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Abstract: The reduction in blood pressure after the physical exercise practice is called postexercise hypotension
(PEH). Previous studies have demonstrated that the ingestion of caffeine at levels corresponding to three doses
of coffee eliminates this phenomenon. Thus, we evaluated the influence of different doses of coffee in the PEH in
twelve hypertensives, who performed four experimental sessions of aerobic exercise on a cycle ergometer (lasting
40 minutes, with intensity between 60% and 80% of maximum heart rate), followed by the ingestion of one (CAF-1),
two (CAF-2), or three (CAF-3) doses of caffeinated coffee, or three doses of decaffeinated coffee (DESC). The blood
pressure was measured at rest and at 10-minute intervals during 120 minutes of recovery post exercise. DESC
resulted in systolic PEH at all moments of measurement, with averages of -4.1+1.2 mmHg and -1.8+1.3 mmHg on
the 15t and 2" hours post exercise, respectively. In CAF-1, both systolic hypotensive and hypertensive responses
to the exercise were identified, with averages of -1.2+1.7 and 0.5+0.4 mmHg after one and two hours of recovery.
Conversely, hypertensive systolic response occurred in all measurements compared rest blood pressure. The 1
and 2" hours post exercise was 4.5+1.1 and 6.5+1.1 mmHg in CAF-2 and 5.1+0.9 and 6.5+1.0 mmHg to CAF-3.
Diastolic PEH was not found in any of the experimental sessions. Therefore, the ingestion of two and three doses of
caffeinated coffee completely blunts the PEH, while one dose results in partial elimination of the PEH.
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Introduction It has also been evidenced that one single bout

of physical exercise is able to lower the blood

Coffee is a widely consumed beverage on a
daily basis, second only to water in the United
Sates [1]. Its consumption, however, has been
correlated to the development of cardiovascu-
lar events, such as cerebrovascular accident,
stroke, coronary diseases [2-4], and rise in
blood pressure (BP) [5-7].

Caffeine, the main methylxanthine found in
coffee, is the substance that accounts for
the rise in blood pressure [6-10]. Studies have
demonstrated that the administration of 250
mg of caffeine promoted mean elevations of
12.6 and 7.1 mmHg in systolic (SBP) and dia-
stolic blood pressure (DBP), respectively, in
volunteers who are not habituated to coffee
consumption [2], and mean rises of 9 and 4
mmHg in SBP and DBP among those who are
[10].

pressure levels, when compared to the base-
line or to volunteers submitted to a control
session [11, 12]. This phenomenon is called
postexercise hypotension (PEH) and, under
proper conditions, becomes beneficial to nor-
motensive and hypertensive individuals. The
latter, whether or not in use of antihypertensive
medications, have been shown to benefit from
the physical exercise practice and specifical-
ly from the PEH, which might enable drug dos-
age reduction or even elimination, thus reduc-
ing costs and side effects related to the treat-
ment of hypertension [12].

However, this exercise-induced blood pressure
response is also influenced by caffeine inges-
tion, as demonstrated by studies [13, 14] in
which the intravenous or oral administration of
4 mg of caffeine per kilogram of body weight
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(equivalent to three doses of coffee) blunted
the PEH. More recent studies carried out in our
laboratory, with the administration of three oral
doses of coffee have produced similar effects,
corroborating those author’s findings [15].

Nevertheless, it remained unclear whether vol-
umes lower than 4 mg of caffeine per kilogram
of body weight or three doses of coffee would
also be able to bring about the elimination of
the PEH, thus resulting in the loss of its pro-
tective effects in hypertensive subjects. There-
fore, the aim of this study was to analyze the
influence of different volumes of coffee, with
their respective contents of caffeine, on the
blood pressure response to exercise practice
in hypertensives habituated to drinking this
beverage.

Materials and methods
Volunteers

Twelve volunteers classified as hypertensive
participated in the study, belonging to both
genders (three men), from 40 to 55 years old,
overweight, who had gone jogging regularly for
at least three months. They were habituated
to coffee consumption, under treatment with
antihypertensive medication belonging to the
class of beta-adrenergic receptor blockers, thi-
azide-type diuretics and angiotensin-convert-
ing enzyme inhibitors, and presented systolic
and diastolic blood pressure values under con-
trol. Of the twelve volunteers, initially selected
to take part in the study, four gave up along the
experimental sessions because of insomnia,
which was due to the ingestion of coffee during
the experimental sessions, and migraine result-
ing from the period without the coffee inges-
tion. This study has been previously approved
by the Human Research Ethics Committee at
Lauro Wanderley Hospital, at Federal University
of Paraiba, with protocol number 21/2011. All
volunteers were previously notified about the
experimental procedures and signed the writ-
ten informed consent according to resolution
466/12 of National Health Council (Brazil).

Study design
The study was a clinical trial registered on
ClinicalTrials.org and assigned the identifier

number NCT02335840. The volunteers were
asked to avoid consumption of any caffeinated
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food or drink for 48 hours prior to the experi-
mental sessions. They performed four experi-
mental sessions with the practice of physical
exercise, as described below, followed by the
ingestion of caffeinated or decaffeinated cof-
fee, according to the following protocols: 1) one
dose of 150 ml of coffee (144 mg of caffeine)
ingested 10 minutes post exercise (CAF-1); 2)
two doses of 150 ml of coffee (2x144 mg of
caffeine) ingested 10 and 20 minutes post
exercise (CAF-2); 3) three doses of 150 ml of
coffee (3x144 mg of caffeine) ingested 10, 20,
and 30 minutes post exercise (CAF-3); 4) three
doses of 150 ml of decaffeinated coffee (108
mg of caffeine) ingested 10, 20, and 30 min-
utes post exercise (DESC). They remained seat-
ed during 120 minutes after the practice of
physical exercise. Blood pressure was evaluat-
ed at rest, and during the 120 minutes of
postexercise recovery, being measured every
10 minutes.

Coffee preparation and ingestion

The study utilized caffeinated and decaffeinat-
ed coffee from the same manufacturer (Sao
Braz, Cabedelo, Brazil) with products of the
same category acquired with the same serial
number. Caffeinated and decaffeinated coffee
had 1.2% and 0.3% of caffeine, respectively,
in its composition. The method adopted in
the preparation of caffeinated or decaffeinated
coffee was previously utilized in another study
[15]. Both types were prepared with the addi-
tion of 40 g coffee powder to each 500 ml of
water heated for five minutes, limited by the
beginning of boiling. This way, the volume of
500 ml of coffee contained 432 mg of caf-
feine. Each cup to be ingested had a volume
of 150 ml, so that one, two, and three cups
with caffeinated coffee had, respectively, 144
mg, 288 mg, and 432 mg of caffeine, whereas
three cups of decaffeinated coffee contain-
ed 108 mg of caffeine. The doses of caffeinat-
ed or decaffeinated coffee were sweetened
with sugar (Alegre, Mamanguape, Brazil). The
coffee was strained with paper filters (Mellita®,
Minden, Germany). A dosing glass, previously
calibrated to have the volume of one cup (150
ml), was used to ensure the accuracy of the vol-
ume ingested by the volunteers.

The experimental sessions had their sequence
randomly determined through the site www.
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Table 1. Baseline characteristics of the hypertensives

DESC CAF-1 CAF-2 CAF-3
Age (years) 54+1.1
BMI (Kg/m?) 28+1.2

RHR (bpm) 80.6£2.9 78.5+3.1 85.3+2.7 82.4+29
RSBP (mmHg) 122.7+3.9 126.6+3.3 125.7+4.2 118.6+4.4
RDBP (mmHg) 75.3+2.7 75.3+2.8 74.1+2.8 76.1+2.5

Data on mean + standard error. DESC = decaffeinated (108 mg of caf-
feine); CAF-1: one dose of 150 ml of coffee (144 mg of caffeine); CAF-2:
two doses of 150 ml of coffee (2x144 mg of caffeine); CAF-3: three doses
of 150 ml of coffee (3x144 ml of caffeine); BMI = body mass index; RHR =
resting heart rate; RSBP = resting systolic blood pressure; RDBP = resting
diastolic blood pressure. There are no significant differences between the

Statistical analysis

The data is presented as mean *
standard error of the mean. All vari-
ables were tested for normal dis-
tribution using Shapiro-Wilk and Le-
vene’s tests. For the comparisons
of heart rate, systolic and diastolic
blood pressure at rest among the
experimental sessions, a One-way
ANOVA was conducted. For com-
parisons of systolic and diastolic
responses among experimental ses-

experimental sessions (One-way ANOVA).

randomizer.org. The ingestion of coffee occur-
red within the first 30 minutes of the period
of recovery, at 10-minute intervals. During the
ingestion, volunteers were seated and a dead-
line of five minutes was stipulated for the cof-
fee consumption.

Physical exercise protocol

Volunteers performed four experimental ses-
sions with aerobic exercise which lasted 40
minutes, on a stationary bicycle (Perform V3,
Movement®, Pompeia, Sdo Paulo), with an in-
tensity between 60% and 80% of maximum
heart rate (MHR). Previously established pro-
tocols [16, 17] were adopted to perform the
MHR estimate [16] and the prescription of the
exercise target zone [17]. Heart rate was evalu-
ated at rest and during the exercise with the
use of a frequency meter (RS800CX, Polar
Electro® Oy, Kempele, Finland).

Blood pressure measurement

After the volunteers arrived at the laboratory,
they were oriented to remain at rest and seated
for a 10-minute period prior to the measure-
ment of the baseline blood pressure. Additional
measurements of blood pressure were per-
formed during the 120 minutes of post-exercise
recovery, every 10 minutes. During the first 30
minutes of post-exercise recovery, blood pres-
sure was measured one minute before the
administration of each dose with caffeinated or
decaffeinated coffee. The auscultatory method
[18] was adopted to measure blood pressure,
with use of a sphygmomanometer (Missouri,
Embu, Brazil), which was previously calibrated
against a mercury column, and also a stetho-
scope (Missouri, Embu, Brazil).
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sions, repeated-measures ANOVA or
the equivalent nonparametric tests
were performed, when necessary.
The p-value was set at 0.05. The analysis was
carried out using GraphPad Prism software ver-
sion 3.06 (GraphPad Software, San Diego, CA).

Results

The volunteers were middle-aged, overweight
adults, who had been previously diagnosed as
hypertensive, but had their blood pressure val-
ues kept under control (Table 1), in compliance
with clinical blood pressure values previously
established [18]. It is important to emphasize
that, for all the analyzed variables, baseline val-
ues were not considerably different between
the sessions.

The sessions DESC, CAF-1, CAF-2 and CAF-3
were effective in elevating the heart rate com-
pared to rest (Figure 1), but no significant
difference was observed between the proce-
dures at the moments of heart rate measure-
ment (P>0.05). Volunteers practiced the exer-
cise with index of subjective perception of ef-
fort matching the standard established as a
moderate intensity (from 11 to 14), and with-
out significant differences between the experi-
mental sessions (Figure 2).

Exercise inducing systolic PEH was observed
only in DESC session (all moments of post
exercise measurement) at some moments in
CAF-1 (Table 2). On the contrary, CAF-2 and
CAF-3 promoted hypertensive behavior in all
12 measures obtained during the 120-minute
recovery period after the exercise (except for
one moment, at 20 minutes of recovery in
CAF-2).

The presence of diastolic hypotensive response
was only observed in measures obtained at
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Figure 1. Heart rate at rest and during the exercise
sessions. DESC = decaffeinated (108 mg of caf-
feine); CAF-1: one dose of 150 ml of coffee (144 mg
of caffeine); CAF-2: two doses of 150 ml of coffee
(2x144 mg of caffeine); CAF-3: three doses of 150
ml of coffee (3x144 ml of caffeine). Data are mean
+ standard error. There are no significant differences
between experimental sessions (Repeated mea-
sures ANOVA).
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Figure 2. Perceived exertion during the exercise ses-
sions. DESC = decaffeinated (108 mg of caffeine);
CAF-1: one dose of 150 ml of coffee (144 mg of caf-
feine); CAF-2: two doses of 150 ml of coffee (2x144
mg of caffeine); CAF-3: three doses of 150 ml of cof-
fee (3x144 ml of caffeine). Data are mean * stan-
dard error. There are no significant differences be-
tween experimental sessions (Repeated measures
ANOVA).

10, 20, and 40 minutes of recovery in session
DESC. Conversely, a descriptive hypertensive
diastolic response occurred at all the moments
of blood pressure measurement in sessions
CAF-1, CAF-2, and CAF-3. However, statistical
significance was only verified during 10 min-
utes of recovery, when compared to CAF-1 and
DESC (Table 2).

Discussion

The data of this study demonstrates that ingest-
ing one dose of coffee of 150 ml (144 mg of

149

caffeine) descriptively blunts the systolic PEH,
whereas two and three doses promote signifi-
cant hypertensive responses after one single
bout of aerobic exercise, in relation to pre-exer-
cise values. On the other hand, the diastolic
component response was not significantly
modified.

The influence of the ingestion of caffeine or cof-
fee on the limitation of blood pressure reduc-
tion after the exercise has been previously evi-
denced [13-15]. However, in these previous
studies, the caffeine was administered using
intravenous [13] or oral routes [14]. Though
these two procedures have considerable me-
todological value, its practical application is
difficult, considering that few people use caf-
feine as an ergogenic aid, and its intake occurs
mainly through coffee or caffeinated drinks or
foods. This beverage has in its composition,
besides the caffeine, antioxidants substances
[19, 20] that can promote some vasodilator
effect, in opposition to the vasoconstrictor ef-
fect brought about by caffeine.

Despite this, researches conducted similarly
to this study [15] have suggested a more pro-
minent hypertensive effect observed post ex-
ercise. However, the authors adopted three
doses of coffee, equivalent to 450 mg of caf-
feine, a concentration that is unusual to be in-
gestevd, considering that previous recommen-
dations [21] indicate the intake of caffeine
ranging from 150 to 200 mg per day, which is
equivalent to the caffeine concentrations used
in our study.

From the perspective that the present study
corroborates the data supporting that the in-
gestion of coffee abolishes the post-exercise
hypotension, all the previous studies were car-
ried out with doses of 150 ml of coffee ingest-
ed within a short period of time before or after
the exercise practice. Thus, until the present
study, it was unclear whether smaller doses
would be recommended to hypertensives who
practice physical exercise.

The data in this study showed that volumes
smaller than one dose of 150 ml of coffee,
containing 144 mg caffeine, blunts the reduc-
tion in blood pressure after the aerobic exer-
cise, while two or three doses not only abolish
the PEH, but promote a post-exercise hyperten-
sive response as well.
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Thus, the habitual daily intake
can reduce the sensibility of
these receptors and the hyper-
tensive response demonstrated
in this study. It was demonstrat-

Table 2. Absolute differences between the values of postexercise
blood pressure and blood pressure at rest

Delta systolic blood pressure
Moments of measurement  DESC CAF-1 CAF-2 CAF-3

*# *H#

: Ser20 Tons s T )t e st o
e e e T eight doses of coffee/day, for a
30 -6.3+2.0 0.0+3.8" 7.0+2.5° 2.0+3.5" month, by healthy young people
40 -75+4.0 1.0£25 8.0£2.3" 6.5:3.4° who remained under resting
50 -2.045.0 2.0+4.7 5.0+2.9" 06.4+4.4" COﬂditiOﬂS, was On|y able to ele-
60 -1.143.0 3.0£#3.8 4.0£3.0 7.7#5.2° vate the blood pressure during
70 -6.0£3.0 0.0£3.7 2.0£3.9" 2.9#5.1" the first five days of ingestion,
80 -1.4+3.0 0.0+3.3 8.0+1.4° 7.0+3.4" without hypertensive response
20 -4.9+2.0 -1.0+3.8 5.0+3.5" 5.8+4.3" in the last three weeks of study.

100 1.145.0 1.0+3.7 9.0+2.6 9.6+4.8" )
110 13+40 20+42 80+3.4" 5.4+45 Although the presence of dia-
120 2.0+5.0 1.0+4.2 7.0+3.2 8.4+3.4 stolic PEH in Ou.r study corrobo-
) . . rates the previous data [15],
Mean in the 1° hour -41+1.2 -1.2+1.7 45+1.1"% 5.1+0.9"* we must consider that the ab-
Mean in the 2™ hour -1.841.3 0.5+0.4 6.5+1.1"* 6.5+1.0"* sence of this effect mlght have
Delta diastolic blood pressure occurred due to the control ses-
10 -3.2+2.2 5.8+2.0° 2.0+1.2 0.6+2.5 sion with decaffeinated coffee.
20 2.242.8 3.9+2.0 1.0+1.9 1.3+29 The amount of caffeine present
30 0.4+4.2 3.742.0 6.0+2.8 2.1+4.1 in the three doses of decaffein-
40 0.642.5 3.1+3.0 4.0+2.3 3.3+3.1 ated coffee (108 mg of caffeine)
50 4.4+34 4.0+30 5.0+0.9 6.2+3.8 was similar to the observed in a
60 3.9+2.3 2.8:30 90422 4731 caffeinated dose (144 mg caf-
70 41429 6.0+3.0 6.0+15 3.4+3.0 feb'”e)' Wh";hpg_"ght eXp'a'g the
absence o in procedures
28 Z'gi'i 2'23'8 fiooi+1i81 Ziiz with degaffeinated coffe_e. As a
T T T T result, it was not possible to
100 8.9+2.8 6.4+3.0 5.0+2.2 7.2+3.7 test the hypothesis that doses
110 10.8+2.7 4.8+3.0 6.0+1.8 5.8+4.4 of coffee abolished the PEH
120 14+1.7 7.7£2.0 7.0+1.6 4.2+2.8 that was inexistent. Previous

Mean in the 15t hour 1.4+1.1 3.9+0.4 45+1.2 3.0+£0.9
Mean in the 2" hour 8.4+1.5% 57+0.5 7.3+0.9 5.3+0.5

Data on mean + standard error. DESC = decaffeinated (108 mg of caffeine);
CAF-1: one dose of 150 ml of coffee (144 mg of caffeine); CAF-2: two doses of
150 ml of coffee (2x144 mg of caffeine); CAF-3: three doses of 150 ml of coffee
(3x144 ml of caffeine) *: significant difference with the session DESC (P<0,05);
#: significant difference with the session CAF-1 (P<0.05); &: significant difference
between 1%t and 2" hour (P<0.05). Repeated measures ANOVA.

studies [24, 25] verifyed that
the intake of 25 and 50 ml of
decaffeinated coffee (with five
and 10 mg of caffeine, respec-
tively), by volunteers at rest,
did not promote modification in
the systolic and diastolic com-
ponents of blood pressure.

The practical recommendation of this study is
to inform hypertensives who regularly practice
physical exercise that they should avoid the
ingestion of coffee within the first hours post
exercise. However, we must consider in the pro-
tocol of the present study, there was a 48-hour
washout period for caffeinated drinks and
foods, and this may have promoted resensitiza-
tion of adenosine receptors A,,, which partici-
pate in the mechanisms proposed to explain
the hypertensive response to caffeine [22].
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Considering this was the main limitation of the
present study, we suggest that further investi-
gations adopt, as concentration of caffeine for
the placebo with decaffeinated coffee, some-
thing similar to that used by these same stud-
ies [24, 25]. Finally, we believe that other limit-
ing factor of our results was the adoption of
standardized doses of coffee, administrated
without taking into account the body weight.
However, our investigation aimed at maintain-
ing a good external validity, with the under-
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standing that people do not control the volume
of coffee they drink according to their body
weight. Considering that there was no signifi-
cant variation of physical weight among the vol-
unteers in the present study, we hypothetize
that, even though this fact represents a limiting
factor, it has not resulted in biased results.

Finally, it is known that caffeine has a plasma
half-life ranging from two and a half to four and
a half hours [26]. This way, whether the blunt of
the PEH lasts for more than 120 minutes after
the physical exercise is something that cannot
be determined in this study and represents
other recommendation for further studies.

In summary, considering previous data indicat-
ing that the ingestion of three doses of 150 ml
of coffee, or 432 mg of caffeine, abolishes the
post-exercise hypotension, this study demon-
strated that doses smaller than 150 ml of cof-
fee or 144 mg of caffeine, equivalent to the
volume in a cup of coffee regularly used by the
population, is sufficient to eliminate the systolic
PEH, whereas two or three doses still promote
a hypertensive response during the first two
hours post exercise.
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