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Abstract

Introduction Coffee is a complex brew that contains several bioactive compounds and some of them can influence blood
pressure (BP) and endothelial function (EF), such as caffeine and chlorogenic acids (CGAs).

Aim This study aimed to evaluate the acute effects of coffee on BP and EF in individuals with hypertension on drug treat-
ment who were habitual coffee consumers.

Methods This randomized crossover trial assigned 16 adults with hypertension to receive three test beverages one week apart:
caffeinated coffee (CC; 135 mg caffeine, 61 mg CGAs), decaffeinated coffee (DC; 5 mg caffeine, 68 mg CGAs), and water.
BP was continuously evaluated from 15 min before to 90 min after test beverages by digital photoplethysmography. Reactive
hyperemia index (RHI) assessed by peripheral arterial tonometry evaluated EF before and at 90 min after test beverages. At
the same time points, microvascular reactivity was assessed by laser speckle contrast imaging. Repeated-measures-ANOVA
evaluated the effect of time, the effect of beverage, and the interaction between time and beverage (treatment effect).
Results Although the intake of CC produced a significant increase in BP and a significant decrease in RHI, these changes
were also observed after the intake of DC and were not significantly different from the modifications observed after the
consumption of DC and water. Microvascular reactivity did not present significant changes after the 3 beverages.
Conclusion CC in comparison with DC and water neither promoted an acute increase in BP nor produced an improvement
or deleterious effect on EF in individuals with hypertension on drug treatment who were coffee consumers.
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1 Introduction

Hypertension affects almost one-third of the adult popula-
tion [1], it is a major risk factor for cardiovascular diseases
(CVDs) [2] and an important cause of death and disability-
adjusted life years worldwide [3]. There is evidence that
treatment to lower blood pressure (BP) is associated with
areduced risk for death and CVDs [4]. Lifestyle interven-
tions, including dietary modifications, can lower BP. The
most effective dietary changes are weight loss, reduced
sodium intake, increased potassium intake, reduced con-
sumption of alcohol and a healthy dietary pattern like the
Dietary Approaches to Stop Hypertension (DASH) diet
[5-8]. However, other dietary factors may also affect BP
[7].

Caffeine consumption acutely increases BP. In a meta-
analysis of crossover controlled clinical trials, single doses
of caffeine (200-300 mg) induced in individuals with
hypertension a mean increase of 8.1 mmHg in systolic
BP and 5.7 mmHg in diastolic BP, which was observed
in the first 60 min and persisted up to 180 min after caf-
feine intake [9]. Caffeine is a methylxanthine that is rap-
idly absorbed through the gastrointestinal tract, with blood
levels peaking 15—-120 min after ingestion. Once absorbed,
caffeine spreads throughout the body, has a half-life typi-
cally of 2.5-4.5 h in adults, and is metabolized in the liver
by cytochrome P450 (CYP) isoform CYP1A2 into parax-
anthine, theobromine, and theophylline [10, 11]. Dietary
sources of caffeine include coffee, tea, yerba mate, caffein-
ated soda (cola-type), and energy drinks [12]. According
to the 2017 ACC/AHA High Blood Pressure Guideline,
caffeine intake should generally be limited to 300 mg/day
and patients with uncontrolled hypertension should avoid
caffeine [8].

Coffee is a major dietary source of caffeine in Brazil
[13] and other states [12, 14] and is one of the most con-
sumed beverages worldwide [10]. The caffeine content in
coffee is highly variable [15]. A cup of 8 0z (or 240 mL) of
brewed coffee and instant coffee contain 96 mg and 62 mg
of caffeine, respectively. Whereas a cup of 2 oz (or 60 mL)
of espresso coffee contains 127 mg of caffeine [16].

In addition to being a major source of caffeine, coffee
is rich in chlorogenic acids (CGAs), a family of polyphe-
nolic compounds that are potent antioxidants and can favor
BP reduction through improved endothelial function and
nitric oxide bioavailability in the arterial vasculature [17,
18]. Therefore, the effect of coffee on BP may be lower
than predicted based on its caffeine content [19]. Previous
randomized controlled trials evaluating the acute effects
of coffee on BP [20-26], and endothelial function [20,
22, 26-28] presented conflicting results. It is noteworthy
that these studies were conducted in healthy individuals
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[20-27] and most were carried out in young subjects [21,
23-27]. The effects of caffeine on BP may be more pro-
nounced in individuals with hypertension [29, 30] or the
elderly [31], but to the best of our knowledge, there is
a lack of randomized crossover clinical trials evaluating
the acute effects of coffee on BP and endothelial func-
tion in individuals with hypertension on drug treatment.
Therefore, this study aimed to evaluate the acute effects of
coffee on BP and endothelial function in individuals with
hypertension on antihypertensive drug treatment who were
habitual coffee consumers.

2 Materials and Methods

This crossover randomized controlled trial was per-
formed at the Laboratory of Clinical and Experimental
Pathophysiology (CLINEX), located at the State Univer-
sity of Rio de Janeiro, Brazil. This study was conducted
according to the guidelines laid down in the Declaration
of Helsinki and all procedures involving human subjects/
patients were approved by the committee on ethics and
research of the Pedro Ernesto University Hospital (CAAE:
87599418.3.0000.5259). Written informed consent was
obtained from all participants. The present trial was regis-
tered at www.ensaiosclinicos.gov.br (ID no. RBR-964r2d).
The recruitment and follow-up of the participants were
conducted between November 2018 and February 2020.
The study ended in March 2020 due to the COVID-19
pandemic.

2.1 Subjects

Eligible participants were individuals with hypertension,
aged 40-65 years, both sexes, presenting body mass index
(BMI) > 20 and < 40 Kg/m? and on regular treatment with
the same antihypertensive drugs for at least four weeks were
selected from two hypertension outpatient clinics (State Uni-
versity of Rio de Janeiro, Rio de Janeiro city, Brazil). The
exclusion criteria were: individuals with evidence of sec-
ondary hypertension or presenting BP > 160/100 mmHg;
non-habitual coffee consumers or excessive coffee consum-
ers (> 4 cups of 240 mL/day); current or former smokers
(quit < 12 months); subjects using nutritional supplements,
hormone replacement therapy, antidiabetic drugs or lipid
lowering medications; diagnosis of diabetes, cancer, chronic
kidney or liver disease; clinically evident coronary disease;
clinical signs of heart failure or arrhythmia; and pregnant
or lactating women. Participants who engaged in physical
activities, including light ones, such as walking, for at least
40 min three times a week were considered physically active.
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2.2 Study Design

Potential participants, who met initial eligibility criteria
(preliminary evaluation) and agree to take part in the study,
were scheduled for a screening visit (V0). At this screening
visit, they arrived at the laboratory after a 12-hour fasting
period for clinical, nutritional, and laboratory evaluations.
The eligible participants received the necessary instructions
for the three study visits (V1, V2, and V3): 12-hour fasting;
36-h abstinence of alcohol and food items rich in caffeine,
such as coffee, yerba mate, chocolate, caffeinated soda, and
energy drinks; and avoidance of more than 2 servings of
fruits and unusual physical exercises on the previous day.

Each participant attended three separate visits, one week
apart. For the allocation of the participants to a sequence
of interventions, a computer random number generator was
used (http://www.random.org/sequences/). The random
allocation sequence was generated by a researcher that did
not enroll participants in the study and did not assign par-
ticipants to the sequence of interventions. Participants and
researchers were blinded concerning the caffeine content of
coffee preparations (caffeinated or decaffeinated). At these
visits, participants arrived at the Laboratory between 08:30
and 9:00 a.m. While fasting they were submitted to the base-
line continuous evaluation of BP for 15 min. In sequence,
participants ingested one of the three test beverages in no
more than 10 min. After the test beverage intake, BP was
continuously evaluated for 90 min.

2.3 Test Beverages

The coffee (Coffea arabica) was produced in Sdo José do
Vale do Rio Preto, Rio de Janeiro, Brazil. The obtained caf-
feinated and the decaffeinated roasted and ground coffees
were inserted into capsules, compatible with a Nespresso
coffee maker (Nespresso Inissia® C40; Brazil), which were
sealed and stored until analysis and offer to patients. This
procedure was chosen to provide uniformity of the coffee
beverage and facility to offer coffee flavors, aromas, and con-
venience to volunteer patients in this study.

The caffeine and CGAs concentrations in the caffein-
ated and decaffeinated coffee were determined simultane-
ously using methanolic extraction in an ultrasound bath
and quantification by high-performance liquid chroma-
tographic (HPLC) method with diode-array detection
(DAD) and reverse phase separation. A sample of 0.5 mL
of the caffeinated or decaffeinated beverage was submit-
ted to extraction with 5 mL of MeOH solution (containing
2 g/L of butylated hydroxytoluene—BHT)/10% acetic acid
(85:15) with ultrasound for 30 min. After extraction, the
sample was filtered in paper and transferred to a vial. The
determination was performed by liquid chromatography
with a Waters Alliance €2695 module using a Thermo

BDS column (150 x 4.6 mm; 2.6 pm), elution was made
with mobile phase A composed of 1.5 mL/L phosphoric
acid solution, and mobile phase B composed of acetoni-
trile. The injection volume was 5 pL, the column tempera-
ture was 30 °C, and the injector temperature was 20 °C,
with a running time of 30 min. Caffeine and CGAs were
detected simultaneously in a Waters 2998 PDA detector,
caffeine chromatogram was obtained at 270 nm and CGAs
chromatograms were obtained at 345 nm (Fig. 1) [32].

The three test beverages were served in a 200 mL brown
ceramic cup. No addition of sugar, milk, or other ingredi-
ents was allowed. The average content of CGAs in the caf-
feinated coffee was 0.349 mg/mL and in the decaffeinated
coffee was 0.508 mg/mL. In other to offer a similar amount
of CGAs in both coffees, the volume of caffeinated and
decaffeinated espresso was 176 mL and 135 mL, respec-
tively, and the volume of water was 175 mL. Therefore,
caffeinated coffee contained 135 mg of caffeine and 61 mg
of CGAs, while decaffeinated coffee contained 5 mg of
caffeine and 68 mg CGAs.

2.4 Nutritional Assessment

To assess usual dietary intake over the last 6 months, a
semiquantitative food frequency questionnaire (FFQ) con-
taining eighty items and usual portions was used. This
FFQ was developed for the Brazilian population based on
commonly consumed foods and was validated against more
accurate methods of dietary intake assessment [33]. Soft-
ware SAS® and the Brazilian Table of Food Consumption
[34] were used to process data from the FFQ. Alcohol
intake was considered when the reported frequency was
one or more times per week.

Height was measured using a stadiometer accurate to
+ 0.5 cm, and weight was obtained using a digital scale
accurate to + 0.1 kg (Filizola S.A.), with participants
wearing light clothing and no shoes after they attempted to
empty their bladder. BMI was calculated using the stand-
ard equation (kg/mz) [35]. Waist circumference (WC) was
measured in the standing position, midway between the
lower margin of the last rib and the iliac crest, at mid-
exhalation [36]. The waist-to-height ratio was obtained by
dividing WC (cm) by height (cm). Anthropometric meas-
urements were taken twice, and mean values were used.

The bioelectrical impedance analysis (BIA) procedure
was performed using the Biodynamics BIA-450 body fat
analyzer (Biodynamics Corp., Seattle, WA, USA) with the
patient in the supine position according to the manufac-
turer’s instructions. Patients were advised to fast for at
least 8 h before the analysis and not to perform strenuous
physical activity on the day before the evaluation [37].
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Fig.1 Chromatograms obtained at 270 (A) and 345 nm (B) for quantification of caffeine, caffeic acid and chlorogenic acid (CGAs) by HPLC-

PDA

2.5 Laboratory Parameters

At the screening visit, blood samples were collected to eval-
uate serum levels of glucose, insulin, total cholesterol and
fractions, triglycerides, creatinine, urea, and uric acid. These
analyses were performed at the Central Laboratory and
the Laboratory of Endocrine Physiology at Pedro Ernesto
University Hospital. Glucose was determined by the enzy-
mic method. Uric acid, total cholesterol, HDL cholesterol,
and triglyceride concentrations were assessed by using the
enzymatic colorimetric method. LDL-cholesterol was esti-
mated by using the Friedewald formula [38]. Serum urea
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and creatinine were assessed by the kinetic method. Insulin
was determined by the electrochemiluminescence immuno-
assay using a commercial kit (Roche Diagnostics). Insulin
resistance status was assessed using the homeostasis model
assessment for insulin resistance index [39]. The estimated
glomerular filtration rate (¢GFR) was obtained using CKD-
Epidemiology Collaboration (CKD-EPI) equation [40].

2.6 Blood Pressure

BP and heart rate were continuously measured (beat-by-
beat), in the lying state after a 20-min rest period, with a
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photoplethysmography finger cuff placed on the left middle
finger using the equipment Finometer Pro (Finapres Medical
System) [41]. A return-to-flow calibration was performed
to provide adjustment of the finger arterial pressure with
the brachial artery pressure [42]. During the evaluation,
a digital cuff was automatically calibrated every seventy
pulses to guarantee the physiological conditions of the
digital artery. At baseline, before meals intake, records of
BP were obtained for 15 min. Data from the first 10 min
were discarded, and the mean of the values recorded in the
final 5 min was considered as the baseline BP. To drink the
three test beverages, participants remained seated in a semi-
recumbent position. After completion of the beverages, they
returned to a lying position, and values of BP were obtained
for 90 min. In the statistical analyses, during the postpran-
dial period, we included the mean values of each interval
of 10 min.

2.7 Endothelial Function

Endothelial function was evaluated by peripheral arterial
tonometry (PAT) method, using EndoPAT 2000 (Itamar
Medical Ltd, Caesarea, Israel), a finger plethysmographic
device. This is a non-invasive method that offers the pos-
sibility of an easy and rapid assessment of vascular function
in which data are analyzed independently of the examiner.
Alterations in pulsatile arterial volume detected by PAT have
been associated with flow-mediated dilation measurements
[43]. The measurements were performed through fingertip
probes placed on the right and left index fingers. Measure-
ment was started by an initial recording of a resting PAT sig-
nal for 5 min. Sequentially arterial flow on the non-dominant
measurement arm was occluded by inflating the occlusion
cuff approximately 50 mmHg above the previously deter-
mined systolic BP, but never below 200 mm Hg. The cuff
was rapidly deflated after 5 min of occlusion to allow reac-
tive hyperemia and the following 5 min were recorded. The
other arm served as a control and the difference between the
two arms was used by EndoPAT 2000 software to automati-
cally calculate the reactive hyperemia index (RHI).

2.8 Cutaneous Microvascular Reactivity

Cutaneous microvascular reactivity was assessed with sub-
jects lying down in the supine position in a room with tem-
perature control (23 + 1 °C) using the laser speckle contrast
imaging technique. This technique provides a non-invasive
evaluation of a wide area of tissue in real-time with very
good spatial resolution and excellent reproducibility [44,
45]. The equipment used was PeriCam PSI-NR analyzer
with a 780-nm wavelength (Perimed AB). Variations in the
microvascular flow (endothelium-dependent and independ-
ent) were analyzed using post-occlusive reactive hyperemia

(PORH). A cuff on the non-dominant arm of the participants
was inflated to 50 mmHg above systolic BP for 5 min to
occlude arterial flow and then induce PORH after it was
deflated. Cutaneous blood flow on the forearm was evalu-
ated before arterial occlusion (baseline period) and after fast
cuff deflation. Images were analyzed by PIMSoft software
(Perimed AB), and the measurements of cutaneous micro-
vascular flow were expressed in arbitrary perfusion units
(APU). Values of cutaneous vascular conductance (CVC)
were obtained by dividing APU by medium BP, expressed
as AUP/mmHg. To quantify skin microvascular reactivity,
the following parameters were used: (1) hyperemia peak,
which is the maximum value of CVC in the post-occlusion
period; (2) amplitude of the PORH response, obtained by
the difference between peak CVC and baseline CVC; and
(3) AUC (area under the curve) in the post-occlusion period.

2.9 Statistical Methods

Categorical variables were expressed as absolute numbers
and percentages. Continuous variables were presented as
mean =+ standard deviations. The Shapiro—-Wilk test was
used to test the normality of the continuous variables and
skewed data were log-transformed to improve normality.
Baseline comparisons among the three study visits (before
the intake of the test beverages) were made using analysis of
variance (ANOVA). Two-way repeated measures ANOVA
was used to evaluate the effect of each beverage regard-
less of time (beverage effect), the effect of time, that is the
change in the variable regardless of beverage (time effect),
and the interaction between both factors (beverage and time),
indicative of the difference of the response among the three
beverages (beverage vs. time effect or treatment effect). The
effect size was estimated as eta squared (n2), and Cohen's
definitions of small (0.01), medium (0.06), and large (0.14)
effect sizes were applied [46]. One-way repeated measures
ANOVA was performed to evaluate the effect of each bever-
age (separately) on BP and vascular function.

All statistical analyses were performed using STATA ver-
sion 13 (StataCorp LP) software. p < 0.05 was considered
statistically significant. It was not possible to determine the
desired sample size to achieve a significant change in BP
based on previous studies, because of the non-existence of a
prior clinical trial with a similar intervention in individuals
with hypertension.

3 Results

One hundred and fifteen individuals were interviewed, of
which 98 agreed to participate in the study. Among them,
in the preliminary evaluation, twenty-three subjects met the
eligibility criteria and were scheduled for the screening visit
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(the most common reasons for exclusion of the 75 individu-
als were age above 65 years, diagnosis of diabetes, use of
lipid lowering medication or nutritional supplements, body
mass index < 20 or > 40 kg/m? and current smoking). After
the screening visit, sixteen hypertensive individuals met all
the eligibility criteria and were randomized into the study.
The reasons for exclusion of the seven individuals in the

screening visit were fasting plasma glucose > 126 mg/dL
(n =2), BP > 160/100 mmHg (n = 1), changes in work
schedule (n = 2) and loss of interest (n = 2). Fourteen par-
ticipants completed the three study visits (Fig. 2) and were
included in the statistical analyses.

The characteristics of the participants, their habitual
dietary intake, and laboratory parameters are presented in

[ Enrollment

[ Allocation ]

Assessed for eligibility (n=115)

Excluded (n=101)

1 Not meeting inclusion criteria (n=79)
11 Declined to participate (n=17)

11 Other reasons (n=4)

A 4

Randomized to sequence (n=16)

A4

A\ 4

l

Visit 1
Allocated to CC (n=4)

+ Received intervention (n=4)

Visit 1
Allocated to DC (n=7)
+ Received intervention (n=7)

Visit 1
Allocated to water (n=5)

+ Received intervention (n=5)

[ Crossover ]

Washout — 1 week
Lost to follow-up* (n=2)

\/

Visit 2
Allocated to CC (n=6)

+ Received intervention (n=6)

Visit 2
Allocated to DC (n=4)
+ Received intervention (n=4)

Visit 2
Allocated to Water (n=4)
+ Received intervention (n=4)

[ Crossover J

/\

Washout — 1 week

———

Visit 3
Allocated to CC (n=5)

+ Received intervention (n=5)

Visit 3
Allocated to DC (n=4)
+ Received intervention (n=4)

Visit 3
Allocated to Water (n=5)
+ Received intervention (n=5)

[ Analysis ]

CC = caffeinated coffee; DC = decaffeinated coffee; * due to scheduling conflicts

Fig.2 Flow diagram of the study
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Analysed (n=14)
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Table 1 Characteristics of the study participants

Characteristics Total group
Age (years) 58.0+5.7
Sex men/women (n/%) 7 (50%)/7 (50%)
Alcohol intake (n; %) 6 (43%)
Physical activity (n; %) 6 (43%)
Usual dietary intake
Energy (Kcal/day) 2149 + 904
Protein (g/day) 124 + 70
Carbohydrates (g/day) 255 +90
Lipids (g/day) 69.4 +38.2
Coffee (mL/day) 376 + 181
Anthropometric assessment
Body mass index (kg/m?) 302 +3.3
Waist circumference (cm) 101 £ 14
Waist-to-height ratio 0.60 + 0.08
Bioelectrical impedance analysis
Body fat (%) 33.0+6.9
Phase angle (°) 6.85 +1.33
Antihypertensive drugs (n; %)
Inhibitors of RAS 12 (86%)
Sympatholytics 2 (14%)
Diuretics 6 (43%)
Calcium channel blockers 1 (7%)
Laboratory parameters
Glucose (mmol/L) 5.27 £ 0.48
Insulin (WU/mL) 147 +94
HOMA-IR 3.54 +£2.40
Creatinine (umol/L) 76.04 + 15.03
Urea (mmol/L) 5.39 + 0.68
Uric acid (mmol/L) 316 + 73.8
Total cholesterol (mmol/L) 5.02 +0.78
HDL-cholesterol (mmol/L) 1.33 £ 0.48
LDL-cholesterol (mmol/L) 2.97 +£0.96
Triglycerides (mmol/L) 1.56 + 0.71

Mean values + standard deviations; number of subjects and percent-
ages

RAS, renin-angiotensin system; HOMA-IR, homeostasis model
assessment of insulin resistance; HDL, high density lipoprotein;
LDL, low-density lipoprotein

Table 1. None of the participants was using aspirin or other
antiplatelet agents. At baseline (before the intake of test bev-
erages), there was no significant difference in BP, endothe-
lial function, and microvascular reactivity among caffeinated
coffee, decaffeinated coffee, and water.

Modifications in BP and heart rate from baseline to
90 min after each test beverage, evaluated by photoplethys-
mography, are presented in Figure 3. Two-way repeated
measures ANOVA revealed a significant effect of time (time
effect p < 0.0001; 1]2 > 0.12) for systolic, diastolic and mean
BP, with no significant difference between beverages and no

significant time vs. beverage interaction. One-way ANOVA
for repeated measurements evaluated the effects of each bev-
erage separately and showed a significant increase in sys-
tolic, diastolic, and mean BP after the consumption of caf-
feinated coffee and decaffeinated coffee (p < 0.05), but not
after water. The increase in systolic/diastolic BP (mmHg)
(90 min—baseline) was 10 + 14/8 + 7 after caffeinated cof-
fee, 8 + 15/7 + 7 after decaffeinated coffee, and 6 + 16/4 +
6 after water.

Table 2 contains the mean values of endothelial func-
tion and microvascular reactivity at baseline and 90 minutes
after each test beverage. For changes in endothelial function
(RHI), according to two-way repeated measures ANOVA,
there was a significant effect of time (p = 0.0009; n2 =
0.273), but a non-significant effect of beverage and a non-
significant beverage vs. time interaction. Considering sepa-
rately each beverage, one-way repeated measures ANOVA
identified a significant decrease in RHI after caffeinated cof-
fee and decaffeinated coffee, but not after water. Considering
the variables related to microvascular reactivity, two-way
repeated measures ANOVA identified no significant effect of
time, beverage, and beverage vs. time interaction. Changes
in these variables, considering separately each beverage,
were not significant after the intake of caffeinated coffee,
decaffeinated coffee, and water.

4 Discussion

In the present crossover randomized controlled clinical
trial, based on a sample of individuals with hypertension on
antihypertensive drug treatment who were habitual coffee
consumers, there was no significant difference in the acute
response of BP and endothelial function to the intake of caf-
feinated coffee, decaffeinated coffee, and water.

As mentioned above, almost all previous randomized
clinical trials evaluating the acute effects of caffeinated
coffee on BP included young healthy individuals [21,
23-27]. Some of these studies did not observe a significant
increase in BP in comparison with decaffeinated coffee or
water [20-22], while others observed [23-26]. The caf-
feine content in coffee is probably one important factor
that influences the acute changes in BP and theoretically
can help explain the divergence between the results of the
studies. In the present study, the amount of caffeine in the
caffeinated coffee was 135 mg. In previous randomized
trials, that also did not find a significant increase in BP
after caffeinated coffee in comparison with decaffeinated
coffee and/or water [20—-22], the amount of caffeine in caf-
feinated coffee was similar (130 mg) [20], lower (80 mg)
[21] and higher (270 mg) [22] than in the present study.
Moreover, in previous studies that observed a significant
acute increase in BP after caffeinated coffee compared to

A\ Adis



72

F. B. de A. Lima de Castro et al.

Fig.3 Mean values of

(a) systolic blood pressure,

(b) diastolic blood pressure,

(¢) mean blood pressure and

(d) heart rate at baseline (0 min)
and during 90 min after the con-
sumption of caffeinated coffee,
decaffeinated coffee and water.
BP = blood pressure; a p < 0.05
in one-way repeated measures
analysis of variance (ANOVA)
evaluating the effect of time
(time effect) in each beverage:
for systolic, diastolic and mean
BP after caffeinated coffee and
decaffeinated coffee; *p values
for two-way repeated measures
ANOVA; r]z = eta squared
(effect size)

decaffeinated coffee, the caffeine content in the caffeinated
coffee was similar (150 mg) [23, 24] or lower (80 mg [25]
and 54 mg [26]) than the caffeine content in the present
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P-values:

Time: <0.0001
Beverage: 0.99

Time x beverage: 0.98
2

n
Time: 0.12

Beverage: 0.0007

Time x beverage: 0.019

P-values:

Time: <0.0001
Beverage: 0.46

Time x beverage: 0.98

2
Time: 0.20
Beverage: 0.039
Time x beverage: 0.022

P-values:

Time: <0.0001
Beverage: 0.83

Time x beverage: 0.99

2
Time: 0.18
Beverage: 0.010
Time x beverage: 0.016

P
Time: 0.83

Beverage: 0.82

Time x beverage: 0.52

“1

Time: 0.019

Beverage: 0.010

Time x beverage: 0.046

and on the results of these studies conducted with healthy
individuals we may infer that the content of caffeine may
not be the only determinant of the acute effects of coffee
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Table 2 Endothelial function and microvascular reactivity at baseline and 90 min after consumption of caffeinated coffee, decaffeinated coffee,

and water
Time A p* n’
Baseline 90 min Time Beverage Timevs. Time Beverage Time vs.
beverage beverage
Endothelial function
Reactive hyperemia index (RHI)
Caffeinated coffee 233+042 1.76 + 0.51* —0.57 £ 0.60 0.0009 0.87 0.59 0.273  0.007 0.030
Decaffeinated coffee  2.31 + 0.55 1.77 £ 0.37* —-0.54 +£0.37
Water 2.07 +0.49 1.98 +1.04 -0.09+0.76
Cutaneous microvascular reactivity
Peak CVC—PORH (APU/mmHg)
Caffeinated coffee 1.23 +0.38 1.17 £ 0.47 —0.06 +0.49 0.28 0.72 0.82 0.030 0.017 0.010
Decaffeinated coffee  1.16 + 0.37 1.05 + 0.34 —-0.11 +0.27
Water 1.15 +0.30 1.12 +0.41 —0.02 +0.37
Amplitude CVC (APU/mmHg)
Caffeinated coffee 0.84 £0.29 0.79 +£0.42 —0.05+040 0.51 0.77 0.64 0.039  0.004 0.008
Decafteinated coffee  0.80 +0.32  0.75 +0.32 —0.05 +0.28
Water 0.79 +£0.22  0.79 +£0.32 —0.01 £0.31
AUC PORH (APU/s)
Caffeinated coffee 4532 + 1204 4283 + 1523 —248.8 + 2298 0.42 0.66 0.90 0.017  0.021 0.005
Decaffeinated coffee 4507 £1302 4468 + 1136 —38.13 = 803.9
Water 4856 +912 4583 + 1022 —273.0 + 1022

Mean values + standard deviation

A = 90 min—baseline; CVC, cutaneous vascular conductance; PORH, post-occlusive reactive hyperaemia; APU, arbitrary perfusion units;
amplitude CVC = peak CVC PORH—-basal CVC; AUC, area under the curve

*p values refer to two-way repeated measures ANOVA

p < 0.05 in one-way repeated measures analysis of variance (ANOVA) evaluating the effect of time (time effect) in each beverage

112 = eta squared (effect size)

Some factors can modify the effect of caffeine on BP,
and one of them is the tolerance to caffeine that is observed
after repeated and regular administration [30, 47]. The pre-
sent study included only habitual coffee/caffeine consumers,
which can induce tolerance, diminishing its acute effect on
BP [10, 48]. For example, in a crossover randomized clinical
trial healthy subjects were stratified as habitual and non-
habitual coffee consumers. Participants consumed in three
laboratory sessions: espresso coffee, decaffeinated espresso,
and warm water. Differences in systolic BP among the three
interventions were observed only in non-habitual consumers
[49]. Some studies that have evaluated the acute effects of
coffee on BP included only habitual coffee/caffeine consum-
ers [22, 25]. Considering that there is evidence that the toler-
ance to the pressor effect of caffeine may not be complete
(daily caffeine intake may produce only a partial tolerance
with a persistent BP response to caffeine) [50-52] and that
not all studies included only habitual caffeine consumers,
tolerance to caffeine may have contributed to the inconsist-
ent results of the studies that have evaluated the acute effects
of coffee on BP.

Other components of coffee could also explain the non-
significant acute increase in BP after caffeinated coffee
compared to decaffeinated coffee and water observed in
the present study and other clinical trials conducted with
healthy individuals [20-22]. Coffee is a complex brew with
several components, many of which are biologically active,
including CGAs, diterpenes, potassium, magnesium, mela-
noidins, quinines, lignans, and trigonelline [15, 53]. Some
of these components may favor the decrease of BP, such as
the minerals potassium and magnesium and the CGAs [8,
17]. CGAs are a family of polyphenolic compounds, which
are esters between quinic acid and especially the following
acids: caffeic, ferulic, and coumaric. The principal CGA in
coffee is 5-O-caffeoyl-quinic acid. The content of CGAs in
coffee is widely variable, a regular cup of coffee contains
70-300 mg of CGAs. CGAs are potent dietary antioxidants
and can lead to BP reduction through improved endothelial
function and nitric oxide bioavailability in the arterial vas-
culature [17]. The content of CGAs in the caffeinated and
decaffeinated coffee of the present study was similar: 61
and 68 mg, respectively. So, in the present study we were
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able to evaluate: (1) the effects of caffeine on BP when we
compared caffeinated coffee vs. decaffeinated coffee, and
(2) the effects of coffee (considering all components) on
BP in the comparison of caffeinated coffee vs. water. The
differences in the content of CGAs in the caffeinated coffee
used in the studies evaluating the acute effects on BP may
also contribute to the inconsistent results of these studies.

In the present study, caffeinated coffee did not improve or
worsen endothelial function in comparison with decaffein-
ated coffee and water. Some previous randomized controlled
trials observed not only beneficial [22, 26, 28] but also del-
eterious effects [20, 27] of caffeinated coffee compared to
decaffeinated coffee and/or water. For example, recently
Pavao et al. [28] evaluated the effects of regular caffeinated
coffee (133 mg caffeine; ~ 140 mg CGA) and decaffeinated
coffee (~ 178 mg CGA) in 18 subjects with overweight or
obesity and found a better effect on FMD in the caffeinated
coffee intake group (p = 0.014).

The potential effects of coffee on endothelium may be
attributed not only to CGAs but also to hydroxy-hydroqui-
none (HHQ) and caffeine. During coffee roasting, there is
a loss of CGAs and generation of HHQ, an oxidative sub-
stance that may impair vascular function and may cancel
the beneficial effect of CGAs on endothelial function [54].
In a study conducted by Kajikawa et al. [55] a single intake
of coffee with a high content of CGAs and low content of
HHQ, but not coffee with a high content of CGAs and high
content of HHQ or placebo coffee, significantly improved
postprandial flow-mediated vasodilation. As most of the
studies evaluating the effects of coffee on endothelial func-
tion do not report the content of HHQ in coffee, this sub-
stance may also contribute to the diverging results.

The strength of this study is the evaluation, in a rand-
omized clinical trial, of the acute effects of coffee on BP
and endothelial function in individuals with hypertension on
antihypertensive treatment. Another strength is the method
used to evaluate BP: the digital photoplethysmography
technique provides BP values non-invasively and continu-
ously, beat to beat [41]. The main limitation of the present
study is the non-existence of a prior clinical trial with a
similar intervention in hypertensive individuals, which pre-
vented the estimation of the sample size. However, most of
the previous studies evaluating the acute effects of coffee
or caffeine on BP and endothelial function had similar or
lower sample sizes [22-25, 27, 28, 56]. The sample size
of this crossover study was sufficiently powered to detect a
relatively small difference in BP of 5 + 6 mmHg between
beverages (alpha = 0.05, power = 80%). A key advantage
of the crossover design is that, for a given significance level,
power, and effect size, a smaller sample size is required com-
pared with a parallel design, because each participant acts as
his or her own control, so the within-participant variability is
removed [57]. Moreover, in the present study, the effect size
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was also estimated (as eta squared), indicating a small effect
size (n° < 0.04) in all the statistical analyses that presented
non-significant p-values (> 0.05). As effect size indices are
not dependent upon the sample size, they can help inform
about the potentially meaningful effects of the intervention.
They provide a description of the size of observed effects
that is independent of the possibly misleading influences of
sample size [58, 59].

5 Conclusions

The findings of this study pointed out that caffeinated cof-
fee compared to decaffeinated coffee and water neither
caused an acute increase in BP nor produced an acute
improvement or deleterious effect on endothelial function
in individuals with hypertension on antihypertensive drug
treatment who were habitual coffee consumers.

Additional studies evaluating the effects of caffeinated
coffee containing different amounts of caffeine and/or
CGAs during different conditions and periods of time are
necessary for a comprehensive knowledge about the effects
of coffee on BP and vascular function. These studies will
help to establish more precise recommendations for coffee
consumption by hypertensive patients.
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