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Abstract

Background: Diabetes mellitus is a common metabolic disorders in human and affect a lot of people around the
world. Curcumin is a component of turmeric and in many studies therapeutic effects such as anti-hypertensive, anti-
hyperlipidemia, anti-hyperglycemia for this substance are shown.

Aim: The aim of this study was to investigate the effect of curcumin supplementation on anthropometric indices
glycemic control and oxidative stress in overweight patients with type 2 diabetes.

Materials and methods: In this randomized, double-blind, placebo-controlled trial, 53 participants with type 2
diabetes were divided randomly into the experimental and control groups to receive either 1500 mg curcumin or
placebo capsule three times in a day for 10 weeks.

Result: Supplementation with curcumin in type 2 diabetes compare to placebo causes a significant changes in
mean weight (—0.64 £0.22 vs.0.19£0.37 p<0.05), body mass index (BMI) (0.3£0.03 vs. 0.1+ 0 p <0.05), waist cir-
cumference (WC) (—1.2£04 vs. —043+0.11 p<0.05) and fasting blood sugar (FBS) (— 742 vs.3+0.2 p<0.05) but
did not show any difference for hemoglobin Alc (HbA1c), insulin, malondialdehyde (MDA), total antioxidant capacity
(TAC), Homeostatic Model Assessment for Insulin Resistance (HOMA-IR) and pancreatic B cell function (HOMA-B) at
end of study.

Conclusion: This study indicated that daily administration of 1500 mg curcumin has positive effects in reducing fast-
ing blood glucose and weight in patients with type 2 diabetes.
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Background

Diabetes mellitus is the most common and important
metabolic disorders in human. According to World
Health Organization (WHO) report in 2016, 422 million
people in world are diagnosed with diabetes, although
the prevalence of this disorder is on the rise, especially in
Asian countries [1]. Also recent researches showed that
obesity affects more than 600 million people in world-
wide. Obesity and overweight are two major risk factors
for diabetes and its complications. Investigations show
that almost 90% of diabetic patients are overweight. Obe-
sity could affect the metabolism in the body by insulin
resistance and reducing insulin secretion [2].

Curcumin is the most important component of tur-
meric (curcuma longa) and has a yellow color. Curcumin
commonly used as a food additive in Asian countries
[3]. Also this substance has a Therapeutic characteristics
and had role in traditional medicine as medicinal herb
in india and china [4]. Curcumin can cause a significant
reduction on total cholesterol, blood pressure, aggrega-
tion platelet, myocardial infraction and prevention from
thrombosis, rheumatoid arthritis [5, 6].

In some clinical trials Desirable effects of curcumin has
shown to be a therapeutic agent for treatment of diabetes
and complications of High blood glucose. Curcumin as
an antioxidant and anti-inflammatory agent has different
effects on diabetes through reducing death of beta cells,
improving its function and prevent insulin resistance in
rodent models [7-11]. Also curcumin thanks to anti-
inflammatory effect has positive impression on weight
loss. Give that obesity is associated with chronic inflam-
mation, curcumin as an anti-inflammatory phytochemi-
cal has been studies [12].

Most of studies conducted for investigated effects of
curcumin is on animal model [9, 13-20] and studies in
human model is rare and many effects of this substance
in humans is undiscovered. Therefore the aim of this
study was to investigate the effects of curcumin sup-
plementation on glycemic control, oxidative stress and
anthropometric indices in patients with type 2 diabetes.

Method and materials

Participants

All of the participants in this study were adult patients
who had come to the health centers of district 2 of Teh-
ran/Iran. Patients with noninsulin dependent diabetic,
aged between 40 and 70 years old and BMI 18.5-35 kg/
m? with a diagnose of 1 to 10 years participant in this
study. Patients were excluded from the trail if they were
suffering from inflammatory, hepatic and renal disease,
and receiving multivitamin and mineral supplements
or herbal medicines during last 3 months. They were
informed about aims of study and written informed
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consent was obtained from all of them. Patients were
educated not to change their usual dietary habits, physi-
cal activity, lifestyle and drugs during the intervention
period otherwise, they were excluded from the study. This
randomized, double-blinded, placebo-controlled trial
was conducted at National Nutrition And Food Tech-
nology Research Institute of Shahid Beheshti University.
This clinical trial has been registered in the clinical Trail.
gov with the following identification: NCT02529982.

Study design

This study was a randomized, double blind, placebo-
controlled trial. Patients were matched for gender and
then randomly allocated to the curcumin group (n=25)
meals or placebo group (n=28) respectively for consume
three capsules, of 500 mg of curcumin and placebo after
each main mail in three doses by block randomization
for 10 weeks. Curcumin and placebo capsules were pre-
pared by Arjuna National Extract Ltd company of India.
Based on studies receiving 7 gr curcumin or placebo do
not increase blood glucose in patients with diabetes [12].
Each curcumin capsules had curcuminoid content of
440 mg (347 mg curcumin, 84 mg desmethoxycurcumin
and 9 mg bis-desmethoxycurcumin) and 38 mg of tur-
meric oil. Placebo capsule had the same shape and color
of curcumin capsule and contain 444 mg of cooked rice
flour. Random allocation of patients were performed by
a third person. Throughout the course of the interven-
tion researchers and participants were not aware about
allocation.

Follow up

In order to control patients for taking supplements and
placebo they were followed-up by phone every 15 days
and Supplement and placebo were given to the patients
for a period up to the middle of the study, and patients
were asked to bring the bottle of capsules in their next
visit for assessing their compliance and if anyone used
less than %90 of capsules he would be excluded.

Measurement of anthropometric parameters and blood
pressure

Anthropometric measurements, including weight,
height, waist and hip circumferences were measured at
baseline and at the end of the study. The weight of each
patient was measured without shoes and light clothing by
using seca scale with the precision of 100 gr and height
was also measured by using a stadiometer without shoes
with precision of 0.5 cm. To measure waist circumfer-
ence tape measure was placed about halfway between the
bottom of the lowest rib and the top of hip bones, and
to measure hip circumference tape measure was placed
in widest part of hip, each measurements was repeated
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twice. Body mass index (BMI) was calculated as weight
(kg) divided by square of height (m). Systolic blood pres-
sure (SBP) and diastolic blood pressure (DBP) were
measured twice in a sitting position on the right arm
after 15 min of rest and the mean of the two measure-
ments was considered as the subject’s blood pressure.

Assessment of dietary and physical activity

Dietary intake of each participant in this study assess-
ment at baseline, at the 5th week and end of study by
3 day records, patients were enlighten about portion
size and how to record their dietary intake and then all
records converted to grams and analyzed by using Nutri-
tionist IV software (N Squared Computing, San Bruno,
CA, USA). To assess physical activity during interven-
tion, valid physical activity questionnaire was completed
for all participates at the begging and the end of study
[21].

Measurement of biochemical parameters

A sample of 10 ml blood was taken from each patients
after 12—14-h fasting at baseline and the end of study.
Serum concentration of glucose, total antioxidant
capacity (TAC), and Malondialdehyde (MDA) were
determined by using colorimetric method (Zellbio, Ger-
many). Insulin level was measured by ELISA method,
and Hemoglobin Alc (HbAlc) level was measured by
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chromatography method (Zellbio, Germany). Levels of
Change in pancreatic B-cell function (HOMA-B) and
Homeostatic Model Assessment for Insulin Resistance
(HOMA-IR) were calculated by formulas respectively,
HOMA-B =20 x Insulin(pU/ml)/glucose(mg/dl) — 3.5
and HOMA-IR = (glucose(mg/dl) x Insulin(pU/ml))/22.5
[21].

Statistical analysis

Data were analyzed by using SPSS 22 software. For com-
parison of quality variables Chi square tests were used
between the two groups. Normality of quantity vari-
ables were assessed by Kolmogorov—Smirnov test. inde-
pendent t-tests and paired t-tests were used to compare
parameters between and within the groups, respec-
tively. The results were displayed as mean+SD, and a
P-value <0.05 was considered significant. The minimum
number of patients estimated for each group was 22 at a
power (1—p) 80% and a=0.05 for this parallel study, for
detect a difference of 1.7 mg/dl in fasting blood sugar
concentration with a standard deviation of 1.8 mg/dl [18].

Result

Based on the flow chart of the trial 44 participates com-
pleted the study. 44 patients were randomly divided in
curcumin group (n=21) and placebo group (n=23)
(Fig. 1). None of the patients did not reported any serious

53 patients were
randomized

Control group
(n=28)

/

Excluded (n=5) due to:
Not consuming
capsules (n=3)
Treatment change
(n=1)

Personal reasons (n=1)

.

A

Curcumin group
(n=25)

~

Excluded (n=4) due to:
Not consuming
capsules (n=1)
Stomach discomfort
(n=1)

Lost last visit (n=2)

/

Completed the trial (n=23)

Completed the trial (n=21)

Fig. 1 Flow chart of the study
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Table 1 Baseline characteristics of patients in curcumin
group and placebo group
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Table 2 Dietary factors in curcumin group and placebo
group

Variable Curcumin group Placebo group P value
Sex (%)
Male 61.6 39.1 0.2
Female 384 60.9
Smoking (%) 19 13 04
Age (years) 58+8 60+7 0.09
Duration of diabetes 8+46 8+79 0.7
(years)
Anti-hyperglycemic 52% 43% 0.8
drugs
metformin
Gelibenclamide 52% 43%
Gelibenclamide+met-  33% 35%
formin
Non 10% 17%
Anti-hyperlipidemic 47.6% 52.2% 0.6
drugs
Anti-hypertensive drugs  66.7% 65.2% 0.5

P values are for comparison of variable between curcumin and placebo group
(all by Chi square analyzed except age and duration of diabetes which were
analyzed by t-independent test, p: 0.05)

side effect. There were no significant differences in base-
line characteristics include sex distribution, smoking,
mean age, duration of diabetes and drugs between the
two groups at baseline and the end of week 10 (Table 1).

Statistical analysis could not show any significant dif-
ferences between two groups with regard to physical
activity, mean energy, the dietary intake of carbohydrate
protein, fiber, total fat, SAFA, MUFA, PUFA, cholesterol,
vitamin E and C and polyphenol intakes at baseline, week
5 and week 10 of the study (Tables 2 and 3).

At the end of the study mean body weight decreased
significantly in curcumin group compared to the base-
line (p=0.01), and also analysis between two group
had showed a significant reduce for mean body weight
(p=0.04). Also Mean BMI decreased significantly in
curcumin group at the end of the study compared to the
baseline (p=0.03), however there was not any significant
differences between two groups at the end of the stud.
Mean hip circumference reduced significantly in curcumin
group compared to baseline and placebo group (p=0.05
and 0.01, respectively), but The mean waist circumference,
systolic and diastolic blood pressure had no significant dif-
ferent between and within two groups (Table 4).

After 10 weeks intervention with curcumin mean
serum concentration of fasting blood glucose decreased
significantly in treatment group compared to placebo
group at the end of the study (p=0.02) but The mean
serum concentrations of insulin, HbAlc, HOMA-IR,
HOMA-B had no significant changes within each group

Factor Groups Basline 10 weeks  P-value

Calorie (Kcal/day) Curcumin 19424485 19784458 NS NS
Placebo 1836683 18014578

Protein (gr/day) Curcumin 77+24 824+26 NS NS
Placebo 64+18 73423

Carbohydrate (gr/day) Curcumin 257 £71 254+71 NS NS
Placebo 2474£112 235488

Fiber (gr/day) Curcumin 28411 28+£12 NS NS
Placebo 26+9 2611

Total fat (gr/day) Curcumin 74+24 75421 NS NS
Placebo 71428 68+21

SAFA (gr/day) Curcumin 20+9 1945 NS NS
Placebo 19+9 19£11

MUFA (g/d) Curcumin 2649 28+9 NS NS
Placebo 2447 2547

PUFA (g/d) Curcumin 17£6 207 NS NS
Placebo 174£5 17+4

Cholesterol (mg/d) Curcumin 260174 2464174 NS NS
Placebo 205£111 2504123

Vitamin E (mg/d) Curcumin 22+10 23+9 NS NS
Placebo 20+7 2045

Vitamin C (mg/d) Curcumin 135493 1454105 NS NS
Placebo 113£71 115+71

NS: Not significant
P*: p values are for comparison variables in one group (P: 0.05)
P**: p values are for comparison variables between tow group (P: 0.05)

Table 3 Polyphenol intakes in curcumin group
and placebo group
Factor Group Basline 10 week  Pvalue
P* P**
Total polyphenol (mg/d) Curcumin 1970+£485 1978+£458 NS NS
Placebo 1896 £483 1901 £445
Flavonoids (mg/d) Curcumin  1753£420 1760£420 NS NS
Placebo 1687 £389 1692+415
Phenolic acid (mg/d) Curcumin 158446  158+42 NS NS
Placebo 1524£51 152448
Lignin, Stilbene and Curcumin 59+11 50£13 NS NS
other polyphenols Placebo 57413 5711

(mg/d)

NS: Not significant
P*: p values are for comparison variables in one group (P: 0.05)
P**: p values are for comparison variables between tow group (P: 0.05)

or between groups during study and mean serum con-
centrations of MDA and TAC had no significant changes
between two groups at the end of the study (Table 5).
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Table 4 Anthropometric measures and blood pressure in curcumin and placebo groups

Parameters Time Curcumin group (sd £ mean) Control group (sd+mean) P2
Weight (kg) Baseline 78+13.28 74044115 032

Week 10 77+136 7423£123 044

P1 0.01 0.5

Mean changes —0.64+022 0.19+£0.37 0.04
BMI (kg/m?) Baseline 29.2+3.76 282+25 033

Week 10 2894373 281425 0.5

P1 0.03 06

Mean changes 03+£0.03 0.1+£0 0.08
Hip circumference (cm) Baseline 1094834 107 +£5.07 035

Week 10 108+8.02 107+5.14 0.80

P1 0.05 0.2

Mean changes —1+032 0£0.46 0.01
Waist circumference (cm) Baseline 101£852 974820 0.10

Week 10 100£8.92 96+8.09 0.19

P1 0.06 0.2

Mean changes —124+04 —04340.11 0.26
Systolic blood pressure (mmgh) Baseline 12£2.01 12+£1.49 0.86

Week 10 12£1.65 12+£1.66 0.52

P1 0.91 037

Mean changes 0£1.67 0£141 0.62
Diastolic blood pressure (mmgh) Baseline 8+141 75+1.12 0.53

Week 10

P1 8+1.25 7+0.76 0.02

Mean changes 041.08 —05+£1.02 0.13

P1: obtained from paired t-test (p: 0.05)
P2: obtained from Independent sample t-test (p: 0.05)

Discussion

In this randomized, double-blinded, placebo-controlled
clinical trial, we indicated that curcumin supplementa-
tion has positive effect in reduction fasting blood glucose,
body weight and hip circumference in patients with type
2 diabetes. Although there are some clinical trials that
have described the effect of turmeric and its derivatives
consumption on glycemic control, oxidative stress and
anthropometric indices [3-8, 16, 17, 22-25], but most of
these studies have been done on animal models and only
a few of them have assessed the impact of curcumin on
patients with diabetes and its complications. According
to this study daily administration of 1500 mg curcumin
could significantly reduce body weight and hip circum-
ference in patients with type 2 diabetes. Also in one study
it was showed, Supplementation with 500 mg curcumin
for 4 weeks in obese children and adults showed a sig-
nificant improve in serum adiponectin and lowered lep-
tin levels that both of these factors play an important
role in weight control [23]. Also in another clinical trial
have been reported that consumption 1200 mg turmeric
for a period of 8 weeks could reducing BMI in patients

with type 2 diabetes [23]. There are different mechanisms
for anti-obesity effects of curcumin, in its most impor-
tant role declines the expression of genes involved in
energy metabolism, lipid accumulation and reduction in
intra cells fat [26]. Diet therapy with curcumin in rodent
model causes body weight loss and raise lean body mass.
In fact, curcumin inhibits the replication of proteins from
the pathway of adipogenesis as well as curcumin leads to
increase resting metabolic rate (RMR). This component
of turmeric have direct effects on lipid metabolism such
as reducing TG synthesis and increasing in beta oxida-
tion of free fatty acids with raising metabolism rate and
releases some kind of cytokines which are effective in
weight loss. On the other hand curcumin inhibits genes
expression of inflammatory cytokines like 1, 2, 6, 8, 12
Interleukins and Tumor necrosis factor alpha (TNF-a) by
inactivate Nuclear Factor Kappa Beta (NF-KB) [27].

This trial demonstrate that daily supplementation
with 1500 mg curcumin for 10 weeks could decrease
fasting blood glucose in patients with type 2 diabetes,
but no significant changes observed in serum insu-
lin level, insulin resistance and HBAlc. According to
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Table 5 Serum concentrations of FBS, Insulin, HbA1c,
MDA, TAC and measurements of HOMA-IR, HOMA-
in the curcumin treated and control group

Parameters  Time Curcumin Control P2
group group
(sd+mean) (sd £+ mean)
FBS (mg/dl) Baseline 160+£35 144+£40.6 0.28
Week 10 153433 147 +£404 0.67
P1 0.05 0.3
Mean changes —7+2 3+02 0.02
Insulin (mU/L)  Baseline 92+9 83+6 0.70
Week 10 9446 9.7+4.7 0.88
P1 0.9 0.3
Mean changes 0.2+3 14+13 0.65
HbATc (%) Baseline 113+16 112+£13 0.84
Week 10 1M£2 1M11£18 0.82
P1 03 03
Mean changes —03+04 0.1+05 0.65
HOMA-IR Baseline 62163 53+40 0.58
Week 10 624+42 65+44 0.82
P1 0.9 0.1
Mean changes 04421 12+4 0.50
HOMA-B Baseline 1314+119 1284103 0.94
Week 10 134+£98 140+ 66 0.80
P1 0.5 0.09
Mean changes 3421 12437 0.81
MDA (umol/L)  Baseline 75+£16 75+16 092
Week 10 8+1.7 8£1.7 0.51
P1 0.2 0.1
Mean changes 05+£0.1 0.5+0.1 0.53
TAC (U/mL) Baseline 0.81+0.11 0.7+0.1 0.58
Week 10 08+0.1 08+0.1 0.70
P1 0.2 04
Mean changes —0.01+0.01 0.1+0 0.07

P1: obtained from paired t-test P (p: 0.05)
P2: obtained from Independent sample t-test (p: 0.05)

the study conducted on 2013, receiving 300 mg cur-
cuminoid daily for 3 months could reduce fasting
blood glucose, HbAlc and HOMA-IR in participants
with type 2 diabetes [28]. However daily supplemen-
tation with 2100 mg turmeric for 8 weeks had no sig-
nificant effect on fasting blood glucose, serum insulin
level and HbA1c [3]. There are various mechanisms for
anti-diabetic effect of curcumin. One of the most fun-
damental of these mechanisms is that improvement in
beta-cells function through its anti-inflammatory and
anti-oxidant properties [7-9, 28]. In addition curcumin
reduces fasting blood glucose by increasing Peroxisome
proliferator-activated receptor (PPAR) activity, inhib-
its hyperglycemic, increases Glycolysis, inhibits liver
gluconeogenesis, stimulations secretion insulin from
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pancreas, provokes glucose uptake by increasing gene
expression of GLUT4, GLUT2 and GLUT3, suppresses
liver production through improvement AMP kinase
activation and inhibits glucose 6 phosphate kinase
[16, 26, 28]. On the other hand curcumin increases the
expression of adiponectin genes and thus leads to rais-
ing insulin sensitivity [29].

This investigation showed that receive 500 mg cur-
cumin capsule 3 times a day for period of 10 weeks had
no significant effect on reducing serum malondialdehyde
level and increasing total antioxidant capacity. Oxida-
tive stress reflects an imbalance between production of
free radicals and body antioxidant defenses, for example
Hyperglycemic could increase production of free radicals
and oxidative stress [30]. Actually hyperglycemic through
raising mitochondria free radicals production especially
Reactive oxygen species (ROS) leads to oxidative stress
in diabetes [31]. Curcumin as an antioxidant agent could
enhance the expression of antioxidant enzymes and thus
increases total antioxidant capacity. Mechanisms that are
described for the antioxidant effects of curcumin include,
Inhibition of glycosylation of proteins and lipid peroxida-
tion, increased glutathione peroxidase activity, increasing
the expression of antioxidant enzymes and enhancing the
free radical clearing capacity [8].

In a study that investigated the effect of curcumin on
MDA level, curcumin caused significant reduction on
MDA level. In other study oral curcumin in diabetic
rodent leaded to increase all antioxidant enzymes activity
probably due to improve access to glutathione reductase,
increased expression of Superoxidase dismutase, catalase
and glutathione reductase [15].

The present study had some limitation. First, it seems
that 10 weeks administration of curcumin there is not
enough time to influence the factors involved in this
trial also It was not possible to continue the longer
intervention period due to the loss of samples and sec-
ond, lake of access to nonocurcumin, another form
of curcumin that can have significantly therapeutic
effect and nanorange formulation. Also there are some
reports linking curcumin with iron deficiency ane-
mia. So patients with iron deficiency anemia and using
curcumin supplements should be tested for possible
causality.

Conclusion

In conclusion our findings suggest that daily intake of
1500 mg curcumin powder reduces fasting blood glucose,
weight and hip circumference in patient with type 2 dia-
betes, but had no effect on oxidative stress, serum insulin
level, insulin resistance and HbAlc.
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