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ABSTRACT
Introduction: Powerlifting (PWL) is a worldwide method, frequently used in resistance training programs.
However, the relationship between cardiovascular responses and PWL is still unclear in the literature. Objective:
To evaluate acute cardiovascular overload and post-exercise hypotension (PEH) after acute powerlifting exercise
session in subjects with experience in the modality. Methods: Nine powerlifting athletes (34 ± 5 years) participated
voluntarily in this study. The following exercises were used in the session: squat, bench press and deadlift (95% of
1 RM, 2 to 5 repetitions). The anthropometric parameters and blood pressure (systolic, diastolic and mean) were
evaluated immediately, 5’, 10’, 30’, 60’ and 24 hours after the exercise session with a non-invasive automatic pressure monitor. Results: Significant differences (p<0.05) were found between rest and immediately after exercise
on systolic (135 ± 6 vs. 153 ± 10 mmHg) and mean (102 ± 3 vs. 108 ± 3 mmHg) blood pressures, but no difference
was found at diastolic (85 ± 3 vs. 85 ± 4 mmHg) blood pressure. Additionally, the increase in systolic pressure
did not reach values considered as a risk of cardiovascular overload. Significant PEH was found after 60 minutes
(systolic: -12 ± 12%, diastolic: -5 ± 6% and mean: -7 ± 5%) and 24 hours after PWL session (systolic: -5 ± 4%, diastolic:
-8 ± 4% and mean: -7 ± 3%). Conclusion: Our data demonstrated that a PWL session does not increase systolic
blood pressure up to the risk range and promotes PEH after 60 minutes of exercise and that this cardiovascular
response persisted after 24 hours post-exertion in powerlifting athletes.
Keywords: hypotension; resistance training; exercise.

RESUMO
Introdução: O levantamento de peso básico ou powerlifting (PWL) é um método frequentemente utilizados em programas de treinamento resistido em todo o mundo. Contudo, a relação das respostas cardiovasculares e PWL ainda não
está clara na literatura. Objetivo: Avaliar a sobrecarga cardiovascular aguda e a hipotensão pós-exercício (HPE) depois de
uma sessão aguda de exercícios de PWL em indivíduos com experiência na modalidade. Métodos: Nove atletas de PWL
(34 ± 5 anos) participaram voluntariamente deste estudo. Os seguintes exercícios foram realizados na sessão: agachamento, supino e levantamento terra (95% de 1 RM, 2 a 5 repetições). Os parâmetros antropométricos e a pressão arterial
(sistólica, diastólica e média) foram avaliados imediatamente, 5’, 10’, 30 ‘, 60’ e 24 horas após a sessão de exercício com
um monitor automático de pressão não invasivo. Resultados: Foram encontradas diferenças significativas (p < 0,05) de
pressão sistólica (135 ± 6 vs. 153 ± 10 mmHg) entre o repouso e imediatamente após o exercício e na média (102 ± 3 vs.
108 ± 3 mmHg), porém, não se verificou nenhuma diferença na pressão diastólica (85 ± 3 vs. 85 ± 4 mmHg). Além disso,
o aumento da pressão sistólica não atingiu valores considerados risco de sobrecarga cardiovascular. Constatou-se HPE
significativa 60 minutos (sistólica: -12 ± 12%, diastólica: -5 ± 6% e média: -7 ± 5%) e 24 horas (sistólica: -5 ± 4%, diastólica:
-8 ± 4 % e média: -7 ± 3%) depois da sessão de PWL. Conclusão: Nossos dados demonstraram que uma sessão de PWL
não aumenta a pressão sistólica até a faixa de risco e promove HPE após 60 minutos de exercício e que essa resposta
cardiovascular persistiu 24 horas pós-esforço nos atletas de powerlifting.
Descritores: hipotensão; treinamento de resistência; exercício.

RESUMEN
Introducción: El levantamiento de pesas o powerlifting (PWL) es un método de uso frecuente en los programas de
entrenamiento de resistencia en todo el mundo. Sin embargo, la relación de las respuestas cardiovasculares y el PWL no está
clara en la literatura. Objetivo: Evaluar la sobrecarga cardiovascular aguda y la hipotensión post-ejercicio (HPE) después
de una sesión aguda de ejercicios de PWL en individuos con experiencia en el deporte. Métodos: Nueve atletas de PWL
(34 ± 5 años) participaron voluntariamente en este estudio. Los siguientes ejercicios se realizaron en la sesión: sentadilla,
press de banca y peso muerto (95% de 1 RM, 2 a 5 repeticiones). Los parámetros antropométricos y la presión arterial
(sistólica, diastólica y media) fueron evaluados inmediatamente, 5’, 10’, 30’, 60’ y 24 horas después del entrenamiento, con
un monitor de presión automático no invasivo. Resultados: Hubo diferencias significativas (p < 0,05) en la presión sistólica
entre el descanso e inmediatamente después del ejercicio (135 ± 6 vs. 153 ± 10 mmHg) y media (102 ± 3 vs. 108 ± 3 mmHg),
no obstante, no se encontraron diferencias en la presión diastólica (85 ± 3 vs. 85 ± 4 mmHg). Además, el aumento de la
presión sistólica no alcanzó valores considerados de riesgo de sobrecarga cardiovascular. Se encontró HPE significativa 60
minutos (sistólica: -12 ± 12%, diastólica: -5 ± 6% y media: -7 ± 5%) y 24 horas (sistólica: -5 ± 4%, diastólica: -8 ± 4 % y media:
-7 ± 3%) después de la sesión de PWL. Conclusión: Nuestros datos demuestran que una sesión de PWL no aumenta la presión
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sistólica hasta el rango de riesgo y promueve HPE después de 60 minutos de ejercicio y que la respuesta cardiovascular se
mantuvo 24 horas después del ejercicio en atletas de powertlifting.
Descriptores: hipotensión; entrenamiento de resistencia; ejercicio.
DOI: http://dx.doi.org/10.1590/1517-869220172302166667

INTRODUCTION
Scientific evidences suggest that regular resistance exercise (RE) is
an important strategy to control systemic blood pressure, in both normotensive and hypertensive subjects1,2. Among the effects of physical
activity on the cardiovascular system, post-exercise hypotension (PEH)
has been studied in hypertensive subjects with clinically relevant implications3-5. There are several studies utilizing RE to promote BP reduction
at acute4,5 and chronic6 approaches. The mechanisms involved at PEH
have been attributed to reduced peripheral vascular resistance, reduced
sympathetic activity, and diminished systolic volume and changes in the
sensitivity of adrenergic cardiac and endothelial factors7-9.
The American College of Sports and Medicine1 and the American
Heart Association2 stated that RE in association with an aerobic based
exercise program are efficient to prevent, treat and control the arterial hypertensive, however, the RE and PEH effect still unclear4. In 2015 our group5
demonstrated that PHE occur independently of exercise intensity without
expressed cardiovascular overload during the session, however, to the best
of our knowledge, there are few study5,10-12 on literature evaluating different
manipulation of volume and intensity on RE and the magnitude of PEH.
In this perspective, powerlifting method consists of practice by exercises considered basic, such squat, bench press and deadlift, utilizing
load near of maximal repetition test (1RM)13,14. Haslam et al.15 shown
that higher loadings lead to larger increases in blood pressure and heart
rate, additionally, the exercises utilized on powerlifting exercise session
is composed of movements can lead to high values of BP and HR16-19.
According to ACSM1 recommendations high intensity of RE (over
80% of 1RM) had been used by athletes, recreational exercisers and fitness center practitioners such strategy to increase of muscular strength,
however, there are a gap on literature about influence exercise intensities
using load near of 100% of 1RM. In this way, the purpose of this study
was evaluated the acute cardiovascular overload and PEH after acute
powerlifting exercise session on subjects with experience PWL modality.

METHODS
After approval by the Ethics Committee for Human Research of São
Judas Tadeu University (n° 90801), nine subject with experience on powerlifting modality participated voluntarily in this study. All study participants
signed the Informed Consent Form. The following exclusion criteria was
considered: recent hospitalization, symptomatic cardiorespiratory disease
or cardiac alterations, metabolic syndrome, renal or hepatic disease,
cognitive impairment, progressive or debilitating condition, marked
obesity with inability to exercise, involvement by muscle or tendon injury
on the last month, being under treatment of infectious disease, using
any type of medication that alters the cardiovascular, hormonal and /
or metabolic responses, being submitted to a weight loss diet and/or
any other medical contraindication to physical exercise. The inclusion
criteria were having at least 1 year of experience in weightlifting training.
The exercise program was consisted at one single powerlifting
exercise session, utilizing three exercises: squat, bench press and deadlift.
For the training session athletes used 95% of 1RM, with 5 of 2 repetitions
in each exercise with 5 minutes of rest. The execution of the exercises
was standardized according to the competitive rules of the International
Powerlifting Federation. To determine external load all subject performed
Rev Bras Med Esporte – Vol. 23, No 2 – Mar/Abr, 2017
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one repetition maximum (1RM) testing by repeating the methods previously
published by our group20. All tests were performed with the same examiner
present and on the same equipment. The participants were instructed not
to perform any other exercise during the period in which the experiment
occurred. In each test session and between each exercise, 10 repetitions of
the specific exercise were performed to warm-up specific muscles using
50% of the estimated load (approximating 20% and 40% of 1RM). Following
a rest of 2–3 minutes, the test began. Four attempts were offered to reach
1RM, a widely accepted indicator of voluntary strength. In the first test set,
the subjects were instructed to complete two repetitions. The second test
set was performed after a 5-minute rest, with a greater or smaller load than
that was applied in the previous test set. If the attempt was successful,
weight was increased in the next set. If the attempt was unsuccessful,
weight was reduced in the next set. This procedure was repeated during
the third and fourth attempts to clearly identify the load corresponding
to 1RM. The load corresponding to 1RM was defined as the weight with
which the individual could only complete one correct repetition in a set.
No more than five attempts were necessary to reach 1RM with any subject.
The anthropometric evaluation were conducted as previously study
of our group13. Briefly, the height was measured on a Cardiomed (WCS
model) stadiometer, with an accuracy of 115/220 cm. The measurement was
performed with the cursor at an angle of 90° with respect to scale, with the
patient in the standing position with feet together, and while the subject
made contact with the measuring instrument with the posterior surfaces
of the heels, occipital bone, and scapula. The subjects were instructed to
stay in inspiratory apnea with the top of the head parallel to the ground.
Body mass was measured on a Filizola electronic scale (Personal Line Model
150) with a resolution of 100 g and a maximum capacity of 150 kg. Body
composition was determined through skinfold thickness using the Lange
Skinfold Caliper (Laffayete Instruments, USA). Fat mass (FM) was determined
by equation (FM = %Fat x weigth ÷ 100) and the lean mass was estimated
by the subtraction of fat mass from total body mass.
The systolic blood pressure (SBP), diastolic blood pressure (DBP),
mean arterial blood pressure (MBP) (MBP = DBP + [SBP – DBP]/3) and
HR were measured before, during, and immediately after each training
session using an automated non-invasive BP monitor (Microlife 3AC11PC, Microlife, Widnau, Switzerland). Heart pressure product (HPP) was
evaluated according to the following equation: RPP = HR*SBP. According
to previously publication of our group5, the measurement was performed
after the subjects completed each set (a total of three); the objective of
this measurement was to guarantee that BP did not fall during the exercise
session. All BP measurements were taken on the left arm. Individual cuffs
were labeled with the ranges of arm circumferences. Pre-exercise BP did
not exceed 160 and 100 mmHg for SBP and DBP, respectively. During
exercise, HR was continuously measured and recorded on a beat-by-beat
basis using a Polar Vantage NV (Polar Electro, Oulu, Finland) HR recorder.
Volunteers were also instructed to avoid the Valsalva maneuver during
the entire movement, following American College of Sports Medicine
guidelines. To evaluate the occurrence of PEH, BP, and HR were also
measured on rest, in exercise peak (immediately on final of exercise
session) and in the sitting position (resting) at 5, 10, 30, 60 minutes and
24 hours after exercise session. To obtain MVO₂, we used a mathematical
function based on a high correlation between heart pressure product
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and MVO2. The following equation expressed in mlO₂/100gVE/min were
used: MVO2= (DP x 0.0014) - 6.37.

size to both parameters (-2.11 and -1.07) respectively. No differences
were presented on others parameters.
The 24h analyses recovery could be observed at Figure 2. Statistical reductions (p<0.001) were found in all parameters 24h after powerlifting exercise session, at SBP (rest 135 ± 6 mmHg; 24h 128 ± 6 mmHg; -5 ± 3 %), DBP (rest 84 ± 3;
24h 78 ± 3 mmHg; -8 ± 4 %), MBP (rest 102 ± 3 mmHg; 24h 95 ± 3,2 mmHg;
-7 ± 3 %) on Panel A, and HR (Panel B: rest 77 ± 3bpm; 24h 70 ± 2 bpm; -8 ± 9 %),
RPP (Panel B: rest 10442 ± 1583 bpm*mmHg; 24h 9115 ± 1013 bpm*mmHg;
-14 ± 12 %) and MVO₂ (rest: 8.24 ± 2.27 mlO₂/100gVE/min; 24h:
6.39 ± 1.42 mlO₂/100gVE/min; -29 ± 24 %) on Panel B. In all parameters
the effect size of 24h post exercise to SBP (-1,05), DBP (-1,97), MBP (-2,16), HR
(-0,56), RPP (-0,84), MVO₂ (-0,84.7). SBP (-1,05), MBP (2.18), HR (7.5), RPP (8.92)
and MVO₂ (8.92) were trivial.

Statistical analyses
All statistical analyses were performed using SPSS software (v 15.0;
IBM, Armonk, NY, USA). Analysis of comparisons between groups over the
periods was performed with one-way analysis of variance with repeated
measures, followed by Kruskal–Wallis or Bonferroni’s post-hoc test when
appropriate. The D’Agostino–Pearson test was applied to Gaussian distribution analysis. Statistical significance was established at p<0.05. Data is
expressed as mean ± standard deviation. Additionally, the magnitude of
the training effect was calculated using the mathematical formula that
considers the final average the final average value subtracted from the
initial average value in relation to the variation of initial mean: [Pre-Post
ES = Posttest mean – Pretest mean / Pretest SD]21.

DISCUSSION
The major new findings of the present study were 1) the powerlifting training sessions does not promote hemodynamic overload
towards to range risk, 2) the exercise session promote decreased on

RESULTS
The anthropometric parameters are described on Table 1. The
hemodynamic analysis of powerlifting exercise session at rest, exercise
peak and recovery are presented at Figure 1. Significant increase
(p<0.01) was observed from rest to exercise peak in SBP (Panel 1A:
rest 135 ± 6 mmHg; exercise peak: 153 ± 10 mmHg; 11 ± 4 %:),
MBP (Panel 1C: rest 102 ± 3 mmHg; exercise peak: 108 ± 3 mmHg;
6 ± 3 %), HR (Panel 1D: rest 77 ± 11; exercise peak: 160 ± 20 bpm;
50 ± 10 %), RPP (Panel 1E: rest: 10442 ± 1583 bpm*mmHg; exercise peak
24561 ± 4040 bpm*mmHg; 56 ± 10 %) and MVO₂ (Panel 1F: rest: 8.24 ±
0,73 mlO₂/100gVE/min; exercise peak 28.01 ± 1.88 mlO₂/100gVE/min; 69 ±
11%) but not to DBP (Panel 1B: 85 ± 3 mmHg; exercise peak 85 ± 4 mmHg;
0.99 ± 5 %). Additionally, the effect size in relationship rest versus exercise
peak was large to SBP (2.65), MBP (2.18), HR (7.5), RPP (8.92), MVO₂ (8.92),
but small to DBP (0.32).
During recovery, differences were found only on SBP (122 ± 9 mmHg)
and MBP (95 ± 3 mmHg) at 60 min in relation at rest with trivial effect
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Mean ± DP
34 ± 5
92 ± 14
1.75 ± 7
14 ± 3
13 ± 4
79 ± 10
7±3
135 ± 6
84 ± 3
184 ± 22
153 ± 13
202 ± 30

Age (years)
Bodyweight (kg)
Stature (m)
Fat body (%)
Fat mass (kg)
Leanmass (kg)
Experience (years)
PAS rest (mmHg)
PAD rest (mmHg)
Test 1RM squat (kg)
Test 1RM bench press (kg)
Test 1RM deadlift (kg)

MVO₂ (mlO²/100gVE/min)

A

HRP (HR*bpm)

SBP (mmHg)

180

Table 1. Sample caracteristics.

Figure 1. Values expressed as the mean ± standard error deviation of PHE to Panel A: systolic blood pressure (SBP), Panel B: diastolic blood pressure (DBP), Panel C: mean blood
pressure (MBP), Panel D: heart rate (HR), Panel E: rate pressure product (RPP) and Panel E: myocardium oxygen volume (MVO₂)after powerlifting training session. Different letters
indicate statistical differences (p<0.05) to ANOVA repeated measurements.
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SBP after 60 min of exercise session, and 3) the PHE persisted after
24 hours after powerlifting training sessions.
Important information should be address in this study, although
had been used very high training intensities (>90% of 1RM), the exercise session does not promote hemodynamic overload during the
practice. Some important consideration should be pointed about this
fact, although the powerlift practice is usually done with high intensity,
the values of systolic Blood pressure was not high then (160 mmHg).
Traditionally, powerlifting training sessions often use small volumes and
high intensity could reach 100% of 1RM13,14, which could lead to a sharp
adjustment that provide unique and differentiated hemodynamic responses.
There are few studies5,10-12 on literature that evaluated the impact of alterations of external load (intensity) on PEH, demonstrating11,12 or absence22
PHE after load modification. In relationship to training volume, previous
studies22-25 does not found effect on PHE magnitude after its modification.
In 2015 Cavalcante et al.5 demonstrated that PHE occur independently
of exercise intensity without expressed cardiovascular overload during the
session, however, there are few study5,10-12 on literature evaluating different
manipulation of volume and intensity on RE and the magnitude of PEH.
In this study the PHE were found after 60 min and 24 hour after PWL
exercise session just in SBP. Duncan et al.3 and Hardy and Tucker26 found
a reduction in SBP that persisted for at least 1 hour after a RT session and
Queiroz et al.4 found reduction of SBP after 24 hours after aerobic exercise.
Considering the influence of load at PHE, Fisher27 studied normotensive
and hypertensive women after exercises at 50% of 1RM found significant
SBP reduction for 60 minutes. Moraes et al.28 also analyzed the hypotensive
effect of resistance exercise in hypertensive middle-aged men with loads
of 60% of 1RM significantly reduced SBP, DBP, and MBP, respectively, by
an average of 16, 12, and 13 mmHg to pre-hypertensive values. To our
knowledge, there is only one study Brandão Rondon et al.9 that showed
a reduction in SBP, DBP, and MBP for 60 minutes simultaneously.
Though the PHE had been much studied, the mechanisms
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Figure 2. Values expressed as the mean ± standard error deviation of PHE to Panel A:
systolic blood pressure (SBP), diastolic blood pressure (DBP) and mean blood pressure
(MBP), Panel B: heart rate (HR), rate pressure product (RPP) and myocardium oxygen
volume (MVO₂) after powerlifting training session. *p< 0.01 indicate statistically
significant differences to rest.
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responsible for decreases in post resistance exercise BP are outside
the scope for this study, however, theses have not been completely
elucidated in the scientific literature29. Previous studies5,6,10, suggest that
several mechanisms can influence the cardiovascular and PHE behavior.
So, overall the hypotensive effect may be associated with factors such
as occlusion of the vessels and arteries, cardiac output, stroke volume,
autonomic modulation of heart rate through the sympathetic and
parasympathetic nerves, in addition to peripheral vascular resistance
that can be changed during training30-32.
In relation to autonomic modulation evidences indicate that at higher
intensities (above 80%) appears to be a reduction in cardiac output mediated decrease in stroke volume (SV)11. The drop in SV would be offset by
an increase in HR caused by increased sympathetic activity and parasympathetic reduction in heart. Additionally, the vasodilation mediated by the
action of kallikrein system / kinin which also have higher concentrations
after RE28 can be involved on this effect. Simultaneously, other peripheral
vasodilators such as nitric oxide, prostaglandins, adenosine, and potassium
may also appear to influence the PHE33,34. It is speculated also that the
blood lactate concentration interferes with the blood pressure response
after exercise35. The lactate accumulation could cause reduction in vascular
resistance with consequent PHE. In this case, exercises performed with
higher intensities would cause increased release of lactate36.
According to Negrão et al.30 the aspects of training load should be
associated with hemodynamic response we should note the concern
about the workload, and the percentage of 1 repetition maximum (%
of 1RM), the number of series and number of repetitions, rest interval
between series, factors that are associated with pressure changes during
and after exercise session. Figueira Júnior et al.6 and Fagard36 considered
the volume of strength training as number of series, repetition number
and amount of exercise, are the variables that can promote increases
on blood pressure during and post exercise. Another factor important
consideration to PHE and its influence should be address to muscle
mass involved in exercise and training session. Polito and Farinatti37 was
not found changes PHE after leg extension exercise in different training
models. Similar responses were found by D’Assunção et al.31 using exercises with small muscle mass compared large mass.
Therefore, muscle group or larger amount of muscle mass involved
during exercise, cannot be the main reasons for changing the hypotensive
effect. In this case the powerlifting modality the PHE may be due to the
involvement of a larger number of joints in the same movement increase
need for blood in the active region, increasing vasodilation, reduce peripheral resistance and favoring PHE6. Studies31,37,38 had showed differences on
mono and multi-joint exercises. In this case, the exercise performed in this
study by powerlifting athlete has multi-joints characteristics associated with
large muscle groups, which may have enhanced the hypotensive effect13.
Although few studies have evaluated the effects of strength training
with high intensity in the cardiovascular response, we noted that the
elevation of systolic and diastolic blood pressure increase progressively,
reaching higher values in the last repetition, and early fatigue. In general,
it can be seen that low intensity and high reps are more elevated blood
pressure6,17. Muscle mass exerts influence on cardiovascular response,
on the other hand, there is still no consensus in the literature on the
hypotensive effect. We can observe that when used the same intensity
and the same amount in exercises involving larger mass muscle produces significant increase in blood pressure. Furthermore, the Valsalva
maneuver may exert influence on the increase hypotensive, the Valsalva
maneuver is inevitable with intensity equal to or greater than 80% of 1RM.
However, in this study, the athletes perform several sets, interspersed
with periods of rest between 3-5 minutes which allowed full recovery
of systolic pressure, hence its increase in subsequent sets will be higher.
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The hypothesis for PHE on strength training with high intensity for
powerlifting practitioner may be related to decreased cardiac output caused
by a reduction in stroke volume. The increase in stroke volume is related
to an increase in cardiac contractility, which led to gradual decrease in end
systolic volume, in other words, greater volume of ventricular filling during
diastole. The results obtained in this study may provide relevant information
about PHE, the variables possibly related to hypotension mechanisms as
sympathetic activity, blood flow, cardiac output and production of nitric oxide
have not been evaluated. However, this experience becomes relevant, since
it is the first to directly investigate the influence of the intensity of strength
training on multi-joints exercises, involving the greatest amount of muscle
mass and low number of repetitions, and the response of the PEH effect.
Our study does have some limitations that should be mentioned.
First, the mechanisms of hypotension were not investigated in the
present study. We did not assess the exercise effects on peripheral
vascular resistance as well as sympathetic activity, systolic volume,
beta-adrenergic receptors, or endothelial factors. Second, the auscultation method used for assessing blood pressure. This method, while
universally used, has limitations compared to invasive methods, such
as intra-arterial catheterization; however, all safeguards were taken to
ensure that these measures were obtained in a consistent, reliable, and
accurate manner. Third, the number of subjects on sample and a lack
of control group (not athletes) may be useful to comparative effects.

Thus, it appears that the type of exercise, muscle mass involved,
intensity and volume of strength training can be an important factor
on cardiovascular response, especially on SBP and DBP post effort.
More studies are needed to clarify the influence of RE variables on
PEH in addition to the elucidation of the mechanisms involved in this
phenomenon mainly in intense strength training in normotensive and
hypertensive subjects.

CONCLUSION
In summary, the data presented in this study show that PEH effect
in powerlifting practitioners after 60 min and 24 hours after exercise
session without promote hemodynamic overload during an exercise
session in PWL athletes.
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