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Abstract

Background: Metabolic syndrome (Mets) is accompanied by oxidative stress and low-grade inflammation. Green coffee is rich in
polyphenols called chlorogenic acids (CGA), which possess anti-inflammatory and anti-oxidative characteristics.
Objectives: The aim of this study was to evaluate the effects of green coffee extract (GCE) on the oxidative stress as well as the sys-
temic and vascular inflammation in patients having Mets.
Methods: This randomized clinical trial was conducted in 2016 in Iran. Forty-three individuals (21 in the intervention and 22 in
the control group) with Mets were randomly assigned to take 400 mg GCE supplements twice a day in the intervention group or
placebo capsules in the control group for 8 -weeks. The serum levels of intercellular adhesion molecule-1 (ICAM-1), interleukin-6 (IL-
6), high sensitivity C-reactive protein (hs-CRP), and malondialdehyde (MDA) were evaluated at the beginning and 8 -weeks after the
intervention.
Results: No significant discrepancy was observed regarding serum levels of IL-6, MDA, hs-CRP, and ICAM-1 between the intervention
and control group at the beginning and the end of the trial. After eight weeks of intervention, the mean changes of IL6 in the
treatment and the placebo group were respectively (-0.73 ± 2.65 VS 1.70 ± 10.51 Pg/mL, P value = 0.3), hs-CRP (-0.28 ± 3.12 VS -0.08 ±
4.15mg/L, P value = 0.86), MDA (0.44 ± 1.68 VS 0.32 ± 2.28 µmol/L, P value = 0.84), and ICAM-1 (-0.05 ± 0.45 VS 0.02 ± 0.45ng/mL, P
value = 0.54).
Conclusions: In this trial, the green coffee extract (GCE) administration did not affect oxidative stress, systemic, and vascular in-
flammation in subjects with metabolic syndrome.
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1. Background

Metabolic syndrome (Mets) is defined as a metabolic
disorder that increases the risk for development of Type 2
diabetes mellitus (T2DM) and cardiovascular disease (CVD)
(1). It is a prevalent metabolic disorder worldwide affecting
around 20% to 25% of the world’s adult population (2). Var-
ious factors such as abdominal obesity, insulin resistance,
and pro-inflammatory state are involved in Mets etiology
(2). Abdominal adiposity, as one of Mets features, induces
inflammation and oxidative stress, which can both lead to
the development of other Mets components such as hyper-
lipidemia, hypertension, and insulin resistance (3). Mets
is accompanied by a low-grade inflammation due to hy-

pertrophy of adipocytes, which results in a higher secre-
tion of adipokines such as pro-inflammatory cytokines (4).
Furthermore, another underlying cause of increased in-
flammation in the Mets is oxidative stress (OS). Increased
fat mass in Mets causes lack of oxygen and cell necro-
sis. Phagocytosis of these dead cells produces free radicals
such as nitric oxide and hydrogen peroxide aside from in-
flammatory compounds (3). OS is caused by lack of balance
between antioxidants and oxidants (free radicals) such as
reactive oxygen species (ROS) (3). The reaction of ROS with
unsaturated lipids generates lipid peroxidation products
such as malondialdehyde (MDA) (5). Both oxidative stress
and inflammation in Mets result in damaging cells such as
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endothelium, which leads to a vascular pro-inflammatory
state, which is identified by increased expression of adhe-
sion molecules by endothelial cells (6).

Coffee is a rich dietary source of antioxidants due to
its high content of polyphenols called chlorogenic acids,
and its consumption has been associated with the in-
creased antioxidant capacity of plasma (7). Polyphenols
are the most widely distributed antioxidants in our diet
(8). Chlorogenic acids are esters of cinnamic acids with
quinic acid, which are found in many plants (9). Green
coffee beans are the main sources of chlorogenic acids
(CGAs), since a large amount of CGAs are lost through the
roasting process of coffee (10). The most abundant es-
ter of CGAs in the green coffee bean is 5-caffeoylquinic
acid (11). It has been indicated that CGAs possess anti-
oxidative, anti-inflammatory, anti-obesity, anti-diabetes,
anti-lipidemic, and anti-hypertensive characteristics (12).
Several studies have exhibited that CGAs can reduce oxida-
tive stress, which is evidenced by reducing malondialde-
hyde (13, 14) or oxidized low-density lipoprotein (ox-LDL)
concentrations (13, 15) and increasing total antioxidant ca-
pacity (16) of plasma (17). In addition, in some studies it has
been capable of decreasing inflammation by reducing tu-
mor necrosis factor alpha (TNF-α), Interleukin-6 (IL-6) (18),
Interleukin-1beta and Interleukin-8 (19) in animals. In ad-
dition, there is some evidence that CGAs can reduce vas-
cular inflammation by inhibiting expression of intercel-
lular adhesion molecule-1 (ICAM-1), vascular cell adhesion
molecule-1 (VCAM-1), and endothelial cell selectins such as
E-selectin and P-selectin (20-22).

To be more specific, one study investigating the ef-
fects of green and roasted coffee in diabetic rats demon-
strated a significant reduction of plasma MDA levels af-
ter supplementation with green and light roasted coffee
compared to the diabetic control group. In addition, the
activity of plasma antioxidant enzymes such as superox-
ide dismutase and glutathione levels were increased (23).
Furthermore, 0.3% green coffee extract plus a high- fat
diet decreased inflammatory markers of IL-6 and mono-
cyte chemoattractant protein-1 in mice in relation to the
HFD group (11). However, one study on Mets model of mice
indicated no improvement in systemic oxidative stress as-
sessed by plasma F2-isoprostane with supplementation of
0.5% w/w GCE plus HFD for 12 weeks compared to HFD in-
gested group (24). Also, in one study, a very high dose of
CGA (7 mg/kg) in rats could cause an elevation of IL-6 and
TNF-α and MDA after seven days compared to the control
group; however, the low dose (0.3 mg/kg) of CGA did not af-
fect these biomarkers (25). Most of the previous researches

are animal studies, which investigated CGA effects rather
than GCE impact. In addition, their findings are rather in-
consistent.

2. Objectives

Due to the fact that human clinical trials in this field
are rare, and does not exit any data as well as the fact that
clinical trials in animal are inconsistent for this objective,
we conducted this randomized, double-blind, placebo-
controlled trial to investigate GCE effects on inflammation
and oxidative stress status in Mets patients.

3. Methods

3.1. Patients

This study is a randomized, double-blind, placebo-
controlled trial. Men and women aged 18 to 70, who had
Mets and body mass index of over 25 were selected from
Imam Hossein Hospital Diabetes Clinic patients in Tehran,
Iran, in 2016. In this study, our primary outcomes were in-
flammatory biomarkers.

To calculate the sample size, suggested formula for
parallel randomized controlled trial was used based on
0.05 for type one (α) error and 0.20 for type two error
(β) (power = 80%). According to the study of Ebrahimi
et al. (26); We considered 1.02 mg/dL as standard devia-
tion (SD) and 1.4 mg/dL as the difference in mean of high
sensitivity C-reactive protein (hs-CRP) as the principal out-
come variable. Therefore, we needed 20 subjects in each
group. However, 25 patients were recruited per group to
take into account the possible dropouts. Diagnosis of Mets
was based on the new definition of Mets by International
Diabetes Federation (IDF) (27), which is having abdominal
obesity (waist circumference > 102 cm in men or > 88 cm
in women) added to two of these factors: fasting blood
glucose > 100 mg/dL, triglycerides (TG) > 150 mg/dL, high
density lipoprotein cholesterol (HDL-C) < 50 in women or
< 40 in men, systolic blood pressure (SBP) > 130 mmHg,
and diastolic blood pressure (DBP) > 85 mmHg. The exclu-
sion criteria include: Insulin administration for diabetes
control, having hypo- or hyperthyroidism, renal failure or
other chronic diseases, regular coffee consumption, preg-
nancy, breastfeeding, taking estrogen, progesterone, corti-
costeroids, weight loss supplements, and obeying unusual
weight loss plans. In addition, the subjects in our study,
who had not taken more than 10% of their GCE supple-
ments, were excluded. This study was confirmed by the
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Ethics Committee of National Nutrition and Food Technol-
ogy Research Institute (NNFTRI) of Shahid Beheshti Univer-
sity of Medical Sciences, Tehran, Iran, and was registered at
Clinical Trials.gov (ID: NCT03265184).

3.2. Sample Preparation

The study protocol was explained for the patients
having our inclusion criteria, and the volunteer subjects
signed a written informed consent. The patients were in-
quired about their smoking status, drug history, illnesses,
and the duration of suffering from diabetes (for diabetic
patients). Gender was stratified for subjects and randomly
assigned to GCE or placebo group by use of stratified
blocked randomization method, this was done with block
sizes of four concealed in a container by one of the re-
searchers and the other investigator randomly enrolled
the participants to the GCE or placebo group.

3.3. Physical Activity, Dietary Intake, Anthropometric and Bio-
chemical Assessments

We had only one observer for data collection in all sec-
tions of the study. Dietary intake was assessed at baseline,
middle of trial, and at the end of the study using a three-
day food record. The participants were instructed on how
to record their food and beverage intake for three days at
each time. In order to distinguish the accurate portion
sizes, the patients were interviewed to report their intake
based on household measures. After converting portion
sizes to grams, Nutritionist IV software (First Databank, San
Bruno, CA, USA) modified for Iranian foods was used to as-
sess energy and nutrient content of foods (28) and physical
activity of patients was measured by the metabolic equiv-
alent of task (29). All measurements were taken based on
standard protocols. Height was measured in a standing po-
sition without shoes and by use of a tape measure stuck to
the wall while the shoulders were in a normal state to the
nearest 0.5 cm. Weight was measured with the subject be-
ing minimally clothed and without shoes by Seca digital
scale to the nearest 100 grams. In addition, waist circum-
ference was measured to the nearest 0.5 cm at the level of
navel between the last rib and top of the iliac crest using a
tape measure.

After fasting for 12 hours, 10 mL of venous blood was
taken from the participants of both groups at baseline and
at the end of the study. Blood samples were centrifuged at
a rate of 2000 rounds per minute to separate their serums.
Blood serums were distributed into microtubes and sub-
sequently, they were stored at 80°C until the time of per-
forming the experiments. Oxidative stress and systemic or

vascular inflammatory biomarkers were measured before
and after the intervention. Commercials kits were used to
measure MDA, hs-CRP concentrations (Zellbio, Germany),
and for measurement of IL-6, ICAM-1 concentrations (Dia-
clone, France). All the experiments were performed using
the ELISA method.

3.4. Intervention

Patients and researchers were blind to the group as-
signments. Due to the fact that this was a blinded trial,
the containers of supplements were coded with A and B
by the manufacturer. Participants were requested to take
400 mg GCE capsules or placebo two times a day with their
main meals for eight weeks. At the time of randomiza-
tion, a bottle of supplements containing 64 capsules, ad-
equate for 32 days, was given to both groups and the an-
other bottle was given at the fourth week for follow up the
patients. In addition, all of the patients who received a di-
etary plan with weight loss recommendations were given
to patients in both groups. The diet included a macronu-
trient composition of 52% carbohydrates, 18% protein, and
30% total fat. All of the participants were taught not to alter
their physical activity. Follow-up of the patients was per-
formed by calling them every 15 days to make sure that they
consumed the supplements. In addition, in the middle of
the study, at the fourth week, a follow-up appointment was
made for all of the subjects.

The decaffeinated green coffee extract supplements
and placebo capsules were supplied by Arjuna Natural
Extracts Ltd. (Arjuna Natural, Kerala, India). GCE cap-
sules contained 46.45% total CGA, which was measured
by high- performance liquid chromatography (HPLC) and
green coffee bean material to extract ratio was 6: 1. There-
fore, each GCE capsule was 400 mg, which was equivalent
to 2400 mg green coffee bean and 186 mg of chlorogenic
acids. 3-caffeoylquinic acid and 5-caffeoylquinic acid com-
posed about 10% - 15% and 35% - 40% of the total chloro-
genic acids, respectively. The total polyphenols in the GCE
capsules were 53.8%, which was assayed by spectropho-
tometer. For preparing cholorogenic acids, extract used
from alcohol and removing caffeine from extract Chloro-
form has been used. The stages for preparation of the ex-
tract were as follows, first water and powdered green coffee
bean were combined at the temperature of 45°C - 55°C for 4
hours. Then, alcohol added to the mixture at 50°C - 55°C un-
til the extraction is finished. Next, the solvent layer is dried
and removed to gain a dry substance, which is later puri-
fied by dissolving in water and using chloroform for elim-
inating caffeine. After that, chloroform disserved from the
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mixture and the aqueous portion was filtered and vapor-
ized by spray drying to produce the dry powder. Placebo
capsules contain starch without any additives.

3.5. Statistical Analyses

Data were analyzed and reported using IBM SPSS Statis-
tics Software for Windows, version 21.0 (IBM Corp., Ar-
monk, N.Y., USA). We used the Kolmogorov-Smirnov test to
determine the normality of the distribution of the data.
In order to compare qualitative variables between the
groups, Chi-square test was performed. The differences be-
tween post- and pre- trial values in each group were com-
pared by paired t-test. Furthermore, between groups, com-
parisons were made by Independent t-test. In addition, re-
peated measures ANOVA test was performed to compare
values of dietary intake at baseline, at the fourth week and
at the end of study for each subject. All repeated measure-
ment assumptions (normality, sphericity, randomness, …)
were checked. P value of < 0.05 was set as the significance
level, and the quantitative variables are all shown as the
mean ± standard deviation (SD).

4. Results

Out of 50 individuals who were enrolled in the study
(25 in intervention and 25 in the control group), 43 patients
completed the trial. The rationale behind the exclusion of
four subjects in the GCE group was not taking the capsules
or commencement of insulin administration for control-
ling blood glucose. Moreover, three individuals were elim-
inated from the control group by reason of not consum-
ing the placebo capsules. Table 1 indicates that the base-
line qualitative characteristics of participants consisting
of gender, smoking status, and medications used for con-
trolling hyperglycemia, hypertension, and lipid profile did
not significantly differ between the groups. Likewise, base-
line quantitative characteristics including age and dura-
tion of suffering from diabetes were not different between
the intervention and control group (Table 2). Additionally,
physical activity (MET. hour/day) of the patients in GCE and
placebo group did not have a significant difference at the
initiation and the end of the trial.

According to Table 2, energy and nutrients intake of the
participants were not significantly dissimilar between the
two groups. As illustrated in Table 3, no discrepancy was
observed in baseline quantities of dependent variables be-
tween the two groups. It can be inferred from the statis-
tics that mean and standard deviation of IL-6 in GCE group
decreased compared to the placebo group (-0.73 ± 2.65 in

GCE group vs. 1.70 ± 10.51 (Pg/mL) in the placebo group);
however, this attenuation was not statistically significant.
Furthermore, hs-CRP values in the intervention group re-
duced by -0.28 ± 3.12 mg/L while its reduction in the con-
trol group was about -0.08 ± 4.15 mg/L. No significant dif-
ference was detected between the two groups in terms of
hs-CRP level. In addition, the concentration of ICAM-1 in
the intervention group attenuated by -0.05 ± 0.45 ng/mL
while it increased by 0.02 ± 0.45 ng/mL in the placebo
group. The difference of ICAM-1 changes was not signifi-
cant between the GCE and placebo group. On the other
hand, MDA values in the intervention and placebo group
mildly increased and no significant discrepancy existed be-
tween the two groups in terms of MDA changes during the
study. Furthermore, the waist circumference of the par-
ticipants consuming GCE reduced significantly compared
to the placebo group (-2.40 ± 2.54 vs. -0.66 ± 1.17 cm, P =
0.009). In addition, weight reduction of the GCE group was
marginally significant compared with the placebo group
(weight: -2.08 ± 2.11 vs. -0.92 ± 1.30 kg, P = 0.05).

5. Discussion

This clinical trial was carried out to explore the impacts
of 800 mg/day of GCE supplementation for eight weeks on
oxidative stress, vascular, and systemic inflammation in
patients with metabolic syndrome. Alterations in serum
levels of ICAM-1, MDA, hs-CRP, and IL-6 in GCE group were
not significant in comparison with the placebo group in
this trial. Waist circumference reduction in the GCE group
was significantly greater than the placebo group. In ad-
dition, weight reduction in the intervention group was
marginally significant compared to the placebo group.

Green coffee extract in our study suppressed IL-6 ele-
vation compared to the placebo; however, changes of IL-
6 did not differ significantly between the two groups. In
the study by Song et al. (11), a significant decline in plasma
IL-6 level was noted in mice fed 0.3% GCE (300 mg green
coffee extract/kg diet) compared to HFD fed group after 11
weeks. This significant effect on IL-6 may be due to the fact
that the amount of GCE used for mice in this study was
equal to 1460 mg/60 kg GCE for humans, which is higher
than the GCE dose used in our study. In addition, in the
study of Hwang et al. (18), mice were injected three times
with lipopolysaccharide (LPS) with or without 0.1 mg CGA
(5 mg/kg) for three days, and CGA could decrease IL-6 mRNA
levels dose-dependently by down- regulating nuclear fac-
tor κB (NF-κB). Wu et al. (15), exhibited that administra-
tion of 400 mg/kg CGA for 12 weeks significantly attenu-
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Table 1. General Characteristics of Participants in Both Study Groupsa

Variable GCE Group, N = 21 Placebo Group, N = 22 P Valueb

Gender 0.52

Female 17 (81) 16 (72.7)

Male 4 (19) 6 (27.3)

Smoking status 0.52

Yes 2 (9.5) 1 (4.5)

No 19 (90.5) 21 (95.5)

Oral hypoglycemic drugs

Biguanides 19 (90.5) 15 (68.2) 0.07

Sulfonylureas 7 (33.3) 9 (40.9) 0.60

Alpha glucosidase inhibitors 4 (19) 3 (19.6) 0.63

Other 1 (4.8) 0 (0) 0.30

None 2 (9.5) 7 (31.8) 0.07

Lipid lowering drugs

Statins 12 (57.1) 13 (59.1) 0.89

None 9 (42.9) 9 (49.9)

Anti-hypertensive drugs

Angiotensin II receptor
antagonists

7 (33.3) 5 (22.7) 0.43

ACE inhibitors 2 (9.5) 3 (13.6) 0.67

Diuretics 1 (4.8) 2 (9.1) 0.57

Beta blockers 3 (14.3) 5 (22.7) 0.47

Other 1 (4.8) 1 (4.5) 0.97

None 10 (45.4) 9 (42.8) 0.65

Menopause status

Yes 12 (57) 10 (45) 0.72

No 5 (23) 6 (27)

Age (y) 52.76 ± 9.83 51.95 ± 8.67 0.77

Duration of diabetes (y) 3.83 ± 4.19 3.28 ± 4.29 0.67

Abbreviations: ACE inhibitors, angiotensin converting enzyme inhibitors; GCE, green coffee extract.
a Data are expressed as No. (%) (by Chi-square test) except for quantitative variables of age and duration of diabetes which are shown as Mean ± SD.
b P values are for comparison of the variables between the two groups (all by Chi-square test, except for age and duration of diabetes which were analyzed by independent
t-test).

ated serum levels of IL-6 in ApoE-/- mice compared to the
control group. Nevertheless, in one study, high dose infu-
sion of CGA (7 mg/kg) for seven days resulted in increasing
IL-6 and TNF-α level compared with the control group in
rats, however, low dose of 0.3 mg/kg did not yield any no-
table effect on these biomarkers (25). Moreover, the the al-
terations in serum levels of hs-CRP in our study were not
significantly different between the GCE and placebo group
after the intervention. Up to our knowledge, our trial was
the first study investigating the GCE supplementation ef-
fect on hs-CRP concentration.

In addition, our clinical trial demonstrated that GCE
could inhibit elevation of ICAM-1 level as an indicator of
vascular inflammation; however, no significant discrep-

ancy was observed concerning ICAM-1 changes during the
trial compared to placebo group. The previous studies
have solely examined CGA impact rather than GCE on the
level of adhesion molecules. In one study, administration
of 25 and 50 µmol CGA was capable of suppressing mRNA
expression of VCAM-1, ICAM-1, and endothelial cell selectin
in a dose-dependent manner in IL-1beta-stimulated cells.
Furthermore, these amounts of CGA could inhibit nuclear
translocation of NF-κB subunits p50 and p65, which led to
the reduction of cell adhesion molecules expression (20).

Our study exhibited no significant discrepancy be-
tween serum MDA changes in the intervention and placebo
group at the end of the trial. This finding is inconsis-
tent with some studies carried out previously. One study
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Table 2. Dietary Intakes and Physical Activity of Participants in Both Study Groupsa , b , c

Variable GCE Group, N = 21 Placebo Group, N = 22 P1 P2 P3

Energy (Kcal/d) 0.5 0.63 0.92

Baseline 1601 ± 513 1692 ± 362

4th week 1657 ± 443

8th week 1515 ± 362 1595 ± 406

1527 ± 424

Carbohydrate (g/d) 0.42 0.51 0.96

Baseline 213.1 ± 61.6 230.1 ± 74.1

4th week 218.6 ± 67.9 233 ± 77.3

8th week 215.1 ± 70.5 216.2 ± 91

Protein (g/d) 0.20 0.51 0.96

Baseline 52.4 ± 18.1 59.3 ± 16.6

4th week 58.8 ± 26.8 63.2 ± 16.4

8th week 56.4 ± 15.8 58 ± 16.4

Fat (g/d) 0.78 0.12 0.8

Baseline 50.4 ± 20.8 48.9 ± 12.7

4th week 54.6 ± 20.7 46.4 ± 12.1

8th week 47.4 ± 18.9 46.4 ± 15.1

Fiber (g/d) 0.31 0.15 0.16

Baseline 11.5 ± 5.5 13.1 ± 4.8

4th week 12.2 ± 6.4 14.7 ± 4.8

8th week 12.7 ± 4 13.3 ± 6.5

Selenium (mg/d) 0.52 0.4 0.78

Baseline 0.05 ± 0.04 0.05 ± 0.03

4th week 0.04 ± 0.03 0.05 ± 0.02

8th week 0.05 ± 0.03 0.05 ± 0.03

Vitamin C (mg/d) 0.71 0.2 0.47

Baseline 70.43 ± 38.26 70.23 ± 35.59

4th week 74.67 ± 41.87 75.15 ± 46.93

8th week 72.97 ± 39.52 77.70 ± 70.62

Vitamin E (mg/d) 0.87 0.11 0.75

Baseline 2.02 ± 1.28 2.08 ± 1.19

4th week 1.78 ± 1.13 2.36 ± 1.20

8th week 3.15 ± 3.81 2.87 ± 1.43

Physical activity (Met.hour/day) 0.12 - 0.58

Baseline 38.06 ± 4.59 40.25 ± 4.48

8th week 38.21 ± 3.32 38.92 ± 4.97

a P1 P values are for comparison between the two groups at baseline (independent t-test).
b P2 P values are for comparison between the two groups after 4 weeks (independent t-test).
c P3 P values are for comparison between the two groups after 8 weeks (independent t-test).

compared green coffee extract effects with dark and light
roasted coffee in diabetic rats. Green and light- roasted
coffee administration resulted in attenuation of plasma
MDA levels after four weeks (23). Hao et al. (14), conducted
a study to examine the CGA effect on cadmium-induced
oxidative stress in rats. Administration of 60 mg/kg CGA
could diminish lipid peroxidation by reducing the MDA
level in the brain, which had increased by cadmium ex-

posure compared to rats exposed to cadmium alone after
30 days. A recent in vitro study investigated the effects
of CGA on hydrogen peroxide-stimulated oxidative stress
in osteoblast cells. The MC3T3-E1 cells were treated with
different doses of CGA (0, 25, 50, 100 µM) for three hours
and subsequently, they were exposed to hydrogen perox-
ide (H2O2). CGA treatment significantly suppressed oxida-
tive stress induced by H2O2 by reversing the MDA levels
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Table 3. Means and Standard Deviations of Dependent Variables Before and After the Study and Their Changes Throughout the Trial in Both Groupsa , b , c

Variables GCE Group, N = 21 Placebo Group, N = 22 P1

IL-6 (Pg/mL)

Before 8.31 ± 2.85 9.03 ± 2.68 0.4

After 7.58 ± 1.74 10.74 ± 10.06 0.16

P2 0.21 0.45

Changes -0.73 ± 2.65 1.70 ± 10.51 0.3

hs-CRP (mg/L)

Before 5.99 ± 4.96 5.87 ± 3.86 0.93

After 5.70 ± 4.94 5.79 ± 5.03 0.96

P2 0.86 0.92

Changes -0.28 ± 3.12 -0.08 ± 4.15 0.86

MDA (µmol/L)

Before 6.15 ± 1.70 5.84 ± 1.87 0.57

After 6.60 ± 1.42 6.17 ± 2.090.5 0.44

P2 0.23

Changes 0.44 ± 1.68 0.32 ± 2.28 0.84

ICAM-1 (ng/mL)

Before 2.73 ± 0.78 2.70 ± 0.66 0.86

After 2.68 ± 0.61 2.72 ± 0.72 0.82

P2 0.56 0.78

Changes -0.05 ± 0.45 0.02 ± 0.45 0.54

Weight (Kg)

Before 78.10 ± 11.01 80.11 ± 12.45 0.6

After 76.01 ± 10.52 79.18 ± 12.75 0.4

P2 0.000 0.009

Changes -2.08 ± 2.11 -0.92 ± 1.30 0.04

Waist circumference (cm)

Before 106.4 ± 9.73 108.66 ± 10.43 0.4

After 104 ± 8.82 108 ± 10.12 0.2

P2 0.000 0.028

Changes -2.40 ± 2.54 -0.66 ± 1.17 0.009

Abbreviation: GCE, green coffee extract.
a Values are expressed as Mean ± SD.
b P1 : obtained from Independent sample t-test.
c P2 : obtained from paired t-test.

dose-dependently (30). One study indicated that high dose
of CGA (7 mg/kg) in rats could significantly elevate MDA lev-
els after seven days while the low dose (0.3 mg/kg) did not
alter the MDA level compared to the control group (25).

In our study, GCE supplementation significantly led to
the reduction of waist circumference. In addition, the dif-
ference between weight reduction in the GCE and placebo
group was marginally significant. Some other researches
have exhibited anti-obesity feature of GCE. A total of 600
mg of decaffeinated GCE supplemented for 40 days could
lead to 1.36 kg weight loss in a pilot clinical study on 15 pa-
tients (31). In a crossover study, which compared 40 g of
black and green coffee, a significant reduction in weight

and BMI was noted for green coffee consumption. Waist
circumference and abdominal fat of the participants also
attenuated after consumption of both coffees. However,
these effects could be ascribed to the caffeine content of
the coffees while GCE capsules in our trial were decaf-
feinated (32). Furthermore, a clinical trial, which was car-
ried out on 30 overweight subjects demonstrated a signif-
icant weight loss of about 5 kg after consumption of 11 g
of a GCE enriched coffee (supplying 1000 mg GCE and 500
mg GCE per day) compared to the instant coffee group (33).
The higher dose of GCE and longer duration of adminis-
tration might have caused greater weight loss in this trial
compared to our study. The study by Song et al., has pro-
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Figure 1. The patient flow diagram

posed that the anti- obesity property of GCE might be at-
tributed to its effects on inhibiting adipogenesis, which is
primarily regulated by transcription factors such as perox-
isome proliferator-activated receptor γ2 (11).

The limitations of our trial were the short follow- up pe-
riod of the study. Moreover, we did not perform cell- based
gene expression evaluation on our patients. Our study,
for the first time, investigated the effect of oxidative stress
and inflammation in patients with metabolic syndromes,
more studies are needed to confirm our findings.

5.1. Conclusions

Finally, our findings, for the first time, showed that sup-
plementation of GCE did not significantly alter serum lev-
els of oxidative stress (MDA) and also inflammatory factors

(ICAM-1, hs-CRP or IL-6). Therefore, in our study, GCE could
not affect oxidative stress, systemic, and vascular inflam-
mation in patients with metabolic syndrome. However,
GCE could significantly reduce waist circumference. In ad-
dition, its effect on weight reduction was also marginally
significant.

Acknowledgments

This study was supported by the National Nutrition
and Food Technology Research Institute of Iran. The au-
thors would like to express their gratitude to the subjects
for their participation and cooperation in this research
and Arjuna Natural Extracts Ltd. for generously providing
the GCE and placebo capsules as a donation.

8 Iran Red Crescent Med J. 2018; 20(6):e67971.

http://ircmj.com


Nikpayam O et al.

hs-CRP IL-6

MDA ICAM-1

GCE Group 

Placebo Group 

GCE Group 

Placebo Group 

GCE Group 

Placebo Group 

GCE Group 

Placebo Group 

m
g
/L

Pg
/m

L

µm
o
l/
L

n
g
/m

L

15

10

5

0

25

20

15

10

5

0

4

3

2

1

0

10

8

6

4

2

0
AfterBefore

AfterBefore AfterBefore

AfterBefore

Figure 2. Mean ± SD of hs-CRP, IL-6, MDA and ICAM-1; Abbreviations: GCE, Green Coffee Extract; hs-CRP, High Sensitivity C-reactive Protein; IL-6, Interleukin-6; MDA, Malondi-
aldehyde Acid; ICAM-1, Intracellular Adhesion Molecule-1; GCE, Green Coffee Extract.

Footnotes

Conflicts of Interests: The authors declared no potential
conflicts of interest with respect to the research, author-
ship, and/or publication of this article.

Financial Disclosure: No financial interests related to the
material in the manuscript.

Funding/Support: The National Nutrition and Food Tech-
nology Research Institute of Iran.

References

1. Kaur J. A comprehensive review on metabolic syndrome. Cardiol Res
Pract. 2014;2014:943162. doi: 10.1155/2014/943162. [PubMed: 24711954].
[PubMed Central: PMC3966331].

2. International Diabetes Federation (IDF). The IDF consensus world-
wide defi nition of the metabolic syndrome 2006. 2015. Available
from: https://www.idf.org/e-library/consensus-statements/60-
idfconsensus-worldwide-definitionof-the-metabolic-syndrome.

3. Francisqueti FV, Chiaverini LC, Santos KC, Minatel IO, Ronchi CB, Fer-
ron AJ, et al. The role of oxidative stress on the pathophysiology of
metabolic syndrome. Rev Assoc Med Bras (1992). 2017;63(1):85–91. doi:
10.1590/1806-9282.63.01.85. [PubMed: 28225880].

4. Skurk T, Alberti-Huber C, Herder C, Hauner H. Relationship be-
tween adipocyte size and adipokine expression and secretion. J
Clin Endocrinol Metab. 2007;92(3):1023–33. doi: 10.1210/jc.2006-1055.
[PubMed: 17164304].

5. Ayala A, Munoz MF, Arguelles S. Lipid peroxidation: production,
metabolism, and signaling mechanisms of malondialdehyde

and 4-hydroxy-2-nonenal. Oxid Med Cell Longev. 2014;2014:360438.
doi: 10.1155/2014/360438. [PubMed: 24999379]. [PubMed Central:
PMC4066722].

6. Siti HN, Kamisah Y, Kamsiah J. The role of oxidative stress, antiox-
idants and vascular inflammation in cardiovascular disease (a re-
view). Vascul Pharmacol. 2015;71:40–56. doi: 10.1016/j.vph.2015.03.005.
[PubMed: 25869516].

7. Agudelo-Ochoa GM, Pulgarin-Zapata IC, Velasquez-Rodriguez CM,
Duque-Ramirez M, Naranjo-Cano M, Quintero-Ortiz MM, et al. Cof-
fee consumption increases the antioxidant capacity of plasma and
has no effect on the lipid profile or vascular function in healthy
adults in a randomized controlled trial. J Nutr. 2016;146(3):524–31. doi:
10.3945/jn.115.224774. [PubMed: 26843588].

8. Scalbert A, Johnson IT, Saltmarsh M. Polyphenols: Antioxi-
dants and beyond. Am J Clin Nutr. 2005;81(1 Suppl):215S–7S. doi:
10.1093/ajcn/81.1.215S. [PubMed: 15640483].

9. Upadhyay R, Mohan Rao LJ. An outlook on chlorogenic acids-
occurrence, chemistry, technology, and biological activities. Crit Rev
Food Sci Nutr. 2013;53(9):968–84. doi: 10.1080/10408398.2011.576319.
[PubMed: 23768188].

10. Ludwig IA, Mena P, Calani L, Cid C, Del Rio D, Lean ME, et al. Varia-
tions in caffeine and chlorogenic acid contents of coffees: What are
we drinking? Food Funct. 2014;5(8):1718–26. doi: 10.1039/c4fo00290c.
[PubMed: 25014672].

11. Song SJ, Choi S, Park T. Decaffeinated green coffee bean extract atten-
uates diet-induced obesity and insulin resistance in mice. Evid Based
Complement Alternat Med. 2014;2014:718379. doi: 10.1155/2014/718379.
[PubMed: 24817902]. [PubMed Central: PMC4003760].

12. Santana-Galvez J, Cisneros-Zevallos L, Jacobo-Velazquez DA. Chloro-
genic acid: Recent advances on its dual role as a food additive and a
nutraceutical against metabolic syndrome. Molecules. 2017;22(3). doi:
10.3390/molecules22030358. [PubMed: 28245635].

Iran Red Crescent Med J. 2018; 20(6):e67971. 9

http://dx.doi.org/10.1155/2014/943162
http://www.ncbi.nlm.nih.gov/pubmed/24711954
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3966331
https://www.idf.org/e-library/consensus-statements/60-idfconsensus-worldwide-definitionof-the-metabolic-syndrome
https://www.idf.org/e-library/consensus-statements/60-idfconsensus-worldwide-definitionof-the-metabolic-syndrome
http://dx.doi.org/10.1590/1806-9282.63.01.85
http://www.ncbi.nlm.nih.gov/pubmed/28225880
http://dx.doi.org/10.1210/jc.2006-1055
http://www.ncbi.nlm.nih.gov/pubmed/17164304
http://dx.doi.org/10.1155/2014/360438
http://www.ncbi.nlm.nih.gov/pubmed/24999379
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4066722
http://dx.doi.org/10.1016/j.vph.2015.03.005
http://www.ncbi.nlm.nih.gov/pubmed/25869516
http://dx.doi.org/10.3945/jn.115.224774
http://www.ncbi.nlm.nih.gov/pubmed/26843588
http://dx.doi.org/10.1093/ajcn/81.1.215S
http://www.ncbi.nlm.nih.gov/pubmed/15640483
http://dx.doi.org/10.1080/10408398.2011.576319
http://www.ncbi.nlm.nih.gov/pubmed/23768188
http://dx.doi.org/10.1039/c4fo00290c
http://www.ncbi.nlm.nih.gov/pubmed/25014672
http://dx.doi.org/10.1155/2014/718379
http://www.ncbi.nlm.nih.gov/pubmed/24817902
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4003760
http://dx.doi.org/10.3390/molecules22030358
http://www.ncbi.nlm.nih.gov/pubmed/28245635
http://ircmj.com


Nikpayam O et al.

13. Meng S, Cao J, Feng Q, Peng J, Hu Y. Roles of chlorogenic acid
on regulating glucose and lipids metabolism: A review. Evid Based
Complement Alternat Med. 2013;2013:801457. doi: 10.1155/2013/801457.
[PubMed: 24062792]. [PubMed Central: PMC3766985].

14. Hao ML, Pan N, Zhang QH, Wang XH. Therapeutic efficacy of chloro-
genic acid on cadmium-induced oxidative neuropathy in a murine
model. Exp Ther Med. 2015;9(5):1887–94. doi: 10.3892/etm.2015.2367.
[PubMed: 26136910]. [PubMed Central: PMC4471694].

15. Wu C, Luan H, Zhang X, Wang S, Zhang X, Sun X, et al. Chlorogenic acid
protects against atherosclerosis in ApoE-/- mice and promotes choles-
terol efflux from RAW264.7 macrophages. PLoS One. 2014;9(9). e95452.
doi: 10.1371/journal.pone.0095452. [PubMed: 25187964]. [PubMed
Central: PMC4154672].

16. Bhattacharyya S, Majhi S, Saha BP, Mukherjee PK. Chlorogenic
acid-phospholipid complex improve protection against UVA in-
duced oxidative stress. J Photochem Photobiol B. 2014;130:293–8. doi:
10.1016/j.jphotobiol.2013.11.020. [PubMed: 24378330].

17. Hoelzl C, Knasmuller S, Wagner KH, Elbling L, Huber W, Kager
N, et al. Instant coffee with high chlorogenic acid levels protects
humans against oxidative damage of macromolecules. Mol Nutr
Food Res. 2010;54(12):1722–33. doi: 10.1002/mnfr.201000048. [PubMed:
20589860].

18. Hwang SJ, Kim YW, Park Y, Lee HJ, Kim KW. Anti-inflammatory ef-
fects of chlorogenic acid in lipopolysaccharide-stimulated RAW 264.7
cells. Inflamm Res. 2014;63(1):81–90. doi: 10.1007/s00011-013-0674-4.
[PubMed: 24127072].

19. Shin HS, Satsu H, Bae MJ, Zhao Z, Ogiwara H, Totsuka M, et al.
Anti-inflammatory effect of chlorogenic acid on the IL-8 produc-
tion in Caco-2 cells and the dextran sulphate sodium-induced col-
itis symptoms in C57BL/6 mice. Food Chem. 2015;168:167–75. doi:
10.1016/j.foodchem.2014.06.100. [PubMed: 25172696].

20. Chang WC, Chen CH, Lee MF, Chang T, Yu YM. Chlorogenic acid atten-
uates adhesion molecules upregulation in IL-1beta-treated endothe-
lial cells. Eur J Nutr. 2010;49(5):267–75. doi: 10.1007/s00394-009-0083-1.
[PubMed: 19937041].

21. Yu YM, Chen CH, Chang WC. Chlorogenic acid attenuates adhesion
molecules upregulation in IL-1β-treated HUVECs: Role of nuclear factor-
κB. Federation of American Societies for Experimental Biology; 2007.

22. Park JB. 5-Caffeoylquinic acid and caffeic acid orally administered
suppress P-selectin expression on mouse platelets. J Nutr Biochem.
2009;20(10):800–5. doi: 10.1016/j.jnutbio.2008.07.009. [PubMed:
18926684].

23. Ahmed GM, El-Ghamery HE, Samy MF. Effect of green and de-
gree of roasted arabic coffee on hyperlipidemia and antioxidant
status in diabetic rats. Adv J Food Sci Tech. 2013;5(5):619–26. doi:

10.19026/ajfst.5.3137.
24. Li Kwok Cheong JD, Croft KD, Henry PD, Matthews V, Hodgson

JM, Ward NC. Green coffee polyphenols do not attenuate features
of the metabolic syndrome and improve endothelial function in
mice fed a high fat diet. Arch Biochem Biophys. 2014;559:46–52. doi:
10.1016/j.abb.2014.02.005. [PubMed: 24583266].

25. Du WY, Chang C, Zhang Y, Liu YY, Sun K, Wang CS, et al. High-
dose chlorogenic acid induces inflammation reactions and oxida-
tive stress injury in rats without implication of mast cell degranula-
tion. J Ethnopharmacol. 2013;147(1):74–83. doi: 10.1016/j.jep.2013.01.042.
[PubMed: 23473868].

26. Ebrahimi M, Ghayour-Mobarhan M, Rezaiean S, Hoseini M, Parizade
SM, Farhoudi F, et al. Omega-3 fatty acid supplements improve the
cardiovascular risk profile of subjects with metabolic syndrome, in-
cluding markers of inflammation and auto-immunity. Acta Cardiol.
2009;64(3):321–7. doi: 10.2143/AC.64.3.2038016. [PubMed: 19593941].

27. Alberti KG, Zimmet P, Shaw J. Metabolic syndrome a new world-
wide definition. A consensus statement from the international di-
abetes federation. Diabet Med. 2006;23(5):469–80. doi: 10.1111/j.1464-
5491.2006.01858.x. [PubMed: 16681555].

28. Ghaffarpour M, Houshiar-Rad A, Kianfar H. The manual for household
measures, cooking yields factors and edible portion of foods. Tehran:
Nashre Olume Keshavarzy; 1999. Persian.

29. Ainsworth BE, Haskell WL, Whitt MC, Irwin ML, Swartz AM, Strath SJ,
et al. Compendium of physical activities: An update of activity codes
and MET intensities. Med Sci Sports Exerc. 2000;32(9 Suppl):S498–504.
[PubMed: 10993420].

30. Han D, Chen W, Gu X, Shan R, Zou J, Liu G, et al. Cytoprotective ef-
fect of chlorogenic acid against hydrogen peroxide-induced oxida-
tive stress in MC3T3-E1 cells through PI3K/Akt-mediated Nrf2/HO-1 sig-
naling pathway. Oncotarget. 2017;8(9):14680–92. doi: 10.18632/oncotar-
get.14747. [PubMed: 28122344]. [PubMed Central: PMC5362435].

31. Blum J, Lemaire B, Lafay S. Effect of a green decaffeinated coffee extract
on glycaemia. NutraFoods Res. 2007;6:13–7.

32. Revuelta-Iniesta R, Al-Dujaili EA. Consumption of green coffee re-
duces blood pressure and body composition by influencing 11beta-
HSD1 enzyme activity in healthy individuals: A pilot crossover study
using green and black coffee. Biomed Res Int. 2014;2014:482704.
doi: 10.1155/2014/482704. [PubMed: 25133164]. [PubMed Central:
PMC4123567].

33. Thom E. The effect of chlorogenic acid enriched coffee on glu-
cose absorption in healthy volunteers and its effect on body mass
when used long-term in overweight and obese people. J Int Med
Res. 2007;35(6):900–8. doi: 10.1177/147323000703500620. [PubMed:
18035001].

10 Iran Red Crescent Med J. 2018; 20(6):e67971.

http://dx.doi.org/10.1155/2013/801457
http://www.ncbi.nlm.nih.gov/pubmed/24062792
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3766985
http://dx.doi.org/10.3892/etm.2015.2367
http://www.ncbi.nlm.nih.gov/pubmed/26136910
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4471694
http://dx.doi.org/10.1371/journal.pone.0095452
http://www.ncbi.nlm.nih.gov/pubmed/25187964
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4154672
http://dx.doi.org/10.1016/j.jphotobiol.2013.11.020
http://www.ncbi.nlm.nih.gov/pubmed/24378330
http://dx.doi.org/10.1002/mnfr.201000048
http://www.ncbi.nlm.nih.gov/pubmed/20589860
http://dx.doi.org/10.1007/s00011-013-0674-4
http://www.ncbi.nlm.nih.gov/pubmed/24127072
http://dx.doi.org/10.1016/j.foodchem.2014.06.100
http://www.ncbi.nlm.nih.gov/pubmed/25172696
http://dx.doi.org/10.1007/s00394-009-0083-1
http://www.ncbi.nlm.nih.gov/pubmed/19937041
http://dx.doi.org/10.1016/j.jnutbio.2008.07.009
http://www.ncbi.nlm.nih.gov/pubmed/18926684
http://dx.doi.org/10.19026/ajfst.5.3137
http://dx.doi.org/10.1016/j.abb.2014.02.005
http://www.ncbi.nlm.nih.gov/pubmed/24583266
http://dx.doi.org/10.1016/j.jep.2013.01.042
http://www.ncbi.nlm.nih.gov/pubmed/23473868
http://dx.doi.org/10.2143/AC.64.3.2038016
http://www.ncbi.nlm.nih.gov/pubmed/19593941
http://dx.doi.org/10.1111/j.1464-5491.2006.01858.x
http://dx.doi.org/10.1111/j.1464-5491.2006.01858.x
http://www.ncbi.nlm.nih.gov/pubmed/16681555
http://www.ncbi.nlm.nih.gov/pubmed/10993420
http://dx.doi.org/10.18632/oncotarget.14747
http://dx.doi.org/10.18632/oncotarget.14747
http://www.ncbi.nlm.nih.gov/pubmed/28122344
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5362435
http://dx.doi.org/10.1155/2014/482704
http://www.ncbi.nlm.nih.gov/pubmed/25133164
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4123567
http://dx.doi.org/10.1177/147323000703500620
http://www.ncbi.nlm.nih.gov/pubmed/18035001
http://ircmj.com

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Patients
	3.2. Sample Preparation
	3.3. Physical Activity, Dietary Intake, Anthropometric and Biochemical Assessments
	3.4. Intervention
	3.5. Statistical Analyses

	4. Results
	Table 1
	Table 2
	Table 3
	Figure 1
	Figure 2

	5. Discussion
	5.1. Conclusions

	Acknowledgments
	Footnotes
	Conflicts of Interests
	Financial Disclosure
	Funding/Support

	References

