7® ROYAL SOCIETY
P OF CHEMISTRY

Food &
Function

View Article Online

View Journal | View Issue

Effects of decaffeinated green coffee extract

o supplementation on anthropometric indices,

Cite this: Food Funct., 2022, 13, - . .

10347 blood glucose, leptin, adiponectin and
neuropeptide Y (NPY) in breast cancer survivors:
a randomized clinical trial

{ M) Check for updates ‘

Mahsa Bahmannia,® Maryam Azizzade,*° Sahar Heydari,*® Javad Nasrollahzadeh,?
Samira Rabiei, (2@ Farah Naja, Zahra Sheikhi Mobarakeh,*® Jalal Hejazi ) ¢ and
Ehsan Hejazi (2 *@

Objective: This study aimed to evaluate the effects of decaffeinated green coffee extract (DGCE) sup-
plementation on anthropometric indices, blood glucose, leptin, adiponectin, and neuropeptide Y (NPY) in
breast cancer survivors with obesity. Method: A total of 44 breast cancer survivors with obesity aged
between 18 and 70 years and with a mean body mass index (BMI) of 31.62 + 4.97 kg m~2 participated in
this double-blind randomized clinical trial. Eligible patients were randomized to the intervention (n = 22)
and control (n = 22) groups. They received two 400 mg capsules of DGCE or two identical placebos daily
for 12 weeks. Serum concentrations of leptin, adiponectin, NPY, fasting blood sugar, insulin, and homeo-
static model assessment for insulin resistance (HOMA-IR) were measured at the baseline and after com-
pletion of the intervention. Also, weight, waist circumference, fat percentage, muscle percentage, and
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visceral fat were measured. Results: There were no significant differences in terms of changes of anthro-
pometric indices and concentrations of leptin, adiponectin, NPY, and blood sugar between the two
studied groups. Conclusion: Supplementation with DGCE in breast cancer survivors with obesity had no
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Introduction

Breast cancer (BC) is the most common malignancy and the
second leading cause of cancer death in women worldwide,
accounting for about 23% of newly diagnosed cancers and
14% of cancer-related deaths in women.' Despite improve-
ments in screening and advances in treatment that have
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significant effect on anthropometric indices and blood glucose, leptin, adiponectin, and NPY levels.

reduced breast cancer mortality, the number of women with
breast cancer is still increasing.

The etiology of BC is related to both hereditary and environ-
mental factors. Environmental factors include hormone
therapy, reproductive factors, alcohol consumption, physical
inactivity, and obesity. The latter has been postulated to sig-
nificantly increase the risk for BC.” Several studies have shown
that obesity is associated with an increased risk of more
aggressive BC and a reduced chance of survival.>* Weight gain
is one of the known consequences of adjuvant therapies for
breast cancer, whereby about 50 to 90% of women experience
significant weight gain during treatment, and many who main-
tain their weight during treatment may also experience pro-
gressive weight gain in the following months and years.'
Therefore, obesity can be considered a common problem in
breast cancer survivors, and can increase the risk of cancer
mortality and recurrence.’

Obesity can increase the risk of BC recurrence by several
mechanisms such as increased estrogen levels due to overac-
tive adipose tissue, insulin resistance, excessive secretion of
the insulin-like growth factor (IGF), increased oxidative stress,
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hypercholesterolemia, and production of adipokines which are
secreted by fat cells.

The two most important adipokines secreted by the adipose
tissue are leptin and adiponectin.® It has been suggested that
leptin reduces food intake, weight, and body fat by affecting
the satiety centers in the hypothalamus. Adiponectin increases
insulin sensitivity and is inversely related to BMI and waist
circumference.

It has been reported that in individuals with obesity, leptin
levels increase and adiponectin levels decrease, which may
lead to insulin resistance® and consequently cancer pro-
gression risk.” In contrast, weight loss reduces leptin levels,
increases adiponectin, and improves insulin resistance.’

NPY is a hormone that is secreted by the hypothalamus and
peripheral adipose tissue. Excessive NPY secretion can stimu-
late appetite, overeating, and excessive energy intake, which
can lead to obesity and an increased risk of diabetes, heart dis-
eases, and other chronic diseases.® Several studies have shown
that NPY is involved in a number of mechanisms involved in
cancer progression, including cell proliferation, angiogenesis,
and metastasis, especially in neuroblastoma, and breast and
prostate cancer.®

Due to the consequences of obesity, various strategies have
been used to control weight in BC patients and several dietary
supplements have been studied in this regard. Coffee is one of
the most consumed beverages in the world.” Green coffee
beans are rich in chlorogenic acid (CGA) and related com-
pounds such as quinic acid, p-coumaric acid, and caffeic acid.
The compounds are similar in green and roasted coffee;
however, some of these compounds are lost during the roast-
ing process. Moreover, hydroxy-hydroquinine which is pro-
duced during the roasting process affects the performance of
chlorogenic acid.'® Green coffee bean extract (GCE) inhibits
glucose 6 phosphatase through CGA, and therefore can reduce
the release of glucose through glycogenolysis and thus can
cause more utilization of lipids as an energy source."* It can
also improve lipolytic activity by altering metabolic pathways
and decreasing fat absorption by inhibiting pancreatic
lipase."?

Several studies have shown that green coffee bean extract
and chlorogenic acid can be effective in controlling weight and
appetite and improving insulin resistance.’**® Some studies
have shown that supplementation with green coffee extract can
reduce leptin and increase adiponectin levels.’®*® In addition
to the evidence for its protective effect against obesity, GCE
has also been reported to exert an anti-tumor activity. Several
studies have reported the effects of chlorogenic acid in pre-
venting the beginning, progression, and spread of cancer'® as
well as inhibiting deoxyribonucleic acid (DNA) methylation in
human breast cancer cells.'® Chlorogenic acid has also been
shown to exert its antitumor effect by inducing apoptosis in
many human cancer cells.”® To the best of our knowledge, no
clinical trial has been conducted previously addressing the
effect of DGCE on anthropometric indices, appetite levels, and
serum adipokine concentrations in BC survivors. The aim of
this clinical trial is to examine the effect of DGCE on anthropo-
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metric indices and levels of leptin, NPY, adiponectin, insulin,
insulin resistance, and FBS in breast cancer survivors with
obesity.

Materials and methods
Participants

Forty-four BC survivor women who met the eligibility criteria
were entered into our final analysis. The participants were
selected from the patients referred to the Motamed Breast
Cancer Research Center in Tehran from April 2019 to February
2020. Inclusion criteria were age between 18 and 70 years, BMI
above 25 kg m~?, having recovered from breast cancer and
being breast cancer-free for at least six months, and have not
received radiotherapy or chemotherapy in the last 3 months.

Exclusion criteria were pregnancy and lactation, adherence
to unusual weight loss diets during the three months before
the start of the study, consumption of slimming and fat-
burning drugs, daily consumption of coffee, allergic reactions,
gastrointestinal symptoms such as stomach pain, cancer recur-
rence and not taking dietary supplements.

Given that the mean difference of interest for adiponectin
concentration between the two groups was 4 ng dI™','°
required a sample size of 20 patients in each group to obtain
an « error of 0.05 and a power of 80% (f = 0.2). As shown in
the flow diagram of study participants in Fig. 1, a total of 62
patients were randomly assigned to two groups of 31 individ-
uals consuming DGCE or placebo. During the intervention,
nine patients consuming DGCE supplements and nine
patients from the placebo group were excluded from the trial
because of inadequate compliance with supplementation,
breast cancer recurrence, allergic reaction (skin rash), stomach
ache, and wunwillingness to continue the intervention.
Ultimately, data analysis was performed for 44 patients, 22 in
the intervention group and 22 in the placebo group, who com-
pleted the trial. There was no significant difference between
the two groups in terms of dropouts.

we

Study design and intervention

In this randomized, double-blind, placebo-controlled trial
study, women who were referred to the clinic with a history of
breast cancer and at least three months passed since their last
treatment and met the eligibility criteria were invited to par-
ticipate in this trial.

First, the procedure of conducting the study was explained
to each participant, and if they wished to participate in the
study, they were asked to give written consent.

One of the investigators filled out a questionnaire regarding
smoking status, current diseases, prescribed medication, and
dietary supplementation history by interviewing the partici-
pants at the beginning of the study. Bottles containing sup-
plements or placebo were labeled A or B by the manufacturing
company. Blinding of participants and investigators was main-
tained until the end of the statistical analysis. Participants
were stratified using the hormonal receptor (HR) and human

This journal is © The Royal Society of Chemistry 2022
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Fig. 1 Flow diagram of the patients during the clinical trial.

epidermal growth factor receptor 2 (HER2) status and were ran-
domly assigned to one of the two groups receiving supplement
bottles with code A or B by using the stratified block randomiz-
ation method. In this method, six blocks of 4 bottels (AABB,
ABAB, BABA, BBAA, BAAB, ABBA) were placed in a container,
and an investigator allocated the participants to one of the
intervention groups. Patients in the green coffee and placebo
groups were expected to consume supplements containing
400 mg green coffee extract or identical placebos twice a day,
before their main meals, for 12 weeks. Each patient received
three supplement bottles containing 70 capsules (sufficient for
35 days) at the beginning of the study and in the fourth and
eighth weeks of the trial. To assess patients’ compliance with
the supplementation, they were followed up through phone
calls every seven days. The researcher counted the remnant
capsules in the returned supplement bottles at each follow-up
visit. Breast cancer survivors took tamoxifen in the premeno-
pausal stage and letrozole in the postmenopausal stage accord-
ing to their estrogen and progesterone receptor status, and
these drugs have no specific nutritional side effects.
Furthermore, it has been found that chlorogenic acid in green
coffee abates the toxicity of tamoxifen in animal studies.”"**
Subjects were instructed to avoid changing their physical
activity during the study and they were followed up weekly

This journal is © The Royal Society of Chemistry 2022

Analysed (n=22)

through phone calls to ensure the proper regime of sup-
plement or placebo use and to improve the retention rate and
decrease dropouts.

Also, to assess adherence, subjects were asked to bring the
bottles containing the remainder of the capsules on the
second visit in the 6™ week of the trial. In case the subject had
consumed less than 90% of the capsules, she was excluded
from the trial.

The primary outcomes of this study were the changes in
anthropometric indices and levels of leptin, NPY, adiponectin,
insulin, insulin resistance, and FBS, and the secondary out-
comes were changes in dietary intake and physical activity of
participants.

This study was approved by the ethics committee of the
National Nutrition and Food Technology Research Institute of
Shahid Beheshti University of Medical Sciences (IR.SBMU.
nnftri.Rec.1397.219) and registered at ClinicalTrials.gov
(NCT03394690).

Measurement of anthropometric indices

The height of each subject was measured without shoes, using
non-stretch tape (Seca, Hamburg, Germany), and recorded to
the nearest 0.5 cm at the baseline. The weight of each patient
was measured with light clothing and using a digital scale
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with a precision of 0.1 kg (Seca, Hamburg, Germany). Also,
body fat percentage, body muscle percentage, and visceral fat
were measured using Omron company’s body composition
monitor®® at the baseline and end of the study. BMI was also
calculated by dividing the weight (kg) by the square of the
height (m?). Waist circumference was also measured as the
distance between the top of the iliac crest bone and the last
rib, approximately in the umbilical region, at the baseline and
end of the study with a tape meter with a precision of 0.5 cm.

Measurement of biochemical parameters

Following a 12-hour fasting period, a 5cc arm vein blood
sample was taken at the baseline and end of the study. The
serum from blood samples was separated using a centrifuge at
4000 rpm for 5 minutes. Then, the serum samples were ali-
quoted into micro-tubes and were frozen at —80 °C. Serum
levels of leptin, NPY, adiponectin, and insulin were assessed
using ELISA kits (respectively, DuoSet ELISA kit, R&D Systems;
DuoSet ELISA kit, R&D Systems; DuoSet ELISA kit, R&D
Systems; and ZellBio GmbH, Ulm, Germany). FBS was
measured by using commercial kits (Pars Azmoon).

Dietary intake assessment and physical activity assessment

Assessment of energy intake, carbohydrates, protein, total fat,
and fiber was performed using a three-day food record (includ-
ing two weekdays and one weekend) at the baseline, in the
sixth week, and at the end of the intervention.

At each visit, subjects were instructed on how to record
each drink or food consumed during the day, for 3 days. The
exact amount of food and beverages recorded in the 3-day
24-hour dietary recall was determined through interviews
using household scales. Then, the portion sizes of food and
beverage consumed were converted to grams and the food
record analysis was performed using Nutritionist IV software.
Physical activity was evaluated using the metabolic equivalent
of task (MET) questionnaire at the beginning and end of the
study.>*

Decaffeinated green coffee extract (DGCE) supplement

DGCE and placebo capsules were obtained from Arjuna
Company in India. According to the HPLC results which were
provided by the manufacturing company, each DGCE capsule
contains 46.45% chlorogenic acid. The ratio of raw material
(green coffee beans) to the extract is 6:1. This means that
each 400 mg capsule of DGCE is equivalent to 186 mg of CGA
and 2400 mg of green coffee beans. The total amount of poly-
phenols in the DGCE is 53.8%.

Chlorogenic acid in these capsules includes 5-caffeoylqui-
nic acid (5-CQA), 3-caffeoylquinic acid (3CQA), 4-caffeoylquinic
acid (4CQA), 3,4-dicaffeoylquinic acid, 3,5-dicaffeoylquinic
acid, 4,5-dicaffeoylquinic acid, 3-feruloylquinic acid, 4-feruloyl-
quinic acid and 5-feruloylquinic acid. 5CQA and 3CQA were
the main components of CGA, accounting for about 35 to 40
percent and 10 to 15 percent of the total CGA content.

In previous studies, it has been observed that taking green
coffee extract supplements up to a dose of 1050 mg per day
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has no side effects.>® In the present study, two doses of
400 mg day ' DGCE were used.

Statistical analysis

In the present study, data analysis was performed using
Statistical Package for the Social Sciences (SPSS) software
version 22. First, the normality of the data was assessed by the
Kolmogorov-Smirnov test. For quantitative variables, the
paired sample t-test or Wilcoxon signed-rank test was used to
compare the variables before and after the intervention. To
compare the changes between the two studied groups, an inde-
pendent ¢test or Mann-Whitney U tests were applied, and
p-values less than 0.05 were considered significant.

Results
Baseline characteristics

Table 1 shows the mean + standard deviation of quantitative
variables including age, height, weight, waist circumference,
visceral fat, body fat percentage, body muscle percentage, and
body mass index at the baseline in the two groups. There was
no significant difference in terms of the above-mentioned vari-
ables between the two groups.

Dietary intake and physical activity level

The dietary status and physical activity of the participants are
shown in Table 2. The mean values of calorie, macronutrient,
and micronutrient intake at the baseline were not statistically
significant between the two groups. There was no significant
difference between the two groups in terms of physical activity
at the beginning and end of the study.

Anthropometric measurements

As shown in Table 3, the mean weights were significantly
decreased in both intervention and control groups (in the

Table 1 Baseline characteristics of the participants in both study
groups

Baseline variables GCE group (n =22) Placebo group (n =22) P*

Age (year)? 52.90 + 8.77 54.81 + 8.81 0.42
Height (cm)* 157.86 + 6.75 157.63 + 5.45 0.79
Weight (kg)’ 78.06 + 12.24 79.26 + 13.79 0.76
BMI (kg m~2) 31.41 +5.01 31.84 + 5.04 0.77
WwC (Cm)l7 104.25 £ 11.54 106.27 £ 11.34 0.56
Body fat (%)” 41.28 +5.39 43.3 £5.17 0.21
Muscle mass (%)“ 26.03 +2.56 24.81 +2.21 0.1
Visceral fat” 10.27 £ 2.47 10.68 £ 2.74 0.6
Smoking status, n (%)°

Yes 1 (4.54%) 0 (0%) 0.30

No 21 (95.46%) 23 (100%)

GCE, green coffee extract; WC, waist circumference. *P values are for
comparison of the baseline variables between the two groups. “ Data
are expressed as mean + standard deviation and tested by the indepen-
dent sample t-test. ® Data are expressed as mean + standard deviation
and tested by the Mann-Whitney U test. “Data are tested by the chi-
square test.

This journal is © The Royal Society of Chemistry 2022
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for comparison between the two groups after 6 weeks. {P values are for comparison between the two groups after 12 weeks. *P values were obtained from the independent sample ¢-test.

values were obtained from the Mann-Whitney U test.

View Article Online

Paper

DGCE group p = 0.008 and in the placebo group p = 0.005).
However, the mean weight changes were not significantly
different between the two groups at the end of the intervention
period.

In addition, the mean waist circumference, body fat percen-
tage, and visceral fat also decreased significantly in both
groups at the end of the study, but the mean changes of these
indices were also not significantly different between the two
groups.

The mean percentage of lean body mass in the intervention
group decreased significantly; however, this decrease was not
significant compared with the placebo group.

Biochemical parameters

According to Table 3, we did not observe any significant differ-
ence in the mean changes of adiponectin, leptin, and NPY
concentrations in the two groups. Mean insulin and HOMA-IR
concentrations in the intervention group significantly
decreased at the end of the study compared to the beginning,
but this decrease was not significant in comparison with the
control group. We also did not observe a significant difference
in FBS concentration between the two groups at the end of the
study.

Discussion

The present study showed that 12 weeks of supplementation
with DGCE (800 mg d™' green coffee extract, 372 mg d*
chlorogenic acid) had no significant effect on anthropometric
indices and levels of insulin, insulin resistance, FBS, leptin,
adiponectin, and NPY in overweight or obese BC survivors. In
the present study, the daily energy intake in both groups
decreased at the end of the study compared to the baseline;
however, this reduction was not significant. Since we did not
prescribe a weight loss diet and the physical activity of the par-
ticipants did not change during the study, the reduction in
calorie intake may be due to decreased appetite during the
study. Several mechanisms have been reported for the effect of
green coffee on weight loss, including improving lipolytic
activity by altering metabolic pathways and reducing fat
absorption by inhibiting pancreatic lipase. Song et al'?
suggested that GCE could reduce visceral fat and weight by
inhibiting adipogenesis. GCE can also reduce glucose release
through glycogenolysis by inhibiting glucose-6-phosphatase,
and thereby it can propel the body to use lipids as an energy
source."* In the present study, no significant differences were
observed in weight, BMI, visceral fat, fat percentage, and waist
circumference. These results are in accordance with several
previous studies. For instance, in a study of 70 people with dys-
lipidemia after 8 weeks of supplementation with 800 mg d™*
DGCE (containing 50% chlorogenic acid), no significant differ-
ence was observed between the studied groups in terms of
weight and BMIL>® Similarly, the results of Shahmohammadi
et al”” demonstrated that green coffee supplementation has
no effect on appetite and anthropometric indices in patients

Food Funct., 2022,13,10347-10356 | 10351
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Table 3 Dependent variables at the baseline and after the intervention and their changes throughout the trial in both groups

Baseline Week 12 Changes

Mean + SD Mean + SD Mean + SD p* py pi
Weight (kg)
DGCE 78.06 + 12.24 77.12 +12.25 —0.94 +1.50 0.008° 0.783¢ 0.815¢
Placebo 79.26 + 13.79 78.2 +13.76 —-1.05 +1.56 0.005°
BMI (kg m™?)
GCE 31.41 + 5.01 31.02 + 4.95 —0.38 £ 0.62 0.009° 0.792°¢ 0.874°
Placebo 31.84 +5.04 31.43+5.1 —0.41 £ 0.6 0.004°
WC (cm)
GCE 104.25 +11.54 102.59 +11.70 —1.65 £3.70 0.04° 0.705¢ 0.423¢
Placebo 106.27 +11.34 103.88 + 10.79 —2.38+2.88 0.001°
Body fat (0/0)
GCE 41.28 +5.39 39.83 + 5.38 —1.45 £2.79 0.024% 0.154° 0.635¢
Placebo 43.3 £5.17 42.18 +5.37 —1.11+1.82 0.009?
Muscle mass (%)
GCE 26.03 + 2.56 26.65 + 2.64 0.61 +1.37 0.047% 0.051¢ 0.452¢
Placebo 24.81 +2.21 25.14 +2.31 0.32 +1.16 0.201%
Visceral fat
GCE 10.27 + 2.47 9.68 + 2.05 —0.59 +1.14 0.024° 0.542°¢ 0.819¢
Placebo 10.68 + 2.74 10.0 £ 1.86 —0.63 £1.46 0.05°
Leptin (ng ml™")
GCE 2491.1 + 485.7 2549.3 + 325.5 58.12 + 420.5 0.524° 0.936° 0.408¢
Placebo 2584.8 + 353.1 2558.5 + 422.5 —26.3 +218.5 0.578°
Adiponectin (pg ml™")
GCE 18.43 +16.95 15.98+ 15.9 —2.44 £14.1 0.426° 0.4534 0.312¢4
Placebo 12.41 + 14.25 13.86 + 17.02 1.4 £10.9 0.541°
NPY (mg I™")
GCE 1317.96 + 473.7 1310.12+ 496.5 —7.8+143.4 0.81° 0.104¢ 0.14¢
Placebo 1228.4 + 466.4 1140.2 + 314.3 —88.2 +195.2 0.04°
Insulin (mg 17%)
GCE 16.01 + 10.8 12.6 +7.7 3.3+5.1 0.006° 0.374° 0.2264
Placebo 11.9+ 7.6 10.3 £9.2 1.5+4.3 0.1°
Insulin resistance
GCE 5.16 + 3.54 4+2.99 -1.15+1.77 0.006° 0.264¢ 0.162¢
Placebo 3.48 +2.47 3+2.87 —0.47 +1.35 0.11°
FBS
GCE 133.7 £41.27 129.5 + 36.2 —4.2 +15.03 0.202° 0.0654 0.556°
Placebo 116.07 £ 31.9 114.02 + 33.13 —2.04 £ 8.2 0.26°

GCE, green coffee extract; BMI, body mass index; WC, waist circumference; NPY, neuropeptide Y; SD, standard deviation. *P values are for
comparison of variables at the baseline and after the trial within each group. {P values are for the comparison of variables between the two
groups after 12 weeks. 1P values are for comparison of changes in variables during the intervention between the two groups. ®P values obtained
from the paired sample t-test. °P values obtained from the Wilcoxon signed-rank test. °P values obtained from the independent sample t-test. P

values obtained from the Mann-Whitney U test.

with non-alcoholic fatty liver disease (NAFLD). The duration of
this intervention was 8 weeks and the dose of chlorogenic acid
used was 1 g day '. Furthermore, Mansour et al.>® reported
that 6 months of supplementation with 200 mg day ™" chloro-
genic acid alone and with caffeine had no significant effect on
the weight of diabetic patients with NAFLD. In the study of
Watanabe et al.,>® 140 mg d™* chlorogenic acid for 12 weeks in
patients with hypertension did not cause significant weight
loss. Another study in 2011 reported that consumption of
caffeinated coffee (containing 345 mg d ™" caffeine and 302 mg
d™" chlorogenic acid) and decaffeinated coffee (containing
216 mg d~' chlorogenic acid) for 8 weeks had no significant
effect on weight and BMI in overweight people.*® Furthermore
in an experimental study, consumption of chlorogenic acid
with a high-fat diet for 12 weeks did not cause significant
weight loss in mice.*’ In contrast, other studies showed that
the use of green coffee caused significant weight loss in the

10352 | Food Funct, 2022, 13,10347-10356

study population. In a clinical trial by Hosseinabadi et al.,*?
supplementation with 800 mg d™' green coffee extract in 48
NAFLD patients caused 1.64 kg weight loss after 8 weeks in the
intervention group. It has been reported by Martinez-Lopez
et al.*® that in 52 healthy and hypercholesterolemic individ-
uals, 8 weeks of consumption of green/roasted coffee, 6 g
day™" (445 mg caffeoylquinic acid and 121 mg caffeine), could
cause 0.5 to 1 kg weight loss in comparison with the control
group. In a study conducted in 2019°* among 142 overweight
people, it was found that daily consumption of 369 mg chloro-
genic acid (intervention group) compared to 35 mg chlorogenic
acid (control group) caused only 100 g weight loss after 12
weeks and decreased visceral fat and waist circumference,
which was significant compared to the controls. According to
the results of the aforementioned studies, although some
found a statistically significant weight reduction, this weight
loss was not probably clinically significant.

This journal is © The Royal Society of Chemistry 2022
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It could be argued that studies that have reported clinically
significant weight loss due to green coffee have used an
energy-restricted diet in addition to green coffee supplemen-
tation. For example, Dellalibera et al.>® observed a significant
reduction in weight, BMI, and body fat percentage by using a
weight-loss diet with 400 mg of DGCE per day for 60 days. In
another study, Haidari et al.'® evaluated the effect of energy
restriction along with supplementation with green coffee
extract on body composition. The results showed a significant
reduction in weight, BMI, fat mass, and waist-to-hip ratio after
8 weeks. In this study, no significant change was observed in
visceral fat. In addition, in a clinical trial of 34 patients, it was
shown that a dose of 800 mg GCE per day, along with diet and
weight loss recommendations, significantly reduced waist cir-
cumference, but the reductions of weight and BMI were mar-
ginally significant.*® In these studies, although the duration of
the intervention and the dose of GCE used were less than in
our study, the anthropometric indices decreased significantly,
which could be due to the application of energy restriction
along with green coffee supplementation. Moreover, due to the
synergistic effect of caffeine and chlorogenic acid, caffeinated
green coffee extract is better than caffeine alone or chlorogenic
acid alone in inhibiting weight gain.?”*® Because caffeine can
produce more heat in the body and chlorogenic acid can
reduce glucose uptake and the activity of sterol regulatory
element-binding protein (SREBP), a combination of these two
compounds may have a synergistic effect to prevent
lipogenesis.*®

In the present study, DGCE supplementation could signifi-
cantly reduce insulin and HOMA-IR levels in the intervention
group compared with the baseline; however, this decrease was
not significant in comparison with the control group. It has
been proposed that CGA delays intestinal glucose uptake by
inhibiting glucose-6-phosphatase translocase-1 and reducing
sodium-based glucose transport.*® CGA and its derivatives
appear to reduce hepatic glucose output by inhibiting glucose
6-phosphatase activity.”"**> In addition, some studies have
reported an inhibitory effect of CGA on a-amylase activity (a
key enzyme for digestion of dietary carbohydrates). Therefore,
inhibition of a-amylase can be a useful strategy for controlling
blood sugar by reducing glucose uptake.**** The effect of low-
dose green coffee supplementation has been investigated in
several studies.*>*” Studies that examined the effect of 200 mg
day ™! green coffee extract in patients with hypertension®> and
type 2 diabetic patients with NAFLD?® have not shown any
improvement in FBS, insulin, and HOMA-IR. In the present
study, despite the use of higher doses, no effect was observed
on these indicators, and these results are inconsistent with the
findings of Roshan et al.’*® and Shahmohammadi et al.,”” who
observed a significant decrease in FBS and HOMA-IR in
patients with metabolic syndrome and NAFLD at the same
dose or higher than ours; however, similar to our results,
Ochiai et al.*® by using higher doses (598 mg CGA) did not
observe any effect on FBS in healthy individuals. This may be
because basal FBS and insulin resistance levels are higher in
people with NAFLD and metabolic syndrome than in healthy

This journal is © The Royal Society of Chemistry 2022
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people. Just as other examples, Heidari et al.'® using a dose of
400 mg green coffee extract did not observe any significant
effect on FBS, insulin, and insulin resistance in healthy obese
women, while Hosseinabadi et al.®>” using a similar dose and
duration showed a significant decrease in FBS and HOMA-IR
in NAFLD patients. The use of high doses of chlorogenic acid
(1200 mg d™') in a clinical trial*® in patients with impaired
glucose tolerance (IGT) decreased FBS and insulin and
increased insulin sensitivity. In the present study, supplemen-
tation with a safe dose of DGCE in people with normal blood
sugar did not affect blood sugar.

Also, the results of the present study are consistent with
two meta-analyses and a review’’>* that reported that green
coffee extract has no significant effect on insulin and
HOMA-IR levels.

In the present study, changes in plasma leptin and adiponec-
tin levels in the two groups were not significant. Some studies
have shown that GCE may affect adiponectin gene expression.>?
CGA increases adiponectin levels by inducing peroxisome prolif-
erator-activated receptor gamma (PPAR-y) transcription activity.
In fact, PPAR-y affects adiponectin by controlling the expression
of the adiponectin gene in adipose tissue.'® It has also been
suggested that CGA can exert its anti-diabetic effects through
the adiponectin receptor signaling pathway.>* Eighty percent of
leptin is produced by subcutaneous adipose tissue. CGA has
been shown to reduce fat mass, which in turn can reduce leptin
concentration.'” The findings of the present study are consist-
ent with the results of some previous ones. Mansour et al.>®
showed that 6 months of supplementation with 200 mg d~*
chlorogenic acid alone or with caffeine did not cause significant
changes in adiponectin levels. In the study by Wedick et al.,* it
was shown that 8 weeks of caffeinated coffee consumption (con-
taining 345 mg of caffeine and 302 mg of chlorogenic acid)
could significantly increase adiponectin, while decaffeinated
coffee (containing 216 mg of chlorogenic acid) could not signifi-
cantly increase adiponectin levels in overweight people. Other
studies have shown that low-caffeine GC supplementation
(below 2%) did not significantly alter leptin and adiponectin
levels in obese NAFLD patients.**>> Another study®*® showed
that supplementation with green coffee + caffeine and also sup-
plementation with caffeine alone reduced leptin in mice, while
supplementation with green coffee alone did not affect leptin
concentration. However, a recent review article reported that the
effect of coffee consumption on leptin concentration is still
under debate.’® By comparing these results with the present
study, it can be said that the presence of caffeine and its dosage
may be an important intervening factor in determining the
effect of GCE on the serum levels of adiponectin and leptin and
regulating blood sugar.””

Heidari et al'® after 8 weeks of supplementation with
400 mg day ' green coffee extract along with energy restriction
observed a significant increase in adiponectin and a decrease
in leptin concentration in the intervention group. Maybe
energy restriction is also an important factor affecting the con-
centration of leptin and adiponectin, and perhaps DGCE alone
cannot affect the concentration of these adipokines, and there-
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fore its use along with energy restriction makes it more
effective. In addition, Madsen et al.>® reported that a weight
loss of more than 10% is necessary to cause a significant
change in adiponectin concentration in obese people.

To the best of our knowledge, our trial is the first study
investigating the DGCE supplementation effect on NPY con-
centration. Few studies have examined the effect of coffee on
NPY. Greenberg and Geliebter’® showed that decaffeinated
coffee consumption can increase peptide YY (PYY), and on the
other hand, Batterham et al.®® found evidence that PYY can
suppress NPY neurons and thereby reduce appetite.
Concerning the present study, NPY levels and food intake were
not significantly changed during the study.

The present randomized controlled trial has some strengths
and also some limitations. The double-blind randomized,
placebo-controlled design and the weekly follow-up of the par-
ticipants are the strengths of this study.

The limitation of the present study is its small sample size
which makes the generalizability of the findings difficult. The
budget deficit for conducting more laboratory tests and investi-
gating gene expression was another limitation of the present
study.

Conclusion

Overall, the findings of the present study show that DGCE sup-
plementation at a dose of 800 mg per day for 3 months could
not significantly affect the serum levels of leptin, adiponectin,
and NPY in BC survivors. Moreover, DGCE did not affect blood
glucose and anthropometric measurements of obese or over-
weight BC survivors.

Author contributions

EH and JH conceived the presented idea. MA and EH devel-
oped the proposal, obtained ethical approvals, and applied for
funding. MA, Z SM, SH, and MB contributed to the implemen-
tation of the study. MA, JN, JH, and SH performed the analysis
of the data. MA, SR, and EH wrote, reviewed, and edited the
first draft. MA, SH, Z SH, MB, and EH supervised and adminis-
tered the project. All authors reviewed and approved the final
version of the manuscript.

Conflicts of interest

The authors declare no conflicts of interest.

Acknowledgements

We acknowledge Shahid Beheshti University of Medical
Sciences, Tehran, Iran for financial and technical support of
this project (13367). Also we would like to thank all the study
subjects who participated in this study.

10354 | Food Funct, 2022,13,10347-10356

View Article Online

Food & Function

References

1 V. Vance, M. Mourtzakis, L. McCargar and R. Hanning,
Weight gain in breast cancer survivors: prevalence, pattern
and health consequences, Obes. Rev., 2011, 12, 282-294.

2 L. A. Emens and E. M. Jaffee, Leveraging the activity of
tumor vaccines with cytotoxic chemotherapy, Cancer Res.,
2005, 65, 8059-8064.

3 G. A. Porter, K. M. Inglis, L. A. Wood and P. ]J. Veugelers,
Effect of obesity on presentation of breast cancer, Ann.
Surg. Oncol., 2006, 13, 327-332.

4 S. Loi, R. L. Milne, M. L. Friedlander, M. R. McCredie,
G. G. Giles, J. L. Hopper and K.-A. Phillips, Obesity and out-
comes in premenopausal and postmenopausal breast
cancer, Cancer Epidemiol. Prev. Biomarkers, 2005, 14, 1686-
1691.

5 C. L. Rock, S. W. Flatt, T. E. Byers, G. A. Colditz,
W. Demark-Wahnefried, P. A. Ganz, K. Y. Wolin, A. Elias,
H. Krontiras and J. Liu, Results of the exercise and nutri-
tion to enhance recovery and good health for you
(ENERGY) trial: a behavioral weight loss intervention in
overweight or obese breast cancer survivors, J. Clin. Oncol.,
2015, 33, 3169.

6 R. Ricci and F. Bevilacqua, The potential role of leptin and
adiponectin in obesity: a comparative review, Vet. J., 2012,
191, 292-298.

7 S. Parida, S. Siddharth and D. Sharma, Adiponectin,
obesity, and cancer: clash of the bigwigs in health and
disease, Int. J. Mol. Sci., 2019, 20, 2519.

8 S. P. Brothers and C. Wahlestedt, Therapeutic potential of
neuropeptide Y (NPY) receptor ligands, EMBO Mol. Med.,
2010, 2, 429-439.

9 D. Icken, S. Feller, S. Engeli, A. Mayr, A. Miiller, A. Hilbert and
M. de Zwaan, Caffeine intake is related to successful weight
loss maintenance, Eur. J. Clin. Nutr., 2016, 70, 532-534.

10 M. Gronberg, M.-L. Fjillskog, K. Jirstrom and E. T. Janson,
Expression of ghrelin is correlated to a favorable outcome
in invasive breast cancer, Acta Oncol., 2012, 51, 386-393.

11 C. Henry-Vitrac, A. Ibarra, M. Roller, J.-M. Merillon and
X. Vitrac, Contribution of chlorogenic acids to the inhi-
bition of human hepatic glucose-6-phosphatase activity
in vitro by Svetol, a standardized decaffeinated green coffee
extract, J. Agric. Food Chem., 2010, 58, 4141-4144.

12 S.J. Song, S. Choi and T. Park, Decaffeinated green coffee
bean extract attenuates diet-induced obesity and insulin re-
sistance in mice, Evidence-Based Complementary Altern.
Med., 2014, 2014, 718379, DOIL: 10.1155/2014/718379.

13 L. Onakpoya, R. Terry and E. Ernst, The use of green coffee
extract as a weight loss supplement: a systematic review
and meta-analysis of randomised clinical trials,
Gastroenterol. Res. Pract., 2010, 2011, 382852, DOI: 10.1155/
2011/382852.

14 C. E. Mills, M. J. Oruna-Concha, D. S. Mottram,
G. R. Gibson and ]J. P. Spencer, The effect of processing on
chlorogenic acid content of commercially available coffee,
Food Chem., 2013, 141, 3335-3340.

This journal is © The Royal Society of Chemistry 2022


https://doi.org/10.1155/2014/718379
https://doi.org/10.1155/2011/382852
https://doi.org/10.1155/2011/382852
https://doi.org/10.1039/d2fo00983h

Published on 12 September 2022. Downloaded by American University of Beirut on 4/9/2024 9:23:14 AM.

Food & Function

15

16

17

18

19

20

21

22

23

24

25

26

H. Roshan, O. Nikpayam, M. Sedaghat and G. Sohrab,
Effects of green coffee extract supplementation on anthro-
pometric indices, glycaemic control, blood pressure, lipid
profile, insulin resistance and appetite in patients with the
metabolic syndrome: a randomised clinical trial,
Br. J. Nutr., 2018, 1-9.

F. Haidari, M. Samadi, M. Mohammadshahi, M. T. Jalali
and K. A. Engali, Energy restriction combined with green
coffee bean extract affects serum adipocytokines and the
body composition in obese women, Asia Pac. J. Clin. Nutr.,
2017, 26, 1048.

A.-S. Cho, S.-M. Jeon, M.-]. Kim, J. Yeo, K.-I. Seo, M.-S. Choi
and M.-K. Lee, Chlorogenic acid exhibits anti-obesity prop-
erty and improves lipid metabolism in high-fat diet-
induced-obese mice, Food Chem. Toxicol., 2010, 48, 937-
943.

M. Lukitasari, D. Nugroho, M. S. Rohman, N. Nugrahini
and T. W. Sardjono, Light-roasted Green Coffee Extract
improved adiponectin, insulin resistance, and metabolic
profile of metabolic syndrome rat model, Asian J. Pharm.
Clin. Res., 2017, 10, 279.

W. Jiang, Y. Wu and X. Jiang, Coffee and caffeine intake
and breast cancer risk: an updated dose-response meta-
analysis of 37 published studies, Gynecol. Oncol., 2013, 129,
620-629.

J.-S. Yang, C.-W. Liu, Y.-S. Ma, S.-W. Weng, N.-Y. Tang,
S.-H. Wu, B.-C. Ji, C.-Y. Ma, Y.-C. Ko and S. Funayama,
Chlorogenic acid induces apoptotic cell death in U937 leu-
kemia cells through caspase-and mitochondria-dependent
pathways, In Vivo, 2012, 26, 971-978.

S. E. Owumi, J. K. Olusola, U. O. Arunsi and A. K. Oyelere,
Chlorogenic acid abates oxido-inflammatory and apoptotic
responses in the liver and kidney of Tamoxifen-treated rats,
Toxicol. Res., 2021, 10, 345-353.

S. E. Owumi, R. A. Anaikor, U. O. Arunsi, O. A. Adaramoye
and A. K. Oyelere, Chlorogenic acid co-administration
abates tamoxifen-mediated reproductive toxicities in male
rats: An experimental approach, J. Food Biochem., 2021, 45,
€13615.

M. L. Pribyl, J. D. Smith and G. R. Grimes, Accuracy of the
Omron HBF-500 body composition monitor in male and
female college students, Int. J. Exercise Sci., 2011, 4, 2.

B. E. Ainsworth, W. L. Haskell, M. C. Whitt, M. L. Irwin,
A. M. Swartz, S. J. Strath, W. L. O. Brien, D. R. Bassett,
K. H. Schmitz and P. O. Emplaincourt, Compendium of
physical activities: an update of activity codes and MET
intensities, Med. Sci. Sports Exercise, 2000, 32, S498-S504.

J. A. Vinson, B. R. Burnham and M. V. Nagendran,
Randomized, double-blind, placebo-controlled, linear
dose, crossover study to evaluate the efficacy and safety of a
green coffee bean extract in overweight subjects, Diabetes,
Metab. Syndr. Obes.: Targets Ther., 2012, 5, 21.

S. Salamat, F. H. M. Mohammadshahi, M. Haghighizadeh,
B. Heli and M. Mohammadshahi, The effect of green
coffee bean extract supplementation on anthropometric
indices, lipid profile and high-sensitivity c-reactive

This journal is © The Royal Society of Chemistry 2022

27

28

29

30

31

32

33

34

35

36

View Article Online

Paper

protein in adult men with dyslipidemia, J. Biochem.
Technol., 2018, 2, 75-81.

H. A. Shahmohammadi, S. A. Hosseini, E. Hajiani,
A. S. Malehi and M. Alipour, Effects of green coffee bean
extract supplementation on patients with non-alcoholic
fatty liver disease: A randomized clinical trial, Hepatitis
Mon., 2017, 17, 102498, DOI: 10.1016/j.ctim.2020.102498.
A. Mansour, M. R. Mohajeri-Tehrani, M. Samadi,
M. Qorbani, S. Merat, H. Adibi, H. Poustchi and
A. Hekmatdoost, Effects of Supplementation with Main
Coffee Components on Hepatic, Metabolic, and
Inflammatory Indices in Patients with Non-Alcoholic Fatty
Liver Disease and Type 2 Diabetes: A Randomized, Double-
Blind, Placebo-Controlled, Clinical Trial, Nutr. J., 2019, 2,
DOLI: 10.1186/s12937-021-00694-5.

T. Watanabe, Y. Arai, Y. Mitsui, T. Kusaura, W. Okawa,
Y. Kajihara and 1. Saito, The blood pressure-lowering effect
and safety of chlorogenic acid from green coffee bean
extract in essential hypertension, Clin. Exp. Hypertens.,
2006, 28, 439-449.

N. M. Wedick, A. M. Brennan, Q. Sun, F. B. Hu,
C. S. Mantzoros and R. M. van Dam, Effects of caffeinated
and decaffeinated coffee on biological risk factors for type
2 diabetes: a randomized controlled trial, Nutr. J., 2011, 10,
1-9.

A. Mubarak, J. M. Hodgson, M. ]J. Considine, K. D. Croft
and V. B. Matthews, Supplementation of a high-fat diet
with chlorogenic acid is associated with insulin resistance
and hepatic lipid accumulation in mice, J. Agric. Food
Chem., 2013, 61, 4371-4378.

S. Hosseinabadi, M. Rafraf, A. Mahmoodzadeh, M. Asghari-
Jafarabadi and S. Asghari, Effects of green coffee extract
supplementation on glycemic indexes, leptin, and obesity
values in patients with non-alcoholic fatty liver disease,
J. Herb. Med., 2020, 22, 100340.

S. Martinez-Lopez, B. Sarria, R. Mateos and L. Bravo-
Clemente, Moderate consumption of a soluble green/
roasted coffee rich in caffeoylquinic acids reduces cardio-
vascular risk markers: Results from a randomized, cross-
over, controlled trial in healthy and hypercholesterolemic
subjects, Eur. J. Nutr., 2019, 58, 865-878.

T. Watanabe, S. Kobayashi, T. Yamaguchi, M. Hibi,
I. Fukuhara and N. Osaki, Coffee Abundant in Chlorogenic
Acids Reduces Abdominal Fat in Overweight Adults: A
Randomized, Double-Blind, Controlled Trial, Nutrients,
2019, 11, 1617.

O. Dellalibera, B. Lemaire and S. Lafay, Svetol, green coffee
extract, induces weight loss and increases the lean to fat
mass ratio in volunteers with overweight problem,
Phytotherapie, 2006, 4, 194-197.

H. Roshan, O. Nikpayam, M. Sedaghat and G. Sohrab,
Effects of green coffee extract supplementation on anthro-
pometric indices, glycaemic control, blood pressure, lipid
profile, insulin resistance and appetite in patients with the
metabolic syndrome: a randomised clinical trial,
Br. J. Nutr., 2018, 119, 250-258.

Food Funct., 2022,13,10347-10356 | 10355


https://doi.org/10.1016/j.ctim.2020.102498
https://doi.org/10.1186/s12937-021-00694-5
https://doi.org/10.1039/d2fo00983h

Published on 12 September 2022. Downloaded by American University of Beirut on 4/9/2024 9:23:14 AM.

Paper

37

38

39

40

41

42

43

44

45

46

47

48

49

A. Suzuki, A. Fujii, H. Jokura, I. Tokimitsu, T. Hase and
I. Saito, Hydroxyhydroquinone interferes with the chloro-
genic acid-induced restoration of endothelial function in
spontaneously hypertensive rats, Am. J. Hypertens., 2008,
21, 23-27.

G. Zheng, Y. Qiu, Q.-F. Zhang and D. Li, Chlorogenic acid
and caffeine in combination inhibit fat accumulation by
regulating hepatic lipid metabolism-related enzymes in
mice, Br. J. Nutr., 2014, 112, 1034-1040.

G. Zheng, K. Sayama, T. Okubo, L. R. Juneja and I. Oguni,
Anti-obesity effects of three major components of green
tea, catechins, caffeine and theanine, in mice, In Vivo,
2004, 18, 55-62.

K. W. Ong, A. Hsu and B. K. H. Tan, Chlorogenic acid
stimulates glucose transport in skeletal muscle via AMPK
activation: a contributor to the beneficial effects of coffee
on diabetes, PLoS One, 2012, 7, e32718.

B. K. Bassoli, P. Cassolla, G. R. Borba-Murad, J. Constantin,
C. L. Salgueiro-Pagadigorria, R. B. Bazotte, R. S. D. S. F. da
Silva and H. M. de Souza, Chlorogenic acid reduces the
plasma glucose peak in the oral glucose tolerance test:
effects on hepatic glucose release and glycaemia, Cell
Biochem. Funct., 2008, 26, 320-328.

S. Meng, J. Cao, Q. Feng, J. Peng and Y. Hu, Roles of chloro-
genic acid on regulating glucose and lipids metabolism: a
review, Evidence-Based Complementary Altern. Med., 2013,
2013, 801457, DOI: 10.1155/2013/801457.

J. Vinson, B. Burnham and M. Nagendran, Randomized,
double-blind, placebo-controlled, linear dose, crossover
study to evaluate the efficacy and safety of a green coffee
bean extract in overweight subjects, Phytother. Res., 2014,
28, 946-948.

L. Sun and M. Miao, Dietary polyphenols modulate starch
digestion and glycaemic level: A review, Crit. Rev. Food Sci.
Nutr., 2020, 60, 541-555.

R. H. Wong, M. L. Garg, L. G. Wood and P. R. Howe,
Antihypertensive potential of combined extracts of olive
leaf, green coffee bean and beetroot: a randomized,
double-blind, placebo-controlled crossover trial, Nutrients,
2014, 6, 4881-4894.

J--Y. Park, J.-Y. Kim, S.-P. Lee and ].-H. Lee, The effect of
green coffee bean extract supplementation on body fat
reduction in overweight/obese women, J. Nutr. Health,
2010, 43, 374-381.

S. Fukagawa, S. Haramizu, S. Sasaoka, Y. Yasuda,
H. Tsujimura and T. Murase, Coffee polyphenols extracted
from green coffee beans improve skin properties and
microcirculatory function, Biosci., Biotechnol., Biochem.,
2017, 81, 1814-1822.

R. Ochiai, H. Jokura, A. Suzuki, I. Tokimitsu, M. Ohishi,
N. Komai, H. Rakugi and T. Ogihara, Green coffee bean
extract improves human vasoreactivity, Hypertens. Res.,
2004, 27, 731-737.

L. Y. Zuniga, M. C. A.-D. Aceves-de la Mora, M. Gonzalez-
Ortiz, J. L. Ramos-Nunez and E. Martinez-Abundis, Effect

10356 | Food Funct,, 2022,13,10347-10356

50

51

52

53

54

55

56

57

58

59

60

View Article Online

Food & Function

of chlorogenic acid administration on glycemic control,
insulin secretion, and insulin sensitivity in patients with
impaired glucose tolerance, J. Med. Food, 2018, 21, 469-
473.

O. Nikpayam, M. Najafi, S. Ghaffari, M. A. Jafarabadi,
G. Sohrab and N. Roshanravan, Effects of green coffee
extract on fasting blood glucose, insulin concentration and
homeostatic model assessment of insulin resistance
(HOMA-IR): a systematic review and meta-analysis of inter-
ventional studies, Diabetol. Metab. Syndr., 2019, 11, 1-8.

Y. Chen, Y. Zhao, Y. Wang, A. Nazary-Vannani, C. C. Clark,
M. Sedanur Macit, V. Khani and Y. Zhang, The influence of
green coffee bean extract supplementation on blood
glucose levels: A systematic review and dose-response
meta-analysis of randomized controlled trials, Phytother.
Res., 2020, 34, 2159-2169.

H. Faraji, The effect of coffee-enriched chlorogenic acid on
insulin, GIP and GLP-1 levels in healthy humans: a sys-
tematic review, Prog. Nutr., 2019, 21, 744-751.

B.-K. Choi, S.-B. Park, D.-R. Lee, H. ]J. Lee, Y.-Y. Jin,
S. H. Yang and J.-W. Suh, Green coffee bean extract
improves obesity by decreasing body fat in high-fat diet-
induced obese mice, Asian Pac. J. Trop. Med., 2016, 9, 635-
643.

S. Jin, C. Chang, L. Zhang, Y. Liu, X. Huang and Z. Chen,
Chlorogenic acid improves late diabetes through adiponec-
tin receptor signaling pathways in db/db mice, PLoS One,
2015, 10, e0120842.

S. Hosseinabadi, M. Rafraf, S. Asghari, M. Asghari-
Jafarabadi and S. Vojouhi, Effect of green coffee extract sup-
plementation on serum adiponectin concentration and
lipid profile in patients with non-alcoholic fatty liver
disease: A randomized, controlled trial, Complementary
Ther. Med., 2020, 49, 102290.

V. Izadi, B. Larijani and L. Azadbakht, Is coffee and green
tea consumption related to serum levels of adiponectin
and leptin?, Int. J. Prev. Med., 2018, 9, 106, DOIL: 10.4103/
ijpvm.]JPVM_37_14. eCollection 2018.

G. Bhaktha, B. S. Nayak, S. Mayya and M. Shantaram,
Relationship of caffeine with adiponectin and blood sugar
levels in subjects with and without diabetes, J. Clin. Diagn.
Res., 2015, 9, BCO1.

E. L. Madsen, A. Rissanen, J. M. Bruun, K. Skogstrand,
S. Tonstad, D. M. Hougaard and B. Richelsen, Weight loss
larger than 10% is needed for general improvement of
levels of circulating adiponectin and markers of inflam-
mation in obese subjects: a 3-year weight loss study,
Eur. J. Endocrinol., 2008, 158, 179-188.

J. A. Greenberg and A. Geliebter, Coffee, hunger, and
peptide YY, J. Am. Coll. Nutr., 2012, 31, 160-166.

R. L. Batterham, M. A. Cowley, C. J. Small, H. Herzog,
M. A. Cohen, C. L. Dakin, A. M. Wren, A. E. Brynes,
M. J. Low and M. A. Ghatei, Gut hormone PYY 3-36
physiologically inhibits food intake, Nature, 2002, 418,
650-654.

This journal is © The Royal Society of Chemistry 2022


https://doi.org/10.1155/2013/801457
https://doi.org/10.4103/ijpvm.IJPVM_37_14. eCollection 2018
https://doi.org/10.4103/ijpvm.IJPVM_37_14. eCollection 2018
https://doi.org/10.1039/d2fo00983h

	Button 1: 


