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Effects of Rest Interval between Exercise Sets on Blood Pressure
after Resistance Exercises
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Abstract
Background: Although studies have demonstrated the occurrence of postexercise hypotension (PEH) in resistance
exercises, there is still no consensus on an ideal protocol.

Objective: To evaluate the effects of different rest intervals (RI) between resistance exercise (RE) sets on postexercise
blood pressure (BP).

Methods: Sixteen sedentary non-hypertensive young men performed three RE protocols with Rl of 1 (P1), 2 (2) and 3
(P3) minutes between the sets, as well as a control protocol (CON), in a counterbalanced manner. The RE protocols
consisted of three sets of eight repetitions in six exercises. The loads used in the 1+, 2", and 3" exercise sets were 80%,
70% and 60% of one repetition maximum (1RM), respectively. Measurements were taken at rest (RES), 15 (T15), 30
(T30), 45 (T45), 60 (T60), 75 (T75), and 90 (T90) minutes after the session. Factorial analysis of variance (Anova) was
carried out, followed by post hoc LSD.

Results: No significant change was found in systolic BP after the protocols. A significant increase in diastolic BP was
verified after CON at timepoints T45 and T90. Significant reduction in diastolic BP occurred after P1 and P3, with
duration of 30 and 15 min, respectively. No significant differences were found in the systolic and diastolic BP responses
between the protocols with different RI.

Conclusion: RI does not seem to influence systolic BP reduction after an RE session. However, reductions in diastolic BP
(P1 and P3) lasting up to 30 minutes were observed. (Arq Bras Cardiol 2010; 94(4):482-487)
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Introduction

Physical exercises can reduce blood pressure at rest,
during exercise with submaximal workload, and after physical
exercises. However, this reduction is probably greater in
hypertensive in comparison to normotensive individuals'.

Although these studies demonstrate the occurrence of
PEH in resistance exercises, there is still no consensus on an
ideal protocol (frequency, intensity and volume) to enhance
this effect?®. In this sense, Polito et al'" and Simao et al™
compared PEH after two different intensities of resistance
exercises. The authors reported the same magnitude of
reduction in systolic blood pressure in both cases; however,
PEH lasted longer in the protocol with the highest intensity.
In addition to the variables previously studied (exercise
intensity, volume and sequence), the hemodynamic

The decrease in blood pressure below resting levels that
occurs after physical exercises is called postexercise hypotension
(PEH). PEH may be attributed to a decrease in peripheral
vascular resistance and/or cardiac output; however controversies

still exist as regards its mechanisms**. PEH following aerobic
exercises has been studied by several researchers®®. In a review
article, Kenney and Seals” reported that only dynamic exercises
such as walking, running, leg cycling, and swimming performed
at submaximal intensities would lead to PEH. Contradicting
this statement, studies have demonstrated that this effect also
occurs after resistance exercises® .
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responses to a bout of resistance exercises also depend
on other variables such as the amount of muscular mass
involved, number of repetitions, type of training and rest
interval (RI) between the exercise sets*'-?*. Rl is frequently
neglected; however, it is considered by Ratamess et al** as
one of the main variables of resistance exercises. Rl length
influences the removal of metabolites produced during
muscle contraction and contributes to the reduction of
muscle fatigue. Thus, it can influence the cardiovascular
responses to weightlifting training?. Therefore, the objective
of the present study was to compare the effects of different
RI (1, 2, and 3 min) between resistance exercise sets on
the cardiovascular responses to resistance exercises in non-
hypertensive young individuals.
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Methods

The sample comprised 16 young males (23 = 3 years)
who had experience with resistance exercises, but had not
engaged in regular physical activities at least for the past
three months. Individuals diagnosed with chronic diseases,
those with alterations in neuromuscular parameters that
could compromise the study, systolic blood pressure (SBP)
at rest equal to or higher than 140 mmHg and diastolic
blood pressure (DBP) equal to or higher than 90 mmHg
were excluded from the sample. Individuals being treated
with inotropic or chronotropic agents were also excluded.
All voluntarily participated in the study and gave a written
informed consent. The research project was approved by
the ethics committee of Faculdade de Ciéncia da Sadde da
Universidade de Brasilia (Protocol no. 123/2007).

In order to determine the loads used in the protocols, the
one-repetition maximum test (1RM) was performed in the
following exercises: inclined leg press, seated row, bench
press, leg curl, arm extension (triceps press), and arm curl
(barbell curl). Two tests were administered by the same trained
examiner following Kraemer and Fry’s recommendations®, in
different days with an interval of at least 48 h (test/retest).

The individuals performed four test protocols in the
following counterbalanced manner: one control (CON) and
three resistance exercise protocols with rest intervals of 1, 2
and 3 min (P1, P2, and P3) between the sets. The protocols
were administered at the same hour on different days, at
least 48 hours apart. The individuals were advised not to take
alcoholic beverages, medicines or stimulating beverages in the
24 hours prior to the beginning of the protocols.

Upon arrival at the laboratory, the individuals remained
seated at rest for 15 minutes, for resting (RES) blood pressure
(BP) measurement. After the resting measurement was
taken, they would start the assigned protocol. In the control
protocol (CON), after the resting measurement, the individuals
remained seated for BP and heart rate (HR) measurements
every 15 minutes, for 90 minutes.

In the resistance exercise protocols, the individuals
performed a warm-up set of eight repetitions with 50% of
the load used in the protocol in the leg press, bench press
and seated row exercises. After the warm-up, three sets of
eight repetitions were performed for each exercise. The
loads used in the leg press, bench press, seated row and leg
curl exercises in the 1, 2" and 3" sets were 80%, 70%,
and 60% of 1RM, respectively. In arm extension (triceps
press) and arm curl (barbell curl) exercises, the loads used
in the 1%, 2" and 3" sets were 70%, 60% and 50% of 1RM,
respectively. Previous studies®?”?® demonstrated that rest
intervals shorter than three minutes promote a decrease in
the total volume (load x repetitions) of the subsequent set.
For this reason, the loads were reduced in the subsequent
sets, with the purpose of minimizing the reduction in the
number of repetitions and keeping the same total volume
in all protocols.

The rest intervals between the sets of the protocols were
1, 2, and 3 minutes (P1, P2, and P3). The protocols were
performed in a random sequence, in different days, at least
48 hours apart. The interval between the exercises was two

minutes. The velocity of performance of the repetitions was
one to two seconds in the concentric phase and two seconds
in the eccentric phase and was controlled by an observer
during the tests. After completing the protocol, the individuals
remained seated for BP and HR measurements every 15
minutes for 90 minutes.

BP was measured using an oscillometric device (Microlife
3AC1-1, Widnau, Switzerland) validated by the European
Society of Hypertension’s international protocol?*. Heart rate
was measured using an electronic frequency meter (Polar
RS800, Finland). The measurements were taken with the
individual in the sitting position, with the cuff secured to the
right arm supported at heart level. HR, SBP, DBP, and mean
blood pressure (MBP) were assessed, the latter as calculated
by the sum of DBP and one third of the pulse pressure (SBP
- DBP). The measurements were taken at the following
timepoints: at rest (RES), 15 minutes after rest in the sitting
position; 15 minutes after the session (T15); 30 min after the
session (T30); 45 min after the session (T45); 60 min after
the session (T60); 75 min after the session (T75); and 90 min
after the session (T90).

Statistical analysis

Normality of the data was checked using the Kolmogorov-
Smirnov normality test. A 4 x 7 factorial analysis of variance
was conducted with repeated measures (protocols P1, P2,
P3 and CON x blood pressure measurements at RES, T15,
T30, T45, T60, T75, and T90). Post-hoc multiple comparisons
with correction of the confidence interval were made using
the Least Significant Difference (LSD) method. The data were
analyzed using the Statistical Package for the Social Sciences
software - SPSS (version 13.0). The significance level was set
at 0.05 for all assessments.

Results

No significant differences were found between SBP
measurements taken at rest and those taken after the exercise
protocols (P1, P2, and P3). However, the comparison between
protocols showed SBP significantly higher in CON at T60 in
comparison to P1 (p = 0.004), P2 (p = 0.011) and P3 (p =
0.004). At T90, SBP measured in P2 was significantly lower
than in CON (p = 0.036) and in P3 (p = 0.048). The results
of the comparisons of SBP between the protocols are shown
in Table 1.

DBP was significantly increased after CON at timepoints
T45 (p=0.001) and T90 (p=0.02) in comparison to rest.
Significant PEH was observed in P1 at timepoints T15 (p =
0.012) and T30 (p = 0.03). After P3, significant PEH was
observed at T15 (p = 0.007), and significant increase at T90
(P = 0.018) in comparison to rest. This significant increase
was also observed at T90 in P2 (p = 0.017). The comparison
between protocols showed significantly higher DBP (p <
0.05) in CON at T15 and T30 when compared to P1, P2,
and P3. Additionally, at T45, DBP measurement in CON
remained significantly high in comparison to P1 (p = 0.012)
and P2 (p = 0.01). The results of the comparison of ADBP
(post-exercise DBP - RES DBP) between the protocols are
shown in Graph 1.
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Systolic blood pressure (SBP) and diastolic blood pressure (DBP) responses to the different protocols (n = 16)

RES T15 T30 T45 T60 T75 T90

SBP (mmHg)

CON 167 157 187 1M7+8 120+ 8 1M7+8 19+9

P1 1158 11310 112+ 11 115+9 112+ 9* 1148 115+ 9

P2 1167 M7+7 115+8 1157 115+ 8* 1154 115+ 6*

P3 1168 1147 114+6 157 114 + 9* 179 118+ 9
DBP (mmHg)

CON 626 635 645 66 + 61 656 636 65+ 71

P1 626 57 + 6*t 58 + 6"t 60 + 6* 6216 6316 635

P2 615 59 + 5% 60 + 4* 61+4* 625 644 655

P3 616 59 + 5*f 60 + 6* 62+6 63+6 646 65 + 61

RES - at rest; T15 to T90 - period after the protocol up to 90 minutes; CON - control; P1: Rl of 1 min; P2: RI of 2 min; P3: Rl of 3 min. *p < 0.05 lower than CON. fp < 0.05

lower than RES. 1 p < 0.05 higher than RES.
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Comparison of the DBP (A) responses between the different rest intervals. RES - rest; T15 to T90 - period after the protocol up to 90 minutes; CON - control;
P1=1min; P2 =2 min; P3= 3 min. *p < 0.05 in relation to RES; ADBP = (post-exercise DBP - RES DBP).

A significant decrease was observed in the HR responses
to the CON protocol in relation to rest at timepoints T60 (p
= 0.009), T75 (p = 0.019) and T90 (p = 0.002). After P1,
HR remained significantly high in relation to rest from T15 (p
< 0.001) to T90 (p = 0.001). This increase in HR in relation
to rest was also observed after P2; however, HR remained
significantly high from T15 (p < 0.001) to T60 (p = 0.002).
After P3, HR remained significantly high from T15 (p < 0.001)
to T45 (p = 0.012). The results of the comparisons of HR
between the protocols are shown in Graph 2.

Discussion

The main results found were: a) none of the protocols
tested led to significant postexercise reduction of SBP; b) PEH
of greater magnitude and longer duration was found after the
protocol that used an Rl of T min; c) no significant differences

Arq Bras Cardiol 2010; 94(4):482-487

were found in the postexercise responses of SBP and DBP
using different RI.

Studies demonstrate that after performance of only
one resistance exercise (RE) bout, BP may be elevated',
reduced®"'3" or unchanged®**** in comparison to pre-
exercise measurements. The present study did not find
a significant postexercise reduction of SBP in any of the
protocols tested. The results found do not support the studies
that reported postexercise reduction of SBP after an RE
session?'1819 However, they are similar to those reported
by Hill et al®, Raglin et al*', and De Van et al®.

MacDonald et al** used direct BP measurement and
reported significant postexercise reduction of SBP of up to 20
mmHg. This PEH started 10 min after protocol completion
and was sustained up to 60 min. The RE protocol used
comprised 15 min of exercise in unilateral leg press at 65%
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Comparisons of HR responses between the different rest intervals. RES - at rest; T15 to T90 - period after the protocol up to 90 minutes; CON - control; P1 =
1 min; P2 = 2 min; P3 = 3 min. *p < 0.05 higher than CON. 1p < 0.05 higher than P2. # p < 0.05 higher than P3.

of TRM in normotensive young individuals. No significant
differences between the protocols were found regarding
duration or magnitude of this effect. The results found in
MacDonald et al’s study® are different from ours, possibly
because the exercise was performed in a continuous manner,
thus making it work like an aerobic exercise session in which
PEH has been more frequently reported. Polito et al'' also
reported significant postexercise reduction in SBP of up to
15 mmHg after two RE sessions with different intensities in
a sample comprising individuals who had been practicing
RE for at least 6 months. No significant differences between
the protocols were found regarding the magnitude of PEH;
however, PEH lasted longer after the most intense protocol
(6RM). In a similar study, Simao et al'” compared the effect
of intensity, volume and session format on post-resistance
exercise hypotensive response. Significant postexercise
reduction of SBP lasting for 50 to 60 minutes was found
after the protocols. No significant differences between the
protocols were observed regarding the magnitude of this
effect. The differences between the results found in the
present study and those reported by Polito et al'" and Simao
et al'® may be attributed to the differences in the protocols
used as well as to the difference in the level of physical
fitness of the sample. The present study used a protocol in
which the load decreased at each set, with the purpose of
maintaining the same work volume (load x repetitions) in all
protocols, thus isolating the effects of the Rl on the variables
analyzed. Accordingly, the combination of the total load with
the Rl of the protocol may have been insufficient to provoke
asignificant reduction in SPB. The studies that demonstrated
postexercise reduction in SBP after training sessions at lower
intensities used a greater number of repetitions and shorter
RI, thus compensating the lower intensities''#1%.

Rezk et al'® evaluated the effect of two RE sessions at
different intensities on PEH in a sample comprising 17
normotensive young individuals who did not regularly engage

in any physical activity. The protocols tested consisted of three
sets of 10 repetitions with a load of 80% of TRM and RI of 1
minute between the sets, and three sets of 20 repetitions with
40% of TRM and Rl of 45 seconds between the sets. Significant
PEH was found as from 30 minutes after completion of the two
protocols; this effect was sustained up to 90 min, as opposed
to the results demonstrated by Polito et al'" and Simao et al?,
in which the intensity influenced PEH duration.

Other studies found results similar to those of the present
study, in which no significant changes in SBP after an RE
session were verified. Hill et al® observed a decrease in SBP
only immediately after completion of a protocol with three
sets of a circuit of four exercises with interval of 30 seconds
between each exercise, with load of 70% of TRM until onset
of volitional fatigue in normotensive individuals. Raglin et
al** evaluated university athletes (15 men and 11 women)
after performance of an RE session at 70% to 80% of 1RM
and did not find significant differences between postexercise
measurements and rest measurements of SBP. De Van et al™
did not find significant changes in SBP for 150 minutes after
an RE session with one set up to fatigue in nine exercises using
a load of 75% of TRM. The authors evaluated a sample of
sedentary young men (n = 11) and women (n = 5)

In relation to DBP, after the protocol using Rl of T minute
(P1) between the sets, significant PEH with duration of 30
minutes was observed. The mean decrease in DBP was 5 =
2 mmHg at timepoint T15, and 4 = 1T mmHg at timepoint
T30. The results of the present study corroborate previous
findings demonstrating the occurrence of post-resistance
exercise decrease in DBP with duration ranging from 10 to
60 minutes®'" 15161819 Hill et al® found significant postexercise
decrease in DBP lasting 60 minutes after the end of an RE
protocol. Their study sample comprised six normotensive
individuals with experience in RE and age between 22 and
33 years. Focht and Koltyn'® evaluated 84 volunteers (51
men and 33 women) after performance of three protocols: 1.
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three sets of 12 to 20 repetitions with a load of 50% of TRM
and RI from 45 to 75 seconds between the sets; 2. three sets
of 4 to 8 repetitions with a load of 80% of 1RM and RI from
120 to 150 seconds between the sets; 3. control protocol.
Postexercise decrease in DBP lasting 20 minutes was found
after the protocol using 50% of TRM. In Polito et al'" and Simao
et al" studies, significant postexercise decrease in DBP was
also observed 10 minutes after completion of a protocol of 12
repetitions with a load of 50% of 6RM. Rezk et al'® and De
Van et al' also found significant postexercise decrease in DBP;
however, the duration of PEH was longer (30 minutes) than
that found by Polito et al'" and Simao et al®, and similar to that
observed in the present study. Despite the differences in the
protocols used, the magnitude and duration of postexercise
decrease in DBP in the present study were similar to those
found in previous studies' 1'%,

The causes of post-resistance exercise hypotension have
not been fully explained; this effect is possibly related to a
decrease in the systolic volume, while the peripheral vascular
resistance remains unchanged. Thus, there is a reduction in
cardiac output and, consequently, a reduction in BP. This
effect was reported by Rezk et al'®, in one of the few studies
found that assessed some mechanisms of BP control such as
systolic volume, peripheral vascular resistance, and cardiac
output after an RE session. According to these authors, the
systolic volume remained below resting levels for 90 minutes.
This explanation seems to be the most plausible, because the
heart rate remains high after the end of the exercise, possibly
to compensate the decrease in systolic volume. Increase
in HR was observed in the present study after the three
RE protocols, thus corroborating previous studies”'>18:2%34,
The decrease in systolic volume may be influenced by
the reduction in venous return caused by the decrease in
plasma volume because, apparently, after performance of
RE, there is blood fluid extravasation into the interstitial
space, thus reducing blood volume®. Additionally, there
may be a reduction in vascular resistance influenced by an
accumulation of metabolites produced in muscle contraction,
which, according to MacDonald et al*®, is one of the factors
accounting for vasodilatation and subsequent decrease in
peripheral vascular resistance. This may occur so that BP is
regulated in a way that permits an adequate circulation for
metabolite buffering and supply of the required nutrients®:.
This could explain the postexercise decrease in DBP found
in the present study, because the protocol with the lowest RI
promoted longer PEH. This effect possibly occurred because
of a greater accumulation of metabolites in the 1-minute RI
protocol, as had already been demonstrated by Ratamess et
al® in previous studies.

Recently, Crisafulli et al* verified a relationship of blood
lactate levels and decreased peripheral vascular resistance to
BP after an exercise bout in athletes. The use of shorter RI
may lead to increased accumulation of metabolites produced
in muscle contraction, and this can influence the reduction

Arq Bras Cardiol 2010; 94(4):482-487

in peripheral vascular resistance®; however, this effect was
not observed in the present study. According to Ratamess et
al®, the interaction between intensity and volume is decisive
for metabolic responses to RE. In the present study, the
total volume (repetitions x load) was the same in the three
protocols. Thus, the effect of Rl alone was not sufficient to
cause differences in PEH between the protocols tested.

At timepoints T45 and T90 after CON, and at timepoint
T90 after P2 and P3, a significant increase in DBP was found
in comparison to the rest measurement. This increase in DBP
after the control protocol has already been reported in previous
studies''® and may have occurred due to the orthostatic
stress caused by the sitting position. Possibly, the sitting
position led to a reduction in venous return, thus modifying
the cardiopulmonary baroreflex control, and consequently
increasing peripheral vascular resistance and DBP*.

Conclusion

Based on the results obtained, we can conclude that none
of the protocols tested led to significant postexercise decrease
in SBP. Additionally, BP responses after the protocols were
not influenced by the different rest intervals tested (1, 2, and
3 minutes).

RE sessions lead to a postexercise decrease in DBP that
lasts up to 30 minutes. However, the different rest intervals
tested (1, 2, and 3 minutes) did not influence the magnitude
of PEH after an RE session with the same total workload
(repetitions x load).

The rest interval between the sets influenced the heart rate
and double product responses after an RE session, and shorter
intervals led to greater elevation of these variables.

We suggest further studies to evaluate the effects of other
RE variables on PEH in different populations such as those
of elderly and hypertensive individuals. Additionally, the
physiological mechanisms involved in post-resistance exercise
hypotension need to be better explained.

Potential Conflict of Interest

No potential conflict of interest relevant to this article was
reported.

Sources of Funding

This study was partially funded by masters scholarship
of Coordenagdo de Aperfeicoamento de Pessoal de Nivel
Superior (Capes).

Study Association

This article is part of the thesis of master submitted by Jodo
Veloso, from Faculdade de Educacao Fisica da Universidade
de Brasilia.



Veloso et al
Rest intervals and blood pressure

Original Article

References

20.

21.

Pescatello LS, Franklin BA, Fagard R, Farquhar WB, Kelley GA, Ray CA,
American College of Sports Medicine. American College of Sports Medicine
position stand. Exercise and hypertension. Med Sci Sports Exerc. 2004;36
(3): 533-53.

Monteiro M, Sobral Filho DC. Exercicio fisico e o controle da pressao arterial.
Rev Bras Med Esporte. 2004; 10 (6): 513-6.

Forjaz CL, Tinucci T, Ortega KC, Santaella DF, Mion D Jr, Negrao CE. Factors
affecting post-exercise hypotension in normotensive and hypertensive
humans. Blood Press Monit. 2000; 5 (5-6): 255-62.

Forjaz CL, Rondon MUPB, Negrao CE. Efeitos hipotensores e simpatoliticos
do exercicio aerébio na hipertensao arterial. Rev Bras Hipertens. 2005; 12
(4): 245-50.

Dujic Z, Ivancev V, Valic Z, Bakovic D, Marinovic-Terzic |, Eterovic D, et
al. Postexercise hypotension in moderately trained athletes after maximal
exercise. Med Sci Sports Exerc. 2006; 38 (2): 318-22.

Pescatello LS, Guidry MA, Blanchard BE, Kerr A, Taylor AL, Johnson AN, et
al. Exercise intensity alters postexercise hypotension. | Hypertens. 2004; 22
(10): 1881-8.

Kenney MJ, Seals DR. Postexercise hypotension: key features, mechanisms,
and clinical significance. Hypertension. 1993; 22 (5): 653-64.

Hill D, Collins M, Cureton K, De Mello J. Blood pressure response after weight
training exercise. ] Appl Sports Sci Res. 1989 (3): 44-7.

MacDonald JR, MacDougall JD, Interisano SA, Smith KM, McCartney N,
MorozJS, etal. Hypotension following mild bouts of resistance exercise and
submaximal dynamic exercise. Eur ) Appl Physiol Occup Physiol. 1999; 79
(2): 148-54.

. Fisher MM. The effect of resistance exercise on recovery blood pressure in

normotensive and borderline hypertensive women. J Strength Cond Res.
2001; 15(2): 210-6.

. Polito M, Simao R, Senna G, Farinatti P Hypotensive effects of resistance

exercises performed at different intensities and same work volumes. Braz |
Sports Med. 2003; 9: 74-7.

. Melo CM, Alencar Filho AC, Tinucci T, Mion D Jr, Forjaz CL. Postexercise

hypotension induced by low-intensity resistance exercise in hypertensive
women receiving captopril. Blood Press Monit. 2006; 11 (4): 183-9.

. Bermudes AM, Vassallo DV, Vasquez EC, Lima EG. Ambulatory blood pressure

monitoring in normotensive individuals undergoing two single exercise
sessions: resistive exercise training and aerobic exercise training. Arq Bras
Cardiol. 2004; 82 (1): 57-64.

. Brown SP, Clemons JM, He Q, Liu S. Effects of resistance exercise and cycling

on recovery blood pressure. | Sports Sci. 1994; 12 (5): 463-8.

. DeVan AE, Anton MM, Cook N, Neidre DB, Cortez-Cooper MY, Tanaka H.

Acute effects of resistance exercise on arterial compliance. J Appl Physiol.
2005; 98 (6): 2287-91.

. Focht BC, Koltyn KF. Influence of resistance exercise of different intensities on

state anxiety and blood pressure. Med Sci Sports Exerc. 1999; 31 (3): 456-63.

. O’Connor PJ, Cook DB. Anxiolytic and blood pressure effects of acute static

compared to dynamic exercise. IntJ Sports Med. 1998; 19 (3): 188-92.

. Rezk CC, Marrache RC, Tinucci T, Mion D Jr, Forjaz CL. Post-resistance

exercise hypotension, hemodynamics, and heart rate variability: influence
of exercise intensity. Eur ] Appl Physiol. 2006; 98 (1): 105-12.

. Simao R, Fleck SJ, Polito M, Monteiro W, Farinatti P. Effects of resistance

trainingintensity, volume, and session format on the postexercise hypotensive
response. ) Strength Cond Res. 2005; 19 (4): 853-8.

Hamer M. The anti-hypertensive effects of exercise: integrating acute and
chronic mechanisms. Sports Med. 2006; 36 (2): 109-16.

Collins MA, Cureton KJ, Hill DW, Ray CA. Relationship of heart rate to

22.

23.

24.

25.

26.

2

~

28.

29.

30.

3

=

32.

33.

34.

35.

36.

3

~

38.

39.

40.

oxygen uptake during weight lifting exercise. Med Sci Sports Exerc. 1991;
23 (5): 636-40.

Hill DW, Butler SD. Haemodynamic responses to weightlifting exercise. Sports
Med. 1991; 12 (1): 1-7.

Kispert CP, Nielsen DH. Normal cardiopulmonary responses to acute
and chronic-strengthening and endurance exercises. Phys Ther. 1985;
65(12):1828-31.

Rozenek R, Rosenau P, Stone MH. The effects of intensity on heart rate and
blood lactate responses to resistance training. J Strength Cond Res. 1993; 7
(1):51-4.

Ratamess NA, Falvo MJ, Mangine GT, Hoffman JR, Faigenbaum AD, Kang J.
The effect of rest interval length on metabolic responses to the bench press
exercise. EurJ Appl Physiol. 2007; 100 (1): 1-17.

Kraemer WJ, Fry AC. Strength testing: development and evaluation of
methodology. In: Maud PJ, Foster C, (eds.). Physiological assessment of human
fitness. Champaign (IL): Human Kinetics; 1995. p. 115-38.

. Willardson JM, Burkett LN. A comparison of 3 different rest intervals on the

exercise volume completed during a workout. J Strength Cond Res. 2005;
19(1): 23-6.

Willardson JM, Burkett LN. The effect of rest interval length on bench
press performance with heavy vs. light loads. J Strength Cond Res. 2006;
20(2): 396-9.

Topouchian JA, El Assaad MA, Orobinskaia LV, El Feghali RN, Asmar
RG. Validation of two devices for self-measurement of brachial blood
pressure according to the International Protocol of the European Society of
Hypertension: the SEINEX SE-9400 and the Microlife BP 3AC1-1. Blood Press
Monit. 2005; 10 (6): 325-31.

O’Connor PJ, Bryant CX, Veltri P, Gebhardt SM. State anxiety and ambulatory
blood pressure following resistance exercise in females. Med Sci Sports Exerc.
1993; 25: 516-21.

. Raglin JS, Turner PE, Eksten F. State anxiety and blood pressure following

30 min of leg ergometry or weight training. Med Sci Sports Exerc. 1993; 25
(9): 1044-8.

Roltsch MH, Mendez T, Wilund KR, Hagberg JM. Acute resistive exercise
does not affect ambulatory blood pressure in young men and women. Med
Sci Sports Exerc. 2001; 33 (6): 881-6.

MacDonald J, MacDougall J, Hogben C. The effects of exercise intensity on
post exercise hypotension. ) Hum Hypertens. 1999; 13 (8): 527-31.

KangJ, Hoffman JR, Im J, Spiering BA, Ratamess NA, Rundell KW, et al.
Evaluation of physiological responses during recovery following three
resistance exercise programs. J Strength Cond Res. 2005; 19 (2): 305-9.

BushJA, Kraemer WJ, Mastro AM, Triplett-McBride NT, Volek S, Putukian M,
etal. Exercise and recovery responses of adrenal medullary neurohormones
to heavy resistance exercise. Med Sci Sports Exerc. 1999; 31 (4): 554-9.

MacDonald JR. Potential causes, mechanisms, and implications of post
exercise hypotension. ] Hum Hypertens. 2002; 16 (4): 225-36.

. Crisafulli A, Orru V, Melis F, Tocco F, Concu A. Hemodynamics during active

and passive recovery from asingle bout of supramaximal exercise. Eur ] Appl
Physiol. 2003; 89 (2): 209-16.

Takahashi T, Okada A, Saitoh T, Hayano J, Miyamoto Y. Difference in human
cardiovascular response between upright and supine recovery from upright
cycle exercise. Eur ] Appl Physiol. 2000; 81 (3): 233-9.

Crisafulli A, Tocco F, Pittau G, Lorrai L, Porru C, Salis E, et al. Effect of
differences in post-exercise lactate accumulation in athletes” haemodynamics.
Appl Physiol Nutr Metab. 2006; 31 (4): 423-31.

Gotshall RW, Aten LA, Yumikura S. Difference in the cardiovascular
response to prolonged sitting in men and women. Can J Appl Physiol. 1994;
19 (2): 215-25.

Arq Bras Cardiol 2010; 94(4):482-487

487



