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Abstract

Purpose Coffee is rich in bioactive compounds with health beneficial properties, with green coffee presenting higher phenol
content than roasted. We evaluated the effects of regularly consuming realistic amounts of a green/roasted coffee blend on
cardiovascular health-related biomarkers.

Methods A randomized, cross-over, controlled study was carried out in 25 normocholesterolemic [total cholesterol
(TC) <200 mg/dL] and 27 hypercholesterolemic (TC 200-240 mg/dL) subjects. During 8 weeks, volunteers consumed 6 g/
day of soluble green/roasted (35:65) coffee or a control beverage (water or an isotonic drink). Blood pressure, heart rate and
body weight were monitored at the end of each intervention, and serum lipids [TC, HDL-C, LDL-C, VLDL-C, triglycerides
and phospholipids], cytokines and chemokines (IL-1p, IL-2, IL-4, IL-5, IL-6, IL-7, IL-10, IL-12, IL-13, IL-17, G-CSF,
GM-CSF, MCP-1, MIP-1p, TNF-a, INF-y), adhesion molecules (ICAM-1, VCAM-1), and C-reactive protein were measured.
Plasma antioxidant capacity (FRAP, ORAC and ABTS methods), and lipid (malondialdehyde, MDA) and protein (carbonyl
groups, CG) oxidation were also determined.

Results Attending to the general lineal model of variance for repeated measures, after the green/roasted coffee intervention
significant reductions in TC, LDL-C, VLDL-C and triglycerides levels (p =0.006, 0.001, 0.003 and 0.017, respectively), and
a significant group effect were observed (0.001, <0.001, 0.019 and 0.027, respectively). Only within the hypercholesterolemic
group, attending to the Bonferroni test, the aforementioned lipid parameters were significantly lower after regular green/
roasted coffee intake compared to baseline values. Moreover, after the coffee stage, plasma antioxidant capacity improved,
according to the increase in ORAC and FRAP values (p <0.001 and p <0.001, respectively) and decrease of MDA (p=0.015)
and CG (p <0.001) levels, without differences between groups. Systolic (p =0.001) and diastolic (» <0.001) blood pressure,
heart rate (p =0.035), and body weight (p =0.017) were reduced in both normo- and hypercholesterolemic groups.
Conclusion Regular consumption of moderate amounts of a soluble green/roasted (35:65) coffee blend may contribute
to improve cardiovascular health in moderately hypercholesterolemic people, as reducing serum lipids, blood pressure
and body weight effects, as well as increasing plasma antioxidant capacity, have been observed. Moreover, positive influ-
ences on blood pressure, body weight, and plasma antioxidant capacity were obtained in the healthy group. Therefore,
incorporation of green coffee beans into the coffee brew can be recommended as part of a dietary strategy to protect from
cardiovascular disease.
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CRP C-reactive protein

DBP Diastolic blood pressure

FRAP Ferric reducing/antioxidant power
G-CSF Granulocyte colony-stimulating factor
ICAM-1 Intercellular cell adhesion molecule-1
IFNy Interferon gamma

IL Interleukin

LC-MS Liquid chromatography—mass spectrometry
MCP-1 Monocyte chemoattractant protein-1
MDA Malondialdehyde

MIP-1  Macrophage inflammatory protein-1 beta
ORAC Oxygen radical absorbance capacity
RCT Randomized clinical trial

SBP Systolic blood pressure

TC Total cholesterol

TG Triglycerides

TNF-a Tumor necrosis factor alpha

VCAM-1 Vascular cell adhesion molecule-1
Introduction

Coffee is a complex beverage containing a large range of
phytochemicals with potential health effects, including
methylxanthines (mostly caffeine), dietary fiber and minor
components such as the diterpenes, cafestol and kahweol or
trigonelline [1]. However, phenolic compounds are one of
the most abundant phytochemicals in coffee, mainly hydrox-
ycinnamoylquinic acids, also known as chlorogenic acids
or caffeoylquinic acids (CQAs). Polyphenols may amount
to up to 10% of the dry weight in the green beans, although
they are drastically lost during roasting, with losses over
50% of the initial phenolic content depending on the degree
of roasting [1, 2]. The major polyphenols are hydroxycin-
namoylquinic acids (caffeoylquinic, feruloylquinic and
p-coumaroylquinic acids), dicaffeoylquinic acids and
caffeoylferuloylquinic acids, in addition to caffeoylquinic
lactones formed during roasting [3, 4]. Other components
are also produced during roasting of the green beans such
as melanoidins (up to 29% in roasted beans) [5], hydroxy-
hydroquinone (HHQ) [6], or N-methylpyridinium (NMP), a
degradation product of trigonelline [7].

Coffee consumption has been reported to have an inverse
relationship with certain chronic disorders such as cancer,
type 2 diabetes or metabolic syndrome [8—10]. However,
it is still a habitual practice to limit or even to totally ban
caffeinated coffee consumption to patients suffering from
hypertension, arrhythmia or other cardiovascular condi-
tions in spite of the absence of recommendation of coffee
withdrawal in recent guidelines for the management of heart
failure [11]. Data in the literature concerning the effect of
coffee on biomarkers of cardiovascular risk (i.e. serum
lipids, blood pressure, endothelial function, inflammation,

@ Springer

etc.) are controversial [12]. There is evidence from rand-
omized clinical trials (RCT) showing that coffee, especially
boiled, unfiltered coffee, is associated with increased serum
lipids [total cholesterol (TC), LDL-cholesterol (LDL-C) and
triglycerides (TG)] [13, 14]. Coffee had been associated to
increased blood pressure in several meta-analyses of RCT
[15—17], although recent systematic reviews and meta-anal-
ysis of RCT and prospective observational studies did not
support an association between habitual coffee consump-
tion and increased risk of hypertension [18-20]. Similarly,
negative acute effects in vascular function [increased arterial
stiffness and arterial wave reflection, reduced flow mediated
dilation (FMD)] have also been reported in healthy individu-
als [21-23], although long-term studies show positive effects
on peripheral endothelial function [24].

Studies on the health effect of coffee have been performed
with caffeinated vs. decaffeinated coffee or pure caffeine,
coffees differing in brewing type (boiled, filtered, espresso,
etc.), coffee blends differing in the degree of roasting, etc.,
the complexity and variability of the coffee beverage and the
content of bioactive phytochemicals largely explaining the
controversial results in the literature. In a recent review on
the effects of coffee components on cardiovascular health,
caffeine was identified as the compound responsible for the
increase in blood pressure and other endothelial disorders,
diterpenoids for the hyperlipidemic effects of unfiltered cof-
fee, and hydroxyhydroquinones for the production of reac-
tive oxygen species (ROS) [25]. In contrast, CQAs seem
to mitigate the negative effects of coffee thanks to their
antioxidant, chemopreventive, antihypertensive and hypo-
glycemic properties [25]. This has drawn attention to green
coffee polyphenols, and several animal and human interven-
tion studies using chlorogenic acids, polyphenol-rich green
coffee bean extracts or green coffee have shown promising
results in body weight control [26, 27], plasma lipids [26,
28, 29], blood pressure [30-32], vascular function [24, 28,
33, 34], and glucose metabolism [29, 35].

An easy, straightforward way of increasing CQA content
of the coffee brew is to blend roasted coffee with unroasted
green coffee beans. This is an alternative already commer-
cially available in several countries as a soluble instant cof-
fee, although to the best of our knowledge the health effects
of such coffee blend on cardiovascular disease have not been
established. Thus, the aim of the present study was to evalu-
ate the effects of the sustained consumption of moderate,
realistic amounts (three cups a day during 8 weeks) of a
soluble green/roasted coffee product containing 35% green
coffee beans on cardiometabolic parameters. The study was
performed in healthy and cardiovascular risk subjects; con-
sidering the reported higher susceptibility of hyperlipidemic
individuals to the cholesterol-rising effect of coffee [13, 14].
Volunteers with mild hypercholesterolemia (total cholesterol
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200-240 mg/dL) were selected as subjects with cardiovas-
cular risk.

Subjects and methods
Subjects

The study met the guidelines laid down in the Declaration
of Helsinki of 1975 (revised in 1983) and was approved by
the Clinical Research Ethics Committee of Hospital Puerta
de Hierro (Madrid, Spain). Volunteers’ recruitment was
carried out through our website (http://www.ictan.csic.es),
as well as by giving short talks between lectures at Com-
plutense University faculties, and placing advertisements
at the University campus, in language and professional
schools and medical centers.

The inclusion criteria were as follows: 18—45 years old
men and women with body mass index (BMI) under 25 kg/
m?, non-smokers, non-vegetarian, non-pregnant women,
not-having vitamins or dietary supplements, not-having
been on antibiotic treatment 6 months before the start of
the study and not suffering chronic pathologies or disorders
other than the moderate hypercholesterolemia in the car-
diovascular risk subjects, who should not be under medical
treatment on statins or any other medication. Participants
were separated in two groups attending to their total cho-
lesterol (TC) levels determined in a pre-screen consented
blood analysis: normocholesterolemic (TC <200 mg/dL)
and hypercholesterolemic (TC >200-240 mg/dL) subjects.

Taking total cholesterol as the main variable, a sam-
ple size of 23 participants per group (i.e. normocholes-
terolemic subjects vs. hypercholesterolemic subjects) was
calculated based on the assumption that the within-patient
standard deviation of the response variable was 10, the
difference between treatments was 6 mg/dL and that the
study was randomized, controlled and cross-over. The sta-
tistical power was established at 80% and the significance
level at 0.05.

Fifty-four subjects fulfilling the inclusion criteria
accepted to participate in the study and gave informed
written consent. Only two individuals withdrew due to
personal and professional reasons. Of the remaining volun-
teers, 25 were normocholesterolemic and 27 were hyper-
cholesterolemic. The baseline characteristics of the 52 vol-
unteers who completed the study are presented in Table 1.

Study design

A randomized, controlled, cross-over study was carried out
in free-living subjects. After a 2-week run-in stage, dur-
ing which participants had to follow the food restrictions
mentioned below, subjects were randomly distributed in two
groups, so that half the participants consumed the coffee
product first and the other half had the control drink for 8
weeks. Then, after a 3-week wash-out period with the same
food restrictions, participants consumed the other beverage
during the same 8-week intervention period. Along the cof-
fee intervention, volunteers were indicated to consume three
servings of 2 g of the coffee blend dissolved in 200 mL of
hot water, three times a day, preferably at breakfast, mid-
day and after lunch. Volunteers were instructed to consume
the coffee without milk or sugar, but if indispensable, to
add a small amount. The control drink consisted of water
or an isotonic drink, caffeine and polyphenol free, which
should be consumed three times a day, instead of coffee.
Blood samples, blood pressure, heart rate and body weight
measurements were taken at baseline (i.e. at the end of the
run-in period), control, wash-out and coffee stages.

Coffee composition

The soluble coffee product was a commercial green/roasted
blend containing 35% green beans, provided to the volun-
teers in blind individual sachets. Total soluble polyphenols
in the green/roasted coffee brew were analyzed by HPLC-
DAD using an Agilent 1200 HPLC (Agilent Technologies,
CA, USA) as described before [4]. Methylxanthine content

Table 1 Baseline characteristics
of the participants in the study

Normocholesterolemics (n=25)

Hypercholesterolemics (n=27)

Men (n=10) Women (n=15) Men (n=10) Women (n=17)
Age (years) 2477+£5.8 26.6+7.7 348+9.2 33.3+10.2
Weight (kg) 76.8+13.4 57.6+7.0 782+7.7 56.7+7.6
BMI (kg/m?) 242428 219+2.5 249+23 21.4+25
Total-cholesterol (mg/dL) 150.2+21.1 167.9+22.5 233.4+27.7 234.4+21.5
Systolic BP (mmHg) 123.1+8.3 107.8+8.3 128.8+9.4 111.5+10.6
Diastolic BP (mmHg) 74.2+6.2 67.6+5.5 83.1+8.8 71.3+8.2
Heart rate (bpm) 62.7+8.3 72.4+10.3 64.3+9.6 71.6+6.7

Values represent mean + standard deviations

BMI body mass index; BP blood pressure
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Table 2 Phytochemical composition of the green/roasted coffee prod-
uct analyzed by HPLC-DAD

Caffeoylquinic acids (mg/g) 51.22+1.74
Feruloylquinic acids (mg/g) 10.37+0.51
Dicaffeoylquinic acids (mg/g) 8.32+0.63
Caffeoylshikimic acids (mg/g) 0.26+0.02
Caffeoylquinic lactone (mg/g) 1.70+0.08
Caffeoylferuloylquinic acid (mg/g) 1.05+0.11
Caffeoyl-N-tryptophan (mg/g) 1.30+0.11
Total CQAs (mg/g) 74.21+3.20
Caffeine (mg/g) 20.20+1.80
Theobromine (mg/g) 0.03+0.01
Theophylline (mg/g) -

Total methylxanthines (mg/g) 20.23+1.81

Values represent mean=+standard deviation (n=3). They are
expressed as mg/g of dry matter

CQAss caffeoylquinic acids

was analyzed by HPLC-DAD following a method previ-
ously described [36]. The content of the major hydroxycin-
namoylquinic acids and methylxanthines in coffee is shown
in Table 2. Coffee presented 74.2 mg/g (dry matter) of total
hydroxycinnamic acids and 20.2 mg/g (dry matter) of total
methylxanthines. Therefore, the daily consumption of a
2 g sachet of instant coffee three times a day, which can
be considered a realistic, moderate consumption of coffee,
provided a total amount of 445.2 mg CQAs and 121.2 mg of
caffeine. This dose of phenolic compounds was higher than
that used by Ochiai et al. [33] (140 mg/day of polyphenols
as a green coffee bean extract, GCBE) or Kozuma et al. [30]
(46185 mg/day GCBE), and comparable to doses used by
Bakuradze et al. [7] (435 mg/day of CQAs provided as an
antioxidant-rich coffee brew), but lower than the amounts
used in other interventions studies with GCBE (600 mg/day
[24], up to 1050 mg/day [27]), pure chlorogenic acid (2 g in
an acute study [37]), or coffee brews providing total CQAs
doses of 665.8 mg/day [38], 1200 mg/day [39] or as high as
8200 mg/day [32].

Dietary control and compliance

Along the whole study, participants were asked to maintain
their habitual lifestyle and dietary habits, and to refrain from
consuming other coffee products, certain fruits and vegeta-
bles rich in polyphenols, particularly those rich in hydroxy-
cinnamic acids (artichokes, chard, broccoli, eggplant, soya,
oranges, grapes, plums or cherries among others) as well as
their derived products and beverages, including wine and
juices. Tea, cocoa and yerba mate, as well as whole wheat
products and caffeine-rich drinks were also restricted. The
consumption of potatoes, apples, pomegranates, rice or corn
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was reduced to once a week. These restrictions were aimed
at reducing inter-individual differences in polyphenol and
methylxanthine intake. A list of alternative foods was pro-
vided to the volunteers to facilitate their food choice during
the study.

In the last week of each stage of the study, volunteers
were asked to complete a 72-h detailed food intake record,
specifying the ingredients, amounts, and serving weights
when possible. Volunteers were instructed on how to fill in
the dietary records before starting the study. Compliance of
food restrictions and coffee intake was controlled by calling
the volunteers every week, and counting the number of cof-
fee servings before and after the intervention. To estimate
the energy intake and dietary composition, the programme
DIAL [Department of Nutrition and Bromathology I, School
of Pharmacy, Complutense University of Madrid (UCM),
Spain] was used.

Physical activity and body weight

Participants were asked not to change their usual level of
physical activity during the study. At baseline and at the end
of each stage of the study, volunteers filled out a question-
naire on three representative days to evaluate their physical
activity including that involved in their occupation. They
were asked to record the minutes dedicated to work, sports
and free-time, and also their sleeping time, and then their
physical activity factor was calculated using the program
ADN (Department of Nutrition and Bromathology I, Phar-
macy Faculty, Complutense University of Madrid (UCM),
Spain). Also, at baseline and at the end of each stage, vol-
unteer’s body weight was measured using a BC-418 MA
(Tanita Corporation) equipment.

Cardiovascular parameters

At the end of the stages of the study, after an overnight fast
and before blood sampling, volunteers rested for at least
5 min before measuring systolic (SBP) and diastolic (DBP)
blood pressure and heart rate. Measures were taken using an
automatic arm sphygmomanometer (Pic Indolor Diagnos-
tic, BS 150, Artsana, Italy) in triplicates, waiting for 3 min
between measurements. Readings were compared, and if not
in agreement within 10-15 mmHg in blood pressure and 5
beats per minute (bpm) in heart rate was not accepted.

Blood sampling

After 8—10 h overnight fast, blood samples were col-
lected using BD Vacutainer® tubes (Becton, Dickinson
and Company, New Jersey, USA) with EDTA or without
anticoagulant to separate plasma and serum, respectively.
Plasma samples were immediately centrifuged after blood
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collection, whereas serum samples were maintained 30 min
at room temperature after collection. After centrifugation for
10 min at 1500g, 4 °C (Biofuge Primo R Haereus centrifuge,
IMLAB, Lille, France), aliquots were separated and stored
at — 80 °C until analysis.

Biochemical analysis

Total cholesterol (TC), high-density lipoprotein cholesterol
(HDL-C), low-density lipoprotein cholesterol (LDL-C),
very low-density lipoprotein cholesterol (VLDL-C), phos-
pholipids and triglycerides were determined in serum sam-
ples following reference methods or methods recommended
by Sociedad Espafiola de Bioquimica Clinica y Patologda
Molecular (SEQC) using a Roche Cobas Integra 400 plus
analyser (Roche Diagnostics, Mannheim, Germany). The
enzymes aspartate aminotransferase (AST) and alanine ami-
notransferase (ALT) were analyzed according to standard-
ized spectrophotometric techniques.

Inflammatory biomarker analysis

High-sensitive C-reactive protein (CRP) was determined
in serum using an automatized ultrasensible turbidimetric
method (AU2700 Biochemistry Analyzer, Olympus). In
plasma samples, using Bio-Plex kit Pro Human Cytokine,
Chemokine and Growth Factor Assay (group I), IL-1f, IL-2,
IL-4, IL-5, IL-6, IL-7, IL-10, IL-12, IL-13, IL-17, G-CSF,
GM-CSF, INF-y MCP-1, MIP-18, and TNF-a were analyzed,
where intra-assay %CV were 6, 7,9, 8,7, 6,5, 6, 8, 8, 10,
12, 15, 9, 8 and 8 and inter-assay %CV were 8, 9, 8, 10,
11,8,6,6,7,6,5,6,9,7, 8 and 6, respectively. Bio-Plex
kit Pro Human Cytokine, Chemokine and Growth Factor
Assay (group II) was used to analyze cell adhesion molecules
ICAM-1 and VCAM-1, where intra-assay %CV were 4.3
and 6.7 and inter-assay %CV were 3.8 and 5.5, respectively.
All analytes were measured in duplicates on a MAGPIX™
Multiplex reader fitted to a Bio-Plex Pro Wash Station and
software Bio-Plex Manager™ MP (Luminex Corporation,
Austin, USA) was used for data processing. Results were
expressed as pg/mL plasma, except adhesion molecules
which were expressed as ng/mL and CRP as mg/dL.

Analysis of antioxidant capacity and oxidation
biomarkers

Free radical scavenging activity of plasma was measured
using the ABTS radical cation [40] and the oxygen radical
absorbance capacity (ORAC) [41] methods, and the reduc-
ing capacity was determined by the ferric reducing/antioxi-
dant power (FRAP) assay [42]. Trolox was used as standard
and results were expressed as uM of Trolox equivalent (TE).

All samples were analysed in triplicates on a Beckman DU
640 spectrophotometer (Beckman Coulter, California, USA),

Lipid peroxidation was measured in serum by determin-
ing malondialdehyde (MDA) levels as described by Mateos
et al. [43]. Concentrations were expressed as nmol MDA/
mL serum. Protein peroxidation was measured in serum by
determining the concentration of carbonyl groups according
to Ritcher et al. [44]. Protein concentration was analysed
spectrophotometrically using the Bradford reagent. Results
were expressed as nmol/mg protein.

Statistical analysis

Results are shown as means + standard errors. Statistical
analyses were carried out using the program SPSS version
23.0 (IBM Company, NY, USA). Normality of distribu-
tion and homogeneity of variance were evaluated using the
Kolmogorov—Smirnov and Levene tests, respectively, for
all variables studied. As aforementioned, measurements
of all the biomarkers studied were taken at baseline (i.e.
at the end of the run-in period) and at the end of the con-
trol, wash-out and coffee stages. To exclude the presence of
a carryover effect, the 3-week wash-out period data were
used to compare if there were any differences between the
subgroup that started with the control intervention and the
subgroup that started with the coffee intervention. As we did
not observe differences between the subgroups, the wash-
out data were not included in the present work. To assess
changes in outcome variables in response to the interven-
tion treatments (intra-subject factor), the baseline, coffee
and control data were statistically studied using the general
linear model of variance for repeated measures and, to evalu-
ate the effects of belonging to the normocholesterolaemic or
hypercholesterolaemic group, the group was considered as
an inter-subject factor. Furthermore, differences within each
group were studied using paired ¢-tests with Bonferroni cor-
rections (Bonferroni Post hoc test). Significance level was
established at p <0.05.

Results
Dietary control and compliance: body weight

The 72-h intake reports were pre-filtered to avoid including
non-reliable data and were contrasted with the volunteers
whenever necessary. In this sense, reports that showed daily
estimations 70% below light-activity energy intake recom-
mendations or 130% above normal-activity energy intake
recommendations attending to age and gender were dis-
carded [45]. The reports of four volunteers were discarded
for both the coffee and control interventions. Volunteers
were called weekly to follow-up their fulfillment of dietary
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indications and food restrictions. At the end of the study,
when they were asked to return any unused sachet, only one
volunteer returned some coffee sachets. Attending to their
feedback, it was assumed that compliance was appropriate.

The intake of most nutrients were below the dietary rec-
ommendations [45], such as the intake of carbohydrates
that was under 50-60% (37.9-41.2 and 35.3-38.8% in the
normocholesterolemic and hypercholesterolemic groups,
respectively) and PUFA, which was below 17% (4.8-5.1%
in the normocholesterolemic participants and 5.0-5.3%
in the hypercholesterolemic group). In contrast, proteins
(17.5-18.6 and 16.8-18.4% in the normocholesterolemic
and hypercholesterolemic groups, respectively), lipids
(37.9-39.4 and 35.0-39.3% in the normocholesterolemic and
hypercholesterolemic groups, respectively) and saturated
fatty acids (SFA; 12.4-13.5 and 11.5-13.5% in the normo-
cholesterolemic and hypercholesterolemic groups, respec-
tively) were higher than the recommended intakes (proteins:
10-15%; lipids: 30-35%; SFA <7% of daily energy intake)
(Table 3). MUFA intake (16.4-18.4% in the normocholes-
terolemic group and 14.2-16.2% in the hypercholesterolemic
participants) was quite higher than the recommended intake
(3—6%) due to the majority of volunteers using exclusively
olive oil as cooking fat. Intake of protein (p =0.025) was
lower at the end of the coffee intervention, whereas none of
the other dietary intake parameters showed statistical differ-
ences along the study. There were no differences between
the normocholesterolemic and hypercholesterolemic groups.

Volunteers showed a physical activity factor between 1.6
and 1.8; therefore, attending to the FAO/WHO/UNU Expert
Consultation Report on Energy and Protein Requirements
[46], their physical activity was moderate. As instructed,

Table 3 Reported energy and dietary component intakes and body weight

participants did no modify their habitual physical activity
and, in agreement, these factors did not change along the
study. Interestingly, however, the consumption of the coffee
blend significantly reduced body weight (Table 3).

Cardiovascular parameters

All subjects were normotensive and their heart rate was
within the normal range (60-100 bpm) (Table 1), although
values of systolic and diastolic blood pressure and heart
rate were slightly higher in the hypercholesterolemic sub-
jects compared to the normocholesterolemic, a tendency
that was maintained along the study. Interestingly, SBP
and DBP significantly decreased in both normocholester-
olemic (p =0.001) and hypercholesterolemic (p <0.001)
groups (Table 4). In the hypercholesterolemic subjects, both
parameters were statistically lower after the coffee interven-
tion compared to baseline, although not different to control
values. Accordingly, heart rate decreased after the coffee
intervention (p =0.035).

Biochemical analysis

At baseline, serum levels of lipids were within the range
established by Sociedad Espafiola de Bioquimica Clinica y
Patologia Molecular (SEQC) in the normocholesterolemic
group, whereas in the hypercholesterolemic these biomarkers
were higher in agreement with their pathology (Table 5). A sig-
nificant reduction of TC, LDL-C, VLDL-C and TG (p=0.006,
0.001, 0.003 and 0.017, respectively) related to coffee con-
sumption was observed. There was a significant difference in
these parameters due to belonging to the normocholesterolemic

Normocholesterolemics (n=25) Hypercholesterolemics (n=27) p value

Basal Control Coffee Basal Control Coffee Coffee vs ~ Group
Energy (Kcal/day) 1878 +110 1854 +79 1817 +79 1860 +83 1857 +107 1779+ 95 0.539 0.954
Dietary fibre (g/day) 13.6+1.0 14.7+0.9 142+0.8 17.3+1.2 17.6+14 17.1+1.3 0.679 0.884
Carbohydrates (g/day) 180.0+12.3  180.6+7.9 177.0+£10.2  184.2+8.1 167.8+11.8 1699+11.1 0.390 0.470
Lipids (g/day) 77.9+5.1 76.0+3.4 74.7+4.5 78.0+3.2 71.9+3.5 69.0+5.4 0.212 0.698
Proteins (g/day) 87.2+4.8 79.3+4.3 789+4.2 79.7+4.4 759+39 73.5+3.6 0.025 0.760
Cholesterol (mg/day) 295.1+159 286.8+19.5 2869+223 2829+209 246.6+255 246.1+314 0.341 0.649
SFA (g/day) 269+1.7 26.8+1.6 25.5+19 254+14 26.7+1.5 23.0+2.3 0.235 0.732
MUFA (g/day) 339+2.1 369+1.8 333+2.1 321+1.8 28.4+2.4 289+22 0.521 0.165
PUFA (g/day) 9.6+0.7 9.9+0.6 10.2+0.6 10.8+0.9 10.0+0.8 10.3+0.9 0.876 0.588
Body weight (kg) 63.0+22 62.8+2.8 62.5+2.3 63.0+2.8 62.9+2.8 62.0+2.8 0.017 0.751

Values represent mean + standard error of mean. p values under the coffee column correspond to the effect of the treatment (intra-subject factor),
i.e. consuming the control or coffee beverage, which was studied using a general linear model of the variance for repeated measures analysis,
taking the group as an inter-subject factor. p values under the group column correspond to the coffee X group (normocholesterolemic vs. hyper-

cholesterolemic) interaction

MUFA mono-unsaturated fatty acid, PUFA poly-unsaturated fatty acid, SFA saturated fatty acid

@ Springer



European Journal of Nutrition (2019) 58:865-878 871

Table 4 Effects of the consumption of green/roasted coffee on blood pressure and heart rate

Normocholesterolemics (n=25) Hypercholesterolemics (n=27) p value

Basal Control Coffee Basal Control Coffee Coffee Group
Systolic BP (mmHg) 113.3+2.1 112.6+2.0 109.9+2.1 119.4+2.9* 115.8+2.5%® 1142+3.1° 0.001 0.451
Diastolic BP (mmHg) 69.5+1.2 69.2+1.0 672+1.2 76.8+2.2° 73.3+1.9° 71.242.2° <0.001 0.181
Heart rate (bpm) 67.9+1.7 66.7+1.8 65.5+2.1 70.1+1.6 69.9+1.7 67.5+1.8 0.035 0.813

Values represent mean + standard error of mean. p values under the coffee column correspond to the effect of the treatment (intra-subject factor),
i.e. consuming the control or coffee beverage, which was studied using a general linear model of the variance for repeated measures analysis,
taking the group as an inter-subject factor. p values under the group column correspond to the coffee X group (normocholesterolemic vs. hyper-
cholesterolemic) interaction. Superscripts (*®) correspond to significant differences according to the Bonferroni test within either the normocho-
lesterolemic or hypercholesterolemic group

BP blood pressure

Table 5 Effects of the consumption of green/roasted coffee on biochemical parameters

Normocholesterolemics (n=25) Hypercholesterolemics (n=27) p value

mg/dL Basal Control Coftee Basal Control Coffee Coffee ~ Group

Total-cholesterol 160.7£4.5 161.9+4.7 1629+4.4  231.4+4.9° 217.1£34°%  2104+4.8° 0.006 0.001
HDL-cholesterol 559+29 56.7+2.4 582427 63.1+3.1 59.4+£2.5 62.7+2.9 0.330 0.362
LDL-cholesterol 88.9+3.8 88.7+3.9 89.4+4.7 154.7+4.1*  139.4+4.3°  1359+5.1° 0.001 <0.001
VLDL-cholesterol 142+15 139+1.1 13.7+1.1 21.3+1.6 17.4+1.2° 16.5+1.2° 0.003 0.019
Tryglicerides 71.3+7.1 70.0£5.2 71.0£5.7 103.3+7.5% 86.6+£5.5% 82.9+6.1° 0.017 0.027
Phospolipids 177.8£6.1 180.6 +3.8 179.1+£5.6  226.6+58  214.1+£3.6° 2189+53® 0.295 0.056
Alanine aminotransferase 19.0+0.8 17.2+0.8 18.8+0.7 21.3+1.2 20.5+0.7 21.5+15 0.900 0.755
Aspartate transaminase 16.8+1.3 143+1.1 15.1+14 21.4+2.1 18.6+1.3 19.4+2.0 0.055 0.983

Values represent mean + standard error of mean. p values under the coffee column correspond to the effect of the treatment (intra-subject factor),
i.e. consuming the control or coffee beverage, which was studied using a general linear model of the variance for repeated measures analysis,
taking the group as an inter-subject factor. p values under the group column correspond to the coffee X group (normocholesterolemic vs. hyper-
cholesterolemic) interaction. Superscripts (*°) correspond to significant differences according to the Bonferroni test within either the normocho-

lesterolemic or hypercholesterolemic group

or hypercholesterolemic group (p=0.001, <0.001, 0.019 and
0.027, respectively), so that the reductions of these biomarkers
only took place in the hypercholesterolemic subjects. Accord-
ing to the paired test, the aforementioned serum lipids levels as
well as phospholipids in this group were lower after the con-
trol and coffee interventions compared to baseline. In contrast,
in the normocholesterolemic group, HDL-C levels slightly
increased after coffee intervention, although the change was
not statistically significant. The levels of alanine aminotrans-
ferase and aspartate transaminase were not affected during the
intervention (Table 5).

Inflammatory biomarker analysis

Inflammatory biomarkers did not show significant changes
along the study according to the repeated measures test.
However, in some parameters there was a small response in
opposite directions in the two study groups. In the healthy
subjects, plasma levels of IL-2 significantly decreased
according to the Bonferroni test and the pro-inflammatory

cytokines IL-1f, IL-6 and TNF-a tended to be reduced,
whereas in the hypercholesterolemic participants there
was no modification of these cytokines. In contrast, anti-
inflammatory markers IL-4, IL-10 and IL-13 tended to be
increased in the high-risk subjects, with a trend for reduc-
tion in healthy participants (Table 6). In normocholester-
olemic subjects, other pro-inflammatory cytokine concen-
trations that showed a slight trend to decrease after coffee
supplementation were IL-5, IL-7, IL-17 and IFN-y, whereas
in the hypercholesterolemic group such tendency was not
observed. Interestingly, plasma levels of CRP decreased
after green/roasted coffee intake in both study groups, being
statistically lower than baseline and control values according
to the Bonferroni test. Regarding other pro-inflammatory
molecules and chemokines, there was no clear tendency. In
healthy volunteers, G-CSF values were significantly lower at
the control and coffee stages compared to baseline according
to the paired test, and MCP-1 levels decreased, although not
statistically, after coffee intake, whereas MIP-1p values were
slightly increased and GM-CSF were not modified (Table 6).
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Table 6 Effects of the consumption of green/roasted coffee on inflammatory biomarkers

Normocholesterolemics (n=25) Hypercholesterolemics(n =27) p value

Basal Control Coffee Basal Control Coffee Coffee  Group
CRP (mg/dL) 0.041+0.01*  0.041+0.01*  0.028+0.01"  0.078+0.02*  0.072+0.02>  0.052+0.02° 0.226 0.865
IL-1P (pg/mL) 5.0+0.6 44+04 3.7+0.5 5.1+0.6 5.1+0.6 5.0=+0.6 0.335 0.458
IL-2 (pg/mL) 14.7+2.1* 10.0£1.1%° 73+1.5° 14.1+£2.5 12.6 +1.2 15.1+1.7 0.074 0.029
IL-4 (pg/mL) 3.13+0.3 2.70+0.3 2.56+0.3 3.09+0.3 3.40+0.3 3.59+0.3 0.974 0.140
IL-5 (pg/mL) 8.45+0.8 7.54+0.8 6.30+1.4 9.55+0.7 8.74+0.7 9.12+1.2 0.442 0.645
IL-6 (pg/mL) 17.8+2.0 16.8+1.8 149+2.1 17.5+1.9 182+1.7 18.7+1.9 0.860 0.457
IL-7 (pg/mL) 125+1.0 11.7+0.9 102+1.2 127+1.2 12.4.+1.0 133+1.4 0.732 0.366
IL-10 (pg/mL) 19.4+2.6 15.5+2.2 16.2+2.2 16.2+2.7 17.5+2.4 22.7+2.3 0.313 0.046
IL-12 (pg/mL) 53.5+6.8 39.3+5.5° 65.4+5.1° 56.2+6.3 549+5.1 53.8+4.7 0.082 0.057
IL-13 (pg/mL) 12.83+1.0 11.35+0.9 11.87+1.2 11.36+1.1 12.73+1.0 14.17+£1.3 0.512 0.121
IL-17 (pg/mL) 31.2+5.7 26.2+3.7 253+59 353+39 36.6+3.1 36.6+5.0 0.883 0.728
TNF-a (pg/mL) 23.17+1.9 199+2.3 16.8+2.7 212+2.1 229+2.4 21.6+29 0.310 0.241
INF-y (pg/mL) 297.0+33.7 293.8+£29.5 233.5+41.7 312.1+30.7 342.2+26.9 336.1+37.5 0.539 0.341
MCP-1 (pg/mL) 87.9+5.2 89.4+4.2 77.4+5.6 90.5+5.8 97.1x4.7 97.2+6.2 0.448 0.194
MIP-1 (pg/mL) 102.9+6.9 110.7+5.8 107.8+£5.8 111.9+7.1 120.7+£4.5 108.4 +4.6 0.110 0.504
G-CSF (pg/mL) 38.8+2.6° 30.7+2.5° 28.5+3.3° 38.4+2.7 37.2+2.6 40.6+3.4 0.150 0.055
GM-CSF (pg/mL) 221.9+28.7 202.1+17.9 220.8+14.3 222.0+26.7 201.9+16.7 189.4+13.3 0.575 0.673
ICAM-1 (ng/mL) 194.6+4.9 204.5+5.2 187.2+5.3 192.1+5.3 194.1+£5.7 188.8+5.7 0.085 0.428
VCAM-1 (ng/mL) 263.4+8.7 252.0+7.5 253.6+9.0 249.9+9.1 255.0+7.9 258.8+9.5 0.853 0.435

Values represent mean + standard error of mean. p values under the coffee column correspond to the effect of the treatment (intra-subject factor),
i.e. consuming the control or coffee beverage, which was studied using a general linear model of the variance for repeated measures analysis,
taking the group as an inter-subject factor. p values under the group column correspond to the coffee X group (normocholesterolemic vs. hyper-
cholesterolemic) interaction. Superscripts (*°) correspond to significant differences according to the Bonferroni test within either the normocho-

lesterolemic or hypercholesterolemic group

CRP C reactive protein, G-CSF granulocyte colony-stimulating factor, GM-CSF granulocyte-macrophage colony-stimulating factor, /CAM-
1 intercellular cell adhesion molecule-1, /FN-y interferon gamma, /L interleukin, MIP-1 macrophage inflammatory protein 1 alpha, MCP-1
monocyte chemoattractant protein-1, TNF-a tumor necrosis factor alpha, VCAM-1 vascular cell adhesion molecule-1

In the hypercholesterolemic group, there were no relevant
changes in any of these inflammatory mediators. Adhesion
molecules ICAM-1 and VCAM-1 did not change along the
study; only a slight reduction was observed in the healthy
subjects after consuming coffee (Table 6).

Oxidation and antioxidant biomarker analysis

After the coffee intervention, the antioxidant capacity meas-
ured by ORAC (p <0.001) and FRAP (p <0.001) assays sig-
nificantly increased in both groups (Table 7). According to
the paired test, after coffee consumption ORAC values were
significantly higher than at baseline in the healthy group and
higher than the control values in the hypercholesterolemic,
whereas FRAP values after the coffee intervention were sig-
nificantly higher than the control in both groups. However,
no change was observed when the antioxidant capacity was
measured by the ABTS assay.

Oxidative damage to serum lipids and proteins (Table 7),
measured by MDA and carbonyl groups, respectively, signif-
icantly decreased after the coffee intervention (p=0.015 and
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p <0.001, respectively). According to the Bonferroni test,
MDA levels significantly decreased after the coffee interven-
tion compared to baseline values in the healthy group and
carbonyl values were statistically lower than at baseline in
both groups, showing an effect due to the group (p=0.011).

Discussion

For many years, coffee consumption has been associated with
increased cardiovascular risk. In contrast, this study shows
that regular consumption of a soluble coffee product contain-
ing 35% of green coffee may reduce cardiovascular risk in
hypercholesterolemic subjects by lowering blood pressure
and heart rate, improving lipid profile and increasing plasma
antioxidant capacity. The study was carried out in free-living
subjects who only restricted the consumption of certain poly-
phenol- and methylxanthine-rich foods and daily consumed
three cups of a green/roasted coffee blend (2 g/serving), which
represents a moderate, realistic coffee consumption rate.
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Table 7 Effects of the consumption of green/roasted coffee on oxidation and antioxidant biomarkers
Normocholesterolemics (n=25) Hypercholesterolemics (n=27) p value
Basal Control Coffee Basal Control Coffee Coffee ~ Group
ORAC (uM TE) 15,428 £459° 15,543 +416™  17,136+552° 16,443 +685" 15,756+702° 19,007+1015* <0.001 0.198
FRAP (uM TE) 581.4+17.3*  530.6+16.38° 612.8+23.17*° 5342+26.0° 516.7+17.5° 580.9+23.4° <0.001 0.442
ABTS (uM TE) 3182.4+574 3144.0+489  3181.5+£763  31954+427  3201.6+59.7 3397.1+75.6 0.05 0.183
MDA (nmol/mL) 2.18+0.13* 2.02:+£0.09% 1.83+0.08° 2.23+0.11 2.28+0.10 2.00+£0.08 0.015 0.481
Carbonyl groups 0.36+0.02*  0.34+0.02° 0.24+0.01° 0.40+0.01* 029+0.02°  026+0.02° <0.001 0.011
(nmol/mg pro-
tein)

Values represent mean =+ standard error of mean. p values under the coffee column correspond to the effect of the treatment (intra-subject factor),
i.e. consuming the control or coffee beverage, which was studied using a general linear model of the variance for repeated measures analysis,
taking the group as an inter-subject factor. p values under the group column correspond to the coffee X group (normocholesterolemic vs. hyper-
cholesterolemic) interaction. Superscripts (*®) correspond to significant differences according to the Bonferroni test within either the normocho-

lesterolemic or hypercholesterolemic group

ABTS free radical 2,2'-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid)-scavenging capacity, FRAP ferric reducing/antioxidant power, MDA
malondialdehyde, ORAC oxygen radical absorbance capacity, TE Trolox equivalents

It is well known that enrolling in a nutrition study raises
awareness of participants in their food consumption and
influences dietary behaviour, which is a background effect
in nutrition intervention trials that might affect the results.
To circumvent this, a randomized, crossover and controlled
study design was chosen, with measurements taken at the
beginning of the intervention after a 2-week run-in period
(i.e. baseline values), at the end of each intervention stage
and at the end of a 3-week wash-out period between both
intervention stages. Prior to further analysis of the results,
we used the 3-week wash-out data to ensure there were no
carry-over effect from the previous treatment period. Since
no differences were found, baseline values, and the outcome
data observed after the control and the green/roasted coffee
interventions for all volunteers were comparatively studied,
irrespectively of which intervention they were first assigned.

On the other hand, volunteers were asked to restrain from
consuming certain polyphenol- and methylxanthine-rich
foods along the study to minimize the potential contribution
of these bioactive food components. We observed no major
modifications in energy intake and physical activity along
the study. In contrast, there was a slight yet significant reduc-
tion in body weight (0.5—1 kg) after coffee intake (Table 3),
which was less marked during the control stage, pointing to a
direct effect of coffee. As mentioned above, coffee is a com-
plex beverage rich in different phytochemicals with poten-
tial effects on weight control. Methylxanthines and dietary
fiber are known to induce satiety, and favor lipolysis and
fatty acid beta-oxidation, whereas caffeine induces higher
thermogenesis and CQAs reduce glucose absorption and the
activity of SREBPs, therefore, avoiding lipogenesis [47].
These mechanisms may explain the weight loss observed
after the intake of the green/roasted coffee product, contrib-
uting to reduce cardiovascular risk. Some authors observed

a similar effect in overweight subjects after the intake of
a green coffee extract [7, 27]. However, to the best of our
knowledge, this is the first study reporting weight reduction
by consuming a green/roasted coffee blend beverage in nor-
moweight subjects, which is relevant outcome that deserves
further investigation.

The effect of coffee and caffeine on blood pressure has
been extensively studied in the literature, with important
discrepancies due to dissimilar results in acute vs. long-term
studies, different responses in habitual vs. non-habitual cof-
fee drinkers, and also to the different response to admin-
istration of caffeine vs. coffee. The pressor effect of caf-
feine both in normotensive and hypertensive subjects is well
established [17, 48]. However, long-term consumption of
coffee is not associated with higher blood pressure or inci-
dent hypertension [18]. On the other hand, acute responses
to coffee are milder than after similar doses of caffeine [17,
48], pointing to other components in coffee counteracting
the pressor effect of caffeine. Chlorogenic acid (400 mg)
has shown to have antihypertensive effects in an acute study
in healthy subjects, reducing SBP and DBP (—2.41 and
—1.53 mmHg, respectively) [49], which suggests CQAs may
be responsible for this effect on blood pressure and justify
the recent interest on CQAs-rich green coffee.

Few studies in the literature report on the effect of
green coffee on blood pressure. In two long-term studies,
consuming during 3—4 months a green coffee bean extract
(GCBE) providing 140 mg CQAs/day decreased systolic
(—4.6 mmHg) and diastolic (— 3.2 mmHg) blood pressure in
healthy subjects [33], with higher reductions in mildly hyper-
tensive individuals (up to —10 mmHg SBP and —7 mmHg
DBP) [31]. A dose-dependent decrease in SBP (—3.2 to
—5.6 mmHg) and DBP (—2.9 to —3.9 mmHg) in mildly
hypertensive individuals was reported after consuming
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different doses of a GCBE (providing 46—185 mg CQAs/day,
respectively) for 28 days [30]. Similarly, drinking caffeinated
green coffee for 2 weeks also reduced SBP (—2.65 mmHg)
and DBP (—3.1 mmHg) in healthy subjects [32].

In the present study, the effect of coffee consumption was
assessed after intake of the green/roasted coffee blend during
8 weeks in habitual coffee consumers. The high content of
hydroxycinnamic acids in the soluble coffee blend, providing
445.2 mg/day CQAs, might account for the observed reduc-
tion in blood pressure both in normocholesterolemic and
hypercholesterolemic subjects (Table 4). In the later, reduc-
tions in SBP and DBP (—5.2 and —5.6 mmHg, respectively,
compared to baseline) were more marked than in the normo-
cholesterolemic volunteers (— 3.4 and — 2.3 mmHg, respec-
tively). These reductions were in line with the observations
by Kozuma et al. [30] and Ochiai et al. [33] in long-term
assays with lower doses of CQAs in caffeine-free GCBE
(up to 185 mg CQAs/day), and were higher than in the pilot
study by Revuelta-Iniesta and Al-Dujaili [32] in healthy
individuals who consumed a much higher amount of CQAs
(up to 8200 mg/day for 2 weeks) from a green coffee brew.
Although participants in both groups in the present study
were normotensive (Table 1), blood pressure was marginally
higher in the hypercholesterolemics (Table 4), who would
benefit from the slightly more marked reduction in this CVD
risk factor after consuming the green/roasted coffee blend.

Many studies have shown that drinking coffee has a nega-
tive impact on serum lipids, corroborated in several meta-
analyses of RCT showing a dose-dependent effect, with
higher increments in studies with boiled, unfiltered coffee and
evidencing a higher susceptibility of hyperlipemic subjects
to the lipid-enhancing effect of coffee [13, 14]. In contrast,
in the present study we observed no significant modifica-
tion in lipid levels in the healthy, normocholesterolemic sub-
jects save for a small, not statistically significant increase in
HDL-C levels (4% compared to baseline values). On the con-
trary, we found important improvements in the lipid profile
of the hypercholesterolemic group, who significantly reduced
their serum levels of TC, LDL-C and TG approximately in
20 mg/dL and VLDL-C in 5 mg/dL after consuming three
cups per day of the soluble green/roasted coffee during 8
weeks (Table 5). This resulted in an improved LDL/HDL
ratio in this risk subjects, changing from 2.45 at baseline
to 2.17 after the coffee intervention. Although still far from
values in the normocholesterolmic group (LDL/HDL ratio
1.59 at baseline; 1.54 after coffee intake), this reduction was
remarkable (0.28 units after 8 weeks).

The lipid-soluble diterpenes kahweol and cafestol in
coffee have been described as the main contributors to the
beverage’s hyperlipidemic effects [25]. The concentration
of these diterpenes is lower in filtered and instant coffee,
explaining the higher increments in serum lipids after unfil-
tered coffee consumption. Although kahweol and cafestol
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contents were not determined in the instant green/roasted
coffee product here studied, the possible negative effects
of these compounds could have been neutralized by the
high phenolic content in the coffee blend. Indeed, intake
of a green coffee bean extract providing 50 or 100 mg/day
chlorogenic acid during 28 days showed reductions in TC
and LDL-C levels (between 8 and 10 and 3.5-5.5 mg/dL,
respectively) in hypercholesterolemic subjects [30], in agree-
ment with the results observed in the present study. Also,
in a recent study daily consumption of two types of coffees
providing 420 and 780 mg CQAs for 8 weeks did not modify
blood lipids in healthy subjects [28], while HDL-C levels
were increased in healthy participants drinking eight cups/
day filtered coffee [50], also in agreement with the results
reported here. Animal studies have shown a strong inhibitory
effect of chlorogenic acid on the formation of cholesterol
micelles also inhibiting pancreatic lipase, hydroxymethyl
glutaryl Co-A reductase and acyl-cholesterol acyltransferase
while increasing fatty acid beta-oxidation activity and per-
oxisome proliferator-activated receptor alpha expression in
the liver [26, 29]. This would result in the inhibition of intes-
tinal absorption of lipids and modified hepatic metabolism
of cholesterol and fatty acids, as potential mechanisms of
action of CQAs in reducing blood lipids.

Levels of inflammation-related cytokines, chemokines
and cell adhesion molecules showed little changes (mostly
tendencies) in the present study, observing an influence due
to the group in some parameters. In the healthy participants,
levels of the pro-inflammatory cytokine IL-2 decreased sig-
nificantly after coffee intake compared with baseline values
(Table 6), as did concentrations of other interleukins (IL-5,
IL-6, IL-7, IL-17) and the inflammatory mediators TNF-«
and INF-y, although these variations were not statistically
significant. In contrast, in the cardiovascular risk subjects,
anti-inflammatory interleukins IL-4, IL-10 and IL-13 tended
to increase. CRP, a marker of systemic inflammation that
has been shown to have a direct role in CVD, significantly
decreased in healthy and at risk subjects. This reduction
was concomitant with a trend to decrease MCP-1 levels in
healthy participants but the contrary was observed in hyper-
cholesterolemic subjects, although these changes were not
statistically significant. Other chemokines such as MIP-1p
and GM-CSF were not affected during the study, although
G-CSF levels were lower in healthy subjects after consum-
ing the green/roasted coffee blend (Table 6). Cell adhesion
molecules (VCAM-1 and ICAM-1), which are more specific
markers of endothelial function, were not modified during
the intervention. Although the plasma levels of these che-
moattractant proteins and colony-stimulating factors quan-
tified by a bead-based multiplex technology differed from
values reported in the literature determined by ELISA assays
[51, 52], they were in line with published values for these
chemokines quantified by the Luminex technology [53, 54].
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Few studies have approached the effects of coffee con-
sumption on the inflammatory response and, to the best of
our knowledge, this is the first study reporting the effect of
green coffee blended with roasted beans on inflammation.
In vitro studies in cell culture models suggest the positive
although moderate effects of coffee could be mediated by
CQA:s, since hydroxycinnamic acids such as chlorogenic,
caffeic or ferulic acids have shown to suppress the expres-
sion of interleukins and cell adhesion molecules (VCAM-1,
ICAM-1 and E-selectin) induced by IL-1p, [55] lipopolysac-
charide [56], the adipokine resistin [57] or gamma-irradia-
tion [58] in human endothelial cells, and suppressing adhe-
sion of monocytes to activated endothelial cells.

Coffee is rich in phenolic compounds and possesses
higher antioxidant capacity than other beverages such as tea
and red wine [59]. Thanks to its high consumption, coffee is
one of the major dietary sources of antioxidants with a con-
tribution higher than that of fruits and vegetables [60]. The
soluble coffee product used in the present study, containing
35% green beans, is especially rich in phenolic compounds
that conferred significant protection against oxidative stress,
modulating cell cytotoxicity, ROS generation, antioxidant
defenses and macromolecular damage in a cell model of
oxidative stress in human hepatoma HepG2 cells [61]. The
regular consumption of three cups of the green/roasted cof-
fee blend, providing 445.2 mg CQAs distributed along the
day, had a positive effect enhancing plasma antioxidant
capacity determined by the ORAC and FRAP methods (i.e.
increasing free radical scavenging and reducing capacities
of plasma). In addition, MDA levels were also significantly
lower after coffee intake, with serum MDA concentrations
in hypercholesterolemic subjects 10% lower compared to
baseline values, a reduction even higher in healthy volun-
teers (— 16%, Table 7). This decrease in MDA levels was
higher than that reported in a previous study after consuming
a coffee product rich in hydroxycinnamic acids (1200 mg/
day) for 5 days, with a non-significant 8% reduction in
MDA [39]. These authors also found decreased excretion
of 8-isoprostane in urine, another marker of lipid oxida-
tion, together with a moderate increase in total antioxidant
capacity, reduced levels of oxidized LDL, and a significant
16% reduction (p =0.027) in 3-nitrotyrosine in plasma as
a marker of protein oxidation. In the present study, protein
damage significantly (p <0.001) decreased after consum-
ing the green/roasted coffee blend (about —35% compared
to baseline values in healthy and hypercholesterolemic
subjects).

This work presents certain limitations. The lack of blind-
ing of the coffee product may have induced certain bias.
As mentioned above, as in any long-term study volunteers
may have introduced certain changes in their diet during
the interventions, being a potential confounding factor that
has not been specifically assessed. Also, the possibility that

other food components may have contributed to the effects
observed cannot be ruled out. The content of other bioac-
tive phytochemicals in coffee such as diterpenes, hydroxy-
hydroquinone or N-methylpyridinium were not measured in
the soluble green/roasted coffee product and in consequence
it is not possible to confirm their potential contribution to
the observed effects. Importantly, we did not analyze phe-
nolic metabolites in blood or urine after consumption of
coffee. However, in a previous acute study in healthy vol-
unteers with the same coffee product used in the present
intervention, the pharmacokinetics of caffeine and phenolic
compounds’ metabolism were assessed. Caffeine showed to
be quickly and completely absorbed in the small intestine
and extensively metabolized in the liver, with plasma con-
centrations of caffeine up to 10 uM 1.2 h after the intake
of a single coffee serving [36]. Furthermore, CQAs were
partially absorbed and extensively metabolized reaching
plasma concentrations of 1 pM in a biphasic kinetic, with
low concentrations (nM) of de-esterified hydroxycinnamic
acid metabolites approximately 1 h after intake and higher
(uUM) concentrations of the main metabolites (dihydrocaffeic
and dihydroferulic acids and their phase II conjugates among
others) about 6 h after the intake of coffee [62]. The regu-
lar consumption of three cups of the coffee blend distrib-
uted along the day could have resulted in raised plasmatic
concentrations of coffee-derived compounds, maintaining
them relatively high, thus contributing to the cardioprotec-
tive effects observed in the present study.

Conclusions

Regular consumption of moderate amounts of a solu-
ble green/roasted (35:65) coffee blend may contribute to
improve cardiovascular health in moderately hypercholes-
terolemic people, as reducing serum lipids, blood pressure
and body weight effects, as well as increasing plasma anti-
oxidant capacity, have been observed. Moreover, positive
influence on blood pressure, body weight, and plasma anti-
oxidant capacity was obtained in the healthy group. There-
fore, incorporation of green coffee beans into the coffee brew
can be considered as part of a dietary strategy to protect
from cardiovascular disease.
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