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Cardiovascular Responses to Resistance Exercise are Affected by
Workload and Intervals between Sets
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Abstract

Background: The control of cardiovascular responses during resistance exercise (RE) is important for patient safety.
Objective: To investigate the influence of repetition maximum (RM) and rest interval between sets (RI) on heart rate
(HR), systolic blood pressure (SBP) and rate-pressure product (RPP) during RE.
Methods: Twenty healthy subjects (26 ± 5 years of age) underwent RE protocols involving three sets of leg press (6 and
12 RM) and RI proportional to the contraction time (1:3 and 1:5). The HR was checked on a continuous basis by using a
cardiotachometer and the SBP was checked at the end of the sets, via a protocol validated by the auscultatory method.
Results: The HR was influenced by the workload (p = 0.008) and sets (p < 0.001), but not by the RI (p = 0.087). The SBP
suffered from the isolated effect of the number of sets (p < 0.001) and RI (p = 0.017), but not from the workload (p =
0.95). The RPP rose in direct proportion to the workload (p = 0.036) and sets (p < 0.001), but in inverse proportion to
the RI (p = 0.006). In 6 RM protocols, the variation in the HR was higher for RI = 1:3 (∆ = 11.2 ± 1.1 bpm) than for RI
= 1:5 (∆ = 4.5 ± 0.2 bpm; p = 0.002), but there was no difference for 12 RM (∆ 1:3 = 21.1 ± 2.2 bpm; ∆ 1:5 = 18.9 ±
2.0 bpm, p = 0.83). The RI influenced the variation in SBP in all loads (6 RM - ∆ 1:3 = 10.6 ± 0.9 mmHg, ∆ 1:5 = 6.6
± 0.7 mmHg; p = 0.02 and 12 RM - ∆ 1:3 = 15.2 ± 1.1 mmHg, ∆ 1:5 = 8.4 ± 0.7 mmHg; p = 0.04). The RPP rose in
proportion to the workload (p = 0.036) and to the sets (p < 0.001), but in inverse proportion to the RI (p = 0.006). With
RI = 1:3, there was difference in RPP for 6 RM (∆ = 2,892 ± 189 mmHg.bpm) and 12 RM (∆ = 4,587 ± 300 mmHg.bpm;
p = 0.018), but not with RI = 1:5 (6 RM: ∆ = 1,224 ± 141 mmHg.bpm, 12 RM: ∆ = 2,332 ± 194 mmHg.bpm; p = 0.58).
Conclusion: Regardless of the workload, an increased RI was associated with lower cardiovascular responses during RE,
especially of SBP. (Arq Bras Cardiol 2010; 95(4): 493-501)
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Introduction
Resistance training causes significant increase in heart
rate (HR) and blood pressure (BP)1,2. The adjustment of
training variables can control these responses and change the
cardiovascular overload during exercise2,3. Previous studies
investigated the influence of several variables, such as speed
of movement4, number of sets5, the intensity and number
of repetitions2,6, the muscle mass involved2,7, the types of
exercise1 or training status8.
However, there is scarce information about the influence
of the rest interval between sets and exercises. Only one
study specifically investigated the influence of this variable
on HR and BP values9, identifying greater pressure response
in sessions with shorter intervals. Ratamess et al10 did not
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specifically measure the BP, but they did not find significant
differences in HR responses to exercise done with different
rest intervals. However, the gradual increase in pulse rate
throughout the sets was more evident for shorter intervals.
It is worth highlighting that these studies9,10 applied fixed
rest intervals. So, they did not consider the cumulative effect
of muscle fatigue in the course of the sets. In practice, it is
possible to notice that different exercises require different
execution times, either due to their complexity or due to the
required range of motion. We could argue, for example, that
if the rest interval were proportional to the exercise execution
time, there would be a smaller ratio of decrease in workload
due to lower accumulated fatigue.
Rest strategies with fixed time may not allow full recovery
in consecutive sets, and this may intensify the increase in
BP and HR5,9,11. It may be more appropriate to establish the
rest interval according to the exercise execution time (or
time under tension), depending on the overload with one is
working. Unfortunately, it was not possible to find studies that
have confirmed this hypothesis, which would be especially
important in the context of training programs for patients at
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risk of cardiovascular complications.
Thus, this study investigated the influence of two rest
intervals established according to the time under tension, in
multiple sets of resistance exercise, performed with different
repetition maximums, by normotensive individuals, on acute
responses of HR and systolic BP (SBP) and, consequently, of
the rate-pressure product (RPP).

Methods
Sampling
Twenty volunteers (26 ± 5 years; 70.9 ± 8.1 kg, 173.9
± 7.0 cm), with 6 to 12 months of experience in resistance
training, participated in this study.
The following exclusion criteria were observed: a) use of
drugs that could influence cardiovascular responses at rest
or during exercise, b) musculoskeletal limitations that would
cause the exercises to be contraindicated c) diagnosis of
hypertension, heart disease or other cardiovascular problem
that would cause the exercises to be contraindicated or which
would influence the results.
The study was approved by the Institutional Ethics
Committee and all participants signed an informed consent
form, as recommended by the National Health Council
(Resolution 196/96).
Determination of workloads - 6 and 12 repetition
maximum (RM)
Four visits were required for conducting the tests that
established the workloads associated with the execution of
6 RM and 12 RM on the leg press, as well as for checking
the reliability of the results obtained. The horizontal leg press
was chosen because it involves large groups of muscles and,
therefore, it supposedly has greater impact on blood pressure
values. Moreover, it is an exercise that is easy to do, which
is often included in exercise routines prescribed for patients
with cardiovascular disease.
Before the RM tests were conducted, the subjects
performed a specific warm-up, which consisted in the
execution of 12 repetitions with workload equivalent to 30%
of the maximum workload predicted. Every day, the subjects
could make up to 5 attempts to successfully complete the tests,
with an interval of 5 min between each attempt.
The tests of 6 RM and 12 RM were conducted on different
days, with an interval of at least 48 h in between. The subjects
were verbally stimulated so as to keep the high level of stimulation
during the exercises. The weights used were previously weighed
on a precision scale. If it was not possible to determine the
workload associated with 6 RM or 12 RM by the 5th attempt, a
new date was scheduled, also after an interval of at least 48 h.
The reproducibility of the RM tests was tested by the intraclass
correlation coefficient (ICC), and it proved to be satisfactory (6
RM ICC = 0.89; p < 0.01 and 12 RM ICC = 0.85; p < 0.01).
Experimental protocol
Once the 6 RM and 12 RM workloads had been
determined, the subjects underwent 4 random protocols of

exercises, in an order defined in a counterbalanced way. Each
session took place on a specific day, with a total of other 4
visits to the laboratory, with intervals of 48 hours in between.
All subjects performed the following procedures: a) three “6
RM” sets with interval of 1:3; b) three “6 RM” sets with interval
of 1:5; c) three “12 RM” sets with interval of 1:3; and d) three
“12 RM” sets with interval of 1:5.
The subjects were instructed to observe the following
recommendations before the exercise sessions: a) not to do
any type of physical activity within 48 hours before the test;
b) abstain from alcohol, caffeinated drinks or stimulants for
24 hours; c) make as little effort as possible during the trip to
the laboratory.
Before performing the protocols, the subjects remained
seated for 10 minutes, in a calm and quiet environment.
Then, the HR and BP at rest were measured and the average
HR of the last two 2 minutes was recorded, and the average
of two measurements of BP made in the same period was
also recorded. Then, the subjects performed a warm-up of
12 repetitions with 30% of the expected workload for the
session. After the warm-up, the subjects rested for 5 minutes
and started the exercise.
The cardiovascular variables were measured at rest
and during the exercise, by using the same equipment, as
described below:
a) Rest - the individuals remained seated for 10 minutes.
The HR was measured continuously and the average of the
last two minutes was recorded, by using heart rate monitor
Polar™ S810 (Kempele, Finland). The SBP and diastolic blood
pressure (DBP) were measured twice, between the 8th and 10th
minutes, by the indirect auscultatory method, with the use
of a mercury column manometer Heidji™ (São Paulo, Brazil).
The standard of measurement followed the recommendations
of the 5th Brazilian Guidelines on Hypertension12, with the
measurements always made by the same observer, both at rest
and during the exercise. The BP was measured in both arms
and the largest measure was considered, in case of difference.
b) Exercise - The HR was measured on a continuous
basis, and the highest value presented at the end of the sets
was recorded. For measuring the BP, the recommendations
previously validated for measurement during resistance
exercises13,14 were observed, as detailed in Box 1.
In general, the valve opened before the end of the set,
in order to record the systolic value between the last but
one repetition and last repetition. A pilot measurement was
made to determine the SBP peak value, so as to increase the
pressure of the cuff to an approximate value of 30 mmHg
higher, before the opening of the valve. The cuff was deflated
at a rate of approximately 6 mmHg/s. The subjects were
instructed not to curl their arms and to keep the left arm,
used for the measurement, in supination, with elbows slightly
flexed and supported on proper support. The measurements
were made by the same trained observer, who was unaware
of the purposes of this study.
To determine the reliability of the BP measurement at rest,
two measurements of BP were made, 10 minutes apart from
each other, in 20 subjects (ICC = 0.93 for intra-observer
SBP; ICC = 0.86 for inter-observer SBP). The reliability of the
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Box 1 - Procedures used to measure blood pressure during resistance exercise by the auscultatory method (adapted from Polito et al13)

Step 1

Step 2

Cuff
adjustment

Before starting the evaluation, check the height of where the mercury column is to be positioned (at the level of the observer’ eyes);
The room lighting must be good and the noise level in the room shall be low;
Make sure the cuff is completely deflated;
The arm must be supported by a proper support (it must be stable) and at the appropriate height (at heart level);
The elbow must be slightly bent and the hand in supination;
Fastening is best achieved by using a Velcro cuff, which allows making the proper adjustments to suit the arm (it avoids excessive
compression or looseness);
The cuff shall be placed at 2.5 cm above the antecubital fossa, with the center of the cuff’s bladder placed over the brachial artery;
The chest piece of the stethoscope must be placed over the brachial artery. The cuff shall not cover it up;
The cuff size must suit the individual being evaluated.

During the
exercise

Exercises with a lot of motion can compromise the accuracy of the measurement;
The measurement should not be made if the exercise requires the use of both arms;
The arm in which the measurement will be made shall not be contracted throughout the exercise;
It is necessary to determine the number of repetitions and the period of tension in each repetition, so that the observer can be prepared to
inflate and deflate the cuff at the right moment;
The mercury column must be at the level of the observer’s eye and it may be suspended on a flat and stable surface (e.g., chair, table,
etc.).

Blood
pressure
measurement

Step 3

Exercises that require the use of a lot of muscles (such as the leg press) or which comprise a large number of repetitions (over 15) can
induce blood pressure values above 200 mmHg;
In these cases, a pilot measurement should be made to determine the peak value of SBP. During the measurement, it is recommended
that the cuff be inflated up to a value of about 30 mmHg above the one previously determined;

Recording
the systolic
value

In exercises with up to six repetitions, with time under tension of 2s for the ‘concentric’ and ‘eccentric’ phases, the valve should be opened
from the last but one repetition onwards;
The systolic value must be determined between 4 and 6 seconds after the valve is opened. The recording of the systolic value must
coincide with the ending of the exercise;
The rate of decrease in the cuff pressure, in users of antihypertensive drugs, must be adjusted, because there were alterations to the
duration of the cardiac cycle of such patients;
If one suspects that there are errors in the measurement, the cuff shall be completely deflated before a new measurement is made. The
person that is being tested must rest and get his or her strength back before making a new effort;
To confirm the value obtained for the SBP, it is advisable to measure the radial pulse during the measurement;
The pressure values shall not be rounded up or down (e.g., in 5 or 10 mmHg)

Recording
the diastolic
value

The DBP values shall be considered at the slightest Korotkoff sound (4th or 5th) safely auscultated;
It is recommended that the noise level in the measurement room be controlled (e.g., music, walk on treadmill, conversations, etc.);
It is recommended that the reliability of SBP and DBP values be tested (e.g., Intraclass correlation coefficient or standard error of estimate).

measurement during exercise was tested in two sessions, 48
hours apart from each other, in the same 20 subjects (ICC =
0.84 and p = 0.03 for intra-observer SBP; ICC = 0.82 and p
= 0.022 for inter-observer SBP).
In a previous study of validation14, there was evidence
of a high correlation between the measurements made by
auscultation and PPG, both at rest and in different repetition
maximums for exercise of the lower limbs (p <0.05) (rest:
r = 0.89; 6 RM: r = 0.85; 15 RM: r = 0.88). Moreover,
the percentage of match in the classification into tertiles of
the measurements in all situations was always above 60%,
reaching 75% for SBP during the exercise. The non-parametric
association between the methods, considering the levels of
classification by tertiles at rest, 6 RM and 12 RM, also produced
high correlation coefficients of Gamma and Kruskall (γ = 0.77
- 0.97, p < 0.05).
Determination of the rest intervals between sets
The duration of rest intervals between sets took into
account the duration of the sets. The execution of the
exercise was timed and the result was multiplied by three or
5, for determining an interval that would be in accordance,
respectively, with the ratios of 1:3 or 1:5, between the
execution time and rest time. To determine the execution
time of the set, a progressive digital timer was used. The timer
was started when the feet support platform moved and the
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timer was stopped when the platform touched its base at the
end of the set.
The timer allowed restarting the measurement in a simple
way, by using the same button used to interrupt such timer,
thereby allowing the definition of precise intervals. To make
it easier to view the rest period (1:3 or 1:5) and to minimize
the chance of error in the interval calculation, a previously
prepared conversion table was used.
Statistical analyses
The Shapiro-Wilk test was used to verify the normality of
the data and the Levene’s test was used to confirm the equality
of variances. The stability of SBP and HR values measured
at rest, in each one of the sessions, was tested by means of
a one-way ANOVA. The isolated and combined influence
of factors observed (RM, sets and intervals) on RPP, HR and
SBP was tested by means of a three-way ANOVA, followed
by Fisher’s post-hoc test, with the adoption of p ≤ 0.05 as a
significance threshold. Software Statistica 6.0 (Statsoft™, Tulsa,
USA) was used on all calculations.

Results
There was no significant difference between the values
of HR and SBP at rest measured in each one of the exercise
sessions (F = 2.02; p = 0.78). Therefore, for analysis purposes,
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we adopted the lowest values obtained for these variables
during the rest periods prior to exercise. The HR and SBP
values during the sets proved to be always significantly higher
than measurements taken at rest (F = 1.41 to 2.56; p = 0.027
to p = 0.039).
It is also important to highlight that the double of repetitions
maximum (6 RM and 12 RM) was not related to the same
proportion of variation in the absolute work load (weight in
kg). The ratio between the loads of 6 and 12 RM was only
12% or, in absolute terms, 7.5 ± 0.8 kg.
The impact of the manipulated variables was different on
HR and SBP. Thus, HR was significantly influenced by the
isolated effect of the number of repetitions maximum (F =
7.33; p = 0.008) and the number of sets (F = 77.65; p <
0.001), but not by the rest interval (F = 3.00; p = 0.087).
However, the combined effect of the sets with the intervals
proved to be significant (F = 4.87; p = 0.02). As for the SBP,
the isolated and statistically stronger effect resided in the
number of sets (F = 63.33; p < 0.001), followed by the rest
interval (F = 5.97; p = 0.017). The variable intensity had no
significant independent effect (F = 0.042; p = 0.95).
Figures 1 and 2 present the results of the post-hoc tests for
HR and SBP. It was found that the influence of the number of
sets systematically consisted in an increase in cardiovascular
responses. On the other hand, the rest interval had the
opposite influence and it even offset the cumulative effect of
the sets in some cases, particularly with respect to SBP.

The results for SBP proved to be more sensitive to
manipulation of the three training variables, considered
separately or in combination. This reflected on the behavior
of the RPP, in direct proportion to the number of repetitions
maximum (F = 4.57, p = 0.036) and number of sets (F =
141.38, p <0.001), and in inverse proportion to the interval
between sets (F = 5.38, p = 0.006).
Figure 3 shows the results for the post hoc tests referring
to the standard deviation.
The variation between the first and third sets performed
with an interval of 1:3 was of 2,892 ± 189 mmHg.bpm for 6

Heart Rate (bpm)

We also compared the absolute variations in each situation,

considering the peak values recorded between the first and
third sets. With regard to HR, for 6 RM protocols, the variation
in the sets with an interval of 1:3 was significantly higher than
that the one observed in 1:5 (Δ = 11.2 ± 1.1 bpm versus Δ
= 4.5 ± 0.2 bpm, respectively) (F = 9.98; p = 0.002). As to
the 12 RM workload, there was no significant difference in
the variation in HR in sets with an interval of 1:3 compared
to the variation observed in the 1:5 interval (Δ = 21.1 ± 2.2
bpm versus Δ = 18.9 ± 2.0 bpm, respectively) (F = 0.58; p
= 0.83). The variations in SBP between the 1st and 3rd sets
were influenced by the rest interval, regardless of the load.
In protocols with 6 RM, the variations for the intervals of 1:3
and 1:5 were, respectively, 10.6 ± 0.9 mmHg and 6.6 ± 0.7
mmHg (F = 6.67; p = 0.02). For protocols of 12 RM, the
variation with the interval of 1:3 was of 15.2 ± 1.1 mmHg,
and the variation with the interval of 1:5 was of 8.4 ± 0.7
mmHg (F = 5.12; p = 0.04).

Figure 1 - Heart rate for three sets of leg-press exercise done with 6 and 12 RM and different rest intervals between sets (1:3 and 1:5). The numbers indicate significant
difference compared to the indicated set (p < 0.05), * indicates significant difference compared to 12 RM for a given set (p < 0.05) and Φ indicates significant difference
compared to the rest interval for a given set (p < 0.05). The bars represent confidence intervals for 95%.
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Rate-pressure product (bpm . mmHg)

Figure 2 - Systolic blood pressure for three sets of leg-press exercise done with 6 and 12 RM and different rest intervals between sets (1:3 and 1:5). The numbers indicate
significant difference compared to the indicated set (p < 0.05), * indicates significant difference compared to 12 RM for a given set (p < 0.05) and Φ indicates significant
difference compared to the rest interval for a given set (p < 0.05). The bars represent confidence intervals for 95%.

Figure 3 - Rate-pressure product for three sets of leg-press exercise done with 6 and 12 RM and different rest intervals between sets (1:3 and 1:5). The numbers indicate
significant difference compared to the indicated set (p < 0.05), * indicates significant difference compared to 12 RM for a given set (p < 0.05) and Φ indicates significant
difference compared to the rest interval for a given set (p < 0.05). The bars represent confidence intervals for 95%.
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RM and 4,587 ± 300 mmHg.bpm for 12 RM (F = 4.17; p =
0.018). When we applied a longer interval (1:5), the variation
in RPP for the 6 RM load was 1,224 ± 141 mmHg.bpm, while
for 12 RM we obtained a delta of 2,332 ± 194 mmHg.bpm
(F = 0.56; p = 0.58).

Discussion
This study compared the responses of HR, SBP and RPP
during consecutive sets of resistance exercise, performed with
different numbers of repetitions maximum and rest intervals,
considering that these rest intervals were based on the total
execution time of each set.
Both HR and SBP increased significantly in the course of
the sets, regardless of the intensity and rest interval. However,
the cardiovascular responses associated with the horizontal leg
press were minimized by manipulating the rest time: when the
proportion was higher compared to the time under tension,
the HR value and especially the SBP value were lower. The
longer rest interval was also associated with lower rise in HR
and SBP during the sets, in the two pre-determined intensities.
Thus, the exercise done with longer rest interval caused less
cardiovascular stress for both intensities tested.
Interestingly, the average peak SBP value in the last sets
of the study conducted by Gotshall et al 5, measured by
photoplethysmography, was 293 ± 21 mmHg, which is
well above the value recorded in the last set of this study
(181 ± 16 mmHg for the 12 RM protocol with progressive
interval in the 1:3 ratio). This difference can be attributed to
the time under tension in each set (one minute in the study
conducted by Gotshall et al5 versus 24 seconds in this study),
but also, and perhaps mainly, to the BP measurement. As we
known, even though the auscultatory method is suitable for
comparing different resistance-exercise protocols, when such
method is used on an inactive limb, it may underestimate
absolute pressure values14,15. In other words, the auscultatory
method is extremely useful in practical situations and it has
proved valid and reproducible to indicate differences in BP
responses to resistance exercise. Thus, this method is a useful
strategy to develop training sessions with lower cardiovascular
overload. Moreover, the auscultatory method should not be
used to accurately establish blood pressure values during
resistance exercise.
Studies that examine in detail the influence of rest intervals
between sets and exercises on the behavior of BP and HR
are relatively scarce. It was not possible to find studies that
investigated the matter by adopting an approach similar to
the one taken in this study.
Polito et al9 had young normotensive individuals do 4
sets of 8 RM, separated by fixed intervals of one and two
minutes, and they also found higher values of blood pressure
for the sequence with the shortest interval. The most
pronounced cardiovascular responses at short rest intervals
can be associated with lower systemic recovery from the stress
generated by the exercise. The accumulation of metabolites,
with consequent nerve stimulation via mechanical and
chemical receptors, may potentiate these responses16.
In this sense, Ratamess et al10 observed the effects of
different fixed rest intervals (30s, one, two, three and

five minutes) on cardiovascular and metabolic responses
throughout the course of 5 sets in two training intensities (5
RM and 10 RM), in the bench press exercise. No difference
was found between the rest intervals, considering the peak
values of HR in both training intensities. However, there
was significant increase in HR as the sets were performed
(p < 0.05), mainly for shorter rest intervals. The production
of lactate was also higher for shorter rest intervals, which is
suggestive of the relationship between accumulated fatigue
due to insufficient rest and cardiovascular responses.
Our results indicated that the workload can also
independently influence the responses of HR and SBP. By
comparison with the protocol with a workload of 12 RM, the
sets done with 6 RM had less impact on the cardiovascular
responses for similar rest intervals. There may be a relationship
between the time under tension (6 RM = 17 ± 3 s versus 12
RM = 29 ± 5 s) and such results. This possibility confirms the
results reported by Lamotte et al17, who analyzed the effect
of the execution of leg extension exercise in a leg extension
machine, with workloads equivalent to 40% and 70% of an
RM (4 sets with one-minute interval between sets), on the
responses of HR and BP in patients with heart disease. The
sets involving the intensity of 40% lasted 34s on average (for
17 repetitions) against 20s of the set done with 70% of the
maximum workload (for 10 repetitions). There was a significant
difference for the peak values of SBP, with higher cardiac
overload for the protocol of lower intensity (p < 0.01). There
was a cumulative effect of the sets on blood pressure (p <
0.01), which was attributed by the authors to the short rest
interval applied.
In the present study, there was also a cumulative effect
of the sets on HR and SBP responses, with greater increase
from the second set onwards, especially for a shorter effortrest interval. Similarly, Gotshall et al5 had three young and
healthy individuals do three sets of 10 RM in the bilateral
leg press (fixed rest interval of three minutes; speed of three
seconds in the concentric and eccentric phases). At the end
of each set, the values of SBP and DBP always proved to be
significantly higher than the ones observed in the previous
sets. Other studies have demonstrated that there is influence
of the number of sets on cardiovascular responses2,17.
Two factors may be in the origin of the results referring to
the cumulative effect of consecutive sets on cardiovascular
responses. The first one would result from the fatigue
accumulated due to the shorter rest time18. The second one
takes into account the time under tension: the dynamic
resistance exercise causes occlusion of blood vessels and
it may, depending on its intensity and duration, lead to a
compensatory baroreflex response, which is more common
in exercises done until fatigue19,20.
The hemodynamic responses to muscular work in
resistance exercises can also be linked to increased
sympathetic activity and decreased parasympathetic
activity, due to the greater activation of central command
and muscle and joint mechanoreceptors16. The central
mechanism involves the transmission of impulses from
the motor cortex to the cardiovascular control center. On
the other hand, the peripheral mechanism consists of a
reflex pathway with multiple control bases21. The increased
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peripheral vascular resistance, caused by partial occlusion
of blood flow, contributes to an imbalance between supply
and demand of O2 in tissue. In fact, starting from 15% of
the maximum voluntary contraction, it is possible to notice
progressive obstruction of muscle blood flow22. As a result,
the removal of metabolites (lactate, hydrogen, phosphate,
adenosine, potassium etc) is hindered, by the stimulation of
chemoreceptors to increase sympathetic nervous activity16.
Finally, the increase in blood pressure could also be
influenced by the number of motor units requested. In this
case, muscle and joint mechanoreceptors, sensitive to the
increase in voluntary strength (recruitment of motor units)
and the load on the joints, inform the cardiovascular control
center about the need to modify the cardiovascular responses
to regulate the flow23.
The increased peripheral vascular resistance associated
with arterial occlusion during exercise is another factor to be
considered. The leg press exercise, besides involving several
major muscle groups, is also done in a posture that can hinder
the perfusion of blood into active muscles, since the course of
the main arteries that irrigate such muscles is changed by the
hip flexion24. This problem is even greater during the transition
from the concentric phase to the eccentric phase. In this
context, the activation of baroreceptors and chemoreceptors
may lead to a compensatory blood pressure response, so as
to reach a satisfactory cardiac output during exercise.
Therefore, the cardiovascular responses to resistance
exercise may be associated with the central adaptation
resulting from the greater peripheral resistance. The increased
need for perfusion is likely to be directly related to the
inotropic capacity of the heart, since changes in HR tend to
be slower than changes in SBP25. By the way, this pressure
overload associated with resistance exercise can be beneficial
from the standpoint of prophylaxis, especially for patients with
chronic cardiovascular disease and users of anti-hypertensive
medication26. Some studies have reported that coronary
patients, under pharmacological treatment, can do resistance
exercise of moderate intensity and the results of this practice
include the improvement in global left ventricular function,
especially of the ejection fraction26,27.
As for the rise in HR, the time under tension seems to exert
important influence. Hunter et al28 compared the metabolic
responses and heart rate responses to 10 exercises done at
two speeds of contraction, a ‘traditional’ speed (2 sets of
8 repetitions with 65% of one RM, speed of execution of
one second for the concentric phase and eccentric phase,
one minute of rest) and a ‘super slow’ speed (2 sets of 8
repetitions with 25% of one RM, execution speed of 10s for
the concentric phase and 5s for the eccentric phase, with the
same interval and number of exercises). It was found that the
‘traditional’ protocol led to a significantly higher increase in
HR compared to the ‘super slow’ protocol (143 ± 8 bpm
against 113 ± 12 bpm).
Kleiner et al4 studied the acute cardiovascular response
in isokinetic exercises in 6 subjects that did knee extension
exercises at three execution speeds (50, 100 and 200°/s)
until fatigue (70% of peak torque). There were no significant
differences in HR, SBP, DBP and RPP values. However, at
programmed speeds, the HR values varied between 163.3 ±
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28.4 bpm (50o/s) and 183.5 ± 16.8 bpm (200o/s). In contrast,
the SBP values were higher for a lower angular speed (SBP =
348.2 ± 18.1 mmHg for 50o/s versus SBP = 335.5 ± 27.4
mmHg for 200o/s), with influence on RPP (50o/s = 56,861 ±
514 mmHg.bpm; 100o/s = 58,875 ± 479 mmHg.bpm; 200o/s
= 61,564 ± 460 mmHg.bpm). The authors explain that their
results are justified by the characteristic of the sessions, with
the number of repeats varying among 30 (50o/s), 80 (100o/s)
and 140 (200o/s).
As the protocols at higher speed offer less resistance, and,
as a significantly greater amount of repetitions was produced,
the execution of the exercise would have gotten close to what
is found in continuous dynamic exercises of long duration, with
greater impact on the HR. On the other hand, the increase
in SBP for lower speeds would be related to the greater
production of force, compared to the higher angular speeds.
In general, it is not prudent to extrapolate results of
isokinetic exercises to dynamic isotonic exercises. However, it
is important to note that the effect of ‘time under tension’ on
HR is confirmed by the results of Kleiner et al4, and it is also
clear that SBP values are sensitive to the tension produced,
with strong influence on the RPP.
Another example is found in the study conducted
by Kawano et al 29, who had young and middle-aged
normotensive patients do a set of leg press exercises at
three levels of intensity (40%, 60% and 80% of one RM).
There was no difference in the HR values at the levels of
intensity tested, in any of the groups. However, the peak
pressure values of young subjects was higher than the values
of middle-aged subjects, for all intensities, and significantly
higher only for the intensity of 80% of one RM (young
subjects = 190 mmHg versus middle-aged subjects = 150
mmHg, p < 0.05). The variation in SBP compared to rest
(Δ) was significant for all intensities, and it was greater
among young subjects, perhaps because their values at
rest were generally lower (40% RM: young subjects = 34
mmHg versus middle-aged subjects = 18 mmHg; 60% RM:
young subjects = 54 mmHg versus middle-aged subjects
= 31 mmHg; 80% RM: young subjects = 73 mmHg versus
middle-aged subjects = 42 mmHg; p < 0.05).
One may infer from these results that the single
measurement of HR may not be sufficient to properly assess
the cardiovascular overload produced by the resistance
exercise. Therefore, we encourage the measurement of BP
during the development of resistance training programs,
especially for subjects in whom it is desirable to keep these
responses under control (patients in cardiac rehabilitation,
for example). That is why the protocol for measuring blood
pressure during resistance exercise by the auscultation
method, proposed by Polito and Farinatti13 and subsequently
validated14, appears to be a viable and accessible option to
most training centers.
In conclusion, multiple sets of resistance exercises for
lower limbs cause significant and cumulative increase in
cardiovascular responses, especially of BP, with an impact
on the RPP. The level of cardiovascular stress associated with
exercise did not depend only on the workload defined in
terms of maximum repetitions, but also on the other training
variables, especially the number of sets. On the other hand,

Castinheiras-Neto et al
Cardiovascular responses and resistance exercises

Original Article
longer rest intervals between sets contributed significantly
to the reduction in RPP, BP and HR responses, while the
workload and volume of training remained unchanged. The
ratio between stimulation time and rest time, by itself, caused
significant changes in cardiovascular responses, regardless of
the maximum number of repetitions performed. Thus, the
planning of rest intervals during the preparation of resistance
training sessions appears to be a clinically important aspect
for improving safety in such practice, especially in populations
that are at a higher cardiovascular risk.
Further studies should be conducted to compare
the hemodynamic responses associated with different
strategies for the effort-rest ratio (fixed intervals, progressive
intervals, division of sets, alternation of segments, etc). Such
investigations are important to establish the most effective
method to minimize the cardiovascular overload associated
with multiple sets of resistance exercises, while the workload
at training sessions is kept high.
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