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Abstract

Metabolic syndrome is associated with insulin resise, elevated glucose and lipids, inAammationcrekesed
antioxidant activity, increased weight gain, anccregased glycation of proteins. Cinnamon has beemwshto
improve all of these variables in in vitro, animahd/or human studies. In addition, cinnamon hasnbghown
to alleviate factors associated with Alzheimerseatise by blocking and reversing tau formation tnovand in
ischemic stroke by blocking cell swelling. In vitsiudies also show that components of cinnamon robnt
angiogenesis associated with the proliferation afiaer cells. Human studies involving control sutjeand
subjects with metabolic syndrome, type 2 diabetedlitas, and polycystic ovary syndrome all show &Agial
effects of whole cinnamon and/or aqueous extraét€imnamon on glucose, insulin, insulin sensitiyilipids,
antioxidant status, blood pressure, lean body masd, gastric emptying. However, not all studies énahown
positive effects of cinnamon, and type and amouihtionamon, as well as the type of subjects andgdru
subjects are taking, are likely to affect the resgp® to cinnamon. In summary, components of cinnamay be
important in the alleviation and prevention of thigns and symptoms of metabolic syndrome, type @eles,
and cardiovascular and related diseases.
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Introduction

Common cinnamon (Cinnamomum verum, C. zeylanicumjn human immunodeAciency virus, and chronic salniosis
and cassia (C. aromaticum) have a long history sfsuas has been publishéd.In addition, several studies have
spices, Aavoring agents, preservatives, and phaomacexamined the effects of cinnamon on glucose, imsudind
logical agents. A review of the safety and efAcacy lipid metabolism associated with metabolic syndrome
cinnamon on antioxidant activity, Heliobacter pylorfection, which are the focus of this review. This review as
activation of olfactory cortex and brain, oral cacidsis update of previous reviews.
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In 1990, we reported that compounds found in cinaam
have insulin-potentiating properties and may beolned

in the alleviation of the signs and symptoms ofldbites
and cardiovascular diseases related to insulinstasce
and metabolic syndronfe.Furthermore, when compared
to herbs, spices, and medicinal extracts for insilike

or insulin-potentiating activity in an in vitro med®
aqueous cinnamon extracts (CE) potentiated insaditivity
more than 20-fold, higher than any other compouested

at comparable dilutions. The effects of adding mare
the aqueous extract of cinnamon appear similarddireg
more insulin. This is important from a human health
standpoint because it results in increased inssdinsitivity
and less insulin is required to have larger insudffects.
People with metabolic syndrome have adequate ansoun
of insulin but the insulin is not efAcient. Comparsg of
cinnamon make insulin more efAcient.

Anderson and colleaguesiemonstrated that the in vitro
insulin-potentiating activity found in cinnamon fsresent
in the aqueous fraction. The aqueous extract ofefdp
cinnamon” (product that is left when cinnamon adl i
removed) in which many of the organic component
found in cinnamon, including cinnamaldehyde, areéddy
removed has basically the same in vitro insulinemdiaiting
activity as extracts from the cinnamon before tirmmamon
oil is removed. In addition, cinnamon oil and itsajor
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Figure 1. Structure of a class of water-solublen@mon polyphenol
compounds that display insulin-potentiating and i@adant activities.
One tetramer and four type A trimers have been ateal from
cinnamon and all were shown to have in vitro ineepiotentiating
activity®

fed a high fructose diet (HFD). The decreased gdeco

components, including cinnamaldehyde, cinnamic ,aciqmcusion rate in HFD-fed rats (60% of normal corljo

eugenol, and coumarin, have no in vitro insulin-am¢ing
activity in epididymal fat cell8.The structure of a class of
water-soluble cinnamon polyphenol compounds thapldy
insulin-potentiating, antioxidant, and related aittes

is shown in Figure 1. These are type A polyphenaols

Several of these have been isolated from cinnanaom,

was improved by CE to the level of controls, anck th

improving effects of CE on the glucose infusion esatof
HFD-fed rats were blocked by N-monomethyl-L-arg®in
(an inhibitor of nitric oxide, NO). The decreaseduscular
insulin-stimulated IR and IRS1 tyrosine phosphorylation
levels and IRS1 associated with PI3K in HFD-fedsrate

the most abundant ones are trimers with a moIecuIaérlISO improved signiAcantly by CE. These data sugges

weight (MW) of 864 and a tetramer with a molecular
weight of 1152 dalton%.The two major trimers can be
converted to two other trimers with the same molacu
weight (unpublished observation). The activities af
puriAed trimef-° and tetraméf have been documented.

that CE prevents the development of insulin repista at
least in part by enhancing insulin signaling ancggloly via
the NO pathway in skeletal muscle. An aqueous extra
of cinnamon has also been shown to improve insulin
sensitivity in human$®

Cinnamon Increases Insulin Sensitivity and Glucoseyy,o glucose transporter, GLUT4, facilitates thensort

Transport

Insulin resistance is a core defect in obesity, etyp
diabetes mellitus (T2DM), and metabolic syndrome
Cinnamon extract-treated rats have signiAcantly hieig
glucose infusion rates compared with conttdlEhe insulin-
stimulated insulin receptor (IR) and IR substrate-1 (IRS1)
tyrosine phosphorylation levels and
inositide 3-kinase (PI3K) in skeletal muscle of ehdliet-
fed rats are enhanced by CE. It was also demouesifat
that CE improves glucose utilization in normal madds

of glucose across plasma membranes into skeletadckau
and adipocytes. Previous studies reported thatnCEeases
glucose uptake and GLUT4 expression in 3T3-L1 agépo
cells. It has been observédhat a water extract of cinnamon
(Cinnulin PP) reduced blood glucose, plasma insulin,
and soluble cluster of differentiation 36 (CD36)hieh

IRS1/ phosphois reported as a novel marker of insulin resistafice

Cinnamon extracts also inhibited retinol-bindingotein 4
(RBP4), a novel adipokine that contributes to imsul
resistance in plasma and adipose tissfiézetinol-binding
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protein 4 is increased in the serum of insulinstsit inAammatory staté:?® The inAammatory factors may be
humans and rodents and mediates insulin resistancg least one mechanism that leads to the overptamuc
in muscle and increases glucose production in ;& of apoB48-containing lipoproteirtd, which may be
Plasma RBP4 levels are inversely correlated witle th particularly atherogenic. We presentédboth in vivo
expression of GLUT4 in adipose tisstid® Cinnamon and ex vivo evidence that acute oral Cinnulin PF
extract consumption also appears to regulate glkicosinhibits increases in postprandial triglyceridesdathe
uptake-related genes, such as Glutl, Glut4, glynogeoverproduction of apoB48-containing lipoproteins in
synthesis 1, and glycogen synthase kinage n8RNA fructose-fed, insulin-resistant rats. Cinnamon agtr

expression in adipose tisstfe. inhibits the secretion of apoB48 in enterocyteslasad
from fructose-fed hamsters, enhances the impaired
Cinnamon Decreases InAammation MRNA expression of intestinal insulin signaling, dan

Growing evidence suggests a strong link betweeresyis downregulates the overexpression of MTP and SREBP-1
inAammation and T2DM and that elevated inAammatoryMRNA levels. Cinnamon extract also improves the
cytokines may contribute to insulin  resistadite. POstprandial overproduction of intestinal apoB4&teoning
Tristetraprolin is an anti-inAammatory protein aadpotential ~lipoproteins by ameliorating intestinal insulin istance
therapeutic target for the treatment of inAammation@nd may be beneAcial in the control of lipid methsro.
related diseases. Tristetraprolin gene expressoreduced

in the adipose tissue of obese subjects with médiabo Cinnamon Inhibits Formation of Advanced
syndromé? It has been reported that tristetraprolin mayGlycation End Products

offer partial protection against the developmentircfulin
resistance and diabet®sCinnamon extract rapidly induces
the expression of tristetraprolin mRNA levels in 3311
adipocyteg® The proinAammatory cytokine, tumor necrosis
factor (TNF)a, which is a link among obesity, insulin
resistance, and metabolic syndrome, stimulates th
overproduction of intestinal apolipoprotein B48 ¢&48)-
containing lipoprotein&?! In vivo oral treatment with
Cinnulin PF inhibits the postprandial overprodustiof

apoB48-containing lipoproteins and serum triglyderi formation of advanced glycation end products, and,

IeveI; |n_ _rats and hamsters. I.n ex vR?cS—Iabellng studies, therefore, have the potential to be developed amagto
CE inhibited the oversecretion of apoB48 induced by, . iate diabetic complicatior?s.

TNF-a-treated enterocytes into the medium. Cinnamon
extract treatment decreases the mRNA expression of
the inAammatory factors [interleukin (ILB1 IL6, and Cinnamon Controls Vascular Endothelial Growth
TNF-a]; improves the mRNA expression of IR, IRS1, IRS2factor (VEGF) and Decreases Proliferation of Cancer
PI3K, and Aktl; inhibits CD36, microsomal triglyceée  Cells
transfer protein (MTP), and phosphatase and tensivascular endothelial growth factor is a mitogeninda
homolog; and enhances impaired sterol regulatorangiogenic factor involved in tumor progression, in
element-binding protein (SREBP)-1c expression inFiN collateral vessel formation in ischemic tissuesd aim
treated enterocyted. That study? suggested that CE ijnAammation, as well as in the development of dtibe
helps prevent the elevation of circulating triglyicee- retinopathy® Vascular endothelial growth factor is also
rich lipoproteins with signiAcant effects on intestl a key mediator of adipogenesis in obesity and iimsul
insulin resistance. Accumulating evidence indicateat  resistancé’ Vascular endothelial growth factor is one of
dyslipidemia is associated with insulin-resistartates the most critical factors that induce angiogeneaisd
resulting from the overproduction of both intestina has thus become an attractive target for antiaregiegis
and hepatic triglyceride-rich lipoproteins and thielay  treatment. However, most current anti-VEGF agerteno
of their hepatic clearance. Cinnamon extract reducecause side effects and therefore cannot be recordaten
inAammation-related dyslipidemia and decreases riskor long-term use. ldentiAcation of naturally occing
factors associated with cardiovascular diseases. VEGF inhibitors derived from foods would be one
alternative approach to control with an advantage o
It is well known that HFDs not only induce systemic anticipated safety. Cinnamon extract inhibits VEG&tced
insulin resistance, but also induce an enhance@&ndothelial cell proliferation, migration, and tuf@mation

Several phenolic compounds found in cinnamon, such
as catechin, epicatechin, procyanidin B2, and pheno
polymers, all showed signiAcant inhibitory effects
the formation of advanced glycation end products.
Their antiglycation activities are not only broughbout

By their antioxidant activities, but are also relatto
the trapping abilities of reactive carbonyl specdfes
That study demonstrated that proanthocyanidins can
effectively scavenge reactive carbonyl species,ibibhthe
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in vitro, sprouts formation from aortic ring ex wiv with T2DM, there have been several studies invajvin
and tumor-induced blood vessel formation in Vi%o. whole cinnamon or aqueous cinnamon extracts onthgal
While cinnamaldehyde, a component associated whit t normal subjects with a mean lean body mass less #ta
aroma of CE, has little effect on VEGF receptor GfER) subjects with metabolic syndrome, subjects with WD
kinase activity, high-performance liquid chromataghy- and women with polycystic ovary syndrome (PCOS),
puriAed components of CE, procyanidin type A trimerwhich is also associated with insulin resistancab(& 1).
(MW 864) and a tetramer (MW 1152), inhibit the kgea

activity of puriAed VEGFR and VEGFR signaling patays. Cinnamon Improves Glucose, Insulin, and Gastric-

These data suggest that procyanidin oligomers at&ea Empting Rate in Healthy Normal Subjects
components in CE that inhibit angiogenesis. Takagether,

this study revealed novel activity in cinnamon and
identiAed a natural inhibitor of VEGF signaling tha
could potentially be useful in cancer preventiondaar
treatment®

There have been Ave studies involving cinnamon cidfe
on healthy, normal subjects with normal glucosesrahce
(Table 1). Four of the studies reported beneAcffdcts of
cinnamon?®3 and a related study, designed to determine
the absorption and excretion of oxalate from cinmam

) o ) ) and turmeric, reported no effects on fasting glecdsit
Cllnnamonllnhlblts.Tau Aggregation Assomated. also no effects on oxalate absorption and excre¥ion
with Alzheimer’s Disease and Blocks Cell Swelling \while the oxalate content of cinnamon is high, & i

Associated with Strokes insoluble and is absorbed very poorly.

Extracellular plaques related t@-amyloid (AB) and

intracellular neuroAbrillary tangles of tau are thallmarks Seven lean healthy male volunteers, aged 26 + I, yea
of Alzheimer’s disease (AD® The incidence of AD is with a body mass index of 24.5 + 0.3 kg/ m2, underive
increased with insulin resistance, and Alzheimeatisease three oral glucose tolerance tests supplementedh wait

is now often referred to as type 3 diabéfeshe belief has 5-gram placebo, 5-grams of cinnamon, or 5 grams of
emerged that tangles are formed as downstream sventinnamon taken 12 hours before the oral glucoseraolce

in relation to amyloid formation and thus are pbssi test in a randomized crossover desg@innamon ingestion
the central pathology of this neurodegenerativecpss®®  reduced total plasma glucose responses to oraloghkic
Thus, it is possible that agents capable of premgnt ingestion, as well as improving insulin sensitivity
tau aggregation may be key in the development of ne Cinnamon effects were signiAcant when taken with
AD therapies. An aqueous extract of Ceylon cinnamorthe glucose solution, and effects were still sigmiAt

(C. zeylanicum) was found to inhibit tau aggregatio if cinnamon was taken 12 hours before the gluddse.
and Alament formation, hallmarks of ADThe extract In a follow-up study by the same group, 8 healthy
can also promote complete disassembly of recomlinammale volunteers underwent two 14-day interventions
tau Alaments and cause substantial alteration of thinvolving cinnamon or placebo supplementation, Xay,
morphology of paired helical Alaments isolated from compared with a 5-gram cinnamon bolus in the earlie
the brain of a person who died of Alzheimer’s disea study® Cinnamon ingestion reduced the glucose response
An A-linked proanthocyanidin trimer molecule was to an oral glucose challenge on days 1 and 14. &mon
puriAed from the cinnamon extract and shown to eémt ingestion also reduced insulin responses to gluocmse

a signiAcant proportion of inhibitory activity. Aatge day 14, as well as improving insulin sensitivity day 14.
portion of the remainder of the inhibitory activigould The addition of cinnamon (6 grams) to rice pudding
be attributed to cinnamaldehyde. Cinnamon extraod a signiAcantly delayed gastric emptying and lowerdte t
type A polymers, but not cinnamaldehyde, also bé&atk postprandial glucose response in 14 healthy sudbject
cell swelling in an in vitro model of ischemic sk@® in a crossover trial? Reductions in postprandial blood
These studies suggest that compounds endogenous gtucose concentrations were much more noticeablg@ an
cinnamon may be beneAcial to Alzheimer’s diseasd/ar  pronounced than lowering of the gastric-emptyindera
stroke and may lead to the discovery of other pb&n In a follow-up study involving 15 subjects, 1 andgBams

therapeutics. of cinnamon had no signiAcant effects on gastrigéying
rate, satiety, glucose, glucose-dependent insudopit
Clinical Trials polypeptide, or ghrelin response. However, the limsu

response at 60 minutes and the area under the cueve
Following the initial study of Khan and colleagd®s signiAcantly lower after the ingestion of rice puidd
reporting statistically and clinically signiAcanffects of with 3 grams of cinnamon. The change in the glueago
cinnamon on glucose and lipid metabolism of peopldike peptide-1 (GLP-1) response and the changehia t
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maximum concentration were both signiAcantly higher .

after the ingestion of rice pudding with 3 gramstbu "-5’_ : ] ETr—

not with 1 gram cinnamon. The ingestion of 3 graafs % 4 —

cinnamon with rice pudding reduced postprandialuser g 2 =

. . . . . = 0 +F=——"'r_—_|—

msuhp and increased GLP-1 concentrations withou o -2 . |

signiAcantly affecting blood glucose, glucose-degent £ -;:

insulinotropic polypeptide, ghrelin concentratiosatiety, or S 3 .

gastric-emptying rate in healthy subjects. The camet E -0

results of the two studies indicate a relationsbigtween = FBG (mg/dl)  SBP (mm Hg) % fat Lean mass (kg)

the amount of cinnamon consumed and the decrease | [mcinnulin 9.8 46 07 0.6

glucose and insulin concentrations and relatedceff&s36 OPlacebo 11 8.2 0.4 -0.8
OP-value | 0.01 0001 | 002 0.002

Cinnamon Improves Fasting Glucose, Blood Pressure,

Lean Body Mass. and Antioxidant Status in People Figure 2. BeneAcial effects of an aqueous extrattcimnamon on
’ glucose, blood pressure, percent body fat, and leeass of subjects

with Metabolic Syndrome with metabolic syndrom&. FBG, fasting blood glucose; SBP, systolic

In a study involving 22 subjects with metabolic dyame, P'°°d pressure.

subjects were divided into two groups and given

either 500 mg/ day of an aqueous extract of cinnamon ) )
(Cinnulin PF, Integrity Nutraceuticals, Spring HilTN) proyldlng a contributory chtor to the protectivéfeets

or a placebo for 12 weeks. Subjects in the grougPf cinnamon supplementatichl.

receiving capsules containing the aqueous extrafct o

cinnamon displayed decreased fasting blood glucos€innamon Improves Glucose, Insulin, Blood Lipids,
decreased systolic blood pressure, and increased le and Hemoglobin Alc of People with Type 2 Diabetes

mass compared with the placebo group. There was alsn addition to the initial study of Khan and cokpee$?
signiAcantly decreased body fat in the cinnamorateé  gemonstrating that cinnamon improves blood glucose,
group (Figure 2§j? total cholesterol, low-density lipoprotein cholestle and
high-density lipoprotein cholesterol in people wilf2DM,
Roussel and associatgsfound a signiAcant positive Mang and associat®salso reported decreased fasting
correlation between plasma glucose levels and pdasmglucose in subjects with T2DM consuming 3 g/ dayaof
malondyaldehyde (MDA), a measure of lipid peroxidat aqueous extract of cinnamon. Stoecker and collesf§ue
in people with metabolic syndrome. Oxidative stressalso reported decreased fasting and postprandiatoge
plays an important role in the development of di@se due to CE (CinSulin, Tang-An, Beijing, China) intdal
and cardiovascular diseas€s.The improvement of involving 137 patients being treated for T2DM (Tabl).
impaired fasting glucose as a result of cinnamonswacCrawford* reported that cinnamon lowered hemoglobin
correlated with the antioxidant effects of cinnamonAic (HbAlc 0.83%) compared with usual care alone
supplementation assessed by plasma MDA, sulfhydry(0.37%) in a study involving 109 patients with T2DM
groups, and plasma antioxidant status evaluateshgusi Subjects in the treatment group had a baseline Hba¥fl
ferric-reducing antioxidant power (FRAP).A signiAcant 8.47 + 1.8% and 8.28 + 1.3 in the control groupe®iudy
positive correlation between plasma glucose levaisl attempted to replicate conditions found in primamare,
plasma MDA conArmed a previous study showing thatwhere patients often have medication, diet, anéstifle
plasma glucose levels played a role in determiningchanges. There were no restrictions on participatther
oxidative status! In subjects with metabolic syndrome, than pregnancy, age younger than 18 years, or ciroma
plasma MDA levels were reduced by the aqueous extraallergy. The authors noted in the discussion of shedy
of cinnamon, indicating decreased lipid peroxidatio that a reduction in HbAlc from 7.9 to 7% lowers thek
whereas plasma sulthydryl groups were increasedf macrovascular disease 16%, retinopathy 17-2186, a
indicating a protection of antioxidant sulfhydrylrogips nephropathy 24-33% thus, a drop of 0.83% observed in
against oxidatior? In the group receiving cinnamon, their study might be expected to yield similar retions
plasma sulfhydryl groups were increased after 12kse in morbidity** Fairman and Curti¢s evaluated the
of supplementation, suggesting that cinnamon aaots istudy of Crawford* and concluded that the effects of
protecting both lipids and proteins against oxidati supplemental cinnamon on HbAlc values were onlyhsly
In parallel, the FRAP, which is a measure of th¢ako less than the placebo-adjusted reductions repoffed
antioxidant capacity of plasma, was increased, dbgr two popular drugs, sitagliptin and saxagliptin, dsm
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the treatment of T2DM. However, cinnamon is withoutindex. The cinnamon extract improved insulin resiste
known side effects and can be used to treat moae 26 in women with PCOS to that of age-matched control
times as many patients for the same amount of méhey women.

Blevins and colleaguésalso measured HbAlc in 43 subjects Fjye other studies reported no signiAcant effedtsimnamon
with T2DM but did not observe improvements in HbAlc(-|—ab|e 1). The majority of studies not reportingnbécial

due to cinnamon. However, the HbAlc levels were 7.Zsffects of cinnamon or the aqueous extract of cinoa

and 7.1% at the onset of the study, which are rtear j,yolved subjects taking adequate amounts of glacos
goal levels for HbAlc, and values would not be &@e |5yering drugs to control blood glucose and maintai

to decrease further, as subjects were in good odmf  normal HbAlc levels; based on these studies, a meta
the onset of the study. Suppapitiporn and assogfate 5na)ysis reported no effects of additional cinnamon
also reported no signiAcant effects on HbAlc; hoe®v owever, if subjects are taking adequate amounts of
the proportion of patients achieving HbAlc <7 wasager glucose-lowering drugs at the onset and throughtbet
(35% vs 15%) in the group receiving cinnamon comegar gi,dy, it is not surprising that a nutraceuticaledonot
to the control group. have additional effects. Similarly, additional anmdis

of glucose-lowering drugs would also likely not sho
Cinnamon Improves Insulin Sensitivity in Patients gjgniAcant additional effects if glucose-related riables
with Polycystic Ovary Syndrome are well controlled. One study that did not report
Polycystic ovary syndrome is one of the most commorbeneAcial effects involved adolescents with typeDM,
endocrinopathies among women of child-bearing ageyho would not be expected to respond to cinnartfon.
affecting 5-10% of the populatidd.Insulin resistance In all of the human studies involving cinnamon @uaous
and compensatory hyperinsulinemia are present #/@®  extracts of cinnamon, there have been no reported
of the women with PCOS and may be as high as 95% iadverse effects and subjects with the poorest giyce
overweight women. Excess insulin secretion may diso control appeared to beneAt the mést.
implicated in the increased metabolic and cardicudesr
risks reported in this disorder. Because insulins#&zing Summary
agents such as chromium and troglitazone showed
beneAcial effects in the treatment of PCOS, it wasin summary, cinnamon and components of cinnamon
postulated that the insulin-potentiating, watersddé  have been shown to have beneAcial effects on eadignt
polyphenol compounds found in cinnamon may also ball of the factors associated with metabolic syndeg
beneAcial for women with PCOS.During an 8-week including insulin sensitivity, glucose, lipids, amtidants,
treatment period, an oral cinnamon extract (CinmuiF, inAammation, blood pressure, and body weight. Imlition,
1 g/ day) resulted in a signiAcant reduction in fagt factors associated with related diseases, includizbeimer’s
glucose, as well as in insulin resistance. Oralcghe disease, stroke, and cancer, have also been showe t
tolerance tests also showed a 21% reduction in meaimproved by cinnamon and its components in in vitro
glucose and an increase in Matsuda’s insulin saftyit studies.

Table 1.
Summary of Human Studies Involving Cinnamon or @tsmponent3
Year/reference # SUb.JECtS/ SigniAcant effects Cinnamon/medications Comments
type/time
Decreased fasting
glucose, cholesterol, Similar effects with
2003/Khan et al.3 60/T2DM/40 days tnglycenc!es _and N Cinnamomum cassia (1, 3, and 1-6 g cinnamon,
low-density lipoprotein; 6 g/day)/sulfonylurea drugs signiAcant effects even
increased high-density after 20 days of washout
lipoprotein
Decreased fasting Cinnamon extract (Cinnulin
2006/ Ziegenfuss 22/metabolic glucose, systolic blood No medications for
38 PF, 500 mg/day)/no known
et al. syndrome/42 days pressure, % body fat, L glucose
: medications
increased lean body mass
Continued =
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Table 1. Continued

# of subjects/

Year/reference h SigniAcant effects Cinnamon/medications Comments
type/time
Number of subjects with
decreases in HbAlc
2006£§uppap|t|porn 60/T2DM/72 days No signiAcant effects C. cassia (2.5 g/day)/ was more than double
et al. metformin or sulfonylurea in the cinnamon group

but decreases were not
signiAcant (35% vs 15%)

2006/Mang et al.*?

79/T2DM/120 days

Decreased fasting
glucose

Agqueous cinnamon extract
powder (3 g/day)/oral antidiabetics
or diet, no insulin

Decrease in plasma
glucose correlated
signiAcantly with initial
baseline glucose

2006/Vanschoonbeek
et al.%t

25/post-menopausal
with T2DM/42 days

No signiAcant effects

C. cassia (1.5 g/day)/sulfonylurea
derivatives

with or without metformin
derivatives

Subjects under good
glucose control, 7.4 + 0.3
or better

2007/Solomon &
Blannin3?

7/healthy, lean (BMI
24.5 + 0.3) young
(26 = 10), male/12
hours

Decreased total plasma
glucose response;
improved oral glucose
tolerance and insulin
sensitivity

C. cassia (5 g with glucose)/ none

Response in healthy
normal subjects after
12 hours and if given
simultaneously with
glucose tolerance test

2007/Wang et al.'®

15/polycystic ovary
syndrome/48 days

Increased insulin
sensitivity

Cinnamon extract (Cinnulin PF,
1 g/day)/no oral hypoglycemic or
insulin-sensitizing drugs

Insulin sensitivity in
women with PCOS
improved to levels of
women without PCOS

2007/Blevins et al.*”

43/T2DM/3 months

No signiAcant effects

C. cassia (1 g/day)/several,
including 75% taking metformin,
33% taking thiazoledinedione, and
50% taking hydroxymethylglutaryl-
coenzyme A reductase inhibitors

Subjects were taking
several drugs and mean
BMI was over 32

2007/Hlebowicz et al.3®

14/healthy normal,
BMI 22.6 + 2.2/
simultaneously with
food

Reduced postprandial
glucose and decreased
gastric-emptying rate

Cinnamon (6 g with test meal)/no
known medications

Decreases in glucose
could only be partly

explained by gastric-
emptying rate

2007/Altschuler et al.>°

72/adolescents with
type 1 diabetes

No signiAcant effects

Cinnamon (1 g/day)/insulin

Cinnamon is not a
replacement for insulin

2008/ Tang et al.®’

11/healthy normal/4
weeks

No signiAcant effects

Cinnamon (3 g)/no known
medications

Study was designed to
study oxalate excretion.
No postprandial
measurements.

2009/Roussel et al.®®

22/impaired fasting
glucose/12 weeks

Improved fasting glucose
and antioxidant variables

Cinnamon extract (Cinnulin
PF, 500 mg/day)/no known
medications for glucose

Improvements in
antioxidants related to
decreases in fasting
glucose

2009/Solomon and
Blannin®*

8/healthy normal/14
days

Improved glucose
tolerance and insulin
sensitivity

C. cassia (3 g/day)/none

Cinnamon effects
lost when cinnamon
discontinued

2009/Hlebowicz

15/healthy normal/
simultaneously with

3 g reduced postprandial
insulin and increased

Cinnamon (1 and 3 g with test

Dose response with
cinnamon with the two

>7.0/90 days

et al.3¢ food GLP-1 meal)/no known medications studies
. . . . Patients were a cross
2009/Crawford#*4 109/T2DM, HbAlc Decreased HbAlc Cinnamon (1 g/day)/insulin and/or section of people treated

varied medications

for T2DM

2010/Stoecker et al.*?

137/T2DM/2 months

Decreased fasting and
postprandial glucose

Cinnamon extract (CinSulin,
500 mg/day)/insulin and/or
varied medications

Patients were a cross
section of people treated
for T2DM

@ BMI, body mass index; HbAlc, hemoglobin Alc.
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