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 ■ Abstract 
OBJECTIVES: Type 2 diabetes (T2D) may be caused by 
elevated oxidative stress, inflammation, and hyperglycemia. 
The phytochemicals in several herbal medicines are re-
ported to effectively improve diabetes and to ameliorate dia-
betic complications. The aim of the present study was to de-
termine the effects of cinnamon, cardamom, saffron, and 
ginger as supplementary remedies in T2D. METHODS: 
This randomized controlled, clinical trial included 204 T2D 
patients. The participants were randomly assigned to four 
intervention groups receiving 3 glasses of black tea and ei-
ther 3 g cardamom, or cinnamon, or ginger, or 1 g saffron 
and one control group which consumed only 3 tea glasses 
without any herbal medicine for 8 weeks. Markers of in-
flammation, oxidative stress, fasting blood sugar, lipid pro-
file, and anthropometric measures were evaluated at base-

line and after 8 weeks of intervention. RESULTS: After 8 
weeks of intervention, cinnamon, cardamom, ginger, and 
saffron consumption had significant effects on total choles-
terol, LDL, and HDL levels (p < 0.05) compared with con-
trols. However, the herbal products did not have significant 
effects on measures of glycemic control, anthropometry, in-
flammation, and oxidative stress. In within-group compari-
sons only, cinnamon intake significantly decreased fasting 
blood sugar (FBS). CONCLUSIONS: The herbal remedies 
examined had significantly beneficial effects on cholesterol, 
but not on measures of glycemic control, oxidative stress, 
and inflammation. Based on the contradictory results re-
ported in the literature, the effects of herbal medicine in dia-
betic patients should undergo further detailed investigation. 
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1. Introduction 
 

 ype 2 diabetes (T2D) is the fourth cause of 
 death in developed countries [1] and affects 
 6% of the world’s adult population [2]. In 

Iranian adults, the prevalence is 11.4% aged 25-70 
years [3]. Diabetes is characterized by elevated 
oxidative stress and inflammation that may even-
tually lead to insulin resistance [4]. 

Lifestyle modification, in particular dietary 
management, may be useful in controlling diabetes 
risk factors. Recently, herbal medicines have be-

come more respected as supplementary medicine 
since they have phytochemicals with potential an-
tioxidative effects that may improve the regulation 
of glycemic metabolism [5]. 

Cinnamon’s major components include cinna-
maldehyde, cinnomic acid, eugenol, coumarin, and 
procyanidins that have antioxidant effects eluci-
dated by scavenging reactive oxygen species (ROS) 

and free-radicals, suppressing lipid peroxidation, 
and reducing malondialdehyde (MDA) [6, 7]. Cin-
namon has anti-inflammatory compounds that can 
reduce inflammatory mediators such as pros-
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taglandin-E2, interleukin (IL) 6, and nitric oxide 
(NO) production [8]. Contradictory evidence exists 
regarding the effectiveness of herbal remedies. On 
the one hand, Khan et al. indicated that herbal 
remedies are effective in reducing fasting blood 
sugar (FBS), total cholesterol (TC), LDL choles-
terol (LDLc), and triglyceride (TG) levels in sub-
jects with type 2 diabetes [9], but in another study, 
beneficial effects of herbal remedies on FBS, TC, 
and TG could not be shown [10]. 

Cardamom, another herbal medicine, contains 
essential lipids such as sterol and phenolic acids. 
These lipids have antioxidative potential that 
might increase antioxidant enzyme activities such 
as superoxide dismutase, catalase, and glutathione 
peroxidase [11, 12]. Studies suggest that carda-
mom exerts anti-inflammatory effects and can sig-
nificantly reduce NO production by macrophages 
[13]. However, there is only limited evidence about 
the biological role of cardamom ingredients in hu-
man glucose and lipid metabolism. 

Saffron is a carotenoid-rich spice that consists 
of crocetin and crocetin glycosides. It is used in the 
treatment of different complications of diabetes 
[14]. In an in vitro study, crocetin decreased the 
levels of ROS, free radical-mediated lipid peroxida-
tion, and MDA, and increased radical scavenging 
activity [15]. Furthermore, saffron has been re-
ported to possess anti-inflammatory effects exerted 
by the lavonoids, tannins, saponins, and crocins it 
contains [14]. The herb improves the lipid profile 
and increases glucose uptake by an insulin-
dependent pathway that stimulates phosphoryla-
tion of AMP-activated protein kinases (AMPK), 
acetyl-CoA carbohydrate (ACC), and mitogen-
activated protein kinases (MAPKS). Co-treatment 
of saffron and insulin has been shown to improve 
insulin sensitivity [16]. 

New evidence suggests that ginger, of which the 
root is used as spice and medicine, has antioxida-
tive effects by virtue of its components gingerols, 
shogaols, paradols, and zingiberene [17]. It seems 
that these components scavenge free radicals, hy-
droxyl, and superoxide radicals, protect cell mem-
brane lipids from oxidation, and inhibit ROS and 
NO production [18]. A recent study has revealed 
that ginger suppresses the synthesis of pros-
taglandin and leukotriene [19]. Furthermore, the 
root has been reported to reduce inflammatory cy-
tokines and arachidonate-5-lipoxygenase, and to 
inhibit the expression of inflammatory response 
genes [19, 20]. Ginger is also considered to reduce 
blood sugar and to improve lipid profiles by in-
creasing the activity of antioxidant enzymes [21]. 

 
Although beneficial effects of these herbal 

medicines have been indicated in several studies, 
to our knowledge there is no study that has com-
pared the effects of them on blood sugar, lipid pro-
files, oxidative stress, and inflammation among 
diabetic patients. Therefore, in this study we in-
tended to compare the beneficial effects of cinna-
mon, cardamom, saffron, and ginger consumption 
on markers of fasting blood sugar, lipid profile, 
oxidative stress, and inflammatory mediators in 
type 2 diabetes patients. 

2. Methods 

2.1 Patients 

This is a parallel, randomized, single-blind, pla-
cebo-controlled clinical trial, conducted among 208 
subjects with T2D (fasting blood glucose ≥126 
mg/dl) for eight weeks from October 1, 2012 
through September 1, 2013. Subjects with diabetes 
were recruited from the Endocrine and Metabo-
lism Research Center, Isfahan University of Medi-
cal Sciences, Isfahan, Iran. Inclusion criteria were 

Abbreviations: 
 

ACC – acetyl-CoA carbohydrate 
AMP – adenosine monophosphate 
AMPK – AMP-activated protein kinases  
apoB – apolipoprotein B 
BMI – body mass index 
COX-2 – cyclooxygenase-2 
DPPH – 2,2-diphenyl-1-picrylhydrazyl 
ELISA – enzyme-linked immune sorbent assay 
FBS – fasting blood sugar 
HbA1c – hemoglobin A1c  
HDL – high-density lipoprotein 
hs-CRP – high-sensitivity C-reactive protein 
IL – interleukin 
IPAQ – international physical activity questionnaire 
Kcal/d – kilocalorie per day 
LDL – low-density lipoprotein  
LDLc – low-density lipoprotein cholesterol  
MANCOVA – multivariate analysis of covariance 
MAPKS – mitogen-activated protein kinases 
MDA – malondyaldehyde 
MET – metabolic equivalent of task 
MET-h/wk – MET hours per week 
mRNA – messenger ribonucleic acid 
NO – nitric oxide 
OHA – oral hypoglycemic agent 
ROS – reactive oxygen species 
SE – standard error  
SPSS – software package used for statistical analysis 
TC – total cholesterol  
T2D – type 2 diabetes 
TG – triglyceride 
TNF-α – tumor necrosis factors α 
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subjects with T2D, aged ≥30 years, overweight 
(BMI ≥25 kg/m2), not on insulin therapy, and not 
taking medications except for oral hypoglycemic 
agents (OHAs), namely metformin or glibencla-
mide. Participants were excluded from the study if 
they planned to get pregnant, needed to start insu-
lin therapy during intervention, or consumed spe-
cial spices (cinnamon, cardamom, ginger, or saf-
fron) during the running period. 

All patients signed informed written consent, 
and the Ethics Committee of the university ap-
proved the study. The trial was registered by the 
Iranian Registry of Clinical Trials; website at 
http://www.irct.ir (IRCT201206185062N5). We es-
timated that at least 200 subjects should partici-
pate in the study to calculate between-group dif-
ferences regarding oxidative stress and inflamma-
tion. Considering dropouts, we included 280 sub-
jects in this study. 

2.2 Study design 

Before intervention, all participants were in-
cluded in a three-week run-in period to match 
their tea consumption pattern because tea was the 
major carrier of the herbal remedies in the study. 
The randomization was stratified by the permuted 
block method. 

The patients were randomly assigned to four 
intervention groups, receiving either 3 g carda-
mom, or 3 g cinnamon, or 3 g ginger, or 1 g saffron, 
and one control group. All participants used this 
dose of herbal medicine in combination with three 
glasses of black tea (golestan tea bags, Golestan 
Inc., Tehran, Iran). Individuals in the control 
group consumed three glasses of tea without any 
spices. We used raw, dried powder from cardamom 
(cardamomum) small seed pods, ginger (Zingib-
eraceae) rhizome of the Zingiber officinale plant, 
cinnamon (Cinnamomum verum) sticks (inner 
bark of tree), and saffron (saffron crocus) stigmas 
of the Crocus sativus flower. All herbs used in the 

present study were approved by the Ministry of 
Health (License No.16/13777). 

Three grams herbal medicines were given to 
participants in packed plastics containing carda-
mom, ginger, or cinnamon, or 1 g of saffron. We 
filled these packs with purified herbal products 
without any extra materials. The participants 
were interviewed once a week to assess their com-
pliance; at these occasions, they received 7 pack-
ages of herbs for consumption the following week. 
They were also asked to return the empty pack-
ages on their next visit. 

The participants were trained to stew herbs 
with black tea in the kettle for 10 minutes in a 
traditional way. Compliance was determined by 
performing dietary records and phone interviews. 
All patients were asked to continue their usual di-
ets without any changes; all were requested to 
complete the 24-hour food record form every two 
weeks at the duration of intervention to make sure 
that the results were not influenced by dietary in-
takes. In order to gather information about their 
level of physical activity, validated short IPAQ 
questionnaires were used [22]. These question-
naires were completed by trained nutritionists. 

2.3 Assessment of biochemical indicators 

For biochemical measurements, 15 ml venous 
blood samples were gathered after 12-hour over-
night fasting. Blood samples were centrifuged im-
mediately, and serum samples were separated and 
stored at -70oC until analysis. Glucose levels were 
determined by the hexokinase method (Gluco-
quant, Roche Diagnostics, Mannheim, Germany). 
HbA1c was assessed by immunoturbidimetric de-
termination (RocheTina-quant II, Roche Diagnos-
tics, Mannheim, Germany). Serum concentrations 
of triacylglycerol and total cholesterol were meas-
ured by Peridochrom Triglyceride GPO-PAP Kit 
and CHOD-PAP kit, respectively (Roche Diagnos-
tics, Mannheim, Germany). Low-density lipopro-

Table 1. Baseline characteristics of diabetes patients in the five groups, cinnamon, cardamom, saffron, ginger, and control 
 

Characteristic Total 
(n = 204) 

Cinnamon 
(n = 40) 

Cardamom 
(n = 42) 

Saffron 
(n = 42) 

Ginger 
(n = 41) 

Control 
(n = 39) 

p 

Age (yr) 54.33 ± 0.5 54.15± 1.0 51.59 ± 1.3 57.02 ± 1.0 55.21 ± 1.1 53.64 ± 1.3 0.02 
men/women (n) 79/125 16/24 17/25 16/26 15/26 15/24 0.99 
Weight (kg) 78.90 ± 0.5 75.62 ± 1.2 78.61 ± 1.2 81.97 ± 1.0 79.39 ± 0.9 78.74 ± 1.2         0.005 
Waist (cm)     102.41 ± 0.6   102.80 ± 1.5    101.47 ± 1.4  102.26 ± 1.5  104.56 ± 1.3  100.92 ± 1.4 0.46 
Physical activity (Met h/wk) 24.33 ± 0.2 24.17 ± 0.6 24.35 ± 0.7 24.59 ± 0.6 23.60 ± 0.6 24.96 ± 0.6 0.67 

 

Legend: Data are mean ± SE. P-value by comparisons of between-group differences using MANCOVA. 
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tein (LDL) and high-density lipoprotein (HDL) 
cholesterol were measured enzymatically (Wako 
Chemicals, Neuss, Germany). To assess inflamma-
tion and oxidative stress, we quantified serum hs-
CRP and F2-Isoprostane levels, respectively, using 
commercially available ELISA kits. Inter- and in-
tra-assay coefficients of variations were deter-
mined for hs-CRP < 9% and < 7.8% and for F2-
Isoprostane 5% and 7%, respectively. 

2.4 Assessment of other variables 

Demographic characteristics and anthropomet-
ric measures were determined through pretested 
questionnaires. Weight was evaluated without 
shoes and minimally clothed to the nearest 100 g 
using a digital scale. Height was measured with-
out shoes in a standing position using a tape meter 
to the nearest 0.5 cm. Body mass index (BMI) was 
calculated as weight in kilograms divided by the 
square of height in meter. Waist circumference 
was measured at the level of the umbilicus with a 
flexible tape to the nearest millimeter. 

2.5 Statistical methods 

Statistical analysis was performed using SPSS 
version 16 (spssInc, Chicago, IL, USA). Quantita-

tive data are shown as mean ± SE. One-way mul-
tivariate analysis of variance (or covariance as ap-
propriate) (MANCOVA), followed by Dunnett’s 
post hoc pairwise comparisons test was applied. 
Within-group comparisons were performed using 
paired samples t-test. Normality distribution of 
data was evaluated using Kolmogorov-Smirnov 
test. For non-normal data log-transformation was 
conducted. 

3. Results 

From 208 participants included in the study, 
four patients were excluded due to a lack of blood 
sample at the end of the intervention. No adverse 
reactions caused by the use of the herbal medi-
cines were reported during the study period. Base-
line characteristics of all study participants are 
presented in Table 1. The participants in the saf-
fron group were significantly older and more obese 
than those in the other groups. No significant dif-
ferences were present between the five groups re-
garding other baseline characteristics. Table 1 
also shows the levels of physical activity. Again, no 
significant differences in the physical activity lev-
els (MET-h/wk) were observed across the five 
groups. 

Table 2. Dietary consumption of the participants during intervention in the five groups, cinnamon, cardamom, saffron, ginger, and control 
 

Dietary compound Total 
(n = 204) 

Cinnamon 
(n = 40) 

Cardamom 
(n = 42) 

Saffron 
(n = 42) 

Ginger 
(n = 41) 

Control 
(n = 39) 

p 

Energy intake (kcal/d) 2306.60 ± 23.7 2318.13 ± 54.8 2311.67 ± 53.0 2306.79 ± 54.7 2310.52 ± 48.9 2284.92 ± 56.4 0.99 

Protein (g/d)    61.64 ± 1.2     58.90 ± 2.7     63.57 ± 2.9     61.26 ± 3.0     60.73 ± 2.3   63.76 ± 2.6 0.71 

Vitamin A(µg/d)  655.25 ± 11.4   609.45 ± 20.5   666.92 ± 26.3   652.80 ± 28.5   655.95 ± 22.4 691.53 ± 28.7 0.26 

Vitamin C(mg/d)    53.66 ± 0.8     55.42 ± 2.0      54.21 ± 2.0     53.90 ± 2.0     53.30 ± 1.7    51.38 ± 1.9 0.70 

Vitamin E(mg/d)      8.95 ± 0.1 9.01 ± 0.2 8.97 ± 0.2 9.05 ± 0.3 8.88 ± 0.2      8.84 ± 0.3 0.98 

Vitamin D(µg/d)      9.49 ± 0.1 8.80 ± 0.3 9.72 ± 0.4 9.43 ± 0.4 9.47 ± 0.3    10.05 ± 0.4 0.25 

Vitamin B1(mg/d) 0.97 ± 0.02        0.98 ± 0.04        0.98 ± 0.04       0.99 ± 0.04       0.94 ± 0.04 0.96 ± 0.05 0.95 

Vitamin B2(mg/d) 1.06 ± 0.01        1.03 ± 0.03        1.06 ± 0.04       1.06 ± 0.04       1.08 ± 0.03 1.07 ± 0.04 0.93 

Vitamin B6(mg/d) 1.40 ± 0.01        1.43 ± 0.03        1.40 ± 0.04       1.43 ± 0.04       1.40 ± 0.03 1.36 ± 0.04 0.76 

Vitamin B12(µg/d) 1.44 ± 0.02        1.44 ± 0.05        1.43 ± 0.05       1.45 ± 0.05       1.45 ± 0.04 1.43 ± 0.05 0.99 

Vitamin B9(µg/d)   349.94 ± 2.0    353.15 ± 5.3    349.52 ± 4.2    349.76 ± 4.7    350.16 ± 4.1   347.05 ± 3.8 0.92 

Calcium(mg/d)   682.63 ± 11.6    690.82 ± 27.0    676.26 ± 26.3    688.07 ± 26.9    684.73 ± 22.1   673.00 ± 28.7 0.98 

Ferritin (mg/d)       6.71 ± 0.1 6.60 ± 0.2 6.75 ± 0.2 6.73 ± 0.2 6.71 ± 0.2       6.77 ± 0.2 0.99 

zinc(mg/d)   7.60 ± 0.08 7.55 ± 0.2 7.59 ± 0.1 7.60 ± 0.2 7.53 ± 0.1 7.71 ± 0.1 0.96 

Selenium (µg/d)     41.07 ± 0.43      42.59 ± 1.04      40.52 ± 0.96      41.96 ± 1.0      40.65 ± 0.88     39.58 ± 0.89 0.20 

Iodine (µg/d)   141.67 ± 0.7    140.37 ± 1.6     141.35 ± 1.6    141.54 ± 1.9    142.07 ± 1.6    143.07 ± 1.8 0.87 
 

Legend: Data are mean ± SE. P-value by comparisons of between-group differences using MANCOVA. 
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Dietary intake was determined based on five 
24-hour records during the intervention (Table 2). 
No significant difference in dietary intakes of en-
ergy, macro-, and micronutrients between the five 
groups was observed, demonstrating good compli-
ance of the participants to the study procedures. 

The effects of herbal medicines on anthropom-
etric measures, FBS, insulin, HbA1c, lipid profiles, 
F2-isoprostane, and hs-CRP concentrations are 
shown in Table 3. In all analyses, age and weight 
were controlled because there was a significant dif-
ference in these measures between the groups. 

After 8 weeks of intervention, cinnamon, car-
damom, ginger, and saffron consumption had sig-
nificant effects on total cholesterol, LDL, and HDL 
levels (p < 0.05) compared with the control con-
sumption. However, the herbal products did not 
have significant effects on measures of glycemic 
control, anthropometry, inflammation, and oxida-
tive stress. There was no antidiabetic effect ob-
served by comparison between the groups of cin-
namon, cardamom, ginger, saffron, and control. 

As a marginalia, but worth noting, in within-
group comparisons, cinnamon intake significantly 

Table 3. Anthropometric biomarkers of the type 2 diabetes patients before and after 8 weeks of intervention in the 5 groups, cinnamon, car-
damom, saffron, ginger, and control 
 

Parameter Cinnamon  
(n = 40) 

Cardamom  
(n = 42) 

Saffron 
(n = 42) 

Ginger 
(n = 41) 

Control 
(n = 39) 

p2 

baseline 75.62 ± 1.2 78.61 ± 1.2 81.97 ± 1.0 79.39 ± 0.97 78.74 ± 1.2 
8 weeks 75.32 ± 1.2 78.50 ± 1.2 81.90 ± 0.99 79.21 ± 0.96 78.48 ± 1.1 

Weight(kg) 

p-value1 0.07 0.49 0.64 0.25 0.34 

0.43 

baseline 28.78 ± 0.2 28.96 ± 0.2 28.86 ± 0.2 29.05 ± 0.2 28.40 ± 0.2 
8 weeks 28.68 ± 0.2 28.89 ± 0.2 28.84 ± 0.2 29.08 ± 0.2 28.26 ± 0.1 

BMI (kg/m2) 

p-value1 0.12 0.33 0.74 0.74 0.22 

0.16 

baseline 102.80 ± 1.5 101.47 ± 1.4 102.26 ± 1.5 104.56 ± 1.3 100.92 ± 1.4 
8 weeks 102.45 ± 1.5 101.07± 1.4 102.02 ± 1.5 104.17 ± 1.3 100.66 ± 1.4 

Waist (cm) 

p-value1 0.11 0.09 0.27 0.06 0.40 

0.96 

baseline 155.70 ± 6.0 165.78 ± 6.9 161.66 ± 4.1 169.56 ± 4.5 143.05 ± 7.2 
8 weeks 156.07 ± 5.9 165.38 ± 6.7 161.04 ± 3.9 168.97 ± 4.4 142.82 ± 7.1 

F2-isoprostan 
(pg/ml) 

p-value1 0.44 0.51 0.11 0.01 0.82 

0.83 

baseline 5.74 ± 0.15 5.10 ± 0.2 6.03 ± 0.1 5.65 ± 0.1 5.37 ± 0.2 
8 weeks 5.64 ± 0.16 5.10 ± 0.2 5.96 ± 0.1 5.55 ± 0.1 5.34 ± 0.1 

hs-CRP (mg/l) 

p-value1 0.04 0.92 0.07 0.04 0.61 

0.76 

FBS (mg/dl) baseline 359.47 ± 10.80 360±50 ± 12.27 358.35 ± 4.30 367.36 ± 8.09 355.28 ± 11.86 0.82 
 8 weeks 358.25 ± 10.87 359.38 ± 12.04 356.66 ± 4.39 366.34 ± 8.12 353.23 ± 11.96  
 p-value1 0.003 0.06 0.07 0.13 0.06  
Insulin (pmol/l) baseline 81.80 ± 1.21 80.33 ± 1.41 78.95 ± 1.09 84.56 ± 1.09 79.17 ± 1.56 0.52 
 8 weeks 80.87 ± 1.199 80.35 ± 1.39 79.02 ± 1.05 83.41 ± 1.28 78.35 ± 1.57  
 p-value1 0.09 0.94 0.83 0.11 0.19  

baseline 7.89 ± 0.10 7.89 ± 0.10 7.73 ± 0.07 7.94 ± 0.069 7.50 ± 0.10 0.92 HbA1c 
(mmol/mol) 8 weeks 7.87 ± 0.09 7.87 ± 0.10 7.74 ± 0.07 7.90 ± 0.067 7.51 ± 0.10  
 p-value1 0.29 0.50 0.79 0.09 0.77  

baseline 389.15 ± 3.45 368.80 ± 8.18 395.00 ± 2.12 398.43 ± 2.42 338.92 ± 8.78     0.004Cholesterol 
(g/mol) 8 weeks 397.00 ± 3.45 369.19 ± 8.20 394.30 ± 2.22 396.24 ± 2.74 334.92 ± 8.87  
 p-value1 0.07 0.38 0.06 0.05 0.06  
TG (mg/dl) Baseline 435.82 ± 9.25 401.90 ± 12.96 391.88 ± 3.91 400.78 ± 7.95 386.54 ± 13.28 0.17 
 8 weeks 434.45 ± 9.02 402.09 ± 13.05 390.71 ± 3.82 397.69 ± 8.09 382.48 ± 12.72  
 p-value1 0.02 0.61 0.1 0.2 0.06  
LDL (mg/dl) Baseline 235.20 ± 3.15  222.95 ± 5.25 229.57 ± 2.64 226.50 ± 3.17 208.64 ± 6.06   0.01 
 8 weeks 234.35 ± 3.18 224.00 ± 5.25 228.28 ± 2.63 225.90 ± 3.08 205.94 ± 5.51  
 p-value1 0.06 0.16 0.08 0.06 0.05  
HDL (mg/dl) Baseline 57.60 ± 0.97 55.26 ± 1.25 53.97 ± 0.71 57.24 ± 0.72 50.38 ± 1.38     0.001 
 8 weeks 58.10 ± 0.95 54.85 ± 1.33 54.76 ± 0.74 58.09 ± 0.77 51.53 ± 1.52  
 p-value1 0.14 0.16 0.06 0.09 0.05  
 

Legend: Data are mean ± SE. 1 P-value by comparisons of within-group differences between baseline and after 8 weeks using Student’s paired 
t-test. 2 P-value by comparisons of between-group differences using MANCOVA. 
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decreased fasting blood sugar (359.47 ± 10.80 vs. 
358.25 ± 10.87, p < 0.01) and hs-CRP levels (5.74 ± 
0.15 vs. 5.64 ± 0.16, p < 0.05), and ginger con-
sumption significantly decreased F2-isoprostane 
concentration (169.56 ± 4.5 vs. 168.97 ± 4.4, p < 
0.01) and hs-CRP levels (5.65 ± 0.1 vs. 5.55 ± 0.1, p 
= 0.04). Other intervention groups showed no sig-
nificant differences in FBS, insulin, HbA1c, and 
anthropometric measures, similarly to the inter-
group comparisons. 

4. Discussion 

In the current study, we found that cinnamon, 
cardamom, ginger, and saffron had significant ef-
fect on total cholesterol, LDL, and HDL levels, but 
no significant effects on FBS, insulin, HbA1c, se-
rum F2-isoprostane, hs-CRP concentrations, and 
anthropometric measures. In within-group com-
parisons only, there was a significant effect of cin-
namon consumption to reduce FBS, and ginger in-
take to reduce F2-isoprostane concentrations; also 
cinnamon and ginger intake significantly de-
creased hs-CRP level. 

Type 2 diabetes is characterized by abnormali-
ties in carbohydrate, lipid, and lipoprotein metabo-
lism, which may cause hyperglycemia and many 
complications such hyperlipidemia and hyperinsu-
linemia [23]. We found no significant effects of the 
herbal medicines on FBS concentrations. Another 
human study with 25 type 2 diabetes patients also 
did not find a significant effect on FBS and insulin 
concentration after the administration of 1.5 g cin-
namon for 6 weeks [6]. In contrast to these find-
ings, Soni et al. reported that cinnamon is an effec-
tive means of decreasing blood glucose in diabetic 
patients [24]. The inconsistent picture regarding 
the antidiabetic effectiveness of herbal medicines 
draws through the entire literature, with either 
positive or negative results in human and animal 
studies. Notable examples are an animal study, 
where cardamom and ginger decreased serum glu-
cose [25], and a human study with 20 major de-
pressive disorder patients who did not show a sig-
nificant effect on FBS after consumption of 15 mg 
saffron twice daily [26]. 

In the present study, the herbal products had 
significant effect only on total cholesterol, LDL, 
and HDL levels in diabetic patients after eight 
weeks of consumption. Some reports have indi-
cated cinnamon, saffron, and ginger to be effective 
in reducing TC, LDLc, and TG levels in subjects 
with type 2 diabetes by different mechanisms such 
as improved insulin sensitivity and increasing the 
activity of antioxidant enzymes [9, 16, 21]. 

Oxidative stress results from an imbalance in 
the production of reactive oxygen species (ROS) 
and the cell’s own antioxidant defense; it may con-
tribute to numerous diseases [25]. At the end of 
study, there was no significant difference between 
all groups regarding hs-CRP reduction. In within-
group comparisons only, cinnamon and ginger in-
take may have caused a significant reduction in 
hs-CRP concentrations. Antioxidant activity of cin-
namon by scavenging of free radicals and inhibi-
tion of 5-lipoxygenase enzyme is reported in differ-
ent studies [26-28]. Human studies showed that 
cinnamon can reduce lipid peroxidation and in-
crease total antioxidant power in healthy subjects 
[29, 30]. Other studies have supported the antioxi-
dant effects of cinnamon in humans. In a cross-
sectional study by Ranjbar et al., cinnamon could 
increase total antioxidant capacity and decrease 
lipid peroxidation in normal subjects [31]. 

Emerging evidence has indicated that ginger 
has a strong antioxidant effectiveness both in vivo 
and in vitro by the prevention of ROS production 
and cyclooxygenase 2 (COX-2) expression [32, 33]. 
In an experimental study, ginger significantly at-
tenuated lipid peroxidation and raised the levels of 
antioxidant enzymes. This effect of ginger is simi-
lar to that of ascorbic acid [34, 35]. Antioxidative 
effects of saffron were shown in in vitro studies 
[30, 31]. Assimopoulou et al. has indicated that the 
antioxidant capacity of saffron is due to its ability 
of donating a hydrogen atom to the 2,2-diphenyl-1-
picrylhydra-zyl (DPPH) radical [36]. In human 
subjects, 50 mg of saffron dissolved in 100 ml milk 
was administered twice a day to patients with 
coronary artery disease, and this caused a reduc-
tion in lipoprotein oxidation [37]. A human study 
revealed that after the administration of 3 g car-
damom powder, the total antioxidant status was 
significantly increased by 90% at the end of the 3-
month study [38]. In our study, we did not find any 
significant effect of saffron and cardamom on se-
rum hs-CRP concentrations, adding again to the 
inconsistent picture of the effectiveness of herbal 
medicines. However, reports on the bioavailability 
of cardamom ingredients are limited. Therefore, 
further studies are needed to assess the effect of 
cardamom or its ingredients on human health. 

Inflammatory mediators are strongly recog-
nized as diabetes risk factors; elevated inflamma-
tory cytokines may contribute to insulin resistance 
[7, 39]. In the present study, F2-isoprostane con-
centrations were not significantly reduced in dia-
betic patients after eight weeks of cinnamon, car-
damom, ginger, and saffron consumption (only for 
ginger in within-group comparisons). In the early 
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1980s, it was reported for the first time that ginger 
has anti-inflammatory properties because it can 
inhibit prostaglandin synthesis [40]. In a human 
study, ginger could reduce inflammation through 
suppression of NO, inflammatory cytokines, and 
the enzyme prostaglandin synthase [41]. Thomson 
et al. confirmed the inhibitory action of ginger on 
prostaglandin by daily administration of ginger 
(500 mg/kg) to rats for 4 weeks; they reported that 
ginger significantly reduced serum prostaglandin-
E2 [42]. A retrospective human survey suggested 
that a daily dose of 1 g ginger or higher is more ef-
fective than lower doses [43]. Thus, the picture of 
herbal medicine seems to be inconsistence also re-
garding anti-inflammatory effectiveness. 

In an in vitro study, cardamom has exerted sig-
nificantly anti-inflammatory properties through 
reducing NO production [13]. Ahmad et al. showed 
cardamom to significantly inhibit tumor necrosis 
factor α (TNF-α) production and suppress COX-2 
expression [44]. Saffron has potentially bioactive 
components such as flavonoids, tannins, anthocya-
nin, alkaloids, and saponins, which may have con-
tributed to the anti-inflammatory effects seen in 
mice [45]. 

Although we could not find a significant effect 
of cinnamon consumption on the level of inflam-
mation, other authors have found beneficial anti-
inflammatory effects of this herb. In an animal 
study, oral treatment with cinnamon inhibited the 
postprandial overproduction of apoB48-containing 
lipoproteins and inflammation in rats and ham-
sters [45]. Another study demonstrated that cin-
namon may significantly decrease mRNA expres-
sion of inflammatory factors, including IL1, IL6, 
and TNF-α [46]. 

In this study, we did not find any significant ef-
fect of herbal medicines on anthropometric meas-
ures. Another study found positive effects of 3 g 
cinnamon per day on the body weight of diabetic 
patients [23]. Ginger supplementation and pro-
gressive resistance training were also shown to de-
crease waist circumference significantly in obese 
men [47]. 

This study had several strengths and limita-
tions. The sample size was relatively large, the 
study design was prospective, and the study par-
ticipants were almost completely followed up. The 

control group provided us the opportunity to de-
termine whether our findings were due to actual 
treatment or usual diet. The statistical analysis 
was controlled for potential confounders, including 
dietary patterns through five 24-hour food records 
and physical activity by questionnaire. Before the 
intervention, a 3-week run-in period was estab-
lished to ensure that the patients’ tea consumption 
patterns were identical. The limitations refer to 
the food records which were not representative of 
usual intake of micro- and macronutrients, and 
may have caused under- or oversupply. 

5. Conclusions 
We tested the effects of herbal medicines, in-

cluding cardamom, cinnamon, ginger, and saffron, 
on anthropometric measures and diabetes bio-
markers. We found that the herbs could signifi-
cantly change lipid profiles, including total choles-
terol, LDL, and HDL levels, but they could not re-
duce FBS, insulin, HbA1c, serum F2-isoprostane, 
hs-CRP concentrations, or change anthropometric 
measures. FBS was significantly reduced in the 
cinnamon group, F2-isoprostane was reduced in 
the ginger group, and hs-CRP in the cinnamon and 
ginger group determined by within-group compari-
sons only, which may be regarded as a marginalia. 

This study could thus not confirm positive ef-
fects of herbal medicines on measures of glycemic 
control, inflammation, oxidative stress, and an-
thropometry. It adds to the inconsistent picture 
that lances the literature, with positive and nega-
tive findings in animal and human studies. There-
fore, further investigation of the matter with 
longer duration, various doses, and different age 
ranges are necessary to shed more light on the 
therapeutic effects of herbal medicines in diabetic 
patients. 
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