 
to transport the  species overseas and to establish its 
cultivation in  other tropical regions (Pathirana and 
Senaratne, 2020; Costa, 2024).

Within the  genus Cinnamomum, four species are of 
major economic importance. The first is Cinnamomum 
verum J. Presl, known as “true cinnamon” or Ceylon 
cinnamon. Historically, Sri Lanka was the main supplier 
of true cinnamon bark and leaf oils. The  latter are 
particularly rich in eugenol (Mallavarapu et al., 1995; 
Thomas and Duethi, 2001). The older botanical name of 
this species, Cinnamomum zeylanicum Blume, derives 
from the island‘s former name, Ceylon (Spence, 2024).

The other three major species of cinnamon include 
Cinnamomum cassia Nees ex Blume (syn. Cinnamomum 
aromaticum Nees), commonly known as Chinese or 
’bastard‘ cinnamon; Cinnamomum burmanni (Nees & 
T. Nees) Blume, often referred to as Korintje, Java, or 
Indonesian cinnamon; and Cinnamomum loureiroi 
Nees, widely recognised as Vietnamese or Saigon 
cinnamon (Thomas and Duethi, 2001). Among these, 
C. cassia is the  second most widely recognised and 
commercially traded cinnamon species globally, 
surpassed only by C.  verum  J. Presl (Külkamp et al., 
2025). Historically, C. cassia was used in  China long 
before the  introduction of true cinnamon, yet it is 
presently regarded as an inferior substitute in  both 
flavour and quality (Thomas and Duethi, 2001; Kawatra 
and Rajagopalan, 2015).The species is believed to 
have originated in  south-eastern China (Thomas 
and Duethi, 2001). Külkamp et al. (2025) proposed 

the  conservation of the  species name C. cassia Nees 
ex Blume against its earlier homonyms C. cassia (L.) 
J. Presl or D. Don to ensure taxonomic consistency. At 
present, cinnamon is primarily exported in  the  form 
of quills from four major producing countries: China, 
Indonesia, Vietnam, and Sri Lanka. Collectively, these 
four countries supply the  overwhelming majority of 
the world’s commercial cinnamon production (Kawatra 
and Rajagopalan, 2015). In both the United States and 
European markets, two primary types of cinnamon are 
commercially available – Ceylon cinnamon (C. verum) 
and cassia (C. cassia) (Blahová and Svobodová, 2012).

A key morphological distinction is that cassia tends to 
have darker, thicker bark than true cinnamon (Spence, 
2024) (Figure 1).

C. verum is often regarded as possessing the  most 
delicate and complex flavour profile among the major 
cinnamon species, with a  characteristically sweet 
and mild taste, lacking the  pronounced pungency 
of cassia. By contrast, consumers in  North America 
are generally more accustomed to the  stronger, 
spicy-sweet aroma and flavour of C. cassia and 
C.  loureiroi. The  latter exhibits a  particularly robust 
flavour due to its high cinnamaldehyde and volatile 
oil content. In  comparison, C. burmanni, although 
also rich in  cinnamaldehyde, presents a  smoother 
taste with less intensity than C. cassia or C. loureiroi 
(Spence, 2024). Notably, the  differences in  chemical 
composition between these species, particularly 
concerning the levels of cinnamaldehyde, eugenol and 
coumarin, are crucial for their sensory properties and 
their applications in  the  pharmaceutical, cosmetic, 
and food industries. The  varying concentrations of 
these bioactive compounds influence both the  safety 
and therapeutic potential of each type of cinnamon, 
underscoring the  need for continued comparative 
studies on their composition and biological activity 
(Spence, 2024). 

Cinnamon is a  complex natural product containing 
a diverse array of bioactive and resinous compounds 
that contribute to its distinctive aroma and flavour, 
as well as its broad therapeutic potential (Figure 2). 
Depending on the part of the plant used, Cinnamomum 
species exhibit a  broad spectrum of properties 
beneficial to human health. In particular, the dried bark 
and twigs are commonly employed to enhance glucose 
metabolism (Hariri et al., 2016; Abeysekera et al., 2022; 
Sarmadi et al., 2023), while the bark also demonstrates 
hepatoprotective effects against steatosis (Farmani et 
al., 2025). Moreover, cinnamon bark has been shown to 
possess antioxidant, anti-inflammatory, antimicrobial, 
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Figure	1: Botanical profile,chemical composition, and key bioactive compounds in cinnamon. 
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Figure 1	 Botanical profile,chemical composition, and key bioactive compounds in cinnamon
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antihypertensive, antilipidemic, immunomodulatory, 
and anticancer effects (Hariri et al., 2016; Caserta et 
al., 2023; Živković et al., 2025), whereas the  leaves 
display predominantly antimicrobial, antifungal, and 
anticancer properties (Abeysekera et al., 2022; Caserta 
et al., 2023; Datta et al., 2024). In addition, cinnamon 
has shown beneficial effects in mitigating neurological 
disorders, such as Alzheimer‘s and Parkinson‘s 
disease (Rao and Gan, 2014; Chen et al., 2025). 
These properties are largely attributed to the unique 
chemical composition of cinnamon essential oil, 
particularly the presence of bioactive constituents such 
as cinnamaldehyde, eugenol, cinnamyl alcohol, linalool, 
and various terpenoids. These compounds play 
crucial roles in inhibiting pathogenic microorganisms, 
neutralising oxidative stress, modulating the  immune 
response, and suppressing tumour development 
(Caserta et al., 2023; Živković et al., 2025).

The volatile profile of C. verum has been extensively 
investigated and is well documented in the literature. 
The  main constituents of cinnamon include 
cinnamaldehyde, eugenol, cinnamic acid, coumarin, and 
a diverse range of polyphenolic compounds, including 
catechins, procyanidins, and proanthocyanidins (Rao 
and Gan, 2014; Błaszczyk et al., 2021). The principal 
volatile component, cinnamaldehyde, typically accounts 
for approximately 65–80% of the essential oil derived 
from the bark (Rao and Gan, 2014). Cinnamaldehyde 
is primarily responsible for the  characteristic scent 
and flavour of cinnamon. Beyond its sensory role, this 
compound exhibits pronounced antimicrobial, anti-
inflammatory, and insulin-sensitising activities, thereby 

contributing significantly to the  spice’s therapeutic 
potential (Rao and Gan, 2014; Guo et al., 2024). Eugenol, 
on the other hand, imparts the spicy aroma typical of 
cinnamon and possesses well-documented antioxidant, 
analgesic, and antiseptic properties (Nisar et al., 2021). 
Cinnamic acid and its derivatives have been reported 
to modulate glucose metabolism and lipid profiles, 
whereas polyphenols – particularly cinnamtannin 
B1 – mimic insulin action by promoting glucose uptake 
in adipocytes and muscle cells (Adisakwattana, 2017; 
Mohsin et al., 2023). Furthermore, these polyphenolic 
compounds function as potent free radical scavengers, 
protecting pancreatic β-cells from oxidative damage, 
a  key mechanism underlying insulin resistance and 
the progression of T2DM (Adisakwattana, 2017).

In addition to its principal bioactive constituents, 
cinnamon contains a  broad spectrum of resinous 
and volatile components, including cinnamate, 
cinnamyl acetate, l-borneol, caryophyllene oxide, 
β-caryophyllene, l-bornyl acetate, E-nerolidol, 
α-cubebene, α-terpineol, terpinolene, and α-thujene 
(Sangal, 2011; Vangalapati et al., 2012; Rao and Gan, 
2014). The  composition and relative abundance of 
these constituents vary markedly across different plant 
organs. For example, the essential oil of C. zeylanicum 
leaves contains 70–95% eugenol, while the  bark 
comprises 65–80% cinnamaldehyde, and the root bark 
contains approximately 60% camphor (Vangalapati et 
al., 2012). The fruits are characterized by elevated levels 
of trans-cinnamyl acetate (42–54%) and caryophyllene 
(9–14%), whereas the buds and flowers are particularly 
rich in terpene hydrocarbons, including α-bergamotene, 

cinnamaldehyde 
(44.2–97.7%) 

eugenol 
(38.42–90.2%) 

α – pinene 
(2.4–2.7%) 

cinnamic acid 
(2.4–2.7%) methyl 

cinnamate 
(17.3%) 

linalol 
(1–8%) 

Figure 2	 The main chemical compounds of Cinnamomum verum
Photo by Zbigniew Mazur

a-pinene
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α-copaene, and caryophyllene oxide. This pronounced 
variability in phytochemical composition is influenced 
by multiple factors, including the plant organ analysed, 
species type, harvest season, geographic origin, and 
post-harvest processing conditions. Collectively, these 
variables exert a  significant impact on the bioactivity 
and commercial quality of cinnamon essential oils (Rao 
and Gan, 2014).

The synergistic interaction between volatile oils 
and polyphenolic compounds is thought to enhance 
the  overall therapeutic efficacy of cinnamon. 
Experimental evidence indicates that this complex 
phytochemical interplay contributes to a  range 
of metabolic benefits, including improved insulin 
sensitivity, attenuation of lipid peroxidation, and 
modulation of key digestive enzymes involved 
in carbohydrate metabolism (Qin et al., 2010; Stevens 
and Allred, 2022). Taken together, these findings 
emphasise the  distinctive biochemical complexity of 
cinnamon and endorse its potential as a multifunctional 
natural agent with broad applications in  the  food, 
cosmetics, and pharmaceutical industries.

Environmental factors such as soil type, temperature, 
humidity, and altitude significantly affect 
the biosynthesis of secondary metabolites, particularly 
essential oils and polyphenols (Kowalska et al., 2021; 
Sun et al., 2024). For example, C. verum cultivated 
in Sri Lanka typically contains higher concentrations of 
eugenol and cinnamaldehyde, whereas C. cassia from 
China and Indonesia tends to exhibit elevated levels of 
coumarin and cinnamic acid derivatives (Senevirathne 
et al., 2022). 

Harvesting time and bark maturity also affect 
the  chemical profile, as younger bark generally 
possesses greater amounts of volatile compounds 
compared to mature bark (Geng et al., 2011; Fajara 
et al., 2019). Furthermore, extraction methodologies 
such as steam distillation, ethanol extraction, and 
supercritical CO2 techniques can selectively enrich 
specific constituents while reducing others, thereby 
modulating the pharmacological potential of the  final 
product. Recognizing these sources of compositional 
variability is essential for ensuring the reproducibility 
and interpretability of experimental findings as well as 
the efficacy of dietary interventions (Sun et al., 2025). 
Consequently, standardisation of cinnamon extracts 
based on defined chemical markers is imperative 
to validate their biological activity and to support 
the development of reliable clinical recommendations 
for glycaemic control.

Molecular Mechanisms Underlying 
the Antidiabetic Effects of Cinnamon
Approximately three decades ago, cinnamon 
(Cinnamomum spp.) was proposed as a  potential 
antidiabetic agent due to its ability to mimic insulin 
activity and facilitate glucose transport into cells 
(Khan et al., 1990). Subsequent in  vitro and in  vivo 
studies have corroborated its hypoglycaemic and 
insulin-sensitising properties, establishing cinnamon 
as a promising natural adjunct for the prevention and 
treatment of T2DM and metabolic syndrome (Qin et al., 
2003; Medagama, 2015; Silva et al., 2022).

Cinnamon and its bioactive constituents, particularly 
polyphenolic compounds, procyanidin type-A polymers, 
methylhydroxychalcone polymer, cinnamaldehyde, 
catechin, rutin, quercetin and kaempferol, exhibit potent 
insulin-mimetic and insulin-sensitising effects (Figure 
3). These compounds stimulate the  phosphorylation 
of insulin receptor (IR) and insulin receptor substrate 
(IRS) proteins, activating downstream signalling 
cascades such as PI3K/PDK1/Akt1, PKC and AMP-
activated protein kinase (AMPK). Collectively, these 
pathways promote glucose uptake into adipocytes and 
skeletal muscle cells, enhancing glycogen synthesis (Qin 
et al., 2003; Anderson et al., 2004; Sheng et al., 2008; 
Silva et al., 2022). Moreover, cinnamon constituents 
modulate peroxisome proliferator-activated receptors 
(PPARs), thereby improving insulin sensitivity, glucose 
utilisation and lipid metabolism (Qin et al., 2010; 
Mollazadeh and Hosseinzadeh, 2016).

In vitro studies have demonstrated that 
aqueous-alcoholic extracts of cinnamon enhance 
the  translocation of the  glucose transporter GLUT4 
from the  intracellular compartment to the  plasma 
membrane, thereby increasing the  amount of 
membrane-bound GLUT4 within three hours of 
administration (Absalan et al., 2012). This effect 
is associated with the  activation of AMP-activated 
protein kinase and acetyl-CoA carboxylase, improving 
cellular energy metabolism (Shen et al., 2014). 
In  vivo experiments on diabetic animals have shown 
that cinnamon’s bioactive compounds, especially 
cinnamaldehyde and polyphenols, reduce fasting 
glucose and glycated haemoglobin (HbA1c) levels by 
0.27–0.83% following long-term supplementation 
(Silva et al., 2022).

Cinnamon modulates genes involved in  glucose 
metabolism, such as GLUT1, GLUT4, glycogen 
synthase and glycogen synthase kinase 3β, by 
inhibiting intestinal α-glucosidase and ATPase activity, 
enhancing glucose disposal in  hepatic and muscle 
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Enhancement	of	insulin	
sensitivity

•Cinnamon	compounds
(especially
cinnamaldehyde	and
polyphenols)	improve
insulin	receptor	function.

•Promote	tyrosine
phosphorylation	of
insulin	receptors	and
inhibit	serine
phosphorylation,
enhancing	insulin	signal
transduction.

•Increase	GLUT4
translocation	to	the	cell
membrane	in	muscle	and
adipose	tissue,
facilitating	glucose
uptake.

Stimulation	of	insulin	
secretion

•Cinnamaldehyde	may 
stimulate	pancreatic
β‐cells	to	secrete	
insulin.

•Enhances	glucose‐
stimulated	insulin 
secretion	(GSIS), 
particularly	under 
hyperglycemic 
conditions.

Inhibition	of	digestive	
enzymes

•Cinnamon	inhibits	
α‐glucosidase	and	
α‐amylase,	delaying 
carbohydrate	digestion 
and	glucose	absorption 
in	the	intestine.

•This	leads	to	reduced 
postprandial	glucose 
spikes.

🌿🌿 Antioxidant	and
anti‐inflammatory	

effects
Rich in polyphenols 

and 
proanthocyanidins, 

cinnamon reduces 
oxidative stress and 

inflammation.

Scavenges free 
radicals and inhibits 

pro-inflammatory 
cytokines (e.g.,

TNF-α, IL-6), which 
are elevated in 

insulin resistance.

🌿🌿 Gut	microbiota
modulation

Cinnamon may alter 
gut microbiota 

composition, 
increasing beneficial 

bacteria (e.g., 
Lactobacillus,	

Bifidobacterium).

This contributes to 
improved metabolic 

homeostasis and 
reduced endotoxemia.

🌿🌿 Bioactive
Compounds	Involved

Cinnamaldehyde –
primary compound 

responsible for insulin-
mimetic effects.

Cinnamic acid, eugenol, 
coumarin, 

proanthocyanidins, 
and flavonoids –

contribute to 
antioxidant, anti-

inflammatory, and 
metabolic effects.

Figure 3	 Antidiabetic and metabolic effects of cinnamon and its bioactive compounds
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tissues (Absalan et al., 2012; Beejmohun et al., 2014). 
Furthermore, the  administration of cinnamaldehyde 
(5–20 mg·kg-1 for 45 days) to rats with streptozotocin 
(STZ)-induced diabetes significantly reduced plasma 
glucose, HbA1c, total cholesterol and triglyceride 
levels, while increasing insulin, hepatic glycogen 
and HDL cholesterol levels with effects comparable 
to glibenclamide (Subash et al., 2007). Similarly, 
an aqueous cinnamon extract (30  mg·kg-1·day-1 for 
22 days) prevented hyperglycaemia and nephropathy 
in  diabetic rats by increasing the  expression of 
uncoupling protein-1 (UCP-1) and GLUT4 in  brown 
adipose tissue and skeletal muscle (Shen et al., 2010).

In addition to its insulinotropic effects, cinnamon 
exhibits notable antioxidant and anti-inflammatory 
properties that enhance its antidiabetic efficacy 
(Sahib, 2016; Pagliari et al., 2023). Its polyphenolic 
compounds scavenge reactive oxygen species 
(ROS), inhibit lipid peroxidation, and upregulate 
endogenous antioxidant enzymes such as superoxide 
dismutase (SOD) and glutathione peroxidase (GPx). 
They also suppress pro-inflammatory mediators 
including nuclear factor kappa-B (NF-κB), tumour 
necrosis factor alpha (TNF-α) and interleukin 6 
(IL-6), thereby protecting pancreatic beta cells and 
preserving insulin receptor functionality (Wang et 
al., 2025). Furthermore, cinnamon regulates insulin-
like growth factor 1 (IGF1) signalling, mitochondrial 
bioenergetics, and autophagy, thereby improving 
insulin sensitivity, glycaemic control, and metabolic 
homeostasis (Couturier et al., 2010; Mollazadeh and 
Hosseinzadeh, 2016).

Systemic inflammation is increasingly recognised 
as a  key contributor to insulin resistance in  T2DM 
(Berbudi et al., 2025). Tristetraprolin (TTP), 
an anti-inflammatory protein downregulated 
in the adipose tissue of obese individuals (Al-Daghri 
et al., 2021), protects against insulin resistance (Cao 
et al., 2008). Cinnamon extract has been shown to 
rapidly upregulate TTP mRNA in 3T3-L1 adipocytes, 
highlighting its potential to counteract inflammation 
and metabolic dysregulation in  obesity and T2DM 
(Cao et al., 2007).

The effects of cinnamon extend to lipid metabolism. 
The cytokine TNF-α, a key mediator linking obesity to 
insulin resistance, stimulates the  overproduction of 
intestinal apoB48-containing lipoproteins (Qin et al., 
2007). Oral supplementation with Cinnulin PF® reduces 
postprandial apoB48 secretion and serum triglycerides 
in  animal models, while ex vivo studies demonstrate 
suppression of TNF-α-induced apoB48 oversecretion 

in enterocytes (Qin et al., 2009). Cinnamon decreases 
the expression of inflammatory cytokines (IL-1β, IL-6 
and TNF-α) and enhances the  expression of genes 
involved in insulin signalling (IR, IRS1, IRS2, PI3K and 
Akt1), improving intestinal insulin sensitivity and lipid 
homeostasis (Qin et al., 2009).

High-fat and high-fructose diets exacerbate insulin 
resistance, inflammation, and atherogenic lipoprotein 
production (Tan and Norhaizan, 2019; Abbasi and 
Khodadadi, 2025). In fructose-fed, insulin-resistant rats, 
the  acute administration of Cinnulin PF® normalised 
postprandial triglycerides, restored intestinal insulin 
signalling, and reduced the expression of microsomal 
triglyceride transfer protein (MTP) and sterol 
regulatory element-binding protein-1c (SREBP-1c) 
(Qin et al., 2009). These findings suggest that cinnamon 
enhances intestinal insulin sensitivity while reducing 
dyslipidaemia and cardiovascular risk.

Cinnamon also exhibits strong antiglycation activity. 
Phenolic compounds, such as catechin, epicatechin, 
procyanidin B2, and polymeric phenols, inhibit 
advanced glycation end-products (AGEs) formation 
through antioxidant capacity and by trapping reactive 
carbonyl species, such as methylglyoxal (MGO) (Peng 
et al., 2008; Ranasinghe et al., 2012; Beejmohun et 
al., 2014). This mechanism may prevent or alleviate 
diabetic complications associated with oxidative and 
carbonyl stress.

Clinical evidence further supports the  metabolic 
benefits of cinnamon (Table 1). Randomised trials 
have shown that cinnamon supplementation (1–6 g 
per day for three months) significantly lowers fasting 
blood glucose levels (by 12.9–52.2 mg·dL-1) and HbA1c 
in individuals with T2DM (Khan et al., 2003; Gruenwald 
et al., 2010; Akilen et al., 2010; Lu et al., 2012; Santos 
et al., 2018). Nonetheless, despite these encouraging 
findings, most evidence derives from in vitro and animal 
studies. Further large-scale, standardised clinical trials 
are needed to confirm the efficacy and optimal dosage 
of cinnamon in humans (Ranasinghe et al., 2013; Silva 
et al., 2022).

Taken together, these multifaceted mechanisms suggest 
that cinnamon exerts insulin-mimetic effects, enhances 
insulin sensitivity, reduces oxidative and inflammatory 
stress, improves lipid and glucose metabolism. 
Moreover, it may inhibit the  formation of advanced 
glycation end products, thereby mitigating one of 
the key pathogenic pathways in metabolic dysfunction. 
Owing to the combined antioxidant, anti-inflammatory, 
anti-glycation, and insulin-sensitising properties 
of its bioactive constituents, cinnamon represents 
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a  promising and well-tolerated natural adjunct for 
the long-term management of type 2 diabetes mellitus 
and related metabolic disorders.

Clinical Evidence and Mechanistic Insights Into 
the Antidiabetic Effects of Cinnamon
Over the  past decade, numerous systematic reviews 
and meta-analyses have investigated whether 
cinnamon supplementation improves glycaemic 
control in  patients with T2DM (Table 2). Taken 
together, these analyses suggest that cinnamon can 
modestly yet significantly reduce fasting blood glucose 
(FBG), glycated haemoglobin (HbA1c) and insulin 
resistance indices compared to placebo or baseline 
values (Costello et al., 2016; Moridpour et al., 2024). 
However, the magnitude of these effects varies across 
studies, likely reflecting differences in  cinnamon 
species, dosage, formulation, and study duration. 

The  variable ratio of cinnamaldehyde, eugenol, and 
procyanidins between C. cassia and C. verum may 
account for the  inconsistency in  glycaemic outcomes, 
suggesting a species-dependent response.

A comprehensive meta-analysis by Costello et al. 
(2016) encompassing 11 randomised controlled 
trials with 694 participants found consistent 
reductions in  fasting plasma glucose and modest 
decreases in  HbA1c. Nevertheless, only four studies 
achieved the  treatment goals set by the  American 
Diabetes Association. The  authors concluded that, 
while cinnamon may provide mild benefits as an 
adjunct to standard therapies, current dietary and 
pharmacological guidelines should remain the primary 
approach. They further highlighted the  need for 
chemically standardised cinnamon preparations and 
longer intervention periods to ensure reproducibility 
and clinical relevance.

Table 1	 Studies on the antidiabetic effects of cinnamon
Research area Model/method Dose/extract Effects References
Cinnamon essential oil alloxan-induced 

diabetic rats
5, 10, 20 mg·kg-1 
(intraperitoneal)

decrease in fasting glucose; 
nephroprotective effect

Mishra et al., 2010

Cinnamon extract 
(various species)

in vitro – intestinal 
α-glucosidase and 

pancreatic α-amylase

Different 
species and 

concentrations

inhibition of digestive enzymes; 
delayed carbohydrate absorption

Adisakwattana 
et al., 2011; 

Mohamed et al., 
2011

Methanolic extract in vitro and in vivo 
(STZ-induced 
diabetic rats)

300 mg·kg-1 inhibition of yeast and mammalian 
α-glucosidase; reduction of 
postprandial hyperglycaemia

Mohamed et al., 
2011

Cinnamaldehyde STZ-diabetic rats; 
isolated pancreatic 
islets (in vitro)

20 mg·kg-1 orally increased hepatic and muscular 
glycogen; enhanced insulin secretion; 

GLUT4 translocation

Anand et al., 2010

Cinnamon extract 3T3-L1 adipocytes 
(in vitro)

0.2–0.4 mg·mL-1 increased glucose uptake (insulin-
mimetic effect); modulation of 

adiponectin secretion

Roffey et al., 2006

Aqueous extract STZ-diabetic rats 30 mg·kg-1·day-1 
for 22 days

reduced hyperglycaemia and 
nephropathy; increased UCP-1 and 

GLUT4 expression

Shen et al., 2010

Aqueous cinnamon 
extract (Cinnamomum 
cassia)

Fructose-fed insulin-
resistant rats

Cinnulin PF®, 
10–20 mg·kg-1

improved intestinal insulin sensitivity; 
reduced postprandial triglycerides; 

downregulation of MTP and SREBP-1c

Qin et al., 2009

Cinnamaldehyde STZ-diabetic rats 5–20 mg·kg-1 for 
45 days

reduced plasma glucose, HbA1c, total 
cholesterol, TG; increased insulin and 

HDL; restored hepatic enzymes

Subash et al., 
2007

Polyphenolic fraction in vitro and in vivo - stimulation of IR phosphorylation, 
activation of PI3K/Akt pathway, 
increased GLUT4 translocation

Silva et al., 2022

Clinical study (human) patients with T2DM 1–6 g 
cinnamon·day-1 
for 3 months

decreased fasting glucose and HbA1c 
levels

Khan et al., 2003; 
Akilen et al., 2010; 

Lu et al., 2012
Clinical study (human) healthy subjects 3 g cinnamon no significant effect on glucose, gastric 

emptying, or oxidative stress
Markey et al., 

2011
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Subsequent meta-analyses have expanded upon these 
findings. For example, Zhou et al. (2022), analysing 16 
randomised clinical trials with 1,020 patients, reported 
significant improvements in  glycolipid profiles, 
particularly among participants with baseline HbA1c 
levels of approximately 8%, and noted minimal adverse 
events. Similarly, Moridpour et al. (2024) reviewed 24 
randomised controlled trials and confirmed significant 
reductions in  fasting glucose, HOMA-IR, and HbA1c 
levels, though serum insulin concentrations remained 
unchanged. These insulin-sensitising effects are 
believed to be mediated by the  activation of AMP-
activated protein kinase (AMPK) and the  increased 
expression of glucose transporter type 4 (GLUT4).

Comparable outcomes were observed by Allen et 
al. (2013) in  a meta-analysis of ten randomised 
controlled trials involving 543 patients. Cinnamon 
supplementation (120 mg to 6 g daily for 4–18 weeks) 
significantly lowered fasting plasma glucose, total 

cholesterol, LDL-C, and triglyceride levels while 
modestly increasing HDL-C. However, HbA1c 
remained unaffected, likely due to the relatively short 
duration of most trials (<12 weeks), insufficient to 
capture changes in HbA1c, considering the lifespan of 
erythrocytes.

Medagama (2015) summarised the  molecular 
pathways through which C. cassia may improve 
glycaemic control. These include the  stimulation of 
insulin receptor phosphorylation, the  enhancement 
of GLUT-4 translocation, the  modulation of 
hepatic enzymes such as pyruvate kinase (PK) and 
phosphoenolpyruvate carboxykinase (PEPCK), and 
the inhibition of intestinal glucosidases. Clinical trials 
involving daily doses ranging from 500 mg to 6 g for 
up to four months have demonstrated significant 
improvements in  fasting glucose and HbA1c levels, 
particularly among individuals with poorly controlled 
diabetes or impaired glucose tolerance.

Table 2	 Clinical studies on the antidiabetic effects of cinnamon
Country/study Number of participants Dose Effects References

diabetes, aged 52.2 ± 
6.32 years

USA 60 patients with type 2 1, 3, or 6 g of 
cinnamon daily for 

40 days

decrease in fasting blood glucose by 
18–29%; improvement in triglycerides and 

LDL cholesterol levels

Khan et al., 
2003

Germany 79 patients with type 2 
diabetes

3 g cinnamon daily 
for 4 months

moderate reduction in fasting blood 
glucose (~10%) compared to the control 

group

Mang et al., 
2006

USA 543 adults with T2DM 
(meta-analysis of 10 

RCTs)

120 mg–6 g·day-1 for 
4–18 weeks

reduction in fasting plasma glucose; no 
significant effect on HbA1c

Allen et al., 
2013

Meta-analysis 6 randomized clinical 
trials (435 participants)

1–6 g·day-1 for 
40 days–4 months

decrease in fasting blood glucose; positive 
effect on HbA1c

Akilen et al., 
2012

Meta-analysis 24 randomized 
controlled trials

– significant improvement in fasting glucose 
and insulin resistance (HOMA-IR); no 

change in serum insulin levels

Moridpour et 
al., 2024

Meta-analysis 7 studies (256 
participants)

1,500 mg·day-1 for 
12 weeks

improvement in hepatic enzyme activity 
in T2DM patients

Mousavi et al., 
2021

Iran 140 patients with T2DM 500 mg twice daily 
for 3 months

reduction in fasting blood glucose and 
HbA1c; improved insulin sensitivity 

in overweight participants

Zare et al., 
2019

Mexico 18 patients with poorly 
controlled T2DM

1000 mg three times 
daily for 12 weeks 

(C. cassia)

significant decrease in fasting glucose and 
HbA1c; improved lipid metabolism

Delgadillo-
Centeno et al., 

2023
Sri Lanka 150 adults with type 2 

diabetes
1,000 mg·day-1 for 

12 weeks
decrease in fasting blood glucose; 
improved antioxidant status

Muthukuda et 
al., 2025

China 69 patients with T2DM 
treated with gliclazide

120 mg or 360 mg 
cinnamon extract 

per day for 3 months

reduction in fasting plasma glucose and 
HbA1c in both dosage groups

Lu et al., 2012

UK 58 patients with T2DM 2 g·day-1 C. cassia for 
12 weeks

significant decrease in HbA1c and fasting 
plasma glucose vs. placebo

Akilen et al., 
2010
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Zarezadeh et al. (2023) conducted an umbrella meta-
analysis of eleven systematic reviews and confirmed 
that cinnamon supplementation significantly improves 
glycaemic control in patients with T2DM and in women 
with polycystic ovary syndrome (PCOS). These findings 
suggest that cinnamon’s metabolic effects extend 
beyond glucose regulation, potentially involving 
modulation of adipokine signalling and inflammatory 
pathways associated with insulin resistance.

Several randomised controlled trials (RCTs) have 
provided direct clinical evidence supporting these 
findings. For example, Khan et al. (2003) observed 
significant reductions in  fasting plasma glucose in 60 
patients with T2DM receiving 1–6 g·day-1 of C. cassia 
for 40 days. Akilen et al. (2010) and Vafa et al. (2012) 
reported comparable decreases in HbA1c and fasting 
glucose after 8–12 weeks of supplementation with 
2–3 g·day-1 of C. cassia or C. zeylanicum. Similarly, Lu 
et al. (2012) found dose-dependent improvements 
in fasting glucose and HbA1c following three months of 
C. cassia extract (120–360 mg·day-1), while Anderson et 
al. (2015) observed reductions in postprandial glucose 
and insulin resistance after eight weeks of C. cassia 
water extract (CinSulin®, 500 mg·day-1).

However, not all clinical studies have confirmed 
favourable outcomes. Markey et al. (2011) found 
no significant changes in  glycaemic parameters 
or oxidative stress after administering 3 g·day-1 of 
cinnamon to healthy individuals. Furthermore, Roffey 
et al. (2006) reported that high extract concentrations 
disrupted adiponectin secretion in  adipocytes, 
implying a dose threshold beyond which the metabolic 
benefits of cinnamon may diminish or even reverse. 
Similarly, Deyno et al. (2019), in  a meta-analysis of 
16 RCTs, found significant reductions in fasting blood 
glucose (FBG) and homeostatic model assessment of 
insulin resistance (HOMA-IR) but no significant effect 
on HbA1c or lipid profiles, underscoring the need for 
experimental standardisation.

Beyond its direct glycaemic effects, cinnamon 
modulates the  gut microbiota, which plays a  crucial 
role in  insulin sensitivity and systemic inflammation. 
Wang et al. (2025) demonstrated that quercetin 
derived from cinnamon improves insulin signalling 
and glucose metabolism by increasing Akkermansia 
and Ligilactobacillus abundance, while reducing 
the  Firmicutes/Bacteroidetes ratio. These microbial 
shifts correlated with lower levels of inflammatory 
markers (LPS, IL-6, and TNF-α) and enhanced intestinal 
barrier integrity, as evidenced by increased expression 
of ZO-1 and occludin.

Animal studies further corroborate these findings. 
In  mice fed a  high-fat diet, administration of 
cinnamon extract for eight weeks reduced hepatic 
steatosis, plasma non-esterified fatty acids, and 
insulin resistance, associated with modulation 
of the  microbiota – specifically, a  decrease 
in  Desulfovibrio and Lactococcus populations and an 
increase in  Allobaculum and Roseburia populations 
(Van Hul et al., 2028). Additionally, the  antioxidants 
cinnamic acid and procyanidins found in  cinnamon 
protect pancreatic β-cells by upregulating nuclear 
factor erythroid 2-related factor 2 (NRF-2), heme 
oxygenase-1, and γ-glutamylcysteine synthetase, thus 
preventing oxidative stress-induced apoptosis and 
improving insulin secretion (Li et al., 2023; Bai et al., 
2025).

Sarmadi et al. (2023) reported that cinnamon 
supplementation significantly increased total 
antioxidant capacity (TAC) in  patients with T2DM 
and PCOS. In  animal models, the  oral administration 
of cinnamon extract (at doses of 100–400 mg·kg-1 
over a  period of 42 days) reduced oxidative stress 
by decreasing malondialdehyde (MDA) levels and 
restoring superoxide dismutase (SOD) and catalase 
activities in  the  liver and kidneys (Niazmand et al., 
2021). Advanced formulations, such as cinnamon-silver 
nanoparticles (C-Ag-NPs), demonstrated superior 
efficacy compared with aqueous extracts in  reducing 
hyperglycaemia, hyperlipidaemia, and oxidative liver 
damage in diabetic rats (El-Baz et al., 2023).

Additionally, cinnamon may inhibit digestive 
enzymes such as α-amylase and α-glucosidase, 
thereby attenuating postprandial hyperglycaemia. 
Computational and in  vitro studies have identified 
C. zeylanicum phytocompounds, including 1HE 
(1 , 2 , 4a , 5 , 6 , 8a -hexahydro -1 - i sopropy l -4 , 7 -
dimethylnaphthalene) and C4B (cis-4-benzyl-2,6-
diphenyltetrahydropyran), as potent inhibitors of 
α-amylase (Rao and Shanti, 2025). Experimental data 
confirmed that cinnamon markedly suppressed starch 
digestion in both the oral and gastric phases (p <0.05) 
(Hayward et al., 2019).

Comparative clinical trials have revealed notable 
differences between C. verum (Ceylon cinnamon) and 
C. cassia (Chinese cinnamon). Both species reduce 
fasting glucose and HbA1c levels, but C. cassia, though 
more potent, contains higher concentrations of 
coumarin, a  hepatotoxic compound (Shinjyo et al., 
2020). This raises safety concerns for long-term use; 
therefore, C. verum is generally preferred for chronic 
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supplementation, particularly in  patients with liver 
impairment.

Finally, a  recent comprehensive review by Debnath 
et al. (2025) further supports the  antidiabetic 
potential of C. cassia, particularly when combined with 
traditional Chinese medicinal herbs such as Panax 
ginseng Author and Astragalus membranaceus Author. 
These synergistic formulations enhance glycaemic 
control and lipid metabolism while maintaining safety. 
However, future investigations should prioritise dose–
response optimisation, the development of coumarin-
free extracts, and pharmacokinetic standardisation to 
maximise efficacy and minimise toxicity.

Thus, preclinical and clinical evidence indicate 
that cinnamon exerts multifactorial antidiabetic 
effects through insulin-mimetic actions, antioxidant 
protection, modulation of the  gut microbiota, and 
inhibition of carbohydrate-hydrolysing enzymes. 
Nevertheless, further large-scale, standardised, and 
long-duration clinical trials are required to substantiate 
its therapeutic efficacy, establish optimal dosing 
regimens, and ensure its safety for long-term metabolic 
management.

Therapeutic Dosing and Safety Profile 
of Cinnamon in Glycaemic Management
A major safety concern regarding cinnamon 
supplementation is its coumarin content, particularly 
in C. cassia (Figure 4). Coumarin is a naturally occurring 
aromatic compound that can cause hepatotoxicity and 
hepatocellular damage when consumed in  excessive 
amounts (Gu et al., 2022). Although adverse effects 
in humans following coumarin exposure are rare and 
typically associated with high doses used in  clinical 
treatments, recent studies have reported a link between 
coumarin administration and the development of liver 
tumours in rats and mice, as well as Clara cell toxicity 
and lung tumours in mice (Felter et al., 2006). Initially, 
coumarin was suspected to possess genotoxic and 
carcinogenic properties in  humans; however, recent 
toxicological evidence indicates that it is non-genotoxic 
agent and has enabled the establishment of a tolerable 
daily intake (Pitaro et al., 2022).

The European Food Safety Authority has established 
a  tolerable daily intake (TDI) for coumarin of 0.1 mg 
per kilogram of body weight (European Food Safety 
Authority, 2004), a  level that can be readily exceeded 
through regular consumption of C. cassia (cassia 
cinnamon) supplements. In contrast, C. verum contains 
significantly lower levels of coumarin, often less than 
0.004% of its dry weight compared with 0.3–0.8% 

in  C. cassia (Jose et al., 2019). This compositional 
difference renders C. verum a  safer option for long-
term therapeutic use, especially among patients 
with chronic conditions such as type 2 diabetes. 
Excessive coumarin intake has been associated with 
elevated hepatic enzyme levels and, in rare cases, mild 
hepatotoxicity or hepatitis. However, these effects 
are generally reversible following discontinuation 
of supplementation (Shekarchizadeh-Esfahani et 
al., 2021; Pitaro et al., 2022). Therefore, individuals 
seeking the glycemic benefits of cinnamon are advised 
to use Ceylon cinnamon or chemically standardised 
extracts explicitly labelled as ’coumarin-free‘. Regular 
monitoring of hepatic function may also be prudent 
for patients consuming high doses or undergoing 
prolonged supplementation (Pitaro et al., 2022).

Clinical studies and meta-analyses suggest that 
cinnamon can effectively improve glycemic control at 
daily doses ranging from 0.5 to 6 grams, depending 
on the  form and duration of supplementation and 
population studied (Kleefstra et al., 2012; Kizilaslan 
and Erdem, 2019; Zelicha et al., 2024). Lower doses 
(0.5–2.0 g·day-1) are generally sufficient for preventive 
or adjunctive purposes, whereas higher doses 
(3–6 g·day-1) have been linked to associated with more 
significant reductions in  fasting glucose and HbA1c 
levels in  individuals with type 2 diabetes mellitus. 
The  optimal duration of supplementation appears to 
range between eight and twelve weeks, with sustained 
use beyond this period requiring medical supervision 
(Banaszak et al., 2024). Cinnamon can be administered 
in  various forms, including ground powder, 
aqueous or ethanolic extracts, and encapsulated 
preparations. Standardised extracts containing defined 
concentrations of key bioactive compounds, such as 
cinnamaldehyde and polyphenols, are preferred to 
ensure dose precision, reproducibility of effects, and 
pharmacological consistency (Rao and Gan, 2014). 
Individual variability in  metabolism, dietary intake, 
and concurrent medication use should be carefully 
considered, as these factors may influence both efficacy 
and safety of cinnamon. Gradual titration of dosage and 
periodic monitoring of glucose and hepatic biomarkers 
are recommended to optimise therapeutic outcomes 
while minimising potential adverse effects (Allen et al., 
2013; Wang et al., 2025).

Overall, cinnamon is considered well-tolerated 
when consumed within the  recommended dosage 
ranges. Reported adverse effects are generally mild 
and transient, including gastrointestinal discomfort, 
nausea, and oral irritation (Shekarchizadeh-Esfahani 
et al., 2021; Gu et al., 2022). Hypersensitivity reactions, 
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General	tolerance
Well	tolerated
within	
recommended	
doses.
Mild/transient
side	effects:
oGI	discomfort;
oNausea;
oOral	irritation.

⚠⚠ Rare	reactions
Hypersensitivity	(e.g.,
contact	dermatitis,
allergic	response	to	
cinnamon	oil)	
(Tremblay	and Avon,	
2008;	Isaac‐Renton	et	
al.,	2015).
Drug	interactions:
May	affect	antidiabetic,
anticoagulant,	or	
hepatically
metabolized	drugs	
(Gupta	et	al.,	2017).

🔍🔍 Clinical	and
regulatory	notes

C.	verum	preferred	for	
long‐term	metabolic	
support	(Qin	et	al.,	
2010;	Bibi	et	al.,	2024).
Importance	of:
oSpecies	identification
oAdherence	to	dosage
oPost‐market	
surveillance
oStandardized	product	
labeling	(De	Silva	et	al.,	
2021)

Figure 4	 Safety considerations and dosage recommendations for cinnamon supplementation
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such as contact dermatitis or allergic responses to 
cinnamon oil, are uncommon but may occur, particularly 
in  individuals with pre-existing sensitivities to 
aromatic spices (Tremblay and Avon, 2008; Isaac-
Renton et al., 2015). Potential drug-herb interactions 
should also be considered, particularly among patients 
receiving antidiabetic, anticoagulant, or hepatically 
metabolised medications, as cinnamon may potentiate 
or interfere with their pharmacodynamics (Gupta et 
al., 2017). While rare, excessive consumption of cassia 
cinnamon has been associated with hepatotoxicity due 
to coumarin accumulation, underlining the importance 
of species identification and adherence to established 
dosage limits (Iwata et al., 2016). In  clinical practice, 
C. verum is widely regarded as the  safer alternative 
for long-term metabolic support, providing glycaemic 
benefits without significant adverse outcomes (Qin et 
al., 2010; Bibi et al., 2024). Continuous post-market 
surveillance and standardised labelling of cinnamon 
products are essential to ensure consumer safety and 
product transparency, and informed decision-making 
by healthcare professionals (De Silva et al., 2021).

In conclusion, while cinnamon supplementation may 
offer benefits in managing T2DM, its safety is contingent 
upon the type of cinnamon used, dosage, and potential 
interactions with other medications. Individuals 
considering cinnamon as an adjunct therapy should 
do so under medical supervision to ensure safety and 
efficacy.

Analytical Approaches for Detecting 
Adulteration and Ensuring the Safety 
of Cinnamomum – Based Medicinal Products
Spices are highly vulnerable to adulteration due to 
their considerable economic value and extensive global 
culinary demand (Morin and Lees, 2018; Velázquez 
et al., 2023). Among these, cinnamon represents one 
of the most widely traded spices worldwide, serving 
as a  key ingredient in  diverse culinary traditions, 
traditional medicinal practices, and modern scientific 
research.

Although C. verum is regarded as “true cinnamon,” 
other species, most notably C. cassia, are also traded 
commercially. The  higher market price of C. verum 
makes it especially vulnerable to adulteration, 
commonly through substitution or blending with 
C. cassia. This practice not only compromises product 
authenticity but also raises health concerns, as C. cassia 
contains substantially greater amounts of coumarin, 
a  hepatotoxic compound associated with liver injury 
upon chronic exposure (Blahová and Svobodová, 

2012; Abraham et al., 2020; Pages-Rebull et al., 
2024). Mislabeling or intentional blending of C. cassia 
with C.  verum compromises product authenticity 
and can thus result in  excessive coumarin intake, 
posing toxicological risks to consumers (Kawatra 
and Rajagopalan, 2015). Given the  widespread use 
of cinnamon in  dietary supplements and medicinal 
formulations, ensuring its botanical authenticity and 
chemical safety is of critical importance for public 
health protection.

Recent advances in analytical chemistry have provided 
powerful tools for detecting adulteration and assessing 
the  compositional integrity of Cinnamomum species. 
Beyond traditional chromatographic and DNA-
based assays (Grazina et al., 2020; Yang et al., 2020), 
researchers have turned to multi-parametric analytical 
strategies that integrate several experimental 
techniques to achieve reliable authentication and 
quality control (Farag et al., 2022; Ghidotti et al., 2023; 
Li et al., 2024; Pages-Rebull et al., 2024; Primožič et 
al., 2025). Analytical metabolite fingerprinting has 
emerged as a  crucial tool for authenticity, quality 
control, and Cinnamomum species discrimination 
(Farag et al., 2022; Primožič et al., 2025).

One such approach involves reversed-phase high-
performance liquid chromatography, which has 
been employed to quantify four major bioactive 
compounds  – cinnamaldehyde, cinnamic acid, 
cinnamyl alcohol, and coumarin (He et al., 2005). 
Based on chromatographic profiles, a  five-marker 
chemical fingerprint was established, enabling 
reliable differentiation between genuine C. cassia 
and its adulterants. Quantitative analyses revealed 
that authentic Cassia bark contains notably high 
levels of cinnamaldehyde (13.01–56.93  mg·g-1), 
with the  highest concentrations (up to 93.83 mg·g-1) 
found in  the  debarked cortex, traditionally regarded 
as premium quality. In  contrast, bark samples from 
related species such as C. wilsonii, C. japonicum, 
C.  mairei, and C. burmanni exhibited significantly 
lower cinnamaldehyde levels (<2.00  mg·g-1), 
confirming their status as adulterants. In  this study, 
only C. loureiroi displayed comparable cinnamaldehyde 
content to C. cassia. These findings demonstrate 
that HPLC-based chemical fingerprinting represents 
a robust and reproducible method for quality control 
and authentication of Cassia bark in  both the  herbal 
medicine and spice markets, allowing effective 
discrimination between authentic products and 
economically motivated substitutions.
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Complementing chromatographic analyses, the  study 
by Primožič et al. (2025) highlighted the effectiveness 
of an integrated analytical approach that combines 
isotopic, elemental, spectroscopic, and antioxidant 
profiling with advanced chemometric modeling. This 
comprehensive strategy enabled not only species 
authentication but also the compositional and functional 
assessment of cinnamon. Significant interspecific 
differences were observed, with C. verum (Sri Lankan 
cinnamon) exhibiting markedly higher antioxidant 
activity (AA) and total phenolic content (TPC) 
compared to C. cassia. A  strong positive correlation 
between AA and TPC underscored the  influence of 
species on bioactive compound composition, directly 
impacting the  pharmacological safety and efficacy of 
cinnamon-derived preparations. Furthermore, stable 
isotope and elemental profiling facilitated robust 
classification of geographical origin and agricultural 
production methods, achieving 89% accuracy for 
origin differentiation and 95% for cultivation type. Key 
discriminant markers included Rb, Cu, Ca, Se, δ¹³C, Na, 
δ³⁴S, Cs, Mn, δ¹⁵N, Al, V, Cd, Fe, Ba, and P, highlighting 
the  analytical depth and precision of the  approach. 
A  novel approach employing DNA barcoding coupled 
with high-resolution melting analysis (Bar-HRM) for 
the authentication of cinnamon species, specifically to 
distinguish C. verum from its common adulterants, was 
proposed by Peiris et al. (2025).

Thus, these experimental methodologies, ranging 
from chromatographic fingerprinting to multi-
marker isotopic and elemental analyses, demonstrate 
the  significant role of integrated analytical strategies 
in  detecting adulteration, assessing bioactive 
composition, and ensuring the  chemical safety of 
Cinnamomum  –  based medicinal formulations. By 
providing reliable authentication and toxicological 
evaluation, such approaches contribute to 
the  production of safe, effective, and scientifically 
validated plant-based therapeutics.

Integrative Applications of Cinnamon 
in Glycemic Control and Diabetes Management
Cinnamon can be easily incorporated into the  daily 
diet as a  functional food that supports glycemic 
regulation and overall metabolic health. Common 
approaches include adding ground cinnamon to 
beverages such as tea, coffee, and smoothies, as 
well as using it as a  natural flavouring in  porridge, 
yoghurt, and baked goods. These practices not only 
improve the  sensory qualities of food and drink, but 
also provide a  convenient and sustainable means of 
achieving beneficial intake levels of cinnamon, thereby 

reducing the need for pharmaceutical supplementation 
(Santos and da Silva, 2018). In  culinary contexts, 
C. verum is recommended due to its low coumarin 
content and mild flavour profile, making it suitable 
for regular dietary use (Spence, 2024). To maximise 
bioavailability, cinnamon may be consumed alongside 
foods containing healthy fats or proteins, which 
facilitate the absorption of lipophilic compounds such 
as cinnamaldehyde (Mohammadabadi and Jain, 2024). 
Additionally, the  preparation of cinnamon-infused 
teas or decoctions represents a traditional and widely 
accepted practice that enables controlled intake of 
water-soluble bioactives with minimal risk of toxicity 
(Spence, 2024). Regular, moderate dietary consumption 
can serve as a  preventive measure against glucose 
dysregulation, particularly in  individuals at risk of 
developing metabolic syndrome or prediabetes. Such 
integrative use aligns with contemporary nutritional 
strategies that emphasise the preventive role of natural 
bioactive compounds in chronic disease management 
(Castro-Barquero et al., 2020).

Beyond its use in  the diet, cinnamon is also available 
in  various supplemental forms, including powdered 
capsules, aqueous and ethanolic extracts, essential 
oils, and standardised tablets (Nabavi et al., 2015). 
Standardised extracts of Ceylon cinnamon are the most 
frequently used in  clinical trials, as they ensure 
consistent concentrations of active constituents 
such as cinnamaldehyde and polyphenols. This 
standardisation is crucial for maintaining reproducible 
therapeutic effects while minimising coumarin-related 
toxicity (Rao and Gan, 2014). Capsules and tablets are 
particularly suitable for individuals requiring precise 
dosing who are unable to achieve therapeutic levels 
through diet alone. Aqueous extracts may offer better 
gastrointestinal tolerance and more rapid absorption 
(Silva et al., 2022). Conversely, essential oils are 
generally not recommended for oral administration 
due to their high concentration and potential to 
cause mucosal irritation (Vivas and Migliari, 2015). 
To ensure both safety and efficacy, consumers should 
select certified products with transparent labelling 
of the  botanical source, extraction method, and 
coumarin content. Furthermore, professional guidance 
from healthcare providers is advised, particularly 
for individuals already undergoing pharmacological 
treatment for diabetes.

Integrating cinnamon supplementation into 
conventional diabetes management represents 
a  promising complementary approach that can 
improve the  efficacy of standard therapies and 
promote holistic patient care (Allen et al., 2013; 
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Costello et al., 2016; Silva et al., 2022). Cinnamon can 
be safely co-administered with oral hypoglycaemic 
agents such as metformin or sulfonylureas, provided 
that patients are closely monitored to prevent the risk 
of hypoglycaemia. Evidence suggests that combining 
cinnamon with pharmacotherapy yields greater 
reductions in  fasting glucose and HbA1c levels than 
drug therapy alone (Zhou et al., 2022; Zarezadeh et 
al., 2023). Furthermore, cinnamon supplementation 
complements lifestyle modification programmes, 
focused on dietary regulation and increased physical 
activity – both of which are cornerstone interventions 
in type 2 diabetes management (Silva et al., 2022). Its 
antioxidant and anti-inflammatory properties may also 
contribute to improved cardiovascular outcomes and 
mitigation of oxidative stress associated with chronic 
hyperglycaemia (Mirmiranpour et al., 2019; Silva et 
al., 2022; Mohammadabadi and Jain, 2024). Successful 
integration, however, requires clearly defined clinical 
guidance regarding dosage, treatment duration, and 
potential contraindications. Therefore, interdisciplinary 
collaboration among endocrinologists, dietitians, 
and primary care physicians is essential to establish 
evidence-based protocols for the  use of cinnamon as 
an adjunctive therapy in diabetes management.

Limitations and Research Gaps in the Clinical 
Evaluation of Cinnamon for Diabetes 
Management
Despite growing scientific interest, the  existing body 
of research on cinnamon’s antidiabetic potential is 
characterised by substantial methodological variability 
(Zarezadeh et al., 2023; Yu et al., 2023). Studies differ 
widely in terms of participant characteristics, diabetes 
severity, intervention duration, and the  species or 
preparation of cinnamon employed (Sithamparapillai 
et al., 2025). This heterogeneity complicates cross-
study comparisons and limits the  generalisability of 
findings, leading to inconsistent conclusions regarding 
efficacy. Additionally, many studies are constrained 
by small sample sizes and short intervention periods, 
reducing statistical power and the  capacity to detect 
subtle metabolic changes (Zelicha et al., 2024; 
Sithamparapillai et al., 2025). Therefore, to strengthen 
future evidence, research should adopt standardised 
experimental protocols incorporating well-defined 
inclusion criteria, consistent dosage regimens, and 
validated biomarkers of glycemic control, to ensure 
methodological rigour and reproducibility.

Although short-term trials have demonstrated 
significant reductions in  fasting glucose and HbA1c 
levels, the  long-term efficacy and safety of cinnamon 

supplementation remain insufficiently explored. Given 
that few trials have extended beyond 12–16 weeks, it is 
unclear whether the observed benefits are sustainable 
over prolonged use (Zhou et al., 2022; Zarezadeh et al., 
2023). Furthermore, chronic exposure to coumarin-
containing species raises legitimate concerns 
regarding cumulative hepatotoxicity and potential 
pharmacological interactions with concomitant 
medications (Garrard, 2014; Iwata et al., 2016; Pitaro et 
al., 2022). To address these uncertainties, large-scale, 
multicentre, and long-term clinical trials are required 
to evaluate the durability of metabolic improvements, 
the potential development of tolerance, and the impact 
on diabetes-related complications such as neuropathy, 
nephropathy, and cardiovascular diseases. Generating 
such data is essential for validating cinnamon as 
a credible adjunct in chronic diabetes care.

A critical limitation within the  current literature is 
the lack of standardised dosages of cinnamon. Existing 
studies employ diverse cinnamon types (powders, 
extracts, and essential oils) at doses ranging from 
0.5 to 6 g per day, often without clearly quantifying 
the bioactive compounds, such as cinnamaldehyde and 
proanthocyanidins (Pandey et al., 2020; Sharifi-Rad et 
al., 2021). This inconsistency impedes efforts to identify 
optimal therapeutic dosages and to evaluate safety 
thresholds. To address this issue, future investigations 
should prioritise chemically characterised and 
standardised preparations with clearly defined 
phytochemical profiles (Sharifi-Rad et al., 2021; Silva et 
al., 2022). Establishing consensus on dosage, treatment 
duration, and relevant bioactive markers will improve 
reproducibility, enable of cross-trial comparability, and 
facilitate clinical translation. Such standardisation will 
also support the development of regulatory frameworks 
governing the safe and effective use of cinnamon-based 
supplements in the management of metabolic diseases 
(Sharifi-Rad et al., 2021).

Conclusions
Cinnamon has emerged as a  promising natural 
adjunctive therapy in  the  management of type 2 
diabetes mellitus, with a growing body of experimental 
and clinical evidence supporting its therapeutic use. 
Its bioactive compounds – primarily cinnamaldehyde, 
polyphenols, and proanthocyanidins  – exert 
multifaceted mechanisms of action, including 
the  enhancement of insulin sensitivity, stimulation 
of glucose uptake, inhibition of intestinal glucose 
absorption, and modulation of oxidative stress and 
inflammation pathways. Although clinical studies vary 
in design and methodology, their findings consistently 
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indicate moderate but significant improvements 
in fasting blood glucose, HbA1c, and lipid profiles among 
individuals receiving cinnamon supplementation. 
Collectively, this evidence suggests that cinnamon may 
serve as a  valuable adjunct in  glycaemic regulation, 
particularly when incorporated into a balanced diet and 
combined with conventional therapeutic strategies.

From a  clinical perspective, cinnamon represents 
a  safe, accessible and cost-effective complementary 
option for patients seeking to optimise glycaemic 
control. Integrating it into dietary regimens or 
supplementation protocols may enhance patient 
adherence and contribute to improved metabolic 
outcomes. However, appropriate species selection 
and dosing are critical to minimising potential 
adverse effects, particularly those related to coumarin 
exposure from Cinnamomum cassia. For this reason, 
Cinnamomum verum is generally preferred in  clinical 
and nutritional applications due to its lower coumarin 
content and superior safety profile.

In clinical practice, healthcare professionals are 
encouraged to incorporate cinnamon supplementation 
into a  comprehensive diabetes management plan 
alongside pharmacological therapy, dietary, and 
lifestyle modification. Regular monitoring of blood 
glucose and hepatic function is advisable during 
long-term use to ensure safety and therapeutic 
efficacy. Effective implementation further requires 
interdisciplinary collaboration among clinicians, 
dietitians, and researchers to develop evidence-based 
clinical guidelines for the safe and standardised use of 
cinnamon in diabetic care.

Despite the encouraging evidence, further investigation 
is required to consolidate cinnamon’s role in diabetes 
management. A  rigorous, interdisciplinary approach 
integrating clinical pharmacology, nutrition science, 
and molecular biology is essential to validate its 
efficacy, elucidate underlying mechanisms, and 
establish its position as a  scientifically substantiated 
adjunct in  the prevention and management of type 2 
diabetes.
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