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Introduction
The aging process is frequently associated with increased prevalence and incidence
of chronical degenerative diseases, such as sarcopenia. This progressive disease is
mainly characterized by a state of decreased skeletal muscle mass, associated with an
impaired capacity to generate strength and power.1–4 Sarcopenic patients commonly
show impaired capacity to perform the activities of daily living, low glucose metabolism, and vascular alterations (increase in pulse wave velocity), resulting in a poor
prognosis in these individuals.1–4
Recent guidelines from the American College of Sports and Medicine (ACSM)
focused on older people and adults indicate resistance training (RT) as the main therapy
to positively modulate the morphological and functional parameters of older adults,
once evidence indicate that this kind of exercise is able to maintain or even increase
skeletal muscle mass, physical functionality, muscle strength, and power.5,6

1103

submit your manuscript | www.dovepress.com

Clinical Interventions in Aging 2017:12 1103–1114

Dovepress

© 2017 Coelho-Júnior et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you
hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

http://dx.doi.org/10.2147/CIA.S133838

Powered by TCPDF (www.tcpdf.org)

Purpose: The purpose of this study was to compare the acute effects of resistance training
(RT) and power training (PT) on the hemodynamic parameters and nitric oxide (NO) bioavailability of older women.
Materials and methods: A randomized experimental design was used in this study. Twentyone older women (age: 67.1±4.6 years; body mass index: 28.03±4.9 kg/m2; systolic blood pressure: 135.1±21.1 mmHg) were recruited to participate in this study. Volunteers were randomly
allocated into PT, RT, and control session (CS) groups. The PT and RT groups underwent a
single session of physical exercise equalized by training volume, characterized by 3 sets of
8–10 repetitions in 8 different exercises. However, RT group performed exercise at a higher
intensity (difficult) than PT (moderate) group. On the other hand, concentric contractions were
faster in PT group than in RT group. Hemodynamic parameters and saliva samples (for NO
quantification) were collected before and during an hour after exercise completion.
Results: Results demonstrated post-exercise hypotension during 35 minutes in the PT when
compared to rest period (P=0.001). In turn, RT showed decreased heart rate and double product (P,0.001) during the whole evaluation period after exercise completion compared with
the rest period. NO levels increased in the PT and RT during the whole evaluation period in
relation to rest period. However, there were no differences between PT, RT, and CS regarding
hemodynamic and NO evaluations.
Conclusion: Data indicate that an acute session of power and resistance exercise can be effective to cause beneficial changes on hemodynamic parameters and NO levels in older women.
Keywords: post-exercise hypotension, resistance training, power training, nitric oxide, older
people
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Moreover, the effects of RT go beyond those mentioned,
as shown in a recent meta-analysis where positive changes
in the hemodynamic parameters were observed after RT
programs.7 Such benefits in the cardiovascular system are not
exclusively derived from chronic adaptations once significant
decreases in blood pressure values are commonly observed
after a single bout of physical exercise – a phenomenon
called post-exercise hypotension (PEH).8–14 These findings
suggest that the chronic effects of RT can be a result of a sum
of the acute effects.9 However, the optimum protocol of RT
able to elicit PEH is still unknown, and most studies have
been indicating beneficial results from traditional moderateintensity RT.10–12,14
Although the decrease in muscle strength is considered
the most important neuromuscular alteration during aging,
previous cross-sectional studies have demonstrated a higher
decrease in muscle power capacity (the relation between
strength and velocity of muscle contraction) than in muscle
strength during aging.15 These data have high clinical relevance once muscle power is more associated with mobility
and risk of falls than muscle strength.16
In this regard, recent guidelines from the ACSM advise
that power training (PT) – characterized by a given movement
or repetition performed as fast as possible at light to moderate loads – should be incorporated into physical exercise
programs directed to older people.5 Regarding hemodynamic
parameters, data have demonstrated that this kind of exercise
has potential to cause PEH in young normotensive adults.17,18
However, to date, the acute effects of PT on hemodynamic
parameters of older adults are still unknown.
Several mechanisms seem to be associated with PEH,
such as a better functioning of the cardiac and peripheral
autonomic control and an increased bioavailability of
vasoactive substances.8,14,19 One of the most widely studied
vasoactive substances is nitric oxide (NO). This molecule
is a free radical with vasodilatory activity released by the
vascular endothelium in response to several stimuli, including shear stress, which is generated by frictional resistance
to blood flow on the vascular endothelial wall.19–21 During
physical exercise, muscle contractions induce an increase
in shear stress, consequently, increasing NO synthesis and
releasing.19,21 Therefore, studies have been indicating NO
as one possible mechanism associated with PEH.8,19,21 In
addition, data have suggested that NO can be released after
shear stress in a dose-dependent fashion.20 Thus, it is possible that concentric muscle contractions performed at high
velocity during PT can cause greater NO bioavailability
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in comparison with the concentric muscle contractions
performed at moderate velocity during RT, consequently,
inducing larger PEH.
During aging, the bioavailability of NO is reduced,
especially in women, and researchers indicate that the
decreased estrogen synthesis found after menopause process has a key role in this phenomenon.22,23 Moreover, a
recent meta-analysis indicated that women demonstrate a
lower decrease in blood pressure values after acute physical
exercise than men.24 Taken together, these data highlight
the importance of studying the acute effects of exercise
protocols on hemodynamic parameters and the bioavailability of NO in older women.
Therefore, in this study, we aimed to identify and compare the acute effects of a traditional moderate-intensity RT
and a low-to-moderate intensity PT in the hemodynamic
parameters and NO bioavailability of older women. Our
hypothesis is that the high velocity of muscle contraction
performed in PT could elicit greater shear stress and NO
bioavailability causing higher PEH after PT than in RT,
regardless of exercise intensity.

Materials and methods
We developed a randomized experimental study to elucidate
and compare the acute effects of PT and RT on hemodynamic
parameters and salivary NO bioavailability of normotensive
and hypertensive older women. The methodology was based
on the execution of 2 experimental sessions, an exercise session (PT or RT) and a control session (CS). The protocols of
exercise were based on ACSM guidelines.5,6 Therefore, RT
was based on 3 sets of 8–10 repetitions of each exercise at
the intensity of 5–6 on the adapted Borg scale.25 In turn, PT
was also based on 3 sets of 8–10 repetitions of each exercise.
However, PT group performed the session of exercise with
a lower intensity – 3 on the adapted Borg scale25 – than RT
group. For quantification of PEH, hemodynamic parameters
were evaluated before and during 1 hour (immediately after
[IA], and 5, 10, 15, 30, 45, and 60 minutes) after the exercise completion with the volunteers laid on an exercise mat.
Furthermore, saliva was collected before and at 15, 30, and
60 minutes after exercise completion for NO quantification
(µM). Results obtained in this study will start to elucidate
the acute effects of PT on hemodynamic parameters of older
women, which are still unknown. Moreover, due to the
performance of a second exercise group, it will be possible
to compare the effects of this seminal protocol of PT with a
traditional protocol of RT. Lastly, salivary NO quantification
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(µM) will indicate a possible mechanism associated with
PEH in older women.
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Subjects
After approval of the study by the Research Ethics Committee
of the University of Campinas (protocol no 835.733), and
written informed consent being obtained from all participants, 21 untrained older women (age range 60–74 years)
from 2 specialized public community health centers for older
adults in a town of São Paulo city metropolitan area, in the
southeastern Brazil, were recruited in 2015.
Diagnosis of hypertension (HTN) was not a criterion for
exclusion. However, to ensure homogeneity, hypertensive
(n=10) and normotensive (n=11) subjects were randomized separately. Therefore, hypertensive patients were first
blindly allocated to PT or RT groups and, after, in the same
way, normotensive subjects. In this sense, PT and RT groups
were composed of 50% of hypertensive patients and 50%
of normotensive subjects. For allocation of the participants
in 1 of the 2 experimental groups (power or resistance), a
computer-generated list of random numbers was used.
Subsequently, after performing the experimental sessions
(PT and RT), 50% of the volunteers of each group (n=5) were
randomized to the CS (n=10) using a computer-generated list
of random numbers. Anthropometric characteristics, hemodynamic variables, morbidity data, and the average number
of medications used, as well as the class of medications, are
shown in Table 1. Briefly, anthropometric characteristics
(weight and height) were evaluated using a body weight scale

with stadiometer Filizola® (BK50-FA, São Paulo, Brazil).
In turn, use of medications and exclusion criteria data were
collected from medical records (chart review) of each subject
by 2 researchers (HJCJ and SSA). After data collection, the
results were confronted to ensure reliability.
The diagnosis of HTN was accomplished by a specialist (cardiologist) who was not affiliated with the centers. In
summary, before the participants began the activities in the
centers where they were recruited, a medical consultation was
conducted and an extensive list of medical examinations was
required (fasting blood glucose, fasting blood insulin). If the
patient showed any signal of HTN, such as elevated blood
pressure levels along the day, she was referred to a specialist. After specific examinations, subjects should return to the
centers with a letter signed by the specialist confirming or not
the diagnosis. The final diagnosis was signed by the head physician of the center, and a nurse updated the medical records
each 6 months.
Exclusion criteria were hormone replacement and/or
psychotropic drugs use, cardiovascular disease (acute myocardial infarction, stroke, peripheral arterial disease, and
transient ischemic disease), pulmonary disease, neurological
or psychiatric disease (Parkinson’s or Alzheimer’s disease),
musculoskeletal disorders, metabolic diseases (diabetes mellitus type II), comorbidities associated with greater risk of
falls, and recent history of smoking or alcohol abuse. The
participants had not been involved in RT or aerobic training
in the last 12 months (untrained).26 Prior to any evaluation, a
physician authorized volunteers to participate in the trial.

Table 1 Comparison between the groups in relation to morphological and cardiovascular variables
Variables

Total (n=21)

CS (n=10)

RT (n=10)

PT (n=11)

P-value

Age (years)
Height (m)
BMI (kg/m2)
SBP (mmHg)
DBP (mmHg)
MAP (mmHg)
HR (bpm)
DP (mmHg⋅bpm)
HTN prevalence (%)
Mean of medications
Drug class (%)
ANG II receptor antagonist
ACE inhibitor
Diuretic
Calcium channel blockers

67.1±4.6
1.58±0.0
28.0±4.9
135.1±21.1
83.6±16.0
100.7±15.1
77.5±13.0
10,474.3±2,335.5
48%
0.62±0.80

66.8±5.4
1.56±0.07
29.5±5.6
129.8±11.9
77.2±13.6
94.7±11.8
77.1±11.4
10,038.0±1,914.0
50%
0.50±1.00

67.5±4.4
1.56±0.05
30.3±4.0
137.4±17.1
87.5±21.5
104.1±17.2
79.3±11.8
10,880.8±1,990.0
50%
0.70±0.78

66.7±4.7
1.60±0.07
25.6±4.6
133.1±23.4
80.3±9.1
97.9±12.8
76.0±13.6
10,141.6±2,509.1
50%
0.55±0.78

0.98
0.55
0.27
0.87
0.55
0.57
0.95
0.85
ns
0.96

80%
10%
20%
10%

80%
0%
0%
20%

80%
20%
20%
0%

80%
0%
20%
20%

ns
ns
ns
ns

Note: Data presented as mean ± standard deviation unless stated otherwise.
Abbreviations: CS, control session; RT, resistance training; PT, power training; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure;
MAP, mean arterial pressure; HR, heart rate; DP, double product; HTN, hypertension; ns, not significant; ANG, angiotensin; ACE, angiotensin-converting enzyme.
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Exercise protocol
The exercise protocols were performed from July 2015 to
December 2015. During all procedures, including physical
training, the temperature in the laboratory was maintained
between 21°C and 24°C. Volunteers did not receive diet
recommendations; however, they were required not to change
their diet or food habits and the activities of daily living during the entire study period. The exercise protocols occurred
under the supervision of 2 researchers (HJCJ and SSA), who
were responsible for exercise prescription and monitoring of
the exercise sessions.
Before the main sessions (power, strength, and control),
volunteers were subjected to an adaptation period to avoid
any bias related to the wrong execution of the exercises and to
familiarize them with the Borg scale adapted by Foster et al,25
with the laboratory environment, and with the researchers.
The adaptation period was the same for all subjects and
involved the performance of the same exercise sessions in
the morning (09:30 am–11:30 am), twice a week, with a
minimum interval of 48 hours between each exercise bout,
during 4 weeks. Each session was composed of 9 exercises,
which were designed to stimulate the major muscle groups, at
the intensity classified as easy in the adapted Borg scale,25
with 12–15 submaximal repetitions, avoiding fatigue, such
that during the first week, volunteers performed 1 set of each
exercise, and during the following weeks, they performed
2 sets of each exercise, with 1-minute rest interval between
each set.5,6 Exercises were performed by alternating the
major groups in the upper and lower extremities (alternating
groups). The exercises that composed the adaptation period
were 1) seated row, 2) leg press, 3) chest press, 4) seated
leg curl, 5) lateral raise, 6) calf raise, 7) arm curl, 8) triceps
extension, and 9) abdominal crunch. The duration of each
exercise session was ~50 minutes. To avoid bias, elastic
bands (Thera Band®, Akron, OH, USA) were added in the
exercise routine of the adaptation period. Therefore, exercises
were performed exclusively not only with machines (Johnson
Health Tech, Indaiatuba, SP, Brazil) and free weights but
also with elastic bands (Thera Band).
During the adaptation period, the training load was
adjusted by the rating of perceived exertion (RPE) method,
using the adapted Borg scale.25,27 The volunteers received a
plasticized copy of the adapted Borg scale25 after the end of
each set and were asked the following question: “How much
exertion did you make during the performance of this exercise
set?” Volunteers could either mention the exertion score or
indicate it on the scale. The RPE was utilized to increase the
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external validity of the data of this study since this method
is reliable and easy to apply. Furthermore, this method
allows the adjustment of the load in each session of exercise. Volunteers did not show differences in hemodynamic
parameters before and after the end of the adaptation period
(systolic blood pressure [SBP]: P=0.35; diastolic blood pressure [DBP]: P=0.16; mean arterial pressure [MAP]: P=0.19;
heart rate [HR]: P=0.97; double product [DP]: P=0.50).
After the adaptation period, volunteers were blinded to
treatment allocation and were randomized into the PT or RT
group and, posteriorly, in CS, as aforementioned. Therefore,
volunteers did not know in what treatment group they were
allocated (power or resistance). Seventy-two hours before the
start of the experimental protocols, hemodynamic variables
were measured at rest (as described later in the “Hemodynamic measurements” section) and volunteers did not show
significant differences in blood pressure values during rest
(SBP: P=0.87; DBP: P=0.55; MAP: P=0.57; HR: P=0.95;
DP: P=0.85; Table 1). Both the exercise groups (RT and
PT) performed the same number of exercises and similar
exercises aimed to stimulate the same muscle group. For
this purpose, a same set of exercises was performed by the
PT group using elastic bands (Thera Band) and by the RT
group using machines (Johnson Health Tech) or free weights.
The exercises performed were 1) squat on the chair (90°),
2) chest press, 3) seated leg curl, 4) frontal raise, 5) calf
raise, 6) arm curl, 7) triceps extension, and 8) abdominal
crunch. All exercises were performed in the total range of
motion. In the beginning of every experimental session, all
groups performed a brief warm-up that consisted of 1 set of
12–15 repetitions of each exercise without weights.
Both intervention groups were equalized by the total
volume of the session (number of sets and repetitions);
however, exercise intensity and muscle contraction velocity
were established according to the peculiarities of each type
of exercise, as recommended by the ACSM.5,6 An illustration
of the methodological approach is shown in Figure 1.

RT
The exercise session of the RT group was based on 3 sets
of 8–10 repetitions of each exercise, at the intensity of 5–6,
which is considered difficult on the adapted Borg scale.25 This
intensity represents ~70% of 1 repetition maximum (1RM).27
One-minute rest interval was adopted between each set.
Exercise cadence was 2–3 and 2 seconds for the concentric
and eccentric phases, respectively.6,28 To ensure the cadence
of muscle contractions, a researcher was responsible for
counting the time and informing the volunteers during each
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21 untrained
older women

Main exercise
session
Control
session

CS
Adaptation
period
PT

hour

NO

Main exercise
session

Figure 1 An illustration of the randomized experimental design used in this study.
Abbreviations: RT, resistance training; CS, control session; PT, power training; NO, nitric oxide.

muscle contraction, indicating if it was necessary to increase,
decrease, or maintain the velocity.

PT
The exercise session of the PT group was based on 3 sets
of 8–10 repetitions of each exercise, at the intensity of 3,
which is considered moderate on the adapted Borg scale.25
This intensity represents ~50% of 1RM.27 One-minute rest
interval was adopted between each set. The concentric
phase should be performed as fast as possible, whereas the
eccentric phase should be performed within 2 seconds.6,28
To ensure the cadence of muscle contractions, a researcher
was responsible for counting the time and informing the
volunteers during each muscle contraction, indicating if it
was necessary to increase, decrease, or maintain the velocity.
In addition, before each concentric contraction, researchers
stimulated the volunteers to perform the muscle contraction
as fast as possible.

CS
During the CS, volunteers performed the same procedures
of the experimental sessions. However, during the duration
of an exercise session (~50 minutes), the study participants
remained in a sitting position and could talk and read, but not
drink, eat, or sleep. The CS was composed of 50% of the volunteers of each group, who were selected randomly. Therefore, a subset of the PT and RT groups composed the CS.

Elastic bands
The elastic bands were used to offer to the volunteers the
possibility to perform the concentric contraction as fast as
possible, avoiding any range-of-motion limitations imposed
by the machines, since elastic bands propitiate large mobility in the achievement of the movement.29 Elastic bands
are portable, inexpensive, reliable, and have high practical

Clinical Interventions in Aging 2017:12

application.29,31 It is important to mention that the resistance
of the elastic bands can be quantified in kgf (1 kgf =1 kg),
thus allowing the quantification of the external load.29
Moreover, evidence has indicated similar morphological
and functional adaptations after RT programs with equalized exercise intensity performed with machines or elastic
bands.32 Therefore, the elastic bands were used as devices
to create load, as machines and free weights, and should not
be considered as an independent variable. Volunteers of this
study performed the exercises using yellow and red elastic
bands (Thera Band).
All the elastic bands were carefully used and, after, stored
according to the manufacturer’s directions (Thera Band).

Total training workload and session rating of
perceived exertion (SRPE)
Total training workload was calculated using the formula:
total number of sets × total number of repetitions × total
weight lifted (kg). In PT group, total weight lifted was calculated based on the elongation percentage of each elastic
band, such as recommended by Uchida et al.30 To this, all
elastic bands had, initially, the same height (1 m), and the
extension in each exercise was measured individually during the adaptation period. The elongation performed by the
volunteers was ~100% of the initial height. To ensure the
previously prescribed elongation, values were measured to
total range of motion.
SRPE was quantified by SRPE method,27,33 wherein the
volunteers rated the perceived exertion of the total exercise
session. Ten minutes after the end of the exercise session, the
study participants were asked the following question: “How
much exertion did you make during the exercise session?”30,
after which they chose a number in arbitrary units (AU),
which was considered the SRPE.33 SRPE was quantified
using the adapted Borg scale.25
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Hemodynamic measurements
In the morning of the experiment, upon arriving at the laboratory (08:30 am–10:30 am), the participants were asked
about any basic needs (drink water or use the bathroom)
before the beginning of the experiments and were urged to
avoid doing these activities during the experiments. Twenty
minutes before the beginning and for 60 minutes after the
end of the session of exercise, the volunteers remained
lying on an exercise mat with their face up and eyes closed,
without sleeping. The exercise room had an artificial light
and automated control temperature (24°C). Measurements
of the hemodynamic parameters were performed blindly on
the left arm using automated oscillometric equipment (BP
3BT0A; Microlife AG, Widnau, Switzerland) and were
recorded in the 21st minute after 20 minutes of rest (rest),
IA (0 minute), and 5, 10, 15, 30, 45, and 60 minutes after the
exercise completion. The hemodynamic parameters included
SBP, DBP, and HR. The MAP and DP were determined
using the following equations: MAP = systolic blood pressure + (2× diastolic blood pressure/3) and DP = heart rate ×
systolic blood pressure. The procedures for the measurement
of blood pressure were adapted from the VII Joint National
Committee of High Blood Pressure (JNC7).34 All evaluations
were performed by the same investigator.

Saliva collection
Saliva samples were collected at rest, immediately before
the exercises, and at 15, 30, and 60 minutes after the end
of the exercise using a roller cotton (Cremer, São Paulo,
Brazil). Researchers asked the participants to put a piece
of cotton in their mouth and remove it when it became
soggy. The samples were transferred to a Falcon tube and
frozen immediately until the end of the experiment. In the
laboratory, the samples were centrifuged and supernatants
were stored at -80°C for posterior analyses using the Griess
colorimetric method.21

Measurement of NO
The NO pool was considered the mensuration of nitrite
(NO2-) levels in saliva. Briefly, a solution containing 0.1%
N-(1-naphthyl)-ethylenediamine (NED) (Sigma-Aldrich
Co., St Louis, MO, USA) and 1.0% sulfanilamide (Sigma)
was prepared in 2.5% phosphoric acid as the diluent. Saliva
samples (50 μL) and Griess reagent (50 μL) were mixed
and transferred to microplates. Absorbance was measured at
530 nm, and sodium nitrite (NaNO2) was used as the standard.
Nitrite quantification (µM) was achieved using a standard
curve constructed with NaNO2 at the concentrations of 100,
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50, 25, 12.5, 6.25, 3.13, 1.66, and 0 µM.35 Data were analyzed
using the Microplate Software (Hercules, CA, USA).

Statistical analyses
Normality of data was tested using the Kormonov–Smirnov
test. Mann–Whitney test was applied to verify differences in
the SRPE and total training workload between the groups.
Differences in the percentage of hypertensive volunteers
between the groups were calculated using χ2 test. Comparisons between the groups for age, height, body mass index
(BMI), SBP, DBP, MAP, HR, DP, and average number of
medications was performed using one-way analysis of variance (ANOVA) followed by Dunnett’s post-hoc test. Intragroup and intergroup comparisons in the different periods
(rest, 0, 5, 10, 15, 30, 45, and 60 minutes after the end of each
session) for SBP, DBP, MAP, HR, DP, and NO were performed using split-plot ANOVA followed by Dunnett’s posthoc test. Cohen’s effect size (ES) d was calculated to assess
the magnitude of the results. The ES was classified according
to Rhea.26 The level of significance was 5% (P,0.05), and
all procedures were performed using the Statistical Package
for the Social Sciences software (IBM Corp, Armonk, NY,
USA). The power of the sample size was determined using
G*Power version 3.1.9.2 on the basis of the magnitude of
the mean differences in the 6 variables between the 3 groups.
The ES required for a sample size of 15 volunteers with a
level of significance set at 5% and power (β) of 0.80 was
1.0 (larger ES). All values are shown as mean ± SD, except
for SRPE which is shown as median ± SD.

Results
Table 1 shows the morphological and hemodynamic characteristics of older women recruited in this study. No significant
differences in these characteristics were observed between
the groups. Regarding pharmacological treatment, the mean
of medications used by the volunteers and the percentage of
drug class were not different between the groups. Volunteers’
attendance was 100% for all experimental sessions (exercise
and control). Furthermore, volunteers did not present adverse
effects during or after the experimental sessions.
During the training sessions, as expected, the PT group
showed a lower perception of effort, indicated through the
SRPE (3.0±0.0 AU) compared with the RT group (5.0±0.1 AU)
(P,0.001). Moreover, even if the total number of sets and
repetitions were equalized between the groups, total training
workload (total number of sets × total number of repetitions × total
weight lifted [kg]) was higher in RT group (86,050±4,550 kg)
than that in PT group (16,330±208 kg) (P,0.001).
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Post-exercise data for SBP, DBP, MAP, HR, and DP
are shown in Table 2. SBP in the PT group decreased at 10,
15, 30, and 45 minutes after the end of the exercise session
(F =3.7; P=0.001) compared with the rest period in the same
group (Table 2). The ES in the PT group was classified as
small at 15 (Cohen’s d =0.81), 30 (Cohen’s d =0.91), and
45 minutes (Cohen’s d =1.07) and moderate at 60 minutes
Table 2 Behavior of hemodynamic parameters after the experi
mental sessions
Variables
SBP
IA
5″
10″
15″
30″
45″
60″
DBP
IA
5″
10″
15″
30″
45″
60″
MAP
IA
5″
10″
15″
30″
45″
60″
HR
IA
5″
10″
15″
30″
45″
60″
DP
IA
5″
10″
15″
30″
45″
60″

CS

RT

PT

-4.3±7.0
2.1±14.9
3.6±19.5
8.1±26.9
4.1±19.4
4.0±13.8
2.6±16.5

-0.3±12.0
-3.1±11.9
-6.4±11.9
-1.0±4.9
-2.4±4.6
-4.8±11.2
-3.9±8.8

0.4±8.1
-6.1±6.7
-7.8±8.0*
-7.3±7.4*
-9.1±10.0**
-7.5±10.2*
-5.1±8.4

-7.3±6.9
-1.9±18.5
5.1±14.5
1.5±14.9
0.0±14.7
2.3±15.9
4.8±10.8

0.8±8.1
-0.3±9.3
-0.7±9.4
-2.3±7.8
-8.4±30.7
-1.7±9.9
-1.4±10.1

3.0±6.4
1.1±8.0
-3.2±9.9
1.6±8.1
1.7±10.1
-0.5±8.0
-0.2±7.9

-6.3±6.2
5.8±14.0
5.1±13.2
-1.0±11.0
-2.4±10.6
1.4±3.0
1.1±6.3

0.8±5.7
-1.0±8.2
-2.6±8.0
-2.8±7.3
-6.8±20.8
-2.9±7.6
-2.1±8.3

2.4±7.3
-1.1±6.7
-4.6±9.1
-1.3±7.1
-1.8±9.7
-2.8±8.7
-1.3±9.2

-3.8±20.4
1.3±21.8
1.5±10.3
-2.8±12.3
-1.8±10.2
-0.3±6.4
2.5±8.0

-14.2±29.7*
-14.8±27.7*
-15.3±26.9**
-15.4±27.5**
-16.2±27.3**
-18.8±26.4***
-19.2±26.1***

3.1±7.4
1.9±8.3
-1.3±4.1
-2.2±4.6
-4.6±4.8
-4.7±3.2
-9.9±18.0*

-1,792±3,318
-2,110±3,423
-2,482±3,327
-2,338±3,286
-2,336±3,297
-2,797±3,240
-2,714±3,125

481±1,062
-390±638
-748±663***
-802±552
-1,264±1,044
-1,065±517***
-1,541±2,667***

-769±2,609
-338±1,186
81±2,631
37±3,120
-449±1,540
-514±1,608
-281±1,447*

Notes: *P,0.05 vs baseline data prior to exercise; **P,0.01 vs baseline data
prior to exercise; ***P,0.001 vs baseline data prior to exercise. Data presented as
mean ± standard deviation.
Abbreviations: CS, control session; RT, resistance training; PT, power training;
SBP, systolic blood pressure; IA, immediately after; DBP, diastolic blood pressure;
MAP, mean arterial pressure; HR, heart rate; DP, double product.
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(Cohen’s d =1.40) after exercise completion (Table 3). On
the other hand, intragroup comparisons did not demonstrate
significant differences in SBP on RT group and CS. In addition, DBP and MAP (Table 2) did not change significantly
in the RT, PT, and CS.
The RT group showed a significant decrease in HR postexercise during the entire evaluation period compared with
the rest period (F =3.4; P,0.001) (Table 2). By contrast, a
Table 3 ES and its classification of behavior of hemodynamic
parameters after the experimental sessions
Variables
SBP
IA
5″
10″
15″
30″
45″
60″
DBP
IA
5″
10″
15″
30″
45″
60″
MAP
IA
5″
10″
15″
30″
45″
60″
HR
IA
5″
10″
15″
30″
45″
60″
DP
IA
5″
10″
15″
30″
45″
60″

CS

RT

PT

0.40 (trivial)
-0.15 (trivial)
-0.26 (trivial)
-0.40 (trivial)
-0.26 (trivial)
-0.32 (trivial)
-0.22 (trivial)

-0.43 (trivial)
0.30 (trivial)
0.67 (small)
0.55 (small)
0.48 (trivial)
0.74 (small)
0.49 (trivial)

-0.54 (small)
0.72 (small)
0.78 (small)
0.81 (small)
0.91 (small)
1.07 (small)
1.40 (moderate)

0.66 (small)
0.12 (trivial)
-0.36 (trivial)
-0.14 (trivial)
0 (trivial)
-0.13 (trivial)
-0.41 (trivial)

-1.19 (small)
-0.15 (trivial)
0.43 (trivial)
0.36 (trivial)
0.72 (small)
0.24 (trivial)
0.63 (small)

-1.6 (moderate)
-0.2 (trivial)
0.67 (small)
0 (trivial)
-0.16 (trivial)
0.25 (trivial)
0.64 (small)

0.64 (small)
-0.59 (small)
-0.39 (trivial)
0 (trivial)
0.17 (trivial)
-0.10 (trivial)
0 (trivial)

-1.08 (small)
-0.47 (trivial)
0.71 (small)
0.12 (trivial)
0.26 (trivial)
0.55 (small)
0.46 (trivial)

-1.33 (moderate)
-0.49 (trivial)
0.98 (small)
0 (trivial)
0 (trivial)
0.74 (small)
0.46 (trivial)

0 (trivial)
0 (trivial)
-0.18 (trivial)
0.25 (trivial)
0.18 (trivial)
0 (trivial)
-0.31 (trivial)

0.43 (trivial)
0.64 (small)
0.89 (small)
0.59 (small)
0.73 (small)
1.02 (small)
1.24 (small)

-0.48 (trivial)
0 (trivial)
2.23 (large)
-0.11 (trivial)
0.39 (trivial)
1.05 (small)
1.05 (small)

0.35 (trivial)
0.21 (trivial)
0 (trivial)
0 (trivial)
0.22 (trivial)
0.25 (trivial)
0.14 (trivial)

0.36 (trivial)
0.73 (small)
0.90 (small)
0.78 (small)
0.77 (small)
0.94 (small)
1.06 (small)

-0.68 (small)
-0.14 (trivial)
0.40 (trivial)
0.40 (trivial)
0.66 (small)
0.55 (small)
0.48 (trivial)

Note: Data presented as Cohen’s d.
Abbreviations: ES, effect size; CS, control session; RT, resistance training;
PT, power training; SBP, systolic blood pressure; IA, immediately after; DBP, diastolic
blood pressure; MAP, mean arterial pressure; HR, heart rate; DP, double product.
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CS

RT

PT

129.8±4.2
2.9±3.8
0.54
-0.72 (small)

127.4±5.2
-3.4±3.5
0.35
0.7 (small)

133.5±5.5
-6.9±2.6*,‡
0.02
1.5 (moderate)

77.2±4.8
0.6±4.1
0.87
-0.13 (trivial)

77.7±2.9
-2.0±3.8
0.61
0.4 (trivial)

76.9±3.8
-0.3±2.5
0.89
0 (trivial)

94.7±4.1
0.5±0.4
0.83
-0.17 (trivial)

94.3±3.0
-2.4±2.7
0.39
0.5 (small)

95.7±4.1
-2.5±2.4
0.32
0.5 (small)

77.1±4.0
-0.4±0.4
0.28
-0.14 (trivial)

85.8±6.4
-16.2±9.0#,‡
0.10
2.1 (large)

73.3±2.3
-2.5±1.2
0.07
0.5 (small)

10,038.1±676.9
-318.9±557.5
0.51
0.5 (small)

11,000.1±1,026.7
-2,367.0±1,086.0‡,$
0.06
2.2 (large)

9,786.0±517.2
-693.6±181.9*
0.00
1.7 (moderate)

Notes: *P,0.05 vs rest; ‡P,0.05 vs control; $P,0.05; #P,0.05 vs PT. Data
presented as mean ± standard deviation and Cohen’s d (ES).
Abbreviations: CS, control session; RT, resistance training; PT, power training;
SBP, systolic blood pressure; ES, effect size; DBP, diastolic blood pressure; MAP,
mean arterial pressure; HR, heart rate; DP, double product.
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150

a

a

a

100
50
0
–50

b

b

b

b

a

60″

SBP
Rest
∆ 1 hour
Intragroup P-value
ES (classification)
DBP
Rest
∆ 1 hour
Intragroup P-value
ES (classification)
MAP
Rest
∆ 1 hour
Intragroup P-value
ES (classification)
HR
Rest
∆ 1 hour
Intragroup P-value
ES (classification)
DP
Rest
∆ 1 hour
Intragroup P-value
ES (classification)

The main finding of this study is that an acute session
of PT can cause a significant decrease in SBP and DP
in older women. In turn, data did not indicate significant
PEH after RT; however, HR and DP were decreased in
the RT group after exercise completion. Moreover, both
kinds of exercise were equally effective to increase salivary NO bioavailability.
Regarding PT results, data indicate a significant decrease
in SBP (~-7.9 mmHg) during 35 minutes after exercise
completion (from the 10th minute to the 45th minute), consequently, characterizing PEH. These data are similar to other
studies, which observed PEH after resistance and endurance
exercises.8,10–14,19,21 To the best of our knowledge, this is the
first study designed to investigate the acute effects of PT on
hemodynamic parameters of older women, thereby limiting
data discussion. However, the amount of evidence demonstrating beneficial hemodynamic effects after explosive-type
strength training in young normotensive adults have been
increasing exponentially.17,18
In fact, recently, Arazi et al17 and Ramírez-Campillo et al18
investigated healthy young physically active normotensive

30″

Variables

Discussion

15″

Table 4 Comparison of the rest and the mean of the moments
after the exercise

after the training session (Cohen’s d =1.5) compared with
the rest period and the CS and a significant decrease in DP
(Cohen’s d =1.7) compared with the rest period. However,
these changes on SBP were not observed in the RT group.
To evaluate the possible relationship of PEH in the PT
group, NO was measured to assess its potential involvement.
The RT and PT groups demonstrated a significant increase in
NO levels 60 minutes after the end of the session compared
with the rest period. Despite the apparent greater bioavailability of NO in the PT, NO levels were similar among the
groups (Figure 2).

IA

significant decrease in HR was observed only 60 minutes
after the end of the exercise session in the PT group (Table 2).
A trivial ES was observed IA the end of the exercise session,
and a small ES was observed in the other measurements (5,
10, 15, 30, 45, and 60 minutes after the end of the session) in
the RT group (Table 3). In turn, PT group presents a larger
number of trivial classifications (4/7): IA and at 5, 15, and
30 minutes of the end of the session (Table 3).
DP decreased at 10, 45, and 60 minutes after the exercise sessions in the RT group compared with the rest period
(F =4.7; P,0.001) (Cohen’s d =0.90, 0.94, and 1.06, respectively) but decreased only at 60 minutes after the end of the
session in the PT group (Cohen’s d =0.69) (Tables 2 and 3).
Results from the statistical analyses of the intergroup
comparisons (PT × RT × CS) did not show significant differences regarding SBP, DBP, MAP, HR, and DP.
Table 4 shows the cardiovascular parameters in the
rest period and the mean of 1-hour post-exercise. The RT
group showed decreased HR (Cohen’s d =2.1) and DP
(Cohen’s d =2.2) compared with the PT group and CS.
The PT group had a significant decrease in SBP 1 hour

NO (µM)
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CS
PG
RG

–100
–150
Figure 2 Mean and standard deviation values of NO after the end of the exercise
session.
Notes: aP,0.05= PG vs baseline data prior to exercise; bP,0.05= RG vs baseline
data prior to exercise.
Abbreviations: NO, nitric oxide; PG, power group; RG, resistance group; CS,
control session.
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subjects in a crossover design protocol composed of 3 different
sessions of acute plyometric training: low intensity, moderate intensity, and high intensity. Results of both studies
demonstrated that all protocols of plyometric training, regardless
of exercise intensity, were equally effective to elicit PEH.17,18
Moreover, the magnitude of the decrease in SBP showed after
the session of exercise with low (~-7 mmHg) and moderate
(~-9 mmHg) intensities was similar with this study.18
Therefore, taken together, data indicate that explosivetype strength training is not exclusively effective to cause
PEH in healthy young normotensive adults but also can
promote significant decrease in the SBP of hypertensive
and normotensive older women, indicating that the muscle’s
contraction velocity can be a factor involved in PEH, such as
other variables of exercise training, such as intensity, volume,
and order of exercises.
On the other hand, in this investigation, RT did not show
significant PEH, whereas there was a significant decrease in
HR and DP during the whole period of recovery and in the
mean of 1 hour after exercise (Table 4). Indeed, the optimal
resistance exercise protocol to elicit PEH is yet unknown, and
the results of previous studies are controversial.11–14 However,
in contrast to our results, moderate-intensity RT has been
shown to be effective in causing PEH without significant
changes in HR and/or DP.11–14
Mota et al,13 for example, evaluated a sample similar to
ours and did not observe PEH after a single low-intensity
resistance exercise session. However, when volunteers were
subjected to a higher intensity (70% of 1 RM) resistance
exercise session, PEH was observed during the whole evaluation period after the end of the exercise session.13 Recently,
Gerage et al12 evaluated the blood pressure levels after an
acute session of sub-maximal resistance exercise in older
women and found a moderate decrease (-5 mmHg) in SBP
1 hour after the end of the exercise. Furthermore, data in the
literature have demonstrated decreased cardiac autonomic
modulation after RT protocols, which inhibits the decrease in
HR after exercise.10,14,36 Therefore, dissimilar results between
protocols can be explained by differences in the variables of
RT (volume and number of exercises).
Several mechanisms have been indicated to be responsible for PEH, such as an ameliorated cardiac and peripheral
autonomic control, as well as an increased bioavailability
of vasoactive substances (eg, NO).8,14,19 Salivary NO was
investigated in this study as a possible modulator of PEH,
and data demonstrate increased salivary NO bioavailability
the whole time after exercise completion (60 minutes) in
comparison with rest moment in PT and RT.
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Regarding PT, data of this study are in concordance
with other experiments, which have observed that plasma
and salivary NO were associated with PEH after resistance
and aerobic exercises.8,19,21 Interestingly, different from PT,
increased NO bioavailability in RT was not able to induce
PEH. On the contrary, the lack of PEH in RT is possibly
associated with increased peripheral vascular resistance,
since cardiac output is probably decreased due to reduced HR.
Moreover, even if evidence has been demonstrating that NO
can change autonomic modulation in rats and humans,37–39
inducing ameliorated parasympathetic control of the heart,
which could explain data observed in RT, more studies are
necessary to elucidate the mechanisms responsible for the
effects of PT and RT in the cardiovascular system.
Some limitations of this study should be mentioned to
collaborate with better inferences about the data. Regarding
the exercise prescription, PT and RT performed exercise
protocols with different intensities, which limit comparison
between both protocols. Therefore, from this seminal data,
future studies have been developed in order to compare the
effects of equalized-intensity programs of resistance and
power exercise on hemodynamic parameters.
Furthermore, the study sample was composed of a mix of
hypertensive and normotensive subjects, including the CS.
It is well accepted that hypertensive subjects present higher
PEH than normotensive subjects,12,40 thereby it is possible
that some hypertensive subjects of PT showed higher PEH
in comparison with RT. In an attempt to reduce such limitation and increase inferences, we performed a new series of
analyses only with hypertensive patients (n=5 in each group)
(Tables S1–S3). Data indicate that, in hypertensive patients,
data were similar to those observed in the larger sample composed by hypertensive and normotensive subjects. Therefore,
data of this study can be a product only of the hypertensive
patients. However, sample size avoids larger inferences.
In addition, even if there were no differences regarding
BMI values among the groups, a slightly higher BMI was
observed in the RT group. Once BMI can be associated
with several mechanisms indicated to be responsible for
high blood pressure values, as well as disruptions in the
main pathways responsible for PEH, future studies should
consider samples composed exclusively by hypertensive and
normotensive subjects with normal or high BMI to confirm
the data of this study.
Lastly, our data contribute with strength and conditioning coaches, as well as with physiotherapists, gerontologists,
sports physicians, and occupational therapists who work with
physical exercise and older people once data demonstrated
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that beneficial effects of physical exercise in the hemodynamic parameter of older people are not only limited to
aerobic training and RT but also can be observed after PT
programs with elastic band, which increases the external
validity of data of this study since healthy professionals can
serve customers and patients in their homes and a specific
place is not necessary.

Conclusion
The seminal data of this study indicate that an acute session
of PT and resistance exercise can be effective to cause beneficial changes on hemodynamic parameters and NO levels
of older women. Moreover, ES classification suggests that PT
can be superior than RT to elicit decrease on SBP, indicating
the potential of this kind of exercise training to be used as
non-pharmacological tool in the treatment of HTN.
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Table S2 ES of hemodynamic parameters after the experimental
sessions in hypertensive patients
Variables

Table S1 Behavior of hemodynamic parameters after the
experimental sessions in hypertensive patients

Clinical Interventions in Aging downloaded from https://www.dovepress.com/ by 3.235.101.50 on 29-Sep-2020
For personal use only.

Variables
SBP
IA
5″
10″
15″
30″
45″
60″
DBP
IA
5″
10″
15″
30″
45″
60″
HR
IA
5″
10″
15″
30″
45″
60″

RT

PT

1.4±10.9
-1.4±15.6
-6.2±16.3
-1.8±4.8
-2.0±4.5
-1.4±12.6
-5.4±10.2

-4.6±7.8
-9.0±6.5
-6.8±10.8
-12.8±6.2*
-17.4±5.9***
-12.0±13.3*
-7.4±10.0

0.8±3.1
-0.8±5.7
-2.4±5.5
-3.8±3.7
-0.2±5.2
0.0±4.4
-1.6±4.0

0.2±4.9
0.8±9.2
-7.8±9.0
-1.8±5.9
-2.2±9.4
-3.0±7.0
-4.4±6.3

-26.8±32.5**
-27.6±31.4**
-27.0±31.2**
-28.0±31.4**
-26.6±33.1**
-29.8±30.9**
-28.8±31.6**

1.6±6.1
-2.6±5.0
-2.6±3.5
-4.0±4.8
-5.8±4.0
-6.4±3.3
-17.6±23.7*

Notes: *P,0.05 vs baseline data prior to exercise; **P,0.01 vs baseline data
prior to exercise; ***P,0.001 vs baseline data prior to exercise. Data presented as
mean ± standard deviation.
Abbreviations: RT, resistance training; PT, power training; SBP, systolic blood
pressure; IA, immediately after; DBP, diastolic blood pressure; HR, heart rate.

SBP
IA
5″
10″
15″
30″
45″
60″
DBP
IA
5″
10″
15″
30″
45″
60″
HR
IA
5″
10″
15″
30″
45″
60″

RT

PT

-0.18 (trivial)
0.12 (trivial)
0.53 (small)
0.53 (small)
0.62 (small)
0.76 (small)
0.74 (small)

0.83 (small)
1.95 (moderate)
0.89 (small)
2.91 (moderate)
4.17 (moderate)
1.27 (moderate)
1.04 (small)

-0.36 (trivial)
0.19 (trivial)
0.61 (small)
1.45 (moderate)
0.05 (trivial)
0 (trivial)
0.56 (small)

-0.05 (trivial)
-0.12 (trivial)
1.22 (small)
0.43 (trivial)
0.33 (trivial)
0.60 (small)
0.98 (small)

1.16 (small)
1.24 (small)
1.22 (small)
1.26 (moderate)
1.13 (small)
1.36 (moderate)
1.28 (moderate)

-0.37 (trivial)
0.73 (small)
1.05 (small)
1.17 (small)
2.05 (moderate)
2.74 (moderate)
1.05 (small)

Note: Data presented as Cohen’s d.
Abbreviations: ES, effect size; RT, resistance training; PT, power training; SBP,
systolic blood pressure; IA, immediately after; DBP, diastolic blood pressure; HR,
heart rate.

Table S3 Comparison of rest and the mean of the moments
after exercise in hypertensive patients
Variables
SBP
Rest
∆ 1 hour
ES
Rest
DBP
∆ 1 hour
ES
Rest
HR
∆ 1 hour
ES

RT

PT

130.6±7.5
-3.5±5.1
0.97 (small)
82.4±9.5

141.0±16.8
-13.1±7.5*
2.47 (large)
72.0±7.0

-1.1±3.8
0.40 (trivial)
95.2±21.1

-6.7±4.4*
2.15 (large)
74.6±10.2

-18.3±10.4*
2.48 (large)

-1.4±2.4
0.82 (small)

Notes: *P,0.05 vs baseline data prior to exercise. Data presented as mean ±
standard deviation and Cohen’s d (ES).
Abbreviations: RT, resistance training; PT, power training; SBP, systolic blood
pressure; ES, effect size; DBP, diastolic blood pressure; HR, heart rate.
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