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Effects of a cinnamon extract on plasma glucose, HbA
and serum lipids in diabetes mellitus type 2

B. Mang’, M. Wolters', B. Schmitt’, K. Kelb", R. Lichtinghagen!, D. O. Stichtenoth! and A. Hahn"

*. . . . . .
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Background According to previous studies, cinnamon may have a positive effect on the
glycaemic control and the lipid profile in patients with diabetes mellitus type 2. The aim of
this trial was to determine whether an aqueous cinnamon purified extract improves glycated
haemoglobin Alc (HbA, ), fasting plasma glucose, total cholesterol, low-density lipoprotein
(LDL), high-density lipoprotein (HDL) and triacylglycerol concentrations in patients with

Methods A total of 79 patients with diagnosed diabetes mellitus type 2 not on insulin therapy
but treated with oral antidiabetics or diet were randomly assigned to take either a cinnamon
extract or a placebo capsule three times a day for 4 months in a double-blind study. The amount
of aqueous cinnamon extract corresponded to 3 g of cinnamon powder per day.

Results The mean absolute and percentage differences between the pre- and post-
intervention fasting plasma glucose level of the cinnamon and placebo groups were
significantly different. There was a significantly higher reduction in the cinnamon group (10-3%)
than in the placebo group (3-4%). No significant intragroup or intergroup differences were
observed regarding HbA, lipid profiles or differences between the pre- and postintervention
levels of these variables. The decrease in plasma glucose correlated significantly with the
baseline concentrations, indicating that subjects with a higher initial plasma glucose level
may benefit more from cinnamon intake. No adverse effects were observed.

Conclusions The cinnamon extract seems to have a moderate effect in reducing fasting
plasma glucose concentrations in diabetic patients with poor glycaemic control.
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Introduction

Cinnamon has long been used as a herbal medicine in Asia,
whereas it is known mainly as a spice in Western countries.
Several i vitro and animal studies published since 1990
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have indicated that cinnamon may mimic insulin effects and
thus may improve glucose utilization [1-6]. It has been
assumed that the methylhydroxychalcone polymer is the active
substance [4]. Anderson ez al. [7] used various aqueous
cinnamon extracts and showed insulin-enhancing properties
in virro in adipocytes, suggesting that isolated A-type doubly
linked procyanidin oligomers of the catechins and/or epi-
catechins from cinnamon may be responsible for the
observed effect. In vitro studies have shown that cinnamon
enhances glucose uptake by activating insulin receptor (IR)
kinase activity, autophosphorylation of IR, glycogen synthe-
sis and glycogen synthase activity [4]. In vivo, cinnamon
extract enhances glucose utilization in rats in a dose-
dependent fashion by potentiating insulin-stimulated tyro-
sine phosphorylation of (IR)-B, IR substrate (IRS)-1 and
the IRS-1 association with phosphatidylinositol (PI) 3-
kinase [8]. Owing to these results a beneficial role of
cinnamon in the glycaemic control of diabetics has been



postulated [7,9], which could be demonstrated in a study
with diabetic patients [9]. Furthermore cinnamon may
inhibit hepatic HMG-CoA reductase activity and lower
blood lipids in animals [10] and humans [9]. However, a
cholesterol-increasing effect has also been shown in rats in
a previous study [11].

As a consequence of the results obtained by Khan ez al.
[9] with cinnamon powder (Cinnamomum cassia), many
diabetics are already taking cinnamon products even though
our knowledge remains limited. To date, there has only been
one randomized, controlled trial investigating the effect of
different dosages of cinnamon powder on plasma glucose
concentrations and blood lipids in patients with diabetes
mellitus type 2 [9]. In this study supplementation of 1, 3,
or 6 g of cinnamon for 40 days caused positive effects on
fasting serum glucose and blood lipids. However, the results
of this study, which was performed in Pakistan, may not be
valid for Western populations. The data indicate that these
diabetics were not adequately treated according to evidence-
based recommendations [12] because the mean fasting
serum glucose concentrations of 11-4-16-7 mmol L™ were
quite high before the cinnamon intake. The authors did
not state the mean HbA,_ of the sample but the glucose
concentrations indicated correspond to HbA, . values of
approximately 8:0-10-5% [12]. Such high fasting serum
glucose concentrations are unusual in Western diabetics.
The current guidelines set targets of HbA, . of less than
7% and < 6-9 mmol L' of fasting plasma glucose [12].
Although these low targets are not achieved in Western
countries, most patients with diagnosed diabetes mellitus
(> 60%) exhibit HbA,_ levels < 8:0%, as indicated in a
recent report [13].

We planned a study in a randomized, placebo-controlled,
double-blind design and investigated the effects of the daily
intake of an aqueous cinnamon extract (Cinnamomum cas-
sia) over 4 months on HbA,, fasting plasma glucose, and
serum lipids in type 2 German diabetic patients. An aqueous
purified extract with < 0-1% coumarins and < 0-1% essen-
tial oil was chosen because of the known allergic potential
of cinnamon [14] and the fact that coumarins in the
lipophilic fraction may affect blood coagulation [15,16].

Methods
Study design and included patients

A total of 79 patients with diagnosed diabetes mellitus type
2 were recruited in the region of Hannover, Germany, and
randomly assigned to take either one cinnamon extract or
one placebo capsule three times a day with a meal in a
double-blind design. Only patients treated with oral anti-
diabetics or diet were included in the study. Two subjects
were excluded because of weight changes > 5% during the
4 months of intervention and 12 subjects were excluded
owing to withdrawal of consent (z = 7), serious disease
(n = 4) or irregular intake of the study preparation (n = 1).
Thus the data of 65 subjects were included in the evaluation.
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One cinnamon capsule contained 112 mg of the aqueous
cinnamon extract TC112 prepared by Finzelberg (Ander-
nach, Germany), corresponding to 1 g of cinnamon. The
placebo capsules looked identical but contained micro-
crystalline cellulose only. Both capsules were donated by
Truw Arzneimittel Vertriebs GmbH (Diabetruw®, Gutersloh,
Germany). Patients were instructed to take the capsules for
4 months. Compliance was monitored by capsule count and
diary in which the patient had to mark the day he/she had
forgotten to take one or more capsules. All subjects gave
written informed consent. The study was approved by
the Ethics Committee of the Medizinische Hochschule
Hannover, Hannover, Germany.

Blood sampling and analytical methods

After informed consent was obtained, blood samples were
drawn after an overnight fast at baseline and after 4 months
of intervention. Anthropometric data were determined on
the day of blood sampling. For plasma preparation blood
samples, taken with a heparin-containing blood sample sys-
tem, were directly centrifuged at 2665 x g for 10 min at
19 °C. Blood samples for serum preparation were stored for
blood coagulation (20 min) and then centrifuged under the
same conditions. For the determination of HbA, , EDTA
blood was used. EDTA blood, serum and plasma aliquots
were stored at 4 °C and transported to the laboratory
(Department of Clinical Chemistry of the Medizinische
Hochschule, Hannover, Germany) within 5 h. HbA,_  was
assessed by immunoturbidimetric determination (Roche-
Tina-quant II [a], Roche Diagnostics, Mannheim,
Germany). Fasting plasma glucose was measured by the
hexokinase method (Gluco-quant, Roche Diagnostics,
Mannheim, Germany). Serum concentrations of tria-
cylglycerol and total cholesterol were measured using the
GPO-PAP kit and the CHOD-PAP kit, respectively (Roche
Diagnostics, Mannheim, Germany). Low-density lipoprotein
(LDL) and high-density lipoprotein (HDL) cholesterol
were measured enzymatically (Wako Chemicals, Neuss,
Germany).

Statistical analyses

Data were analyzed using SPSS 13-0 (SPSS Inc., Chicago,
IL). Data are shown as mean * standard deviation. The
independent-sample z-test was used to reveal significant
differences between the cinnamon extract group and the
placebo group. In order to detect significant differences in the
same group at two different times the z-test for dependent
variables was used. Owing to the skewed distribution of
triacylglycerol concentrations the Mann—Whitney U-test
was applied for detection of intergroup differences and the
Wilcoxon test for intragroup differences for this variable.
Correlation between fasting plasma glucose levels at baseline
and the absolute differences of fasting glucose were analyzed
with the Pearson method. P-values < 0-05 were considered
statistically significant.
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Results

Data from 65 subjects were included in the evaluation. The
characteristics of the study population are shown in Table 1.
Forty-four men and 21 women took part in the study. There
were no significant differences between the cinnamon group
and the placebo group in respect to the distribution between
the sexes or the anthropometric variables. The duration of
diabetes was also similar: 6-8 + 4-7 years for the placebo
group and 7-1 % 6-2 years for the cinnamon group. In
respect to drug treatments, 27-7% of the study population
took metformin, 12-3% sulphonylureas, 4:-6% glinides,
1-5% glitazones and 30-8% received combination therapies.
For those not taking drugs, 23-1% of the study population
were only treated with basic therapy such as diet and/or
physical activity. In addition, 49-2% took antihypertensive
medication and 20-0% received drugs against dyslipidaemia.
Table 2 shows the fasting plasma glucose concentrations,
HbA,, serum lipids and the corresponding differences of
these variables for the cinnamon and placebo groups. While
the fasting plasma glucose of the cinnamon group was sig-
nificantly reduced after the intervention compared with
baseline, no such effect was observed in the placebo group.
The mean absolute and percentage differences of fasting
glucose between the cinnamon group and the placebo group
were significantly different. The mean percentage difference
calculated from the individual glucose concentrations was
10-3 £ 13-2% in the cinnamon group and 3-37 + 14-2% in
the placebo group (P = 0-046). Fasting plasma glucose con-
centrations at baseline showed a significant correlation with
the decrease of the fasting plasma glucose levels (r = 0-685;
P < 0-001). No significant changes or intergroup differences
of HbA,,, total cholesterol, LDL, HDL or triacylglycerol
concentrations were observed.

Blood coagulation variables did not change significantly
during the intervention period (data not shown). No
adverse effects of the cinnamon extract were reported by
the participants.

Discussion

To our knowledge this is the first study evaluating the effect
of an aqueous cinnamon extract on fasting plasma glucose,
HbA1_ and serum lipids in Western type 2 diabetics. Similar
to the results of Khan ez al. [9], who showed a significant
reduction of fasting glucose after 40 days of intervention
with cinnamon powder, we also observed a significant
reduction of plasma glucose after 4 months of treatment
in the cinnamon group but not in the placebo group. The
differences of pre- and postintervention fasting glucose
concentrations showed a significantly higher reduction in
the cinnamon group than in the placebo group. Whereas Khan
and coworkers [9] reported a strong reduction of 18—29%
of fasting serum glucose in the three cinnamon groups in-
dependently of the ingested dosages of 1, 3, or 6 g of cin-
namon, we observed a reduction of 10% in the cinnamon
group, probably owing to the lower initial fasting glucose

Table 1 Characteristics of the study population™

Cinnamon Placebo

Variable group (n =33) group (n = 32)
Gender

Men (%) 636 (n=21) 719 (n=23)

Women (%) 364 (n=12) 281 (n=9)
Time since diagnosis 7-1+62 6-8 + 47

of diabetes type 2 (y)
Age (year) 62-8 + 8-37 63-7+7-17
Height (m) 1-72 £ 0-09 1-73 £ 0-07
Weight (kg) 885+ 19-1 899 + 14-1
BMI (kg m™2) 29:6 + 4-64 30-1 522
Waist circumference (cm) 100-5 £ 15-0 1027 £ 11-2

*
Data are means + SD.

Table 2 Variables of glucose and lipid metabolism at baseline and
after the intervention period*

Cinnamon Placebo

Variable group (n =33) group (n =32)

Fasting plasma glucose 9:26 + 2:26 8:66 + 1-47
at baseline (mmol L)

Fasting plasma glucose 815 + 1-65% 8:31 + 1-62
postintervention (mmol L’l)

Differences* of fasting 1111 £1595 035+ 1-29
glucose (mmol L)

HbA, at baseline (%) 6-86 = 1-:00 671073

HbA, postintervention (%) 6-83 + 0-83 6:68 + 0-70

Differences* of HbA, (%) 0-05 + 0-43 0-03 + 0-61

Total cholesterol at 5-38 £ 0-89 5-25 £ 0-79
baseline (mmol L)

Total cholesterol 5-29 + 0-89 5-17 £ 0-75
postintervention (mmol L’l)

Differences* of total 0-09 £ 0-50 0-08 = 0-49
cholesterol (mmol L)

LDL at baseline (mmol L’l) 3:48 + 0-71 3-59 + 0-69

LDL postintervention 352 £ 075 3-60 £ 0-64
(mmol L)

Differences® of LDL- -0-03 £ 0-30 -0-01 £ 0-39
cholesterol (mmol L)

HDL at baseline (mmol L™) 1-44 £+ 0-49 1-34 £ 0-31

HDL postintervention 146 £ 0-52 133 £ 0-30
(mmol L)

Differences® of HDL- -0-02 £ 0-16 0-02 + 0-21
cholesterol (mmol L)

Triacylglycerol at 196 £ 1-65 1:66 £ 0-78
baseline (mmol L)

Triacylglycerol 1-81 £1-58 173 £ 0-70
postintervention (mmol L)

Differences* of 0-16 + 0-83 —0-08 £ 0-56

Triacylglycerol (mmol L)

"Data are means + SD.

*Signiﬁcantly different from baseline (P < 0-001).
Differences between pre- and postintervention values.
§Signiﬁcamly different from the placebo group (? =0-038).

concentrations compared with the Pakistani diabetics.
Initial mean fasting plasma glucose levels in our study were
comparable to the postintervention concentrations of
the Pakistani diabetics [9]. No significant intragroup or
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intergroup differences were observed in the HbA,  values
in our study.

The high mean fasting glucose concentrations of the
Pakistani diabetics suggest a poor control of diabetes in
that study population. According to the current guidelines
recommended for the treatment of diabetes, normal or
near-normal glycaemia with a HbA,; <7% should be
achieved [12]. On average our study sample attained the
recommended value, as the mean HbA, of the total study
population was 6:79% at baseline. The smaller reduction of
fasting glucose concentrations in our study compared to
Khan ez al. [9] and the lack of effect on the HbA,_ values
may indicate that in well-treated diabetics weak effects of
cinnamon only can be achieved. The positive correlation
between baseline plasma glucose and the decrease of plasma
glucose in our study and the strong decrease of serum glu-
cose in the poorly controlled Pakistani diabetics suggest that
subjects with poor glycaemic control may benefit more from
cinnamon intake.

There were no changes regarding the lipid profiles after
the intervention compared with baseline in our study. Khan
et al. [9] reported significant decreases of triacylglycerol
(23-30%) and serum cholesterol (12—26%) concentrations
in the various cinnamon groups. LDL levels were also
significantly reduced (7-27%) in the 3- and 6-g groups.
Insulin resistance leads to the overproduction of very low-
density lipoproteins (VLDLs) and to reduced lipoprotein-
lipase activity, thereby resulting in dyslipidaemia [17,18].
Therefore, attainment of better glycaemic control may
improve the lipid profile [19,20]. Obviously, the decrease
of plasma glucose concentrations in our study was not
sufficient to induce an improvement of the lipoprotein
concentrations.

The lower decrease of plasma glucose compared with
Khan ez al. [9] most probably did not result from using an
aqueous extract instead of cinnamon powder. As shown,
in vitro and i vivo aqueous extracts of cinnamon exhibit
insulin-enhancing properties. Furthermore the substances
proposed to be responsible for this are part of the aqueous
fraction [6,7]. Using an aqueous extract of cinnamon, which
is nearly free of lipophilic substances, may be safer than the
powder because Cinnamomi cassiae cortex is known to
cause allergic reactions owing to components of the volatile
oil, particularly of cinnamic aldehyde [14,21,22], and may
decrease blood coagulation [15,16] owing to the coumarins.

In conclusion, our study shows that in Western type 2 dia-
betics treated in accordance with the current guidelines
[12], the intake of an aqueous cinnamon extract leads to
a moderate effect on fasting plasma glucose, but not on
HbA,, serum lipids or blood coagulation parameters.

Acknowledgements

We are indebted to Prof. Hartmut Hecker for statistical
expertise and to Olaf Hiilsmann, Gudrun Gléiser and Heike
Kohrs for assistance. We thank all the volunteers who par-
ticipated in this study.

Cinnamon in diabetes mellitus type 2 343

The study was supported by grants from Truw Arzneim-
ittel GmbH (Gditersloh, Germany) and Finzelberg GmbH
& Co. KG (Andernach, Germany).

References

1 Khan A, Bryden NA, Polansky MM, Anderson RA. Insulin
potentiating factor and chromium content of selected foods and
spices. Biol Trace Elem Res 1990;24:183-8.

2 Broadhurst CL, Polansky MM, Anderson RA. Insulin-like
biological activity of culinary and medicinal plant aqueous
extracts in vitro. J Agric Food Chem 2000;48:849—52.

3 Imparl-Radosevich J, Deas S, Polansky MM, Baedke DA,
Ingebritsen TS, Anderson RA ez al. Regulation of PTP-1
and insulin receptor kinase by fractions from cinnamon:
implications for cinnamon regulation of insulin signalling.
Horm Res 1998;50:177-82.

4 Jarvill-Taylor KJ, Anderson RA, Graves D]J. A hydroxychalcone
derived from cinnamon functions as a mimetic for insulin in
3T3-L1 adipocytes. ¥ Am Coll Nutr 2001;20:327-36.

5 Qin B, Nagasaki M, Ren M, Bajotto G, Oshida Y, Sato Y.
Cinnamon extract prevents the insulin resistance
induced by a high-fructose diet. Horm Metab Res
2004;36:119-25.

6 Verspohl EJ, Bauer K, Neddermann E. Antidiabetic effect of
Cinnamomum cassia and Cinnamomum zeylanicum in vivo
and in vitro. Phytother Res 2005;19:203—6.

7 Anderson RA, Broadhurst CL, Polansky MM, Schmidt WF,
Khan A, Flanagan VP ez al. Isolation and characterization of
polyphenol type-A polymers from cinnamon with insulin-like
biological activity. ¥ Agric Food Chem 2004;52:65—-70.

8 Qin B, Nagasaki M, Ren M, Bajotto G, Oshida Y, Sato Y.
Cinnamon extract (traditional herb) potentiates in vivo
insulin-regulated glucose utilization via enhancing insulin
signaling in rats. Diabetes Res Clin Pract 2003;62:139-48.

9 Khan A, Safdar M, Ali Khan MM, Khattak KN, Anderson RA.
Cinnamon improves glucose and lipids of people with type 2
diabetes. Diabetes Care 2003;26:3215-8.

10 Lee JS, Jeon SM, Park EM, Huh TL, Kwon OS,

Lee MK et al. Cinnamate supplementation enhances
hepatic lipid metabolism and antioxidant defense systems
in high cholesterol-fed rats. ¥ Med Food 2003;6:183—91.

11 Sambaiah K, Srinivasan K. Effect of cumin, cinnamon, ginger,
mustard and tamarind in induced hypercholesterolemic rats.
Nahrung (Food) 1991;35:47-51.

12 American Diabetes Association. Standards of medical care in
diabetes. Diabetes Care 2005;28:S4—S36.

13 Saydah SH, Fradkin J, Cowie CC. Poor control of risk factors
for vascular disease among adults with previously diagnosed
diabetes. FAMA 2004;291:335-42.

14 WHO (World Health Organisation, editor). Cortex
Cinnamomi. WHO Monographs on Selected Medicinal Plants.
Geneva: World Health Organisation;1999.pp. 95-104.

15 Hoult JR, Paya M. Pharmacological and biochemical actions
of simple coumarins: natural products with therapeutic
potential. Gen Pharmacol 1996;27:713—-22.

16 Kidane AG, Salacinski H, Tiwari A, Bruckdorfer KR,
Seifalian AM. Anticoagulant and antiplatelet agents: their
clinical and device application(s) together with usages to
engineer surfaces. Biomacromolecules 2004;5:798—813.

17 Ruotolo G, Howard BV. Dyslipidemia of the metabolic
syndrome. Curr Cardiol Rep 2002;4:494—-500.

© 2006 Blackwell Publishing Ltd, European Journal of Clinical Investigation, 36, 340—344



344 B. Mang et al.

18 Simsolo RB, Ong JM, Saffari B, Kern PA. Effect of
improved diabetes control on the expression of
lipoprotein lipase in human adipose tissue. ¥ Lipid Res
1992;33:89-95.

19 Krentz AJ. Lipoprotein abnormalities and their consequences
for patients with type 2 diabetes. Diabetes Obes Metab 200355
(Suppl. 1):19-27.

© 2006 Blackwell Publishing Ltd, European Journal of Clinical Investigation, 36, 340—344

20 Steinmetz A. Treatment of diabetic dyslipoproteinemia. Exp
Chn Endocrinol Diabetes 2003;111:239-45.

21 Dooms Goossens A, Dubelloy R, Degreef H. Contact and
systemic contact-type dermatitis to spices. Dermatol Clin
1990;8:89-93.

22 Mihail RC. Oral leukoplakia caused by cinnamon food allergy.
¥ Orolaryngol 1992;21:366—7.



Copyright of European Journal of Clinical Investigation is the property of Blackwell Publishing
Limited and its content may not be copied or emailed to multiple sites or posted to a listserv
without the copyright holder's express written permission. However, users may print, download, or
email articles for individual use.



