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ABSTRACT
Introduction: The resistance exercise (RE) is recommended for whole population. However, some
variables can promote different physiological responses during the performance, with a direct
impact on cardiovascular responses. Thus, the objective was to verify the cardiovascular responses
to three RE protocols between beginners (BG) and advanced (AD) practitioners. Methodsː thirty
male resistance training practitioners divided into two groups: BG and A D. The volunteers were
studied during three protocols of bench press exercise: 1:15 repetitions at 65% of one maximal
repetition (1RM); 2:8 repetitions at 80% of 1RM; 3:4 repetitions at 90% of 1RM. The systolic blood
pressure (SBP), diastolic blood pressure (DBP), heart rate (HR) and rate pressure product (RPP)
were measured before and after the protocols. Resultsː there was a significant increase in HR, SBP,
DBP and RPP from rest to post exercise. The AD participants showed lower values of HR, SBP and
RPP in the protocol 1 compared to 2 and 3; and presented higher values of HR and RPP in protocol
3 compared to 2. Discussionː the three protocols increased the cardiovascular overload compared
to rest values, and no differences were observed between groups. In AD, the intensity seems to
produce more cardiovascular overload than the volume or the total training load.
Keywords: resistance training, cardiovascular effort, heart rate, blood pressure

RESPUESTAS CARDIOVASCULARES
DE PROFESIONALES PRINCIPIANTES Y AVANZADOS
A DIFERENTES PROTOCOLOS DE EJERCICIO
DE RESISTENCIA DE VOLUMEN E INTENSIDAD
RESUMEN
Introducción: el ejercicio de resistencia (RE) se recomienda para toda la población. Sin embargo,
algunas variables pueden promover diferentes respuestas fisiológicas durante el desempeño, con
un impacto directo en las respuestas cardiovasculares. Por lo tanto, el objetivo era verificar las
respuestas cardiovasculares a tres protocolos RE entre los principiantes (BG) y los practicantes
avanzados (AD). Métodos: treinta practicantes de entrenamiento de resistencia masculinos
divididos en dos grupos: BG y AD. Los voluntarios fueron estudiados durante tres protocolos de
ejercicio de press de banca: 1:15 repeticiones al 65% de una repetición máxima (1RM); 2: 8
repeticiones al 80% de 1RM; 3: 4 repeticiones al 90% de 1RM. La presión arterial sistólica (PAS), la
presión arterial diastólica (PAD), la frecuencia cardíaca (FC) y el producto de presión arterial (RPP)
se midieron antes y después de los protocolos. Resultadosː hubo un aumento significativo en HR,
SBP, DBP y RPP desde el reposo hasta el ejercicio. Los participantes de AD mostraron valores más
bajos de HR, SBP y RPP en el protocolo 1 en comparación con 2 y 3; y presentaron valores más altos
de HR y RPP en el protocolo 3 en comparación con 2. Discusiónː los tres protocolos aumentaron la
sobrecarga cardiovascular en comparación con los valores de reposo, y no se observaron
diferencias entre los grupos. En AD, la intensidad parece producir más sobrecarga cardiovascular
que el volumen o la carga de entrenamiento total.
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INTRODUCTION
The resistance exercise (RE) is recommended for whole population, since
this promote health benefits, such as physical fitness, strength gains, flexibility,
reduced body fat, blood pressure (BP) control and blood glucose metabolism
(Dutra, Lima, Mota, Oliveira, & Veloso, 2013; Jakicic et al., 2001; Kohrt,
Bloomfield, Little, Nelson, & Yingling, 2004). However, some training variables,
like intensity and volume, can promote different physiological responses during
the performance of RE, with a direct impact on cardiovascular safety during
training (Correa Neto et al., 2017; O.C; Moreira et al., 2017). In healthy men, the
blood pressure can reach values of 320 and 250 mmHg for systolic (SBP) and
diastolic blood pressure (DBP), respectively, during concentric phase of RE
performed until fatigue (MacDougall, Tuxen, Sale, Moroz, & Sutton, 1985).
Previous studies suggest that intensity exerts a more pronounced effect on
cardiovascular responses, than volume (Figueiredo, Willardson, et al., 2015; O.C;
Moreira, et al., 2017). However, even at low loads, maintenance of muscle
contractions for long periods can also induce high cardiovascular stress
(Figueiredo, Rhea, et al., 2015). Thus, it is possible to consider that both higher
intensities and volumes can result in higher cardiovascular demand. However,
at present, it is not clear which of these variables cause a more elevated
cardiovascular stress.
It is known that the RE promotes significant increases in heart rate (HR)
and BP (Darr, Bassett, Morgan, & Thomas, 1988). In addition, trained
individuals showed parasympathetic reactivation enhanced, that’s affect the HR
return to baseline levels, occurring more quickly than untrained (Darr, et al.,
1988). This suggests that chronic adaptations to RE lead to different acute
cardiovascular responses between advanced (AD) and beginners (BG) during
and immediately after RE.
Thus, we hypothesized that the cardiovascular responses will be higher in
beginners than advanced practitioners. In addition, a RE performed prioritizing
intensity would produce more pronounced cardiovascular responses in HR, BP
and rate pressure product (RPP) than protocol prioritizing volume. Therefore,
this study aimed to verify and compare the cardiovascular responses to three
RE protocols performed with different volumes and intensities between
beginners and advanced practitioners.
METHOD
Experimental approach to the problem
This was a parallel group repeated measures design, which investigated the
cardiovascular responses to three RE protocols performed with high volume
and low intensity (Protocol 1: 15 repetitions at 65%- 15/65%), moderate
volume and moderate intensity (Protocol 2: 8 repetitions at 80%- 8/80%), and
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low volume and high intensity (Protocol 3: 4 repetitions at 90%- 4/90%)
between beginners and advanced practitioners. Both groups were submitted to
the same procedures. Participants performed a one repetition maximum test
(1RM) in bench press exercise and 48 hours after, they performed one of three
different protocols in a randomized order separated by 48 hours for each
protocol. HR, SBP and DPB were evaluated before and immediately after the
protocol using standard measurements by the same researcher.
Participants
The sample consisted of 30 healthy males between 18 and 30 years of age
who had at least one year or less than six months of experience with RE. The
exclusion criteria adopted was: a) skeletal muscle limitations; b) positive PARQ; c) cardiovascular diseases; d) use of drugs that could influence the
cardiovascular responses.
The participants answered a questionnaire of readiness to practice physical
activity (PAR-Q), and completed the coronary risk table. They also answered a
complete anamnesis, which provided information about their health, and
signed the consent form.
After these initial procedures, the participants were divided into two
groups based on their experience with RE. One group consisted of 15 beginners
in RE (BG: less than six months of RE), another with 15 advanced in RE (AD: at
least one year of experience in RE) ("American College of Sports Medicine
position stand. Progression models in resistance training for healthy adults,"
2009).
All study procedures were in accordance with the Guidelines and Norms
Regulating Research Involving Human Beings (Resolution 196/96 of the
National Health Council-Brazil), being previously approved by the ethics
committee in research with humans of the Federal University of Viçosa
(072/2010), and each participant signed a free and informed consent form.
Anthropometric assessments
The body weight was measured by a mechanical scale (model Star 300/4;
Filizola, São Paulo, Brazil). The height was measured using a wall stadiometer
(model Professional ES2020; Sanny, São Paulo, Brazil). Height and weight were
used to calculate the body mass index (BMI). All measurements were
performed following the recommendations of the International Standards for
Anthropometric Assessment (Stewart, Marfell-Jones, & Olds, 2011.).
Muscular strength assessments
All data was collected at the Laboratory of Strength of the Federal
University of Viçosa by an experienced examiner. The mass of each plate and
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bar used in this study was determined using the mechanical scale (model Star
300/4; Filizola, São Paulo, Brazil).
The one-repetition maximum (1RM) test was performed on a bench press
apparatus (FS3060 model, Righetto, Brazil). The 1RM test was preceded by a
warm-up set (10–12 repetitions) with a load between 40-60% be used at the
first attempt of the 1RM test. The testing started two minutes after the warm up.
To standardize the 1RM test, all participants started the test in the supine
position and with shoulders flexed 90° in relation to the trunk, the arms
remained extended and the footprint on the bar was made in pronation.
Starting from the initial position, the participants performed a horizontal
abduction of the shoulder reaching a 90° flexion of the elbows, bringing the bar
close to the sternum. Then, elbow extension was performed with horizontal
shoulder adduction, taking the bar to the initial position.
Each subject started the 1RM trials with a weight that they believed could
lift using maximum effort. Weight increments were then added until they
reached the maximum load that could be lifted once. If the participant could not
perform a single repetition, approximately 2-5% was subtracted from the load
employed in the test (O.C; Moreira et al., 2017). The participants rested for 3–5
min between the attempts. All participants made a maximum of three attempts
to determine 1RM. The participants performed the tests at the same time of the
day and did not practice any physical exercise before. To reduce possible errors
in the 1RM measures, standardized instructions how to execute the exercise
were provided to participants prior to the start of the test; the movements were
monitored and, if necessary, adjusted during the tests; all participants were
verbally encouraged during the test (O.C; Moreira, et al., 2017).
The total load of each protocol was calculated by multiplying the weight
lifted by the number of repetitions of each protocol. The value of total load was
expressed in kilograms (Kg).
Cardiovascular assessments
The HR, SBP, DPB and RPP were determined before (at resting condition)
and immediately after each protocol of bench press exercise.
For resting evaluation, the participants were maintained for 10 minutes in
a calm and quiet environment, followed by measures of resting BP and HR in
the supine position. Resting HR was determined using a heart monitor (model
FT7, Polar, Finland). The measurement was recorded for 10 minutes, which
computed the mean value of the last 2-minutes.
The resting SBP and DBP were measured using calibrated
sphygmomanometer with a standard cuff for adults and a stethoscope
(Premium Brand Model, Single, China). The measurements and the
classification of the results were carried out according to the international
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guidelines(Chobanian et al., 2003) and followed by the Brazilian Society of
Cardiology. The RPP was calculated by multiplying SBP and HR (McArdle,
Katch, & Katch, 2011).
Immediately after each protocol the cardiovascular responses were
measured. The HR was the highest value presented at the end of the protocol,
and SBP and DBP were measured with the cuff being inflated during the last
repetition and performed within a maximum of 10 seconds after the last
repetition (O.C; Moreira, et al., 2017; O.C; Moreira, et al., 2017; M.D; Polito &
Farinatti, 2003).
Experimental sessions
To avoid a treatment order effect interference, we used a balanced
crossover design, based on Latin Squares, in which the groups performed the
protocols at different sequences (Jesus, Moreira, Oliveira, Doimo, & Monteiro,
2013; Moreira, Castro, Carneiro-Júnior, Teodoro, & Oliveira, 2013; O.C; Moreira,
et al., 2017).
A 48-hour interval was taken between the protocol executions. To prevent
variation in the speed of movement, the exercises were performed using a
metronome set to 60 beats per minute, with the concentric and eccentric
phases lasting 2 seconds each.
The participants were instructed not to hold their breath during the
exercises. During the exercise protocols, the researcher was positioned beside
the volunteer to measure HR and BP.
Statistical analysis
The data were presented using mean and standard error. Shapiro Wilk test
was performed to verify the normality of the data. The data showed different
distribution, being that RPP and DBP showed non-parametric, and HR, SBP,
1RM, BM and load analysis showed parametric distribution. Therefore, the
Student T test was used when parametric, and Mann-Whitney test applied
when non-parametric distribution, aiming to compare the variables between
groups. The Wilcoxon test was used for non-parametric and Paired t test for
parametric distribution, aiming to compare pre and post-exercise variables.
Friedman's test was used to non-parametric, while ANOVA one way was used
to parametric data, and the Wilcoxon post hoc was applied to verify HR, SBP,
DBP and RPP behavior among the three different values of volume and
intensity. The effect size was calculated by Cohen's d for intragroup and
intergroup comparisons, with confidence interval of 95%. The effect size was
classified as trivial (<0.5), small (0.5-1.25), moderate (1.25-1.9) and large (> 2.0)
(Rhea, 2004). For all treatments, a significance level of p <0.05 was adopted and
the Statistical Package for the Social Sciences (SPSS) v.23.0 was used.
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RESULTS
All protocols were performed with the same volume and relative load in
the two groups. However, the AD lifted a greater absolute load than the BG
(Protocol 1: BG= 28.51 Kg vs. AD= 67.52 Kg; Protocol 2: BG= 35.09 Kg vs. AD=
82.61 Kg; Protocol 3: BG= 39.48 Kg vs. AD= 92.88 Kg; p<0.001).
The description of the anthropometric characteristics and the variables at
rest are presented in Table 1. The sample did not present statistically
significant differences for the following variables: age, weight, height, BMI, HR,
SBP and RPP at rest. The AD showed higher values of 1RM (p<0.001) and DBP
(p= 0.016) than the BG.
TABLE 1
Description and comparison of anthropometrics and cardiovascular variables at rest.

Variable
Age (years)
Weight (Kg)
Height (cm)
BMI (Kg/m²)
1RM (Kg)
HR (bpm)
SBP (mmHg)
DBP (mmHg)
RPP (mmHg.bpm)

BG
Mean
SD
22.1
2.1
74.0
13.2
180
10
24.3
3.4
43.9
9.5
69.3
7.9
114.0
10.6
72.7
7.9
7890.7 1089.9

AD
Mean
SD
21.6
2.2
80.9
6.5
1.80
0.10
24.9
1.7
103.2
18.3
67.7
7.9
120.7
5.9
80.0
3.8
8080.7 757.7

P value
0.567
0.056
0.081
0.806
<0.001
0.512
0.067
0.016
0.744

d (CI95%)
-0.21(-0.93;0.50)
0.53(-0,20;1,25)
0.50(-0.22;1.22)
0.21(-0.50;0.93)
6.27(4.91;7.63)
-0.20(-0.92;0.51)
0.63(-0.09;1.36)
0.92(0.18;1.65)
0.17(-0.54;0.89)

BG: beginners group (n=15); AD: advanced group (n=15); SD: standard error; BM: body
mass; 1RM: maximal repetition; HR: heart rate; SBP: systolic blood pressure; DBP: diastolic
blood pressure; RPP: rate pressure product; d: Cohen’s d effect size; CI95%: confidence
interval of 95%.

Table 2 presents the comparison of the cardiovascular responses measured
before the RE session and immediately after for both groups. The three
protocols promoted a significant increase in all cardiovascular variables of both
groups. The only exception was the DBP of AD in the protocol 1, that didn´t
show significant differences between pre and post moments (p= 0.364). In AD
group, greater HR was observed in protocol 3 compared to 2 and 1 (p<0.001);
and higher RPP of protocol 3 in relation to 1 (p<0.05).
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T ABLE 2
Description and comparison of cardiovascular variables between pre and post exercise moments.
BG
AD
Pre-exercise
Post-exercise
Pre-exercise
Post-exercise
Variable
d(CI95%)
d(CI95%)
Mean (SD)
Mean (SD)
Mean (SD)
Mean (SD)
Protocol 1 (15/65%)
Protocol 1 (15/65%)
HR (bpm)
68.2 (8.2)
114.1 (13.7)**
5.58(4.33;6.84)
66.7 (7.3)
111.8 (10.7)** Ψ
6.12(4.78;7.46)
SBP (mmHg)
116.6 (7.2)
140.0 (9.2)**
3.22(2.29;4.16)
118.6 (5.1)
138.6 (8.3)**
3.87(2.86;4.89)
DBP (mmHg)
72.0 (8.6)
82.6 (7.4)*
1.24(0.49;1.99)
78.6 (5.1)
81.3 (9.1)
0.52(-0.21;1.24)
RPP (mmHg.bpm) 7949.3 (936.8) 15980.0 (2120.6)** 8.57(6.83;10.31) 7914.6 (874.1) 15544.6 (1999.8)** † 8.73(6.96;10.49)
Protocol 2 (8/80%)
Protocol 2 (8/80%)
HR (bpm)
69.1 (7.8)
111.1 (11.8)**
5.38(4.16;6.61)
67.8 (8.1)
118.7 (8.7)** Ψ
6.24(4.88;7.60)
SBP (mmHg)
117.3 (9.6)
142.6 (17.1)**
2.64(1.77;3.50)
119.3 (7.0)
144.0 (9.1)**
3.51(2.54;4.47)
DBP (mmHg)
71.3 (7.4)
83.3 (9.0)**
1.61(0.84;2.39)
77.3 (4.5)
82.6 (7.4)*
1.17(0.42;1.91)
RPP (mmHg.bpm) 8096.6 (970.6) 15944.0 (2899.6)** 8.08(6.43;9.74) 8085.3 (929.9) 17123.3 (1895.4)** 9.72(7.79;11.65)
Protocol 3 (4/90%)
Protocol 3 (4/90%)
HR (bpm)
67.9 (8.5)
112.7 (15.6)**
5.25(4.05;6.46)
66.9 (7.9)
123.5 (9.4)**
7.10(5.60;8.59)
SBP (mmHg)
116.6 (9.0)
140.6 (12.0)**
2.67(1.80;3.54)
119.3 (5.9)
148.0 (10.8)**
4.83(3.69;5.97)
DBP (mmHg)
72.6 (7.9)
83.0 (9.9)**
1.29(0.54;2.05)
78.6 (3.5)
85.3 (6.4)**
1.89(1.10;2.69)
RPP (mmHg.bpm) 7934.6 (1189.9) 15954.6 (3094.3)** 6.74(5.30;8.18) 7974.6 (885.8) 18314.0 (2145.6)** 11.67(9.40;13.94)
BG: beginners group (n=15); AD: advanced group (n=15); SD: standard error; HR: heart rate; SBP: systolic blood pressure; DBP: diastolic blood
pressure; RPP: rate pressure product; d: Cohen’s d effect size; CI95%: confidence interval of 95%; * p<0.05 pre vs. post; ** p<0.001 pre vs. post; †
p<0.05 vs. Protocol 3; Ψ p<0.001 vs. Protocol 3.
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Table 3 presents the comparison of cardiovascular responses variation
(delta) between groups and protocols. Regarding cardiovascular parameters,
the only difference observed was in the protocol 3, where AD presented higher
RPP than BG (p= 0.017).
AD showed more elevated HR and RPP in protocol 3 than 1 (p<0.001) and 2
(p= 0.012), and higher SBP in protocol 3 than 1 (p= 0.019), although the total
load was higher in protocol 1. Furthermore, protocol 2 produced greater HR
(p= 0.012) and RPP than protocol 1 (p<0.001), although the total load was
higher in protocol 1.
TABLE 3
Description and comparison of absolute differences (Delta [Δ]) form pre to post exercise
moments, between beginners and advanced participants.
Variable
HR (bpm)
SBP (mmHg)
DBP (mmHg)
RPP (mmHg.bpm)
Total load (Kg)
HR (bpm)
SBP (mmHg)
DBP (mmHg)
RPP (mmHg.bpm)
Total load (Kg)
HR (bpm)
SBP (mmHg)
DBP (mmHg)
RPP (mmHg.bpm)
Total load (Kg)

BG

AD
Protocol 1 (15/65%)
45.9 (11.7)
45.1 (9.9)
23.3 (9.8)
20.0 (8.5)
10.7 (13.3)
2.7 (11.0)
8030.7 (1764.6)
7630.0 (1724.2)
427.7 (92.1)
1006.2 (177.9)*
Protocol 2 (8/80%)
42.0 (15.6)
50.9 (7.9) ‡
25.3 (11.3)
24.7 (9.9)
12.0 (13.2)
5.3 (8.3)
7847.3 (2982.3)
9038.0 (1666.3) Ψ
280.7 (60.5)
660.4 (116.7)* ‡
Protocol 3 (4/90%)
44.8 (19.3)
56.6 (11.1) Ψ #
24.0 (11.1)
28.7 (9.9) ‡
10.3 (13.4)
6.7 (7.2)
8020.0 (3144.1)
10339.3 (2089.5)* Ψ #
157.9 (34.0)
371.5 (65.7)* ‡ #

d(CI95%)
-0.06(-0.78;0.65)
-0.34(-1.06;0.38)
-0.60(-1.32;0.12)
-0.23(-0.94;0.49)
6.27(4.91;7.64)
0.57(-0.15;1.29)
-0.06(-0.78;0.66)
-0.50(-1.23;0.22)
0.40(-0.32;1.12)
6.27(4.91;7.64)
0.61(-0.11;1.34)
0.42(-0.30;1.14)
-0.27(-0.99;0.44)
0.74(0.01;1.47)
6.27(4.91;7.64)

BG: beginners group (n=15); AD: advanced group (n=15); SD: standard error; HR: heart
rate; SBP: systolic blood pressure; DBP: diastolic blood pressure; RPP: rate pressure
product; d: Cohen’s d effect size; CI95%: confidence interval of 95%; * p<0.05 vs. BG; ‡
p<0.05 vs. protocol 1; Ψ p<0.001 vs. Protocol 1; # p<0.05 vs. protocol 2.

DISCUSSION
The aim of this study was to compare the cardiovascular responses to three
RE protocols performed with different volumes and intensities between BG and
AD participants. The main findings of the study were: 1) the three protocols
promoted increases in cardiovascular variables in both groups; 2) no
differences were observed in cardiovascular overload between BG and AD; 3)
in the BG, no differences were observed in cardiovascular overload between the
protocols; 4) the increased responses of cardiovascular parameters were
European Journal of Human Movement, 2020: 44, 80-94
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promoted by the intensity in the AD. The behavior of all cardiovascular
variables evaluated during the three protocols of RE showed significant
increases with a large effect size in relation to the rest condition, similar to that
observed in other studies (Agarwal et al., 2017; Jesus, et al., 2013; Moreira, et al.,
2013; O.C; Moreira, et al., 2017; O.C; Moreira, et al., 2017; Taylor, Wiles,
Coleman, Sharma, & O'Driscoll J, 2017). A possible explanation to this increase
could be the compression of blood vessels by the muscles involved in the
exercise (MacDougall, et al., 1985). Activation of both chemoreceptors and
muscle and joint mechanoreceptors promote the increased sympathetic and
decreased parasympathetic cardiovascular modulation (Ichinose, Watanabe,
Fujii, Kondo, & Nishiyasu, 2013). This physiological response to RE probably
occur due to impulses from the motor cortex to the cardiovascular control
center and to increase in peripheral vascular resistance caused by partial
occlusion of blood flow (O.C; Moreira, et al., 2017).
We hypothesized that the cardiovascular responses will be larger in BG
than in AD. Based on our results, the training experience seems to not have an
effect on cardiovascular responses, once no differences were observed in the
analyzed variables between groups. Further, the comparison of all variables
between groups showed only a trivial or small effect size. Banister et al. (1999)
provided a theory about human performance, suggesting that the exercise
practice can promote an input in the form of training impulses and an output in
the form of performance (Banister, Carter, & Zarkadas, 1999). Thus, the human
performance should be a result of the difference between the fitness gain and
the fatigue. In accordance with this theory, a person with high training
experience can present a better physiological response to an exercise session.
At the cardiovascular point of view, the training experience is associated with
an enhanced stroke volume, cardiac output, and morphofunctional adaptations
of the myocardium (Lavie et al., 2015; McNarry & Jones, 2014). These
cardiovascular adaptations to exercise demonstrate that the most trained
participants could show less pronounced cardiovascular responses. However,
we didn’t find studies comparing the cardiovascular behavior during RE in
people with different training levels. We hypothesized that a RE performed
with protocol prioritizing greater intensity would produce more pronounced
cardiovascular responses in HR, BP and RPP than protocol prioritizing volume.
Based on our results, only the AD presented this accentuated cardiovascular
response due to greater intensity in relation to volume. The different RE
protocols produced similar cardiovascular responses in the BG. Generally, the
studies that evaluated the effect of different loads on cardiovascular responses
used men with previous experience in RE (Castinheiras-Neto, Costa-Filho, &
Farinatti, 2010; Correa Neto, et al., 2017; Figueiredo, Willardson, et al., 2015).
Correa Neto et al. (2017) found that cardiovascular responses were
European Journal of Human Movement, 2020: 44, 80-94
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accentuated after the practice of RE with 80% of load in relation to the series
with 60% (Correa Neto, et al., 2017), similar to our results. A second study
compared the acute hemodynamic and cardiovascular responses of high
load/low repetition RE to low load/high repetition RE (Gjovaag, Hjelmeland,
Oygard, Vikne, & Mirtaheri, 2016). Cardiovascular overload seemed to be
related to training duration and not to the intensity (Gjovaag, et al., 2016). This
set of information shows that is necessary to carry out new studies, with more
than one set per protocol, in order to better understand the cardiovascular
responses of BG.
The volunteers of AD group showed higher cardiovascular responses in the
protocol with higher intensity and low volume. These results are in accordance
with some studies (Correa Neto, et al., 2017; Figueiredo, Willardson, et al., 2015;
O.C; Moreira, et al., 2017) made with trained people, showing that the intensity
of exercise promote a more pronounced cardiovascular response to RE, either
during or after the exercise. It may be explained by the exercise intensity which
is related to increased sympathetic nerve activity. After the execution of RE,
metabolites are released into the bloodstream triggering muscle
chemoreceptors, which leads the sympathetic nervous system to release
catecholamines, resulting in increased cardiovascular responses (O.C; Moreira,
et al., 2017; Rowell & O'Leary, 1990). This mechanism could be responsible for
the adequacy of the distribution of blood flow and circulatory perfusion to the
active muscles (Lopes, Gonçalves, & Resende, 2006).
There are others ways to modulate cardiovascular responses in RE training,
including the velocity of contraction and RE series until failure (De Souza et al.,
2013; Lamotte, Fleury, Pirard, Jamon, & van de Borne, 2010). The velocity of
contraction is an important component of RE exercise series. We adopted the
rhythm of execution of 2 seconds for both concentric and eccentric phases, that
is already related in literature (Braith & Beck, 2008; Lamotte, et al., 2010).
Lamotte et al. (2010) showed that RE using slow execution velocity promote
greater cardiovascular adjustments compared to quickly velocity (Lamotte, et
al., 2010). The velocity of execution is not the study object in this work, thus, we
selected a moderate execution velocity for both phases of movement. In
previous study, the failure application during RE series promoted alterations in
cardiovascular responses until 24h after practice compared to control series
(De Souza, et al., 2013). The authors shown that RE until failure promoted a
drop in HR in next morning after training, that’s important observation,
particularly for people with cardiovascular disease. Other interesting result
found was the BP reduction immediately after exercise leading to failure.
During exercise session, the authors observed higher cardiovascular responses
during sets leading to failure, which can be associated to a higher intensity of
effort (De Souza, et al., 2013). In our study, it was observed higher HR e RPP
European Journal of Human Movement, 2020: 44, 80-94
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after session with higher intensity (4/90%). We didn´t follow cardiovascular
behavior for a long time after the sessions. However, observing the results of De
Souza et al. (2013), it can be postulated that serie with higher intensity
promote hypotension process.
This study contributes to the field of knowledge related to the RE
prescription, indicating that young healthy adults can safely perform RE at
different intensities, regardless of their level of training and experience with RE.
The data further strengthened the importance of controlling the intensity
of RE, considering that it was the parameter of greatest influence on the
cardiovascular responses. The data also reaffirms the importance of HR, BP and
RPP to control the cardiovascular stress during RE.
The present study presents some limitations, such as a single serie of RE for
each of the protocols applied, once multiple series could increase the ecological
validity of the results. However, the use of single sets was a strategy to
guarantee safety during testing. Another possible limitation was the utilization
of the auscultatory method to assess the BP during RE, that can underestimate
the blood pressure, and is important to note that the peak of SBP is observed
during the concentric phase of contraction (M.D. Polito, Farinatti, Lira, &
Nobrega, 2007), although this method has validity and reproducibility to
indicate differences in BP responses to RE (Castinheiras-Neto, et al., 2010).
The impact of volume and intensity relationship on cardiovascular stress
will vary across participants; therefore, it is essential to know the
cardiovascular responses to different training variables to prescribe specific
programs to each individual. The information provided in this study can assist
in prescribing RE, especially for participants with cardiovascular risk factors.
Therefore, when prescribing RE for beginner participants, our data suggests
that a single set of RE can be used, independently of volume and intensity. For
advanced participants, the intensity of the training protocol seems to be a key
variable to the cardiovascular safety. However, these results must be analyzed
with caution, and future investigations in this field are necessaries, to evaluate
the possible effects of different variables, as the set number, time of rest,
training methods, etc.
In conclusion, the three protocols promoted the increase of cardiovascular
overload compared to rest values. The training experience seems to not affect
the cardiovascular response to RE, and in advanced participants, the intensity
seems to produce more cardiovascular overload than the volume or the total
training load.
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