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Cinnamon Use in Type 2 Diabetes: An Updated  
Systematic Review and Meta-Analysis

ABSTRACT
PURPOSE Cinnamon has been studied in randomized controlled trials (RCTs) for 
its glycemic-lowering effects, but studies have been small and show conflicting 
results. A prior meta-analysis did not show significant results, but several RCTs 
have been published since then. We conducted an updated systematic review and 
meta-analysis of RCTs evaluating cinnamon’s effect on glycemia and lipid levels.

METHODS MEDLINE, Embase, and Cochrane Central Register of Controlled Trials 
(CENTRAL) were searched through February 2012. Included RCTs evaluated cin-
namon compared with control in patients with type 2 diabetes and reported at 
least one of the following: glycated hemoglobin (A1c), fasting plasma glucose, total 
cholesterol, low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein 
cholesterol (HDL-C), or triglycerides. Weighted mean differences (with 95% confi-
dence intervals) for endpoints were calculated using random-effects models.

RESULTS In a meta-analysis of 10 RCTs (n = 543 patients), cinnamon doses of 
120 mg/d to 6 g/d for 4 to 18 weeks reduced levels of fasting plasma glucose 
(–24.59 mg/dL; 95% CI, –40.52 to –8.67 mg/dL), total cholesterol (–15.60 mg/
dL; 95% CI, –29.76 to –1.44 mg/dL), LDL-C (–9.42 mg/dL; 95% CI, –17.21 to 
–1.63 mg/dL), and triglycerides (–29.59 mg/dL; 95% CI, –48.27 to –10.91 mg/
dL). Cinnamon also increased levels of HDL-C (1.66 mg/dL; 95% CI, 1.09 to 2.24 
mg/dL). No significant effect on hemoglobin A1c levels (–0.16%; 95%, CI –0.39% 
to 0.02%) was seen. High degrees of heterogeneity were present for all analyses 
except HDL-C (I2 ranging from 66.5% to 94.72%).

CONCLUSIONS The consumption of cinnamon is associated with a statistically 
significant decrease in levels of fasting plasma glucose, total cholesterol, LDL-C, 
and triglyceride levels, and an increase in HDL-C levels; however, no significant 
effect on hemoglobin A1c was found. The high degree of heterogeneity may limit 
the ability to apply these results to patient care, because the preferred dose and 
duration of therapy are unclear.

Ann Fam Med 2013;452-459. doi:10.1370/afm.1517.

INTRODUCTION

Glycemic control presents a constant challenge for those with dia-
betes. Cardiovascular disease, one of the major complications of 
diabetes, is largely influenced by glycemic measures.1 To date, 

strategies for modifying blood glucose include pharmacologic treatment, 
lifestyle modification, and dietary changes. Despite an increasing body of 
literature focused on the use of natural supplements in the treatment of 
diabetes, the American Diabetes Association (ADA) does not recommend 
their use because clinical evidence showing efficacy is insufficient, and 
they lack standardized formulations.2

Cinnamon has become a natural product of interest because it has 
been hypothesized to provide health benefits, such as the ability to lower 
serum lipids and blood glucose. It has been suggested that the modality 
in which cinnamon expresses its effect on blood glucose can be attributed 
to its active component cinnamaldehyde.3 The insulinotropic effects of 
cinnnamaldehyde have been preliminarily investigated and are thought to 
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be responsible for promoting insulin release, enhanc-
ing insulin sensitivity, increasing insulin disposal, and 
exerting activity in the regulation of protein-tyrosine 
phosphatase 1B (PTP1B) and insulin receptor kinase.4 
In animal studies, aqueous cinnamon extracts have 
been shown to increase the expression of peroxi-
some proliferator-activated receptors (PPARs), which 
are transcriptional factors involved in the regulation 
of insulin resistance and adipogenesis, resulting in 
improved lipid and glucose metabolism.5 Several ran-
domized controlled trials (RCTs) in humans have been 
conducted to explore cinnamon’s efficacy; however, 
they report conflicting results.6-15 A meta-analysis we 
conducted previously did not show any statistically 
significant effect on glucose or lipid parameters16; 
since that time, additional RCTs have been published 
investigating this effect.11-15 To update our prior sys-
tematic review and meta-analysis, we added the newly 
published evidence to determine the effect of cinna-
mon in patients with type 2 diabetes on glycemic and 
serum lipid levels.

METHODS
Study Selection
A comprehensive systematic literature search was con-
ducted in the following databases: MEDLINE, Embase, 
and Cochrane Central Register of Controlled Trials 
(CENTRAL) from each database inception through 
February 2012. A search strategy was performed com-
bining medical subject headings and text keywords for 
cinnamon and diabetes. No language restrictions were 
used. Trials were included in the analysis if they were 
RCTs of patients with type 2 diabetes that evaluated 
the use of oral cinnamon supplementation in any dose 
or form regardless of any additional intervention for 
diabetes, and that reported data on at least one of the 
following endpoints: glycosylated hemoglobin (A1c) 
fasting plasma glucose, total cholesterol, low-density 
lipoprotein cholesterol (LDL-C), high-density lipopro-
tein cholesterol (HDL-C), or triglycerides. Two inves-
tigators reviewed potentially relevant articles indepen-
dently, with differences resolved through discussion.

Data Abstraction and Validity Assessment
Two reviewers independently abstracted data from 
each trial using a standardized data abstraction tool. 
The following information was obtained from each 
trial: author identification, year of publication, study 
design, source of study funding, study duration and 
follow-up, study population (including study inclusion 
and exclusion criteria), sample size, time since diag-
nosis, cinnamon dose (including frequency and dura-
tion of treatment), product name/brand, formulation 

used, and scientific name of cinnamon species used. 
Baseline parameters were also collected (hemoglobin 
A1c level, fasting plasma glucose level, body weight, 
body mass index, and total cholesterol, LDL-C, HDL-
C, and triglyceride levels). Validity assessment was 
performed by 2 investigators independently using the 
Cochrane Risk of Bias Tool.17 This checklist includes 
6 validity questions covering the following domains: 
random sequence generation, allocation concealment, 
blinding, blinding of outcome assessment, incomplete 
data reporting, and selective reporting. Each item was 
scored as a low, unclear, or high risk of bias.

Statistical Analysis
The mean changes in lipid parameters, serum blood 
glucose level, and hemoglobin A1c level from baseline 
were treated as continuous variables, and the weighted 
mean differences (WMDs) and accompanying 95% 
confidence intervals were pooled using a DerSimo-
nian and Laird random-effects model.18 Changes from 
baseline in outcomes were extracted from trials; in 
instances where changes were not reported directly, 
they were calculated from end-of-study and baseline 
results. Outcomes data were extracted as analyzed in 
that specific trial, without any additional adjustment 
for potential losses to follow-up. As suggested by Foll-
mann and colleagues,19 we assumed a correlation coef-
ficient of 0.5 between initial and final values. One trial 
evaluated 3 different doses of cinnamon and compared 
each dose with a corresponding placebo dose; results 
from this trial were analyzed as 3 separate trials.6

The statistical analysis was performed by using 
Comprehensive Meta-Analysis, version 2 (Biostat). 
A P value of <.05 was considered statistically signifi-
cant for all analyses. Statistical heterogeneity was 
assessed using the I2 statistic; values of 25%, 50%, 
and 75% represent low, medium, and high degrees of 
heterogeneity, respectively, where low levels of het-
erogeneity are desired.20 To assess for the presence of 
publication bias, visual inspection of funnel plots was 
used to investigate the relationship between effect 
size and sample size, and Egger’s weighted regression 
statistics tested for asymmetry.21 Subgroup analysis 
was performed to determine whether there was a vari-
able effect of dosage form on the results for glycemic 
outcomes; RCTs evaluating cinnamon powder and 
RCTs evaluating cinnamon capsules were each pooled 
independently. Variations in the doses of cinnamon 
evaluated could contribute to variations in effect on 
glycemic parameters. We assessed whether differ-
ences in these doses affected glycemic control using 
random-effects meta-regression analyses.

To estimate the potential impact of recently pub-
lished trials on glycemic outcomes, we conducted 
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cumulative meta-analyses based on publication date 
whereby studies were pooled chronologically by year 
of publication starting with the earliest.

RESULTS
Study Characteristics
After screening for inclusion and exclusion of citations, 
10 RCTs (n = 543 patients) met all inclusion criteria (Fig-
ure 1).6-15 A number of trials required concomitant oral 
hyperglycemic agent therapy.6,7,9,11,15 A total of 8 trials 
reported usable data for hemoglobin 
A1c levels7-12,14,15; 9 trials reported 
results for fasting plasma glucose 
levels6-10,12-15; 9 trials reported results 
for total cholesterol levels,6-10,12-15 
8 for LDL-C levels,6,7,9,10,12-15 8 for 
HDL-C levels,7-10,12-15 and 9 for 
triglyceride levels.6-10,12-15 Patients 
were randomized to be treated 
with either cinnamon or control 
(dosing range 120 mg/d to 6 g/d) 
in various dosage forms (aqueous 
cinnamon extract or raw cinnamon 
powder) for a period of 4 to 18 
weeks (Supplemental Table, avail-

able at http://annfammed.org/
content/11/5/452/suppl/DC1). Six 

trials reported evaluation of Cinna-
momum cassia either as a capsule8,9,11 or 
powder.6,10,12 One trial evaluated C 
cassia that was in a combination form 
with zinc gluconate and tricalcium 
phosphate,14 and 1 trial evaluated C 
aromaticum,15 whereas the 2 remain-
ing trials did not specify the type 
of cinnamon evaluated.7,13 All trials 
specified administration of cinnamon 
with relation to food, with 1 trial 
specifying cinnamon be taken before 
meals,15 2 trials after meals,6,13 and 
the remaining trials with meals.7-12,14 
One trial had no losses to follow-
up, and all patients were accounted 
for in the analysis8; 2 trials specified 
that they conducted an intention-
to-treat analysis of their data,10,11 
but 1 did not report the number 
of patients lost to follow-up10; 2 
trials excluded the patients who 
withdrew from the study in their 
analysis7,15; and the remaining trials 
did not report patient disposition or 
whether intention-to-treat analysis 

was conducted.6,9,13,14 The risk of bias assessment for 
individual validity components is presented in Supple-
mental Figure 1, available at http://annfammed.
org/content/11/5/452/suppl/DC1.

Quantitative Data Synthesis
Upon meta-analysis, cinnamon was associated with sta-
tistically significant reductions in levels of fasting plasma 
glucose (WMD = –24.59 mg/dL; 95% CI, –40.52 to 
–8.67 mg/dL), total cholesterol (WMD = –15.60 mg/dL; 
95% CI, –29.76 to –1.44 mg/dL), LDL-C (WMD = –9.42 

Figure 1. Preferred reporting items in systematic reviews and 
meta-analyses flow diagram of study selection, inclusion, and 
exclusion of randomized controlled trials evaluating cinnamon on 
glycemic and lipid parameters.

Records identi� ed through 
database searching

32 MEDLINE

11 CENTRAL

82 Embase

1 Additional record identi-
� ed through other sources

83 Records after dupli-
cates removed

83 Records screened

12 Full-text articles 
assessed for eligibility

10 Studies included in 
qualitative synthesis

71 Records excluded

 67 Not randomized controlled trials

 2  Not in patients with type 2 dia-
betes mellitus

 2 Not evaluating cinnamon

2 Full-text articles excluded

 1 Not randomized controlled trials

 1  Not in patients with type 2 diabe-
tes mellitus

10 Studies included in 
quantitative synthesis 

(meta-analysis)
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mg/dL; 95% CI, –17.21 to –1.63 mg/dL) and triglycer-
ides (WMD = –29.59 mg/dL; 95% CI, –48.77 to –10.91 
mg/dL) compared with control (Figures 2 and 3). There 
was also a statistically significant increase in HDL-C 
levels (WMD = 1.66 mg/dL; 95% CI, 1.09 to 2.24 mg/
dL). There was no significant effect of cinnamon com-
pared with control on hemoglobin A1c (WMD –0.16%; 
95% CI, –0.39% to 0.06%) (Figure 2). Statistical het-
erogeneity was not detected in the analysis on HDL-C 
(I2 = 0%), but high degrees of heterogeneity were pres-
ent for hemoglobin A1c, fasting plasma glucose, triglyc-
erides, total cholesterol, and LDL-C (I2 ranging from 
66.5% to 94.72%). Review of funnel plots (not shown) 
and Egger’s weighted regression P values suggested 
potential publication bias for fasting plasma glucose 
analysis (P = .004), but low likelihood for publication bias 
for hemoglobin A1c, total cholesterol, LDL-C, HDL-C 
and triglyceride analyses (P >.12 for all).

Subgroup analysis for glycemic outcomes was 
performed based on dosage form; analysis on capsule 

forms found a significant effect on hemoglobin A1c 

levels (–0.27%; 95% CI, –0.54% to –0.01%), as well as 
a significant decrease in fasting glucose levels (–16.74 
mg/dL; 95% CI, –25.44 to –8.05 mg/dL). When evalu-
ating powder forms, no significant benefit was seen 
for either hemoglobin A1c (–0.01%; 95% CI, 0.37% to 
0.36%) or fasting plasma glucose (–27.53 mg/dL; 95% 
CI, –55.44 to 0.37 mg/dL). We conducted a random-
effects meta-regression to evaluate the potential influ-
ence of cinnamon dose on hemoglobin A1c and fasting 
plasma glucose levels, although neither were statisti-
cally significant.

The results of the cumulative meta-analysis are 
presented in Supplemental Figure 2, available at 
http://annfammed.org/content/11/5/452/suppl/DC1.

DISCUSSION
Cinnamon has been a research interest in patients with 
diabetes since the 1990s, when PPARs became recog-

Figure 2. Forest plot depicting the meta-analyses results of randomized controlled trials evaluating 
cinnamon on serum levels of hemoglobin A1c and fasting blood glucose. 

Study name

Sample size

Cinnamon Control

Mang et al, 2006 33 32
Suppapitiporn et al, 2006 20 40
Vanschoonbeck et al, 2006 12 13
Blevins et al, 2007 29 28
Crawford, 2009 55 54
Akilen et al, 2010 30 28
Wainstein et al, 2011 29 30
Lu et al, 2012-1 23 10
Lu et al, 2012-2 23 10
Combined 254 245

I2 = 66.5%; Egger’s P = .33

Relative 
weight

Difference 
in means

Lower 
limit

Upper 
limit

16.74 -0.02 -0.28 0.24
9.40 -0.19 -0.73 0.35
6.93 0.00 -0.69 0.69

20.95 0.10 0.02 0.18
13.36 -0.46 -0.83 -0.09
11.54 -0.48 -0.92 -0.04
10.85 0.31 -0.16 0.78
4.95 -0.93 -1.80 -0.06
5.29 -0.67 -1.51 0.17

-0.16 -0.39 0.06

 -2.00 -1.00 0.00 1.00 2.00

Difference in Means and 95% CI

A. Hemoglobin A1c (%)

Favors Cinnamon Favors Control

Study name

Sample size

Cinnamon Control

Khan et al, 2003-1 10 10
Khan et al, 2003-2 10 10
Khan et al, 2003-3 10 10
Mang et al, 2006 33 32
Suppapitiporn et al, 2006 20 40
Vanschoonbeck et al, 2006 12 13
Blevins et al, 2007 29 28
Akilen et al, 2010 30 28
Khan et al, 2010 7 7
Wainstein et al, 2011 29 30
Lu et al, 2012-1 23 10
Lu et al, 2012-2 23 10
Combined 236 228

I2 = 91.98%; Egger’s P= .004

Relative 
weight

Difference 
in means

Lower 
limit

Upper 
limit

8.37 -55.80 -77.62 -33.98
8.92 -41.40 -58.40 -24.40
8.12 -70.20 -94.04 -46.36
9.34 -26.28 -38.97 -13.59
9.15 -8.12 -22.79 6.55
7.90 -4.50 -30.13 21.13
9.86 9.50 5.56 13.44
8.91 -13.50 -30.57 3.57
4.44 -80.88 -137.02 -24.74
8.31 1.60 -20.71 23.91
7.89 -25.20 -50.90 0.50
8.80 -14.40 -32.47 3.67

-24.59 -40.52 -8.67

 -125.00 -62.50 0.00 62.50 125.00

Difference in Means and 95% CI

B. Fasting Blood Glucose (mg/dL)

Favors Cinnamon Favors Control

Note: Squares represent individual studies, and size of the square represents the weight given to each study in the meta-analysis. Error bars represent 95% confidence 
intervals. The diamonds represent the pooled results. The solid vertical line extending upward from 0.00 is the null value.
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nized as a possible therapeutic target for dyslipidemia 
and diabetes.4 PPARs are ligand-activated nuclear hor-
mone receptors expressed mainly in brown adipose tis-
sue and the liver. Activation of various isoforms lowers 
levels of plasma triglycerides, elevates levels of HDL-
C, and increases insulin sensitivity.3 Glucose transport 
by the glucose transporters (GLUT), more specifically 
GLUT4, is also a primary target of diabetes research. 
Current research suggests that facilitating translocation 
through GLUT4 will increase glucose uptake and utili-
zation, benefitting hyperglycemic control.5

Various data from RCTs show conflicting results 
of the effects of cinnamon on glycemic and lipid 
parameters. Consumption of 1 to 1.2 g/d was associ-
ated with an increase in fasting plasma glucose lev-
els,10,14 and hemoglobin A1c levels9,10; however, others 
have reported reductions in glycemic parameters at 
doses between 1 to 6 g/d6-9,12,13 and in hemoglobin 

A1c.6-9,11-13 The same conflict occurs in lipid parameters, 
at 1 g/d total cholesterol,10 LDL-C,7,12 and triglyceride10 
levels were reported to increase, while HDL-C levels 
decreased.7-9 Only 1 trial identified statistically signif-
icant increases in hemoglobin A1c and fasting plasma 
glucose levels; however, this trial was published only 
as a research brief, so many of the study character-
istics were unclear.10 The trial withdrew patients if 
they initiated, discontinued, or adjusted any hypo-
glycemic or lipid-lowering medications, but the 
number of patients withdrawn during the 3-month 
study period was not reported.10 The trial also used 
an intention-to-treat analysis but did not specify the 
data imputation method.10 It may be possible that the 
withdrawal of patients from the trial may bias the 
ability to determine cinnamon’s true effect in this 
trial. Two trials that showed statistically significant 
benefit of cinnamon use on hemoglobin A1c evaluated 

Figure 3. Forest plot depicting the meta-analysis results of randomized controlled trials evaluating 
cinnamon on serum levels of total cholesterol, LDL cholesterol, HDL cholesterol, and triglycerides. 

Study name

Sample size

Cinnamon Control

Khan et al, 2003-1 10 10
Khan et al, 2003-2 10 10
Khan et al, 2003-3 10 10
Mang et al, 2006 33 32
Suppapitiporn et al, 2006 20 40
Vanschoonbeck et al, 2006 12 13
Blevins et al, 2007 29 28
Akilen et al, 2010 30 28
Khan et al, 2010 7 7
Wainstein et al, 2011 29 30
Lu et al, 2012-1 23 10
Lu et al, 2012-2 23 10
Combined 236 228

I2 = 94.72%; Egger’s P = .11

Relative 
weight

Difference 
in means

Lower 
limit

Upper 
limit

9.35 -23.01 -32.45 -13.57
9.30 -64.35 -74.45 -54.25
9.16 -31.20 -42.77 -19.63
9.36 -0.39 -9.78 9.00
8.18 0.80 -19.12 20.72
7.21 0.39 -26.56 27.34
9.72 3.70 0.91 6.49
8.70 -4.68 -20.51 11.15
6.38 -26.70 -59.66 6.26
9.17 -1.58 -13.04 9.88
7.32 -19.50 -45.65 6.65
6.16 -21.84 -56.46 12.78

-15.60 -29.76 -1.44

 -75.00 -37.50 0.00 37.50 75.00

Difference in Means and 95% CI

A. Total Cholesterol (mg/dL)

Favors Cinnamon Favors Control

Study name

Sample size

Cinnamon Control

Khan et al, 2003-1 10 10
Khan et al, 2003-2 10 10
Khan et al, 2003-3 10 10
Mang et al, 2006 33 32
Vanschoonbeck et al, 2006 12 13
Blevins et al, 2007 29 28
Akilen et al, 2010 30 28
Khan et al, 2010 7 7
Wainstein et al, 2011 29 30
Lu et al, 2012-1 23 10
Lu et al, 2012-2 23 10
Combined 216 188

I2 = 88.6%; Egger’s P = .12

Relative 
weight

Difference 
in means

Lower 
limit

Upper 
limit

11.60 -3.12 -9.07 2.83
11.06 -32.37 -40.15 -24.59
10.67 -20.67 -29.64 -11.70
11.42 -0.78 -7.36 5.80
6.11 2.34 -20.13 24.81

12.30 1.00 -1.34 3.34
9.78 -1.17 -12.66 10.32
4.66 -20.40 -48.92 8.12
8.83 -18.30 -32.41 -4.19
7.28 -8.19 -26.77 10.39
6.28 -2.73 -24.59 19.13

-9.42 -17.21 -1.63

 -50.00 -25.00 0.00 25.00 50.00

Difference in Means and 95% CI

B. LDL Cholesterol (mg/dL)

Favors Cinnamon Favors Control

HDL = high-density lipoprotein; LDL = low-density lipoprotein. Figure 3 continues

Note: Squares represent individual studies, and size of the square represents the weight given to each study in the meta-analysis. Error bars represent 95% confidence 
intervals. The diamonds represent the pooled results. The solid vertical line extending upward from 0.00 is the null value.
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comparatively lower doses of cinnamon (1 to 2 g/d) 
and included patients with baseline hemoglobin A1c 
levels greater than 8% who were using concomitant 
hypoglycemic medications.11,12

To put the results of our meta-analysis into better 
context, the reductions found can be compared with 
established therapies. As an example, the reductions 
in fasting plasma glucose levels (–24.59 mg/dL) are 
less than those achieved by metformin monotherapy 
(–58 mg/dL)22 and somewhat more than the newer oral 
agents, such as sitagliptin (–16 to –21 mg/dL).23 Our 
results showed cinnamon to reduce LDL-C and tri-
glyceride levels by approximately 9.4 and 29.6 mg/dL, 
respectively. As a comparison, the lipid-lowering drugs 
pravastatin and gemfibrozil reduce LDL-C and triglyc-
eride levels by approximately 50 mg/dL (26%) and 50 
mg/dL (31%), respectively.24,25

Results of the cumulative meta-analysis on hemo-
globin A1c levels showed that with each addition of a 

published RCT, there was no time point at which there 
was ever a statistically significant benefit. For the fast-
ing plasma glucose outcome, cumulative meta-analysis 
showed that there was a statistically significant benefit 
at all time points and that the results have been stable 
since the publication of the RCT by Blevins and col-
leagues in 2007,10 with subsequently published studies 
having little impact on the overall conclusion, although 
the treatment effect size is decreasing with time (Sup-
plemental Figure 2).

This meta-analysis updates our earlier work pub-
lished in 2008, which analyzed patients with type 
1 or type 2 diabetes, and did not show any statisti-
cally significant effects on hemoglobin A1c, fasting 
plasma glucose, or lipid parameters.16 The inability to 
detect statistically significant results may be due to 
the limited number of trials available at the time. Our 
current findings align with the results found in our 
prior meta-analysis in terms of trend and magnitude. 

Figure 3. Forest plot depicting the meta-analysis results of randomized controlled trials evaluating 
cinnamon on serum levels of total cholesterol, LDL cholesterol, HDL cholesterol, and triglycerides (continued)

Study name

Sample size

Cinnamon Control

Mang et al, 2006 33 32
Suppapitiporn et al, 2006 20 40
Vanschoonbeck et al, 2006 12 13
Blevins et al, 2007 29 28
Akilen et al, 2010 30 28
Khan et al, 2010 7 7
Wainstein et al, 2011 29 30
Lu et al, 2012-1 23 10
Lu et al, 2012-2 23 10
Combined 206 198

I2 = 0%; Egger’s P = .23

Relative 
weight

Difference 
in means

Lower 
limit

Upper 
limit

2.63 -1.56 -5.09 1.97
0.71 -1.85 -8.66 4.96
0.31 -0.39 -10.70 9.92

90.83 1.80 1.20 2.40
0.13 1.95 -13.92 17.82
3.80 0.90 -2.04 3.84
1.25 3.20 -1.93 8.33
0.09 2.73 -16.87 22.33
0.27 1.56 -9.54 12.66

1.66 1.09 2.24

 -20.00 -10.00 0.00 10.00 20.00

Difference in Means and 95% CI

C. HDL Cholesterol (mg/dL)

Favors Cinnamon Favors Control

Study name

Sample size

Cinnamon Control

Khan et al, 2003-1 10 10
Khan et al, 2003-2 10 10
Khan et al, 2003-3 10 10
Mang et al, 2006 33 32
Suppapitiporn et al, 2006 20 40
Vanschoonbeck et al, 2006 12 13
Blevins et al, 2007 29 28
Akilen et al, 2010 30 28
Khan et al, 2010 7 7
Wainstein et al, 2011 29 30
Lu et al, 2012-1 23 10
Lu et al, 2012-2 23 10
Combined 236 228

I2 = 84.27%; Egger’s P = .27

Relative 
weight

Difference 
in means

Lower 
limit

Upper 
limit

10.66 -77.43 -96.10 -58.76
9.94 -66.75 -90.98 -42.52
9.40 -48.06 -76.15 -19.97
9.02 -21.36 -52.09 9.37
9.69 -6.85 -32.90 19.20
8.59 -8.01 -41.73 25.71

11.64 -6.50 -15.06 2.06
10.18 -20.47 -42.94 2.00
3.24 -44.60 -133.17 43.97

10.52 -3.20 -23.03 16.63
4.62 -4.45 -72.48 63.58
2.51 -82.77 -187.47 21.93

-29.59 -48.27 -10.91

 -100.00 -50.00 0.00 50.00 100.00

Difference in Means and 95% CI

D. Triglycerides (mg/dL)

Favors Cinnamon Favors Control

HDL = high-density lipoprotein; LDL = low-density lipoprotein.

Note: Squares represent individual studies, and size of the square represents the weight given to each study in the meta-analysis. Error bars represent 95% confidence 
intervals. The diamonds represent the pooled results. The solid vertical line extending upward from 0.00 is the null value.
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The addition of RCTs have increased the statistical 
power of the analysis and enabled us to find statisti-
cally significant results when using the same statistical 
methodology. Another meta-analysis was published 
by Davis and Yokoyama, who conducted a search 
through May 2010 and included trials in patients with 
type 2 diabetes, prediabetes and metabolic syndrome, 
impaired fasting glucose, and healthy volunteers.26 
They evaluated only fasting plasma glucose levels and 
found a statistically significant reduction (–8.77 ± 3.52 
mg/dL, P = .025) when using cinnamon compared with 
control.26 The results by Davis and Yokoyama likely 
showed more modest effects on fasting plasma glucose 
as the result of including patients without diagnosed 
diabetes.

Study characteristics of the trials included in the 
analysis may have contributed to clinical and statistical 
heterogeneity and are a limitation of this meta-analysis. 
Although all patients had type 2 diabetes, the popula-
tions studied varied among postmenopausal women, 
otherwise healthy adults, adults with comorbidities, 
such as hyperlipidemia, overweight, or obesity, and the 
use of concurrent medications. The range of cinnamon 
dose and dosage form may also contribute to hetero-
geneous results. In future investigations, a multivariate 
analysis controlling for multiple influential factors, such 
as dosage form, dose, and baseline lipid levels, may be 
necessary to identify the ideal product and population 
to exert benefit. The short duration of treatment may 
have limited the ability to see any changes in hemoglo-
bin A1c levels, because the duration ranged from 4 to 
18 weeks. Hemoglobin A1c levels are a reflection of a 
3-month average of glucose levels, and most trials were 
at least 3 months, so some effect should have been 
observed if it truly existed.

The results of this analysis may also be affected 
by the inconsistent quality of botanical research. The 
quantity of active cinnamaldehyde may vary among 
species and even among formulations.27 Consequently, 
it may be difficult to achieve predictable results if 
administering a cinnamon product to a patient. Addi-
tionally, variations in manufacturing processes may 
affect the quantity of active ingredient found in a spe-
cific formulation, as herbal products do not generally 
undergo the same manufacturing oversight as pharma-
cological products.28

Side effects of cinnamon have been poorly docu-
mented in humans, because most research focusing on 
safety and efficacy has been conducted either in vitro 
or in animals. Potential side effects found in animal 
studies include hepatotoxicity that results from cou-
marin isolates found in C cassia bark, decreased plate-
let counts, increased the risk of bleeding, decreased 
serum total cholesterol and triglyceride concentra-

tions, and markedly increased HDL-C levels and 
allergy/hypersensitivity to cinnamon.2 These possible 
effects may be a concern for patients with impaired 
liver function, concurrent anticoagulant or antiplatelet 
therapy, patients on antilipidemic agents, and those 
who are known to be hypersensitive to cinnamon or 
its components. There are reports of nonimmunologic 
contact urticaria occurring in people coming into 
contact with cinnamon products3; however, because 
no human studies have been conducted to test this 
theory, these concerns remain hypothetical. Although 
our meta-analysis did not address safety data because 
the reporting of adverse events and tolerability were 
not consistent among the RCTs, all the included trials 
stated that no significant side effects were seen with 
cinnamon use.

With all meta-analyses, there is risk of publication 
bias. Our results suggested a high likelihood for pub-
lication bias on fasting plasma glucose, perhaps as a 
result of analyzing the results Khan and colleagues6 as 
3 separate comparisons, which could result in an exag-
gerated lower effect size. Also the results from Khan 
et al6 could have affected the assessment for publica-
tion bias negatively because of the low sample size 
and large standard deviation in their study population. 
It is necessary to conduct trials in a long-term exten-
sion of cinnamon supplementation to better under-
stand and investigate safety and tolerability of various 
oral formulations. With the small effect size seen on 
the analysis of hemoglobin A1c levels, an unrealistically 
large sample size would be necessary to observe a sta-
tistically significant effect. It is unlikely that the addi-
tion of future RCTs will yield statistically significant 
results on hemoglobin A1c, and if they do, the results 
would unlikely be clinically significant. Further evalu-
ation of fasting plasma glucose would also be unlikely 
to influence the statistical significance found, although 
it may modify the magnitude of effect seen.

Based on currently available literature, cinnamon 
may have a beneficial effect on fasting plasma glucose, 
LDL-C, HDL-C, and triglyceride levels in patients 
with type 2 diabetes. There is no statistically significant 
effect on hemoglobin A1c, however. Caution should 
be exercised in applying the results of this analysis to 
patient care because of the certainty of the dose and 
duration of cinnamon use and uncertainty of the ideal 
patient population.

To read or post commentaries in response to this article, see it 
online at http://www.annfammed.org/content/11/5/452.

Key words: cinnamon; type 2 diabetes mellitus; lipids; meta-analysis; 
review, systematic
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