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Abstract: Objective: to analyze the post exercise cardiovascular effects of different resistance exercise
protocols for trunk and upper limbs. Methods: Fifteen males (22.3 £ 0.9 years) underwent three experimental
sessions randomly: control session (C), resistance exercise session at 50% of one repetition maximum (1-
RM) (E50%), and resistance exercise session at 70% of 1-RM (E70%). Three sets of 12, 9 and 6 repetitions
were performed for each exercise. Blood pressure (BP), heart rate (HR) and rate pressure product (RPP)
were measured before and during 90 minutes after each session. Results: Systolic BP decreased (P<.05)
and diastolic BP increased (P<.05) similarly after C, E50% and E70%. However, HR and RPP decreased
after C (P<.01), maintained after E50%, and increased after E70% (P<.01). Conclusions: The resistance
exercise intensity did not influence post-exercise BP responses, however, cardiac overload was greater after
E70%.

Key Words: Resistance Training. Blood Pressure. Cardiovascular System.

Efeito de diferentes protocolos de exercicio de forca para o tronco e membros superiores
nas respostas cardiovasculares pos-exercicio

Resumo: Objetivo: Analisar o efeito de diferentes protocolos de exercicio de forga para o tronco e membros
superiores nas respostas cardiovasculares poés-exercicio. Métodos: Quinze homens (22.3 = 0.9 anos)
realizaram trés sessbes de exercicio de forgca para tronco e membros superiores aleatoriamente: sessao
controle (C), sessé@o de exercicio de forca a 50% de 1-repeticdo méaxima (1-RM) (E50%) e sesséo de
exercicio de forca a 70% de 1-RM (E70%). Foram realizadas trés séries de 12, 9 e 6 repetiches,
respectivamente, para cada exercicio. A pressao arterial (PA), a frequéncia cardiaca (FC) e o duplo produto
(DP) foram medidos antes e durante 90 minutos apds cada sessdo. Resultados: a PA sistélica diminuiu
(P<.05) e a PA diastolica aumentou (P<.05) de forma semelhante apés C, E50% e E70%. Entretanto, a FC
e 0 DP diminuiram apés C (P<.01), mantiveram-se apds E50% e aumentaram apés E70% (P<.01).
Concluséo: A intensidade do exercicio de for¢a néo influenciou a resposta da PA pés-exercicio, contudo, a
sobrecarga cardiovascular foi maior apos E70%.

Palavras-chave: Treinamento de resisténcia. Pressdo Arterial. Sistema cardiovascular.

Introduction

Resistance exercise has been recommended
as part of a training program for the general
population (KRAEMER et al., 2002) as well as for
subjects with chronic diseases since it promotes
several benefits for physical fithess, i.e. gains in
muscular size (VERDIJK et al.,, 2009), strength
(BENEKA et al., 2005; SUETTA et al., 2007), and
power (CASEROTTI et al.,, 2008). Due to these
benefits, resistance training has also been
recommended as part of a comprehensive training

for subjects with hypertension (PESCATELLO et
al., 2004).

On the other hand, cardiovascular responses
to resistance exercise remain poorly known. In
fact, blood pressure (BP) responses to resistance
exercise have differed considerably among
studies. For example, studies have observed a
decrease (QUEIROZ et al., 2009; REZK et al.,
2006; FISHER, 2001), an increase (O'CONNOR
et al.,, 1993) or a maintenance (RAGLIN et al.,
1993) of systolic BP after a single bout of
resistance exercise. This controversy was mainly
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caused by the different exercise regimens
employed, which make the comparison between
studies difficult.

In general, a training program involving 8 to 10
different exercises targeting the major muscle
groups is recommended for health maintenance in
healthy and hypertensive subjects (AMERICAN
COLLEGE OF SPORTS MEDICINE, 2010). In
addition, the American College of Sports Medicine
suggests that these exercises may be performed
using a slip-body approach, in which upper body
exercises are performed in one training session
and lower body exercise in another (AMERICAN
COLLEGE OF SPORTS MEDICINE, 2010).
Although this recommendation has been mainly
reported for healthy subjects, it may also be
applied to hypertensive subjects (AMERICAN
COLLEGE OF SPORTS MEDICINE, 2010).

It has been demonstrated that a resistance
exercise session including only exercises for the
lower body muscles decreases BP during the
recovery period (POLITO; FARINATTI, 2009;
MACDONALD et al., 1999). However, the impact
of upper body exercises on post-exercise BP
remains unknown. The only study that analyzed
BP responses after upper body resistance
exercises observed that 10 sets of arm curl did not
cause hypotension in normotensive subjects
(POLITO; FARINATTI, 2009). Nevertheless, in
this study the exercised muscle mass was very
small, which might have limited the post-exercise
effects. In addition, a session composed of only
one exercise is not used for training in clinical
practice. Thus, it is possible that an upper body
resistance training protocol that includes more
exercises involving larger muscle groups (trunk
and arm muscles) would promote post-resistance
exercise hypotension, which needs to be studied.

Regarding resistance training protocol, it has
been generally accepted that resistance training
programs with at least 10 sets (POLITO;
FARINATTI, 2009), performed with 6 to 20
repetitions (TEIXEIRA et al.,, 2010; POLITO;
FARINATTI, 2009; QUEIROZ et al., 2009; MELO
et al.,, 2006; REZK et al., 2006; SIMAO et al.,
2005; FISHER, 2001) and employing intensities
from 40 to 80% (TEIXEIRA et al., 2010; MELO et
al.,, 2006; REZK et al., 2006) of 1 repetition
maximum (1-RM) acutely decreases BP in both
normotensive  and  hypertensive  subjects.
However, the magnitude of blood pressure
decrease varies a lot among the studies,
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suggesting that different combinations between
intensity and volume might result in different post-
exercise responses. Nevertheless, previous
evidences about the effects of different training
protocols on post-exercise hypotension were
mainly obtained with training regimens involving
exercises for both upper and lower body muscles,
being interesting to evaluate different protocols for
only upper body exercises.

Therefore, the objective of this study was to
analyze the post exercise cardiovascular
responses after two different resistance exercise
protocols for trunk and upper limbs muscles. Our
hypotheses are that both protocols cause post-
resistance hypotension and that hypotension is
greater in the protocol with greater volume and
intensity.

Methods

Experimental design

The present study compared acute
cardiovascular responses after upper body
resistance exercise performed in two different
protocols in normotensive subjects: one protocol
with 3 sets of 12, 9 and 6 reps with 50% of 1-RM
(E50%) and the other with 3 sets of 12, 9 and 6
reps with 70% of 1-RM (E70%). This study was
conducted in normotensive subjects in order to
analyze the cardiovascular responses to
resistance exercise without the influence of any
pathological condition.

The subjects performed three experimental
sessions in a random order: control (C), E50%
and E70%. Before and during 90 minutes after the
experimental sessions BP, heart rate (HR) and
rate pressure product (RPP) were obtained.

Subjects

Fifteen males aged between 18-25 vyears
volunteered for the study. Prior to participation,
subjects signed an informed written consent. The
procedures used in the study were approved by
the Institutional Review Board of the Ethics
Committee of the University of Pernambuco
(223/08).

Subjects were normotensive, non-obese and
were not practicing systematic exercise training for
at least four months prior to participation in the
study, however, all of them reported to have
previous experience with the resistance exercises
employed in the study. Subjects were excluded if
they reported any current disease or medication
use. Clinical characteristics of the subjects are
presented in Table 1.
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Table 1. Clinical characteristics of the subjects.

Mean + SE
Age, ys 22.3+09
Weight, kg 66.5+1.6
Height, m 1.74+0.01
Body mass index, kg/m? 22.0+0.4
Resting systolic blood pressure, mmHg 110+2.4
Resting diastolic blood pressure, mmHg 73+1.8
Resting mean blood pressure, mmHg 85+1.8
Resting heart rate, bpm 75+2.0

Values are mean + standard error (SE).

Procedures

As a preliminary evaluation, weight and height
were measured and subjects were excluded if
body mass index was > 30 kg/mz. Resting
auscultatory systolic and diastolic BP were
measured 3 times after 5 min of resting in two
occasions, using a mercury sphygmomanometer
(Missouri, Brazil). The mean value between all
measures was calculated and applied to
determine the subjects’ BP level. Subjects were
excluded if systolic or diastolic BP were = 130 and
85 mmHg, respectively (CHOBANIAN et al.,
2003).

All subjects included in the study underwent
two familiarization sessions which aimed to
standardize the execution of the resistance
exercises included in the study: bench press,
bent-over row, frontal raises, arm curl and
overhead triceps extension. Subjects performed
three sets of 12 repetitions with the minimum load
allowed by the equipment in each exercise.

In the subsequent sessions, maximal dynamic
strength was evaluated using the 1-RM test. In
order to guarantee the accuracy of maximal
strength evaluation, all subjects underwent four 1-
RM test sessions. Subjects performed 1-RM tests
at the same time of the day, each one separated
by 48 to 72 hours. Before each 1-RM session,
subjects were instructed to follow the same
recommendations (avoid strenuous physical
activities, alcohol, cigarette or caffeine 24 hours
before the strength testing and maintain similar
sleeping hours and daily activities).

In each exercise, 1-RM test was preceded by a
warm-up set (12 repetitions) with approximately
50% of the estimated load used in the first
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attempt. After two minutes, subjects were oriented
to try to accomplish one repetition with the
imposed load in three attempts of each exercise.
The resting period between each attempt ranged
from two to three minutes. The 1-RM was
recorded as the weight of which the subject was
able to complete one single execution (CLARKE,
1973). The highest load obtained in the four
sessions of each exercise was recorded as the 1-
RM (DIAS et al., 2005). Exercise technique was
standardized and continuously monitored to
guarantee reliability in the maximum strength
assessment. All sessions were supervised by two
experienced researchers for greater safety and
integrity of the subjects during the tests.

At least 3 days after the last 1-RM test,
subjects underwent, in different days, three
experimental sessions in a random order: C,
E50% and E70%. Each session initiated at the
same time of the day with an interval of at least 3
days between them. Experimental sessions were
scheduled to assure that subjects had a similar
routine in all the experimental sessions. Before
each experimental session subjects were
instructed to follow the same recommendations
(take a light meal 2h before the experiments,
avoid physical exercise and alcohol ingestion for
at least the prior 48 hours, avoid caffeine in the
previous 24 hours and maintain similar sleeping
hours and daily activities).

In each experimental session subjects were
referred to a quiet room where they remained
resting in the seated position for 20 minutes (pre-
intervention). Meanwhile, BP and HR were
measured three times. BP was obtained in the
right arm by the auscultatory method using a
mercury column sphygmomanometer (Missouri,
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Brazil) and a stethoscope (Techline, Brazil),
establishing phases | and V of the Korotkoff
sounds, respectively, as systolic and diastolic BP.
HR was obtained from a HR monitor (Polar,
United States) immediately after each BP
measurement.

After the resting measurements subjects
began the interventions. Exercise sessions were
composed of the five above-described exercises.
In all the sessions, before each exercise, a 10-
repetition warm-up set was performed using 25%
of 1-RM. All exercises were performed in three
consecutive sets of 12, 9 and 6 repetitions,
respectively. In the C, subjects exercised with a
plastic bar (0.1 kg) and in E50% and E70%
sessions the load of all the exercises were set at
50% and 70% of 1-RM, respectively. The rest
interval between sets was 2 minutes. Subjects
exercised in the supine position for the bench
press and overhead triceps extension, and seated
for the other exercises. All subjects ingested 500
ml of water while performing the exercises.

After the interventions, subjects returned to the
quiet room, where they remained resting in the
seated position for 90 minutes (post-exercise).
Meanwhile, BP and HR were obtained every 30
minutes following the procedures previously
described.

Statistical Analyses

The sample size was statistically calculated
using values obtained in previous studies that

observed post-resistance exercise hypotension in
normotensive subjects (REZK et al., 2006). The
sample size necessary to detect a BP decrease of
4 mmHg with a standard deviation of 1.5 mmHg,
considering a power of 80% and an alpha error of
5%, was calculated as 12 subjects. The Gaussian
distribution of the data was verified by the
Shapiro-Wilk test and the homogeneity of
variance was confirmed by the Levene test. BP
and HR values obtained in each one of the pre
and post-intervention stages were averaged and
used for the analysis.

A one-way analysis of variance (ANOVA) was
used to compare the baseline value of each
variable in the three experimental sessions (C,
E50% and E70%). The responses to exercise
sessions were analyzed by a two-way ANOVA for
repeated measures, establishing sessions (C,
E50% and E70%) and stages (pre and post 30,
60, 90) as main factors. Post-hoc comparisons
were performed by Duncan’s multiple range test.
P<0.05 was accepted as statistically significant.
Data are presented as mean and standard error.

Results
Five subjects initiated the experimental
protocol with the C, seven with the E50% and four
with the E70%. The 1-RM and the loads used in
the resistance exercise sessions are presented in
Table 2.

Table 2. Resistance exercise load at different protocols.

Exercise Intensity
1-RM 70% 1-RM 50% 1-RM
Bench press, kg 63.2+2.8 442 +2.0 316+14
Standing row, kg 71.5+£2.4 50.0+1.7 35.7+1.2
Frontal raise, kg 20.7+0.6 145+04 10.3+0.3
Arm curl, kg 325+15 228+1.1 16.3+0.8
Forehead triceps, kg 209+1.0 20.9+0.7 149+0.5

Values are mean * standard error.

The number of repetitions performed in each
exercise in the three experimental sessions were
similar for all the exercises, except in sets 1 (C =
12 + 0 and E50% = 12 + O vs. E70% = 11 £+ 0
reps, P=.005), 2 (C=9 £ 0 and E50% =9 £ 0 vs.
E70% =6 £ 0 reps, P=.003) and 3 (C =6 + 0 and
E50% =6 + 0 vs. E70% =5 + O reps, P=.001) of
the arm curl exercise, and in sets 2 (C =9 £ 0 and
E50% =9+ 0vs. E70% =8 £ 0 reps, P=.02) and 3
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(C=6+0and E50% =6 +0vs. E7T0% =5 %0
reps, P=.02) of the overhead triceps extension. In
these sets repetitions were lower in E70%

Subjects’ pre-exercise values of systolic and
diastolic BP, HR and RPP were similar among C,
E50% and E70% (P>.05) (Table 3). The
cardiovascular responses to resistance exercise in
the three experimental sessions are presented in
Figure 1.
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Table 3. Subjects pre-exercise data.

E70% E50% C
Systolic blood pressure, mmHg 109 + 14 112+ 14 112 + 12
Diastolic blood pressure, mmHg 70+8 699 70+ 10
Mean blood pressure, mmHg 839 8310 84+10
Heart rate, bpm 74 +13 76 £ 15 75+ 14
Rate pressure product, bpm*mmHg 8094 + 1241 8483 £ 1286 8327 £ 1187

Values are mean * standard error.

In comparison with the pre-intervention values,
systolic BP decreased significantly and similarly in
the three sessions during all the recovery stages
(P<.05), while diastolic BP increased significantly
and similarly in the three sessions during all the
recovery stages (P<.05). Mean blood pressure did
not change significantly after either experimental
sessions (P>.05).

In comparison with the pre-intervention values,
HR decreased after the C during all the recovery
stages (P<.01), decreased after the E50% at 60
min and 90 min (P<.01), and increased after the
E70% until 60 min (P<.01). The increases in HR
after the E50% and E70% were greater than after
the C at all the recovery stages, except at 90 min
in the E50% (P<.05). Moreover, the increases in
HR after the E70% were greater than after the
E50% at all the recovery stages (P<.05).

In comparison with the pre-intervention values,
RPP decreased after the C during all the recovery
stages (P<.01), decreased after the E50% at 60
min and 90 min (P<.01), and increased after the
E70% until 30 min (P<.01). The increases in RPP
after the E50% and E70% were greater than after
the C at all the recovery stages, except at 60 and
90 min for E50% (P<.05). Moreover, the increases
in RPP after the E70% were greater than after the
E50% at all the recovery stages (P<.05).

Discussion

The major findings of this investigation are that
(@) a session composed of 5 upper body
resistance exercises, performed in 3 sets with 12,
9 and 6 reps with either 50% or 70% of 1 RM did
not promote a decrease in systolic BP during the
post-exercise period; (b) both exercise protocols
increased HR and RPP during the recovery
period, and these increases were greater after the
protocol with higher intensity and volume.

Post-resistance exercise hypotension has been
observed in normotensive (POLITO; FARINATTI,
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2009; QUEIROZ et al., 2009; REZK et al., 2006;
SIMAO et al., 2005) and hypertensive (MELO et
al.,, 2006; FISHER, 2001) subjects after a
resistance exercise session including upper and
lower body exercises. Moreover, when only lower
body exercise is employed, post-resistance
exercise hypotension has been also documented
(POLITO; FARINATTI, 2009; MACDONALD et al.,
1999). On the other hand, this has not been
observed after 6 or 10 sets of arm curl (POLITO;
FARINATTI, 2009), suggesting that exercising a
large muscle mass is necessary for promoting
post-exercise hypotension. In the present study,
exercises for several muscle groups of upper body
were included, and although there was an
increase in the active muscle mass, post exercise
hypotension was not observed. It suggests that
the exercised muscle mass is not the main factor
involved in the post-resistance exercise
hypotension when upper body exercises are
employed.

Although the mechanisms underlying these
responses were not analyzed in this study, there
are two hypotheses to explain our results. First,
the ischemia caused by the mechanical load in the
larger arteries during lower limb exercises did not
occur during upper and trunk exercises, limiting
the stimulus for the release of vasodilator
substances. Second, post-resistance exercise
hypotension after a session including lower body
exercises has been attributed to a decrease in
cardiac output, probably mediated by a reduction
in the venous return (REZK et al., 2006). In fact,
after lower body exercises, vasodilation of the leg
muscles might contribute for the decrease in the
venous return due to the difficulty of the blood to
flow against gravity. On the other hand, when
upper body exercises are performed, venous
return might not decrease much since vasodilator
territory is lower and not very influenced by gravity.
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Figure 1. Systolic blood pressure (panel A), diastolic blood pressure
(panel B), mean blood pressure (panel C), heart rate (panel D), rate
pressure product (panel E) responses observed before (Pre) and after
the interventions in the control (triangles), resistance exercise performed
at 50% of 1 RM (circles), and resistance exercise performed at 70% of 1
RM (squares). * Significantly different from pre exercise (p< .05). 1
Significantly different from control. £ Significantly different from exercise
at 50% of 1 RM. (') Main stage effect ANOVA.
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It is interesting to observe that systolic BP and
heart rate decreased throughout time during the
control session. This is in contrast with previous
studies that showed decrease in post-resistance
exercise heart rate, however, no changes in
systolic BP were found (TEIXEIRA et al., 2010;
REZK et al., 2006). The mechanisms of this
response are out of the scope of the present
study, but they might be associated to a decrease
in cardiac sympathetic activation due to an alert
response to the experimental procedure. In
addition, the alterations observed throughout time
without any intervention highlight the importance
of conducting a control session in studies
regarding post-exercise hypotension.

Diastolic BP increased similarly in all the
experimental sessions. In fact, this increment
throughout time when subjects remain seated for
a long period has already been reported
(QUEIROZ et al., 2009; REZK et al., 2006). It has
been attributed to the orthostatic stress imposed
by the sitting position, which makes the venous
return to the heart difficult, deactivating
cardiopulmonary  receptors  that increase
peripheral  sympathetic  activity, = promoting
vasoconstriction, increasing vascular resistance
and, consequently, diastolic BP (GOTSHALL et
al., 1994).

Previous studies have shown that exercise
intensity do not affect the magnitude of post-
resistance exercise hypotension (REZK et al,
2006; SIMAO et al., 2005). Although the protocols
differed in both volume and intensity, the results
obtained are in agreement with previous findings,
showing that the resistance exercise protocol with
greater intensity did not affect systolic BP
responses after the exercise. On the other hand,
HR and RPP responses were greater and longer
after the resistance exercise protocol with a higher
volume and intensity. The increase in HR
immediately after the resistance exercise has
been previously reported (QUEIROZ et al., 2009;
REZK et al., 2006), and attributed to an increase
in the cardiac sympathetic and a decrease in the
parasympathetic  modulation in order to
compensate the decreases in stroke volume after
the exercise session (REZK et al., 2006). Because
the E70% protocol probably resulted in greater
cardiovascular stress during exercise, a longer
period to HR return to pre-exercise levels was
expected.
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The practical application of this study was that
the prescription of resistance training session with
exclusively upper body exercises is not
recommended for promoting post-exercise
hypotension. In addition, a protocol with greater
volume and intensity did not promote decreases in
BP. However, it is important to consider that a
resistance exercise protocol including only trunk
and upper body exercises might be useful to
improve muscle skeletal function, which should be
considered depending on the aims of the training.

This study presents limitations that should be
considered. First, the American College of Sports
Medicine (2010) specific recommendations for
hypertensive subjects did not detail the resistance
training protocol. Thus, the background of the
present study was based on the recommendation
for healthy subjects. Second, the sample included
only normotensive healthy men, and some of them
had a very low resting BP. Therefore, the
responsiveness to exercise might have been
attenuated since post-resistance exercise BP
responses seem to be affected by baseline BP
levels (QUEIROZ et al., 2009; MELO et al., 2006).
Thus, future studies should address the
responses to upper body exercises in
hypertensive subjects. Third, the resistance
exercise protocols differed in volume and intensity,
thus the influence of each variable separately
cannot be determined. Finally, subjects ingested
water while exercising, which might have
decreased any post-exercise hypotensive effect.
In fact, in most of the studies that observed post-
resistance exercise hypotension the subjects were
not allowed to ingest water during experimental
sessions (QUEIROZ et al.,, 2009; REZK et al.,
2006). In addition, it has been proposed that water
replacement might decrease or even blunt post-
exercise hypotension after aerobic exercise
(CHARKOUDIAN et al., 2003). Thus, it might also
affect the BP responses after resistance exercise.
However, since in practice many subjects ingested
water while exercising, the inclusion of this
procedure in the experimental protocol increases
the external validity of the study.

In conclusion, the present study revealed that
one bout of upper body resistance exercise
performed at 50% or 70% of 1RM did not
decrease systolic BP during the recovery period.
Moreover, these exercise bouts increased both
HR and RPP during the post-exercise period, and
these responses were higher and lasted longer
after the higher volume and intensity protocol.
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