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Energy restriction combined with green coffee bean
extract affects serum adipocytokines and the body

composition in obese women
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Background and Objectives: Obesity has become a public health problem and is a cause of some preventable
illnesses. Among several methods for treating obesity, the use of food supplements is highly common. A com-
monly used food supplement is green coffee bean extract. The objective of this study was to evaluate the efficacy
of green coffee bean extract combined with an energy-restricted diet on the body composition and serum adipo-
cytokines in obese women. Methods and Study Design: In this randomised clinical trial, 64 obese women aged
20-45 years were selected and divided into two groups: an intervention group (receiving 400 mg green coffee
bean extract for 8§ weeks) and control group (receiving placebo). All participants were on an energy-restricted diet.
The body composition, leptin, adiponectin, lipid profile, free fatty acids (FFAs), and fasting blood sugar were
compared between the two groups. Results: We observed significant reductions in the body weight, body mass
and fat mass indices, and waist-to-hip circumference ratio in both groups; however, the decrease was higher in the
intervention group. Moreover, serum total cholesterol, low-density lipoprotein, leptin, and plasma free fatty acids
significantly decreased in the intervention group (p<0.05) after adjustment for energy and fibre intake. The serum
adiponectin concentration significantly increased in the intervention group (p<0.05). Conclusions: Green coffee
bean extract combined with an energy-restricted diet affects fat accumulation and lipid metabolism and is thus an
inexpensive method for weight control in obese people.
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INTRODUCTION

Weight management is an established goal for achieving
a healthy life style, and it involves a balance between
healthy eating and physical activity.' Overweight refers to
an increased body weight in relation to height, compared
with certain standards of acceptable or desirable weight.
Obesity is defined as an excessively high amount of body
fat or adipose tissue in relation to lean body mass. Obesi-
ty and overweight are chronic conditions and contribute
to many preventable illnesses (e.g., diabetes, coronary
artery disease, and high blood pressure).” According to
World Health Organisation predictions for 2015, 3.2 bil-
lion adults were predicted to be overweight and more than
700 million were predicted to be obese.® Obesity, a public
health problem worldwide, has reached epidemic propor-
tions at an alarming rate.1 In the United States, obesity
has increased at an epidemic rate during the past 20 years.
Overweight, obesity, and associated health problems have
engendered a marked economic effect on the healthcare
system worldwide. Poor diet and a lack of physical activi-
ty are common causes of obesity. Due to the complica-
tions of obesity, different treatment strategies have been
used for addressing it. Behavioural therapy, diet, drug

therapies and surgery are the most frequently used thera-
peutic strategies for obesity.* Recently, many people have
had a tendency to use nutraceuticals to lose weight.™® A
nutraceutical is any substance that is a food or part of a
food and provides medical or health benefits, including
disease prevention and treatment. Therapeutic agents and
food supplements are developed to treat and prevent obe-
sity. Among these, coffee, one of the most commonly
consumed beverages worldwide, and its health effects, are
related to its high consumption.”'® Roasted coffee is a
common form of coffee, and its beneficial effects can be
particularly attributed to its caffeine content.'"'* However,
the use of green coffee or unroasted coffee is rather un-
common. Raw coffee beans are rich in chlorogenic acid
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(CGA; 2-5 g/100 g), and related compounds, such as
quinic acid, p-coumaric acid, and caffeic acid. Coffee is
rapidly absorbed and reaches its peak plasma concentra-
tion within 1h. Approximately one-third of CGA is orally
absorbed and is typically found in the form of sulphates
from caffeic acid or its glucuronide conjugates in plas-
ma.” " Similar compounds are present in green coffee
and roasted coffee, however, during the roasting process,
several of its compounds are destroyed. Hydroxy hydro-
quinone produced during the roasting process has been
reported to reduce the in vivo CGA performance.'”
Farah et al (2008) evaluated the pharmacokinetic profile
of CGA compounds and metabolites in human plasma
and urine after the acute consumption of decaffeinated
green coffee extract, and estimated the apparent bioavail-
ability of CGA in this food matrix. They concluded that
the major CGA compounds present in green coffee were
highly absorbed and metabolised in humans.!” Several
studies have reported the positive effect of green coffee
bean extract (GCBE) and CGA on weight manage-
ment."®*° The reduction of body fat can be related to
changes in adipose-derived hormones, therefore, investi-
gating the effects of GCBE on the concentration of serum
adipocytokines can confirm the anti-obesity properties of
GCBE. Cho et al (2010) reported a decline in leptin after
CGA intake in obese mice. These results suggested that
CGA improved body weight, lipid metabolism, and obesi-
ty-related hormone levels.”'

As a result of the high prevalence of obesity worldwide
and its role in increasing the risk of numerous chronic
diseases, developing safe and effective methods of body
weight management is crucial. As GCBE is a food sup-
plement that has been introduced as one of the richest
CGA sources, several studies have declared its role in
reducing weight and body mass in overweight and obese
adults.**® Therefore, the current study evaluated the effi-
cacy of GCBE combined with an energy-restricted diet on
the body composition and serum adipocytokines in obese
women.

METHODS

Participants

This study included 64 obese women aged 2045 years.
Initial anthropometric measurements, namely the weight,
height, body fat, waist circumference (WC), and waist-to-
hip circumference ratio (WHR), were recorded. In this
study, the fat mass index (FMI) was the criterion to de-
termine obesity. Considering the importance of fat mass
in the definition of obesity, we used the FMI to estimate
body fat. The FMI affords the possibility of separately
considering the body fat mass and determining it relative
to height; some studies have applied the FMI as a more
favourable criterion for determining obesity compared
with the body fat percent.”** In the present study, inclu-
sion criteria were an age range of 20—45 years, an FMI
equal to or higher than 8.7 (kg/m?) in the age group 25—
34 years, an FMI equal to or more than 9.9 (kg/m?) in the
age group 3545 years, and patient satisfaction. Exclusion
criteria included pregnancy; lactation; menopause; smok-
ing; alcohol and drug abuse; participation in exercise or
weight reduction programmes; medications known to
affect weight in the past six months; history or presence

of other diseases such as diabetes, cardiovascular diseases,
hypertension, and infection; other inflammatory disorders;
liver and kidney disorders; steroids or hormonal drugs;
and the consumption of vitamins and minerals in the past
six months. This study was approved by and performed
under the guidelines of the Research Ethics Committee of
Ahvaz Jundishapur University of Medical Sciences, Iran
(ETH-ir.ajums.rec.1394.256). Written consent was ob-
tained from all participants.

Study design

This randomised, double-blind, placebo-controlled clini-
cal trial investigated the effect of a 400-mg GCBE sup-
plement on anthropometric indices, fasting blood sugar
(FBS), serum insulin, lipid profile, leptin, adiponectin,
and free fatty acids (FFAs) in obese women. The partici-
pants were divided into two groups through randomised
block allocation, according to the FMI (intervention:
n=30 and control: n=34). In this study, an FMI equal to or
more than 8.7 (kg/m?) in the age group 25-34 years and
that equal to or more than 9.9 (kg/m?) in the age group
3545 vyears, calculated according to a reference by
Schutz, were considered to indicate obesity.”” The inter-
vention group was provided with one capsule of 400 mg
GCBEI18 equivalent to 7 g of dry fruits, 180 mg of CGA,
and caffeine of less than 0.01% to consume daily for 8
weeks. Similarly, the control group received one placebo
capsule of 400 mg starch. The GCBE supplement was
produced by Healthy Care, Australia; the placebo was
provided by the School of Pharmacy, Ahvaz University of
Medical Sciences, Iran. All participants were on an ener-
gy-restricted diet (25% energy deficit through energy
restriction); the macronutrient content of the diet was
15% protein, 55% carbohydrate, and 30% fat. The diet
was recorded before, during, and at the end of the study
by using 3-day food records, namely one weekend day
and two weekdays, to assess their total energy and mac-
ronutrient intake. We asked the participants to not change
their physical activity levels during the study. Physical
activity was assessed using the International Physical
Activity Questionnaire (IPAQ). Data from the IPAQ were
converted to metabolic equivalent (MET)-minutes/week
by using the existing guidelines.”® The height, weight, and
body fat mass of the participants were measured at the
baseline and the end of the study. The height was meas-
ured using a non-stretchable tape to the nearest 0.5 cm
while standing barefoot with heels sticking to the wall,
head straightened, and eyes looking forward. The weight
was measured with minimum clothing by using a body
composition analyser (BCA) device to the nearest 50 g
(InBody Co., Ltd, Japan, Model 230). The body fat mass
was also measured with the same device. Subsequently,
the body mass index (BMI) and FMI were determined
using the formulaec BMI = weight in kilograms divided by
the square of the height in metres and FMI = fat mass in
kilograms divided by the square of the height in metres,
respectively.

Biochemical analysis

We collected blood samples to assay biochemical pa-
rameters at the baseline and the end of the study. The
parameters were FBS, total cholesterol, low- and high-



1050 F Haidari, M Samadi, M Mohammadshahi, MT Jalali and KA Engali

density lipoprotein (LDL and HDL, respectively), triglyc-
eride (TG), serum insulin, leptin, adiponectin, and FFAs.
Serum glucose, TG, and total and HDL cholesterol were
measured using the enzymatic method. LDL cholesterol
was calculated using the Friedewald formula [total cho-
lesterol — (HDL + TG/5)].>’ Serum insulin was measured
using an enzyme linked immune sorbent assay (ELISA)
test kit (Diaplus, Canada), and the homoeostasis model
assessment of insulin resistance was calculated using the
following formula: fasting plasma glucose (mmol/L) x
fasting insulin (WU/mL)/22.5. Serum leptin was measured
using a leptin ELISA test kit (Diagnostics Biochem Can-
ada Inc, London, ON, Canada). For quantitatively detect-
ing human adiponectin in samples, we used a human adi-
ponectin ELISA test kit (Boster Biological Technology,
USA). Human FFA was assayed using an FFA ELISA
test kit (Eastbiopharm Co., Ltd, USA). Visceral fat was
assayed using the visceral adiposity index, and it is pro-
posed as a reliable indicator of visceral fat function. The
visceral adiposity index was calculated using the follow-
ing formula: (WC (cm))/(36.58+(1.89xBMI))) x ((TG
(mmol/L))/(0.81)) x ((1.52)/(HDL-C(mmol/L))).

Statistical analysis

Quantitative variables are expressed as meanzstandard
deviation. The Kolmogorov—Smirnov test was used to test
the normality of variable distributions. Independent sam-
ples comparisons in terms of quantitative variables were
performed using two independent samples t tests, repeat-
ed measures ANOVA, and the Mann—Whitney U test, as
appropriate. Univariate ANCOVA was used for adjust-
ment of potential confounding variables, namely the en-

ergy intake (kcal/day), fibre intake (g/day), and physical
activity level (MET-minutes/week). All statistical anal-
yses were performed using SPSS (Version 20; SPSS Inc.,
Chicago, IL, USA). A p value of less than 0.05 was con-
sidered significant. In this study, dietary intake was ana-
lysed using Nutritionist IV (First Databank, San Bruno,
CA, USA), which was modified for Iranian foods.

RESULTS

We observed no significant differences between the two
groups in anthropometric and biomedical measurements,
energy intake, and physical activity levels in the begin-
ning of the study. The mean ages of the intervention and
control groups were 36.1 and 35.7 years, respectively.
Table 1 shows some demographic and anthropometric
characteristics of the participants at the baseline and the
end of the study. Statistical analysis showed that after
eight weeks, the weight, BMI, FMI, and WHR signifi-
cantly decreased in both groups, however, the decrease
was more prominent in the intervention group. No signif-
icant change was observed in visceral fat in the beginning
and at the end of the study. Moreover, a comparison of
the two groups showed a significant change in the body
composition. The intervention group showed a significant
reduction in weight, BMI, FMI, and WHR, and the
changes after adjustments for energy and fibre intake and
physical activity levels were significant; p values for the
weight, BMI, FMI, and WHR were 0.03, 0.02, 0.04, and
0.01, respectively. Table 2 presents the dietary intake in
the beginning, during, and at the end of the study in both
groups. No difference was observed in the dietary intake
between the two groups, except for fibre intake. Table 3

Table 1. Demographic and anthropometric characteristics of the study population

. Green coffee grou Placebo grou * -
Variable M iSDTg P M iS% p pl p2
Weight (kg) Week 0 11.98+£80.09 12.43+£81.42 0.54 0.42

Week 8 10.4+£75.25 12.16+£78.8 0.02 0.03
p3 0.001 0.01 - -
BMI (kg/mz) Week 0 4.37£31.58 4.96+32.07 0.53 0.54
Week 8 3.89+27.49 4.84+31.06 0.02 0.02
p37 0.000 0.01 - -
Fat mass (kg) Week 0 4.27+36.09 4.07+£37.99 0.53 0.54
Week 8 3.75433.1 4.74+36.02 0.02 0.02
p37 0.000 0.01 - -
FMI (kg/m?) Week 0 3.23+14.22 3.69+14.99 0.38 0.31
Week 8 3.23+12.07 3.23+13.98 0.02 0.04
p37 0.000 0.01 - -
WHR Week 0 0.08+0.96 0.2+0.97 0.58 0.63
Week 8 0.02+0.92 0.04+0.91 0.000 0.01
p3 0.01 0.01 - -
Visceral fat Week 0 0.3+4.44 0.5+4.53 0.24 0.5
Week 8 0.13+4.34 0.33+4.51 0.38 0.4
p3 0.05 0.07 - -
IPAQ (metabolic equivalent of ~ Week 0 49.06+2091 48.5+2094 0.83 0.3
task-min/wk) Week 8 49.41+£2093 49.03+2093 0.97 0.4
p3’" 0.3 0.4 - -

IPAQ: International Physical Activity Questionnaire; BMI: body mass index; FMI: fat mass index; WHR: waist-to-hip circumference

ratio.
IMeanistandard deviation (95% confidence interval).
pl:are results from Independent sample t-test.

p2: are results from analysis of covariance in the adjusted models (adjusted for daily fibre, energy and physical activity).

’ *p3: are results from Paired sample t-test.
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Table 2. Dietary intake at the baseline, mid and end of the study in two groups

Variable Green coffee group Placebo group I
MzSD' M=SD p
Energy (kcal) Week 0 240+1568 1600177 0.4
Week 4 240+1573 1811561 0.3
Week 8 221«£1510 101+1612 0.4
p2” 0.3 0.4 -
Protein (percent of energy) Week 0 4.07+16 4.23+17 0.71
Week 4 4.05+17 3.16+16 0.09
Week 8 4.78+£20 2.96£21 0.66
p2” 0.65 0.72 -
Carbohydrate (percent of Week 0 4.21+55 2.2453 0.11
energy) Week 4 3.88455 3.1£54 0.2
Week 8 3.07453 3.01+55 0.2
p2” 0.2 0.2 -
Fat (percent of energy) Week 0 4.11+29 3.2+30 0.21
Week 4 4.78+28 2.96x30 0.36
Week 8 4.05+27 3.16+24 0.09
p2” 0.12 0.22 -
SFA (g) Week 0 1.64+12 1.46x14 0.15
Week 4 1.08+13 1.91+12 0.1
Week 8 1.05+11 1.46+12 0.15
p2” 0.9 0.9 -
MUFA (g) Week 0 2.04+14 2.16x13 0.83
Week 4 1.97+14 1.51+13 0.8
Week 8 2.16x13 2.01x14 0.71
p2” 0.9 0.9 -
PUFA (g) Week 0 1.7+15 1.72+14 0.82
Week 4 1.17x16 1.58+17 0.5
Week 8 1.76x18 1.31+16 0.63
p2” 0.8 0.9 -
Cholesterol (g) Week 0 12.02+122 12.57+128 0.81
Week 4 12.48+124 11.96£121 0.7
Week 8 12.03£126 12.5¢120 0.5
p2” 0.7 0.9 -
Fibre (g) Week 0 1.3249.1 1.17+10.9 0.01
Week 4 1.5949 1.85£11.2 0.001
Week 8 1.7£9.2 1.9£11.2 0.001
p2” 0.34 0.2 -

SFA: saturated fatty acid; MUFA: monounsaturated fatty acid; PUFA: polyunsaturated fatty acid.

IMeanistandard deviation (95% confidence interval).
{)*1: are results from Independent sample t-test.
p2: are results from Repeated measures ANOVA.

shows the measured FBS, fasting insulin, and lipid profile
in the beginning and at the end of the study in the two
groups. After eight weeks, total cholesterol significantly
decreased in both groups. A comparison between the two
groups revealed that total serum cholesterol, LDL choles-
terol, and FFAs significantly decreased in the intervention
group. The changes after adjustments for energy and fibre
intake and the physical activity levels were significant; p
values for total cholesterol, LDL, and FFAs were 0.02,
0.04, and 0.001, respectively. Moreover, serum TG de-
creased in both groups, but the corresponding change was
not significant. No change was observed in FBS, serum
insulin, and HDL cholesterol between the two groups
after eight weeks. Table 4 shows the effect of GCBE on
lipid metabolism. After eight weeks, a comparison of the
two groups showed a reduction in the serum leptin con-
centration and an increase in the serum adiponectin con-
centration in the intervention group. The changes were
significant after adjustments for energy and fibre intake
and the physical activity levels; p values for leptin and

adiponectin were 0.01 and 0.02, respectively. Moreover,
in the intervention group, the serum leptin concentration
significantly decreased (p=0.001), and the serum adi-
ponectin concentration significantly increased at the end
of the study, compared with those observed at the base-
line (p=0.001).

DISCUSSION

Studies related to the effect of GCBE on body composi-
tion have reported inconsistent results,'®**?® and hence,
we evaluated the synergistic effect of an energy-restricted
diet and GCBE on body composition. Only a few human
studies have analysed the effects of ingestion of green
coffee extract. Samadi et al (2015) conducted a review
and used GCBE as a weight loss supplement, and most of
its weight loss properties were proposed to be related to
its CGA content.”” Vinson et al (2012) reported a weight
loss of more than 8kg after the consumption of 700 mg of
GCBE for six weeks, which was more than 10% of the
body weight. The study concluded that GCBE is a low-
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Table 3. Effect of GCBE on FBS, fasting insulin and lipid profile in the study population

Variable Green 1\j{oﬂEf;eDeTgroup Placl\e/llfsflg)roup »l ”
FBS (mg/dL) Week 0 5.83+84 5.63+83.7 0.83 0.7
Week 8 5.56+83.1 5.08+83.36 0.88 0.7
p3 0.8 0.7 - -
Fasting insulin (pu/mL) Week 0 0.68+11.2 0.71£11.1 0.4 0.5
Week 8 0.67+11.1 0.7+11.3 0.5 0.3
p3 0.08 0.1 - -
Insulin resistance index Week 0 2.77£3.16 2.89+3.12 0.44 0.83
Week 8 2.81+3.11 2.64+3.14 0.14 0.85
p3 0.85 0.91 - -
Total cholesterol (mg/dL) Week 0 14.06+208 13.5+207 0.79 0.81
Week 8 10.53£196 12.58+202 0.01 0.02
p3 0.000 0.04 - -
LDL (mg/dL) Week 0 10.71£113 9.24+109 0.61 0.75
Week 8 3.62+102 7.79+107 0.02 0.04
p3 0.001 0.05 - -
HDL (mg/dL) Week 0 1.61+48 1.47+49 0.9 0.73
Week 8 1.02+49 1.39+47 0.21 0.8
p3 0.15 0.09 - -
TG (mg/dL) Week 0 33.99+164 26.52+158 0.47 0.06
Week 8 31.25+160 25.73+153 0.44 0.05
p3 0.07 0.08 - -
FFA (umol/L) Week 0 27.26+260.27 23.85+264.2 0.55 0.6
Week 8 24.99+150.21 23.44+251.22 0.000 0.001
p3 0.000 0.05 - -

FBS: fasting blood sugar; LDL: low density lipoprotein; HDL: high density lipoprotein; TG: triglyceride; FFA: free fatty acid.

"Meanzstandard deviation (95% confidence interval).
pl:are results from Independent sample t-test

*

! p3: are results from Paired sample t-test.

*4)2: are results from analysis of covariance in the adjusted models (adjusted for daily fibre, energy and physical activity)

Table 4. Effect of green coffee bean extract on leptin and adiponectin

. Green coffee grou Placebo grou * =
Variable M iSDTg P M iS% P pl p2
Leptin (ng/mL) Week 0 8.06+29.8 9.05+30.4 0.07 0.08

Week 8 8.31+22.7 7.32427.7 0.001 0.01
p3" 0.001 0.04 - -
Adiponectin (ug/mL)  Week 0 1.07£7.7 1.05£7.6 0.6 0.6
Week 8 2.03+8.9 2.847.8 0.001 0.02
p3 0.001 0.08 - -

"Meanzstandard deviation (95% confidence interval).
pl:are results from Independent sample t-test.

“p2: are results from analysis of covariance in the adjusted models (adjusted for daily fibre, energy and physical activity).

" p3: are results from Paired sample t-test.

cost source and an effective therapy for obese people.”’
However, in the current study, we observed a weight loss
of 5 kg, a 2-unit drop in the FMI, and a 4-unit drop in the
BMI in the intervention group. A meta-analysis of three
human studies concluded a mean weight loss of 2.5 kg
after the consumption of green coffee extract (180-200
mg GCBE per day).'"® Some antiobesity mechanisms of
GCBE are described as follows.

Effect of green coffee bean extract on the body composi-
tion and lipid profile

CGA and its related compounds are involved in the en-
hancement of fat metabolism in the liver. In rats, CGA
inhibits B-hydroxy-p-methyl glutaric acyl coenzyme A
reductase, which is the principal enzyme involved in the

synthesis of cholesterol and in strengthening the activity
of carnitine palmitoyl transferase, a fatty acid oxidation
enzyme.’® This mechanism was proposed to be responsi-
ble for the anti hyperlipidemia effect of CGA in GCBE
and its effect on lipid metabolism.>’ These mechanisms
are assumed to be involved in the reduction in total cho-
lesterol and LDL after GCBE intake in the current study.
Dellalibera et al (2006) also identified another anti-
obesity mechanism of GCBE. The study confirmed that
CGA inhibited glucose absorption in the small intestine
by inhibiting the activity of glucose-6-phosphatase and
the release of glucose into general circulation, which re-
duced the serum insulin level.” This mechanism induced
less fatty acid deposits in the adipose tissue and reduced
the level of glucose as an energy source from fat reserves,
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consequently resulting in weight loss.’”> Some studies
have demonstrated anti-obesity effect of GCBE on
changes in the expression of hepatic peroxisome prolifer-
ator-activated receptor (PPAR). PPARs, members of the
nuclear receptor super family, play a key role in regulat-
ing glucolipid metabolism.™ Li et al (2009) demonstrated
that CGA significantly elevated the level of mRNA and
protein expression in hepatic PPAR-a and the hypoli-
pidemia effect of CGA that is related to the effect of
PPAR-a on the ability of lipid clearance from the liver.”*
Wan et al (2013) reported that CGA reduced plasma total
and LDL cholesterol through PPAR-a mRNA regula-
tion.*

Effect of green coffee bean extract on serum adipocyto-
kines

Our study is the first intervention trial to investigate the
effect of GCBE on serum adipocytokine concentrations.
The proposed mechanisms that explain the metabolic
conditions of body weight loss could be related to chang-
es in adipose-derived hormones.’**” Cho et al (2010) stat-
ed that reduced leptin levels after CGA intake in obese
mice were related to the inhibition of fatty acid synthase,
3-hydroxy-3-methylglutaryl CoA reductase, and acyl-
CoA cholesterol acyl transferase activities, which induced
body fat loss and reduced leptin, while increasing adi-
ponectin concentrations. These results suggest that CGA
improved body weight, lipid metabolism, and obesity-
related hormonal levels.?!

Synergistic effect of GCBE and an energy-restricted diet
In this study, we administered an energy-restricted diet
that resulted in thermogenesis. Studies have reported a
reduction in leptin during energy restriction, which can
explain variations in adaptive thermogenesis,”**’ and the
ability of leptin to prevent a reduction in energy expendi-
ture that occurs after an energy-restricted diet, which is
related to an increase in uncoupling protein (UCP) ex-
pression in adipose tissue and muscle. UCP has a role in
inducing mitochondrial proton leak and consequently
increases thermogenesis.*®

Although our study had several strengths, it also had
some limitations. The major limitations were the use of a
one-dose study design and evaluation of only two bi-
omarkers of obesity. However, our study is the first inter-
vention trial to investigate the effect of GCBE on the
concentration of serum adipocytokines. Moreover, we
evaluated the synergistic effect of an energy-restricted
diet and GCBE.

We conclude that energy restriction combined with
GCBE may effectively reduce the BMI, FMI, total cho-
lesterol, and LDL and may also alter serum adipocyto-
kines. GCBE use is an inexpensive method to control
weight in obese people, therefore, it would be an effective
method for preventing illnesses, particularly obesity and
its related complications. However, studies on the dose—
response effects of GCBE are necessary to ensure suc-
cessful treatment and prevention of obesity.
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