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ABSTRACT
The purpose of this study was to analyse the effect of a concurrent training session (CT) with different
intensities in post-exercise blood pressure responses in normotensive adults. Ten normotensive adult males
(30.7  4.1 years) participated in this study, they performed four experimental protocols: a) Strength
Training (ST) at 50% of 1RM and aerobic training (AT) between 50-60% of the Working Heart Rate
(WHR); b) ST at 50% of 1RM and AT between 80-90% of the WHR; c) ST at 85% of 1RM and AT between
50-60% of the WHR; d) ST at 85% of 1RM and AT between 80-90% of the WHR. Every protocol presented
a decrease in the systolic blood pressure (SBP) 1 minute after finishing the training session, however, only
the protocol with the intensity of 50% 1RM and 80-90% WHR presented a significant hypotensive effect
(p ≤ 0.05). None of the protocols presented a significant decrease in the diastolic blood pressure. We
concluded that the hypotensive effect in the SBP can be observed when the CT is performed at the intensity
of 50% of 1RM and of 80-90% of the WHR.
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INTRODUCTION
Physical exercises have been used as strategies
to reduce the arterial blood pressure (ABP) in
hypertensive individuals (Gambassi et al., 2016).
Acute physical exercise has shown decreased
values in the post-exercise blood-pressure (BP)
when compared to the pre-exercise resting
values, this phenomenon is called post-exercise
hypotension (PEH) (Barreto et al., 2015; Polito &
Farinatti, 2006). These post-exercise BP
decreases have occurred mainly in hypertensive
individuals (Polito & Farinatti, 2006), which
substantiates the medical recommendation of
physical exercise as a non-pharmacological
strategy to control and prevent arterial
hypertension (AH) (Senna et al., 2016).
Mazzoccante et al. (2016) cite studies that
observed a PEH both through strength training
(ST) and aerobic training (AT). In this
perspective the concurrent training (CT)
emerges, which can be defined as the combined

practice of aerobic and strength exercise in the
same training session, being recently presented
as an effective anti-hypertensive treatment
(Corso et al., 2016). However, the PEH effect is
not fully understood due to the training protocol
variations regarding the types of exercise,
duration, frequency and intensity (Gambassi et
al., 2016). Therefore, the greater the
understanding regarding the PEH, the more
effective the exercise tends to be in decreasing the
BP.
Thus, it is necessary to evaluate how these
training variables can be manipulated and what is
their influence in healthy populations, such as
young adults, to understand and adapt the
methods and procedures for posterior use in
specific populations (Vilaça-Alves et al., 2016).
Therefore, the American College of Sports
Medicine (ACSM) recommendations for healthy
adult individuals were applied for ST and AT
(Garber et al., 2011). In this sense, the purpose

Manuscript received at April 7th 2017; Accepted at June 8th 2017
1

Federal University of Santa Catarina, Florianópolis, SC, Brazil.
Laboratory of Biomechanics, Post-Graduation Program in Physical Education, Federal University of Santa Catarina,
Florianópolis, SC, Brazil.
*Corresponding author: Biomechanics Laboratory, Sports Center, Federal University of Santa Catarina, University
Campus – Neighborhood Trindade. Mailbox 476. Zip Code: 88040-900. Florianópolis, SC. Brazil. E-mail:
manoelavsousa@gmail.com
2

34 | ALF Medeiros, MV Sousa, M Lunardi, SN Oliveira, CR Freitas
of this study was to analyse the effect of a CT
session with different intensities in the postexercise arterial blood pressure in normotensive
adults. We hypothesize that CT provides a
reduction in post-exercise BP about pre-exercise
BP and when prescribed at a higher intensity, CT
exercises
influence
a
more
significant
hypotension.
METHOD
Participants
Ten normotensive males participated in this
study, all practitioners of ST for at least six
months without interruption and at least three
times a week. The criteria to be included in this
study were: (a) the absence of any muscle or joint
injury or any medical contraindications; (b)
negative answers to all the questions in the
Physical Activity Readiness Questionnaire (PARQ); (c) the non-consumption of any substance
that could alter the cardiovascular responses of
the participants. All the subjects were informed
of the procedures before they signed the free and
clarified consent term. The present study has the
registered approval of the Human Research
Ethics Committee of the Joana de Gusmão
Children's Hospital, under the number 956.006.
Instruments
Physical evaluation and arterial blood pressure
evaluation
Anthropometric measurements of height and
body mass were taken according to the
procedures established by Guedes and Guedes
(2006), with a stadiometer and a Welmy scale
(WELMY-110, São Paulo, Brazil) with accuracy of
0.5 cm 0.1 kg, respectively. The ABP
measurements were taken with an automatic
digital device Omron M3 Intellisense (HEM-7051E), validated under the European Society of
Hypertension (EHS) International Protocol
(Akpolat, Erdem, & Aydogdu, 2012). All the BP
reading
procedures
followed
the
recommendations established by the Brazilian
Cardiology Society, being performed three
readings, with 1-minute intervals between each
one, on the left arm. The readings were taken
before every training session, immediately after

ending the session and every 10 minutes during
the 60 minutes of post-exercise recuperation.
Six-Rep Max test (6RM)
All the subjects performed a test and retest
session consisting of 6-maximal repetitions
(6RM). The participants initiated the test with
lighter loads and then progressed to heavier loads
to determine the 6RM load in the following
exercises: bench press, low row, 45º inclination
leg press and squats using a squat machine. All
the subjects had three attempts with 5-minute
intervals between each attempt to find the 6RM
load and 20-minute breaks between the exercises
and the tests were redone after 48 hours to
establish reproducibility. To reduce the margin of
error, the following procedures were adopted: (a)
standardized instructions were supplied to the
participants before the test; (b) the participant
was instructed regarding the exercise execution
technique during the different stages of the
execution; (c) the evaluator was alert of the
position adopted by the participant at the
moment of the evaluation; and (d) the evaluator
gave verbal encouragement to maintain an
elevated stimulation level during the execution of
the exercises.
Procedures
Training Program
The AT was prescribed using the working
heart rate (WHR) obtained by multiplying the
target intensity by percentage by the reserve heart
rate and was added to the resting heart rate. The
equation proposed by Tanaka, Monaham, and
Seals (2001) was used to establish the maximum
heart rate and for the resting heart rate was used
the equation of Guedes and Guedes (2006).
Regarding the ST, the 6RM test data were used to
estimate the load of one-repetition maximum
(1RM) with the aid of the formula suggested by
Guedes and Guedes (2006). The participants
randomly performed just one session of the four
CT protocols: P1 (ST at 50% of 1RM and AT
between 50-60% of the WHR), P2 (ST at 50% of
1RM and AT between 80-90% of the WHR), P3
(ST at 85% of 1RM and AT between 50-60% of
the WHR), P4 (ST at 85% of 1RM and AT
between 80-90% of the WHR). The intensity of
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aerobic training and strength was prescribed
according to the ACSM recommendations on
aerobic training intensity and strength areas,
when performed individually (Garber et al.,
2011). During the training session, the strength
and aerobics exercises were alternated. For the
ST, three sets of repetitions to concentric failure
were performed, with 45 seconds of rest between
the sets. For the AT, 5-minute sets were
performed on a treadmill.
Statistical Analysis
In order to describe this study's variables, we
used descriptive statistics. To verify the data
normalization, the Shapiro-Wilk test was
performed, and the analysis of the differences
found in the pre and post SBP and diastolic blood
pressure (DBP) values was performed through
the analysis of variance for repeated
measurements, followed by the Bonferroni post-hoc
test. The data were analysed using the statistical
package SPSS version 22.0, considering a 5% (p≤
0.05) significance level.
RESULTS
Table 1 shows the group characteristics,
considering the participants individual data.
Participants presented mean age of 30.7 ± 4.1
years old, body mass index of 25.9 ± 3.3 kg/m2,
RSBP of 118.1 ± 8.3 mmHg, RDBP 67.8 ± 6.0
mmHg and RHR of 65.9 ± 11.6 bpm.

Table 1.
Characterization of the variables (mean  sd) of the research
subjects (n = 10).
Variables
AverageSD
Age (years)
30.7  4.1
Height (cm)
174.7  3.9
Body Mass (kg)
79.0  11.8
IMC (kg/m2)
25.9  3.3
RSBP (mmHg)
118.1  8.3
RDBP (mmHg)
67.8  6.0
RHR (bpm)
65.9  11.6
SD: standard deviation; RSBP: resting systolic blood
pressure; RDBP: resting diastolic blood pressure, RHR:
resting heart-rate.

The data presented in Table 2 show systolic
and DBP before and after each exercise protocol.
In SBP, significant differences were observed in
P2 (137.1 ± 11.5 mmHg) and P4 (136.9 ± 16.2
mmHg) exercise protocols at the blood pressure
values immediately after the end of the
concurrent training session (p <0.05), when
compared to the pre-exercise values (P2: 118.3 ±
4.5 mmHg and P4: 116.4 ± 8.0 mmHg).
Significant differences in hypotension acute postexercise were observed in P2 exercise protocol at
30’ (110.6 ± 6.3 mmHg) and 40’ (108.1 ± 5.0
mmHg) when compared to pre-exercise values. In
the DBP, significant increase in DBP was
observed immediately after P4 compared to the
pre-exercise value (70.2 ± 8.2 mmHg vs. 62.9 ±
7.2 mmHg, respectively).

Table 2.
Mean ( sd) Systolic Blood Pressure values (SBP) and Diastolic Blood Pressure values (DBP), in mmHg, before (pre) and after
the experimental session (from 1 to 60 min).
P1

P2

P3

P4

SBP

DBP

SBP

DBP

SBP

DBP

SBP

DBP

Pre

117.4±8.4

64.9±6.9

118.3±4.5

64±6.6

122.4±9.9

65.9±5.1

116.4±8.0

62.9±7.2

1’

126±14.1

66.4±10.2 137.1±11.5*

69±7.3

131.3±12.7 69.1±7.5 136.9±16.2* 70.2±8.2*

10’

116.5±9.2

65.4±6.6

114.7±5.0

62.6±7.1

116.8±9.9

65±6.4

115.5±9.1

65.1±8.9

20’

114.1±9.4

64.4±7.6

114.2±6.3

63.3±6.9

115.5±9.9

63.9±6.2

110.4±8.5

64.4±9.4

30’

113.2±11.4

62.1±7.3

110.6±6.3*

64.1±6.0

112.5±7.4

64.7±6.4

111.4±7.6

63.3±7.2

40’

111.2±11.5

62.7±7.6

108.1±5.0*

62.4±5.0

112.6±8.7

64.4±5.4

113.8±7.2

63.7±7.9

50’

110.4±11.0

61.8±5.6

111.3±6.2

61.2±6.4

112.7±9.6

64.2±5.3

108.6±6.8

62.8±4.2

60’

113.2±8.4

64.3±6.1

111±6.8

65±5.2

111.7±9.3

66±4.6

108.1±7.8

63.3±6.8

P1 (ST at 50% of 1RM and AT between 50-60% of the WHR), P2 (ST at 50% of 1RM and AT between 80-90% of the WHR), P3
(ST at 85% of 1RM and AT between 50-60% of the WHR), P4 (ST at 85% of 1RM and AT between 80-90% of the WHR). *
significant difference p<0.05 comparing the pre-exercise moment with the post-exercise moment.
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DISCUSSION
The purpose of this study was to analyse the
effect of a CT session with different intensities in
the post exercise blood pressure response in
normotensive adults. The main finding of the
study was the reduction of the SBP caused by the
CT performed at 50% of 1RM at the ST and
between 80-90% of the WHR (P2). Concurrent
Training with exercises at higher intensity was
more effective in reducing SBP, however, the
intensity of this training model did not influence
the participants DBP variation, partially accepting
our hypothesis.
The other protocols did not present a decrease
in the SBP and the DBP, meaning they did not
cause PEH. The increase in the SBP observed
immediately after the P2 training (p=0.002) and
P4 (p=0.032) was observed in other studies
(Vilaça-Alves et al., 2016; Saldanha et al., 2016)
and can be explained by the increase in the
chemoreceptors' activation due to peripheral
fatigue (Mediano, Paravidino, Simão, Pontes, &
Polito, 2005).
When comparing the SBP between the pre and
post exercise moments done with each protocol,
there was a significant difference in minute 30
(p=0.05) and minute 40 (p<0.001) in P2 (8090% of the WHR), presenting PEH. Aerobic
Training applied on the ST can influence
hypotensive
responses
(Cunha,
Santos,
Massaferri, Monteiro, & Farinatti, 2013), which
could explain the protocols of highest intensities
in the AT reductions post exercise. Additionally,
low-intensity ST favours a greater number of
repetitions and a longer time of muscular tension,
which contribute to a better cardiovascular
response due to the greater afferent muscular
nervous stimulation, mediated by mechanisms
associated
to
the
mechanorreflex
and
metaborreflex controls (Cunha et al., 2013),
which may have contributed to the appearance of
PEH after P2.
Santiago et al. (2013) compared the influence
of the exercises order (AT followed by ST and ST
followed by AT) in blood pressure responses in
normotensive individuals and found results that
support those observed in the present study. The
authors found PEH in SBP at 30 and 45 minutes

post exercise in the AT session followed by ST.
Similar results were also found in the study of
Keese, Farinatti, Pescatello, Cunha, and Monteiro
(2012) in which the effect of the intensity of the
concurrent training on BP found a significant
difference in all the post-exercise intervals
(minutes 10 to 120 with 10 minute intervals) in
the three sessions tested. Keese, Farinatti,
Pescatello, and Monteiro (2011) observed an ABP
decrease in all the protocols between minutes 10
and 120, however, the protocol was performed at
65% of the VO2peak and 80% of 1RM, which
differed from the present study, that used the
working heart rate. Besides that, both studies
have found higher PEH effects when the ST and
the AT were performed simultaneously
Regarding the DBP behaviour, no significant
differences were found. Thus, we can assert that
there was no PEH in this variable. A similar result
was verified by Saldanha et al. (2016) and Brito,
Barata, Filho, and Navarro (2010) after
evaluating the effect of a single training session
similar to the ones of the present study. In this
sense, a possible explanation can be presented
due to having used trained and healthy subjects,
in which many times small alterations are not
observed. On the other hand, Keese et al. (2011)
have observed a DBP decrease in their three
experimental protocols. This fact may be
explained by the differences in the protocols
used, such as the number of sets, number of
exercises, the intervals between the combined
exercises and the BP measurement devices.
Therefore, the choice of the training protocol
choice might have an important interference in
the results found and in the different magnitudes
of the PEH effect. Another fact may be explained
by the clinical condition of the subjects,
considering that normotensive individuals were
used, and the most expressive values of pressure
reduction occur in hypertensive patients
(Halliwill, 2001). In addition, post-exercise
values depend on pre-exercise values. In the
present study the pre-values were low, so they are
not expected to drop post-exercise.
The limitations of the present study include a
limited number of participants, which makes it
difficult to draw definitive conclusions, the
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normotensive condition of study participants,
which may have influenced low blood pressure
values prior to the execution of exercise
protocols, which may explain the small
reductions after the exercise protocols. As well,
the lack of a control group made it impossible for
us to compare the behaviour of blood pressure
after performing the exercise protocols.
CONCLUSION
The SBP may decrease because of the CT in
normotensive men when these individuals
undergo intensities of 50% of 1RM for ST and
between 80-90% of the WHR for AT. However,
the training model that alternates ST and AT used
in this study was not efficient in generating
alterations in the post-exercise DBP pressure
values. We suggest that new studies evaluate this
protocol in hypertensive individuals in order to
confirm their efficiency in SBP decrease and to
retest the DBP behaviour in this population.
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