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Background: Although the positive effects of resistance training (RT) on strength and functional capacity
have been well evidenced in the scientific literature, the effects of RT on blood pressure and the rela-
tionship of these responses with performance improvement are not yet well established.
Objective: This study aimed to analyze the effects of three and six months of RT on the hemodynamic
parameters and functional capacity of hypertensive and normotensive women.
Method: Sixteen hypertensive and 15 normotensive elderly women participated in a RT protocol
designed to increase muscle strength and hypertrophy, lasting six months, twice a week.
Results: Systolic blood pressure (SBP) had a reduction at six months only in hypertensive patients, while
diastolic blood pressure (DBP) decreased at six months of intervention in both groups (p < 0.05). SBP
showed differences between the groups in the pretest (p < 0.05), but not at three and six months of
intervention (p > 0.05). Heart rate (HR) was reduced at three months in hypertensive patients, and at six
months in the normotensive (p < 0.05). The strength and functional mobility of both hypertensive and
normotensive individuals significantly increased at three and six months of intervention (p < 0.05).
Hypertensive women showed increased strength at all moments, while normotensive ones showed
improvement only at six months.
Conclusion: Moderate to high intensity RT improves the hemodynamic parameters of hypertensive and
normotensive women differently, and independently of strength gain and functional capacity
improvement.

© 2020 The Society of Chinese Scholars on Exercise Physiology and Fitness. Published by Elsevier
(Singapore) Pte Ltd. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Systemic arterial hypertension (SAH), defined as the elevation
and maintenance of systolic blood pressure (SBP) values above
139 mmHg and/or diastolic blood pressure (DBP) above 89 mmHg,
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is a chronic-degenerative disease of a multifactorial nature and, in
most cases, asymptomatic.1 Hypertension is a major risk factor for
cardiovascular disease and, according to the World Health Orga-
nization, about 1.13 billion people worldwide have hypertension.2

Among the various interventions recommended for the control
of arterial hypertension (AH), which include low sodium and
alcohol intake, body weight control, and others, physical exercise
plays a fundamental role.3 In recent decades, chronic effects of
exercise on blood pressure have been studied in different experi-
mental models4 as well as in human hypertensive patients.5

Despite the effects of resistance training (RT) on functional ca-
pacity and its impact on the ability to perform basic and instru-
mental activities of daily living and on the quality of life of the
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elderly arewell known in the literature,6 the effects of RTon arterial
pressure and its relationship with changes in strength and func-
tional capacity are not well established. Previous studies,7 reported
no reduction of blood pressure levels after 10 weeks of intervention
in hypertensive and normotensive elderly women. In general, the
magnitude of the external load is not themain determinant of acute
response of blood pressure (BP) to ST8 although, according to these
authors, these mechanisms and their chronic responses need to be
better studied.

Rossi et al.,9 in a systematic review study, demonstrated that
resistance training was not effective in producing important blood
pressure responses. The authors demonstrated that participation in
a resistance training program has no significant effect on systolic
blood pressure (SBP), and only slightly reduces diastolic blood
pressure (DBP) (2.0 mmHg).

In general, studies involving resistance training have used a
wide range of protocols (different combinations of exercises and
training intensities) with different intervention periods, presenting
results that ranged from modest and inconsistent,9 to consistent
and comparable to aerobic training.5

Thus, the objective of the present study was to analyze the ef-
fects of three and six months of intervention based on resistance
training on the hemodynamic parameters and functional capacity
of hypertensive and normotensive women.

Method

An applied experimental study with a quantitative approach
was carried out. Anthropometric measurements and blood samples
were collected at the Laboratory of Exercise Physiology and
Biochemistry of the Unochapec�o University. The familiarization,
functional capacity assessment, and resistance training protocols
took place at the Bodybuilding Gym of Unochapec�o.

The sample of the present study consisted of female volunteers
aged between 42 and 68 years with and without diagnosis of hy-
pertension. The selection of the sample was non-probabilistic by
quotas, considering the eligibility criteria.

The sample size was calculated in 30 subjects (15 hypertensive
and 15 normotensive), considering a mean standard deviation of the
main outcome variables of ten units, with a statistical power of 80%, a
significance level of 0.05 (two-tailed distribution), a detectable dif-
ference between treatment of 10.6 units. Considering the strict
exclusion criteria related tomissing the training sessions (missing no
more than three consecutive sessions or five sessions during the six
months of intervention), the initial sample consisted of 50 women
(25 hypertensive and 25 normotensive). Considering the exclusion
criterion ofmissing sessions, nine hypertensive and 10 normotensive
women were excluded from the data analysis, so that the final
sample of the study consisted of 31 women (16 hypertensive and 15
normotensive). The study flowchart is shown in Fig. 1.

The diagnosis of hypertension was made by a doctor, according
to the Seventh Brazilian Hypertension Guidelines3 (SBP and DBP
greater than or equal to 140 and 90 mmHg, respectively). All
women in this group were clinically diagnosed as hypertensive and
underwent medical follow-up at Basic Health Units in the city of
Chapec�o, SC, Brazil and used one or more medications to treat
hypertension: Angiotensin-converting enzyme inhibitor (n ¼ 6);
Diuretics (n ¼ 8); Angiotensin Receptor Blocker (n ¼ 4); Beta-
blocker (n ¼ 1); Caþþ channel inhibitor (n ¼ 1). Women without
a diagnosis of hypertension, with systolic and diastolic blood
pressure values, measured on two non-consecutive days and at
different times, were lower than 139 and 89 mmHg, respectively,3

were included in the normotensive group.
Womenwho presented comorbidities that represented a clinical

contraindication to participate in the study, who used any
medication that could influence the results, and smokers were
excluded from the sample. Data from women who missed three
consecutive sessions or more than five sessions over the six-month
period of the intervention protocol were excluded from the
analysis.

Intervention protocol

The training protocol included resistance exercise sessions,
which were performed alternately by segment (upper and lower
limbs). The sequence of exercises in each session included: chest fly
machine, hip adductor chair, lat pulldown, hip abductor chair,
alternate bicep curl, leg press 45, triceps extension, shoulder lateral
raise, knee extension, knee flexion and abdominal flexion. The
training was carried out twice a week, with the duration of each
session varying from 40 (in the adaptation phase) to 60 min (in the
specific phase).

The intervention protocol was divided into three phases: a)
Adaptation phase (One set in the first week, two in the second and
three sets of 15 maximum repetitions in the third week): three
weeks involving six sessions, in which emphasis was placed on
learning the technique, body self-awareness, and coordination of
movement; b) Basic phase (three sets of 15 maximum repetitions):
17 weeks involving 34 sessions aimed at increasing muscle
strength; c) Specific phase (three sets of 15 maximum repetitions):
ten weeks involving twenty sessions with the purpose of intensi-
fying the process of muscle strength gaining and hypertrophy.

Blood pressure assessment

All measurements were performed at rest and all subjects had
their blood pressure measured before a training session at least
once a week with an automatic blood pressure monitor (Omron™
HEM-742INT, China), as routine follow-up.

Heart rate assessment

The participants remained at rest before beginning the exercise
protocol, seated for 5 min, and then had their heart rate (HR)
checked using the same automatic blood pressure monitor
(Omron™ HEM-742INT, China).

Maximal dynamic strength assessment

The leg press 45� exercise was used for evaluation of the
maximal dynamic strength (1-RM). The 1-RM evaluation protocol
followed the recommendations of the American Society of Exer-
cises Physiologists.10 The test was performed on the leg press 45�

machine, and the load for 1-RM was considered to be the one with
which the subject was able to perform the complete movement.

Functional strength and mobility assessment

The 30-s chair sit-to-stand test was used to evaluate the func-
tional strength and resistance of the lower limbs.11 Mobility, which
involves speed, agility and dynamic balance, was assessed using the
timed up and go (TUG) test.12

Ethical procedures

The study was approved by the Research Ethics Committee of
Fronteira Sul Federal University and was carried out in accordance
with established ethical standards (Opinion nº 1.916.904). All sub-
jects were duly informed about the objectives of the study and the
data collection procedures, as well as the relative risks and benefits.



Fig. 1. Flowchart of study.

C.A. De S�a et al. / Journal of Exercise Science & Fitness 18 (2020) 122e128124
They signed two copies of the Informed Consent Form to express
their agreement to participate in the study; one copy remained
with the subject and the other was given to the researchers. It
should be noted that the subjects were advised that they could
withdraw their consent and give up participating in the study at
any time.
Statistical analysis

The Statistical Package for the Social Sciences, version 24.0 for
Windows™, was used for all the analyses. Descriptive statistics
with mean and standard deviations were used to represent all
variables analyzed. The Shapiro-Wilk, Levene and Mauchly tests
were used to analyze the distribution and characteristics of the data
(normality, homoscedasticity and sphericity, respectively). Loga-
rithmic adjustments and the Greenhouse-Geisser correction were
made when the distribution did not meet the assumptions of
parametric statistics. An analysis of variance of repeated measures
was used for comparisons between groups (hypertensive and
normotensive) and between the moments of assessment (pre-test,
three and six months of intervention). All tests were two-tailed,
with a significance level of 5%.
Results

The sample characteristics regarding body mass, body mass
index, waist circumference, hip circumference are shown in Table 1.
As expected, statistically significant differences were observed
between the groups (hypertensive and normotensive) in the pre-
test (p < 0.05) for all anthropometric parameters evaluated. On
the other hand, no statistically significant differences were
observed between the pre and the post-test in both groups
analyzed (p > 0.05) (see Table 1).

The analysis of hemodynamic responses (Fig. 2) showed that
SBP presented statistically significant changes at three and six
months when compared to pre-training values, only in the hyper-
tensive group (p < 0.05). On the other hand, DBP presented sta-
tistically significant differences in relation to pre-test values only at
six months of intervention in both hypertensive and normotensive
subjects (p < 0.05). SBP showed statistically significant differences
between groups only in the pre-test (p < 0.05). No statistically
significant differences (p > 0.05) were found for DBP between hy-
pertensive and normotensive individuals in any of the times
analyzed. The HR (Fig. 3) of the hypertensive group presented a
statistically significant difference (p < 0.05) after three months in
relation to the pre-test values, whereas among the normotensive
patients this difference was significant only after six months



Table 1
Characterization of the sample.

Variable Hypertensive (N ¼ 16) Normotensive (N ¼ 15)
Pre-test Mean (±SE) Post-test Mean (±SE) Pre-test Mean (±SE) Post-test Mean (±SE)

Body mass (kg) 79.81 (16.22) 79.14 (17,36) 62.59a (8.57) 62.04 (8.32)
Body mass index (kg/m2) 30.87 (5.39) 30,59 (5,79) 25.31a (3.14) 25,07 (2,85)
Waist circumference (cm) 92.59 (10.9) 87,91 (11,69) 79.23a (7.18) 75,07 (6,80)
Hip circumference (cm) 107,75 (10,18) 104,81 (8,89) 97.53a (4.65) 96,33 (5,41)

a Statistically significant differences in relation to the pretest of the group of hypertensive women (p <0.05).

Fig. 2. Behavior of systolic (SBP) and diastolic (DBP) blood pressure in the pre-test and
after three and six months of resistance training in hypertensive (Hyper) and nor-
motensivewomen (Normo). *Statistically significant difference in relation to the pre-
test for SBP in the hypertensive group (p < 0.05); §Statistically significant difference
in relation to the pre-test and three months of intervention for DBP in the hypertensive
and normotensive groups (p < 0.05); #Statistically significant difference between
groups for SBP (p < 0.05).
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(p < 0.05). Statistically significant differences in HR were found
between groups only after six months of intervention (p < 0.05).

The analysis of the performance in the maximal dynamic
strength test (1-RM) and the functional tests (TUG and Chair test) is
presented in Fig. 4. Regarding to strength, the hypertensive patients
presented statistically significant improvement at both three and
six months after RT (p < 0.05), whereas for the normotensive
Fig. 3. Heart rate behavior in the pre-test and after three and six months of resistance
training in hypertensive (Hyper) and normotensive women (Normo). *Statistically
significant difference in relation to the pre-test for the hypertensive group (p < 0.05);
§Statistically significant difference in relation to the pre-test and three months of
intervention for the normotensive group (p < 0.05); #Statistically significant difference
between groups (p < 0.05).
patients, statistically significant increase were found at six months,
when compared to pre-test values and three months of training
(p < 0.05). On the other hand, the analysis of performance in the
functional tests showed statistically significant differences
(p < 0.05) between all the times analyzed, both in the hypertensive
and normotensive groups. There were no statistically significant
differences (p > 0.05) between groups for the functional variables
and for the strength in any of the moments analyzed, except for
performance in the Chair test in the pre-test values, in which
normotensive group presented augmented functional strength
when compared to hypertensive subjects (p > 0.05).

Table 2 shows the correlation coefficients between the varia-
tions (expressed as percentage changes from pre to post-test - D%)
of maximal dynamic strength (1-RM), functional strength (Chair
test), functional mobility (TUG) and systolic and diastolic blood
pressure in hypertensive and normotensive women. No statistically
significant correlations were found between the analyzed variables
(p > 0.05), both for hypertensive and normotensive women.
Discussion

The most important finding of this study was the fact that six
months of resistance training reduced the SBP and DBP of hyper-
tensive women by 6% and 12%, respectively, and the DBP in the
normotensive group (7%), independently of the variation in the
performance of maximum dynamic force, functional strength and
functional mobility.
Hemodynamic responses

The effect of RT protocols on blood pressure has already been
studied in healthy elderly without hypertension. Arazi et al.13

demonstrated that SBP of the low intensity resistance training
groups was lower compared to the control group after the final
session, but the differences were not significant after the first ses-
sion. The participants’ heart rate increased considerably after the
first session compared with the resting values, but there was no
significant difference after the last session. These results demon-
strate that low intensity resistance training promotes cardiac and
vascular adaptations in hypertensive women, since BP results
decreased after 6 weeks.

The differences observed in DBP at six months of treatment,
compared to the pre-test values, evidenced both groups demon-
strate that the resistance training protocol used in the present
study, considering its structure and periodization, had positive
hemodynamic effects for both hypertensive and normotensive
patients. Corroborating to our results, Krinski et al.14 evaluated
hypertensive elderly women after six months of RT with a 50%
intensity of 1-RM and they experienced a reduction of resting DBP.
Decreased BP due to the action of resistance exercise may explain
muscle vasodilation due to decreased sympathetic nerve activity,
changes in pulmonary and arterial pressoreceptors, thermoregu-
lation and increased levels of serotonin and nitric oxide.15

Consistent with the conditions of the investigated groups



Fig. 4. Assessment of strength (A - for one-repetition maximum), functional strength
(B. Chair-test) and mobility (C - Timed up and go test) in the pre-test and at three and
six months of resistance training in hypertensive and normotensive women.
*Statistically significant difference in relation to the pre-test for the hypertensive group
(p < 0.05); $Statistically significant difference in relation to the pre-test and three
months of intervention for the normotensive group (p < 0.05); #Statistically significant
difference between groups (p < 0.05).

Table 2
Pearson’s correlation coefficient between the variation (percentage delta -D%) of the
strength, functional strength and mobility, and systolic (SBP) and diastolic blood
pressure (DBP) in hypertensive (N ¼ 16) and normotensive women (N ¼ 15).

Variables Hypertensive Women Normotensive Women

D% SBP D% DBP D% SBP D% DBP

r p R p r p r p

D% 1-RM 0.152 0.574 �0.387 0.138 �0.410 0.130 0.370 0.175
D% Chair test 0.304 0.252 0.346 0.189 0.012 0.965 �0.086 0.761
D% TUG 0.284 0.287 0.063 0.816 �0.065 0.818 0.638 0.011

1-RM: One-Repetition maximum test; TUG: Timed up and go test; Chair test: Chair
sit-to-stand test; SBP: Systolic blood pressure; DBP: Diastolic blood pressure.
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(hypertensive and normotensive), SBP was different between the
pretest groups. Even with the hypertensive group being under
medical supervision and drug therapy, subjects had higher SBP
values than normotensive peers.
With regard to resting HR, the results of this study showed a
reduction of 4% at three months of intervention, and 6% at six
months in hypertensive patients, in relation to pre-test values. On
the other hand, in the normotensive group, a reduction of 9% in the
resting HR was observed only after six months of intervention.
Post-exercise hypotension may occur due to neural changes in the
circulation or presence of some vasodilatory substances because
the neural mechanism has shown that sympathetic nervous ac-
tivity performs a kind of command over vasoconstriction, reducing
HR during hypotension after exercise, contributing to the reduction
of peripheral vascular resistance.16 The results showed a significant
reduction in resting SBP values after the treatment period, without
concomitant changes in DBP and resting HR. Although adaptations
of the cardiovascular system are among the most significant
mechanisms associated with the regulation of hemodynamic pa-
rameters in response to exercise, it is important conducting more
controlled studies to understand these mechanisms.17

HR in the hypertensive group decreased at three and six months
of training compared to the pretest, while in the normotensive
group, the reduction was significant only at the sixth month of
intervention. Differences between groups in HR were observed
only at six months. Alves et al.18 demonstrated, in an experimental
model of heart failure, that resistance training improves cardiac
function as a consequence of improved myocardial perfusion,
increased heart systolic pressure and improved hemodynamic pa-
rameters, thus promoting an increase in cardiac performance. The
heart rate response shown in our study and supported by the
mechanisms mentioned above supports the indication of RT in
blood pressure control.

The results of the study by Baptista et al.19 showed that
regardless of the choice of first-line antihypertensive therapies,
exercise training should be added to standard pharmacological
treatment of hypertension to reduce physical disability among
elderly hypertensive individuals, as they increase the ability to
perform basic movement functions such as standing, walking,
climbing stairs, and other activities of daily living.

In general, considering the HR and BP responses, the interven-
tion used in the present study had positive effects on the hemo-
dynamic parameters analyzed, providing subsidies that support the
prescription of this type of protocol both in the prevention and
treatment of hypertension. It is noteworthy that, because hyper-
tensive patients use antihypertensive medication, the hemody-
namic responses found do not isolate the effect of training on the
analyzed variables, because the medication helps to reduce cardiac
overload.20

Functional capacity responses

Resistance training was efficient to improve performance in
functional tests (TUG and Chair test) at all moments analyzed in
both groups. Among hypertensive patients, therewas a reduction of
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7% and 14% in TUG time after three and six months of intervention,
respectively, whereas in normotensive patients, these improve-
ments were 7% and 11%.

The improvement in the Chair test at three and six months of
intervention, when compared to pre-training values, was 41% and
71%, respectively, in hypertensive women, and 25% and 54%, in
normotensive women. The variable strength showed a significant
increase in the hypertensive group of 15% and 29% at three and six
months, respectively. On the other hand, among normotensive
women, strength increased only after six months of intervention
(26%) when compared to pre-test values. Therefore, the protocol
used in this study was efficient when it comes to gains of muscular
strength and improvement of functional capacity.

As in the present study, studies have shown that moderate to
high intensity RT increases strength levels, positively influencing
autonomy and, consequently, self-assessment of health.21

However, it is important to say that loss of muscle strength and
balance are characteristics of human aging that can lead subjects to
functional dependence. In this sense, training programs similar to
the one used in this study are a positive intervention to avoid or
minimize functional losses that compromise functional indepen-
dence. As described Wise and Patrick22 the inability to perform
social roles as the return to gainful employment, coexistence of
leisure-oriented groups is often observed after myocardial infarc-
tion and other vascular events.

The improvement in functional capacity, as assessed by TUG, is
due to the increase in muscle strength, which consequently in-
creases stride length and walking speed,23 improving test perfor-
mance, as observed in our study. The performance evaluation in the
functional mobility test showed that all subjects in the sample
presented a performance considered adequate.24 In the studies by
Savva et al.25 and Herman et al.26 the performance on TUG corre-
lated with frailty, exhaustion, weight loss, slowness, weakness,
physical activity deficit, cognitive ability and execution capacity,
demonstrating the importance of preserving strength and mobility
for the functional capacity of seniors.

Muscle function is extremely important to preserve or improve
people’s autonomy, with positive impacts on daily activities27 and,
therefore, on hemodynamic parameters, especially on blood pres-
sure. That is the reason why RT is an important component in
intervention protocols focused on improving the quality of life and
preventing chronic diseases. Elderly people who practice RT have
better results in the TUG and Chair test compared to those who are
physically active but do not practice any strength exercise. This
indicates the important role of RT in maintaining or improving
mobility.28

Thus, the results of this study help understanding the rela-
tionship between resistance training and functional capacity. In the
elderly population or other groups, the realization of a protocol for
six months proved to positively change and improve the functional
capacity of the subjects, contributing to a better performance and
satisfaction in activities of daily living and maintenance of
autonomy.
Conclusion

From the data analysis it can be concluded that, regardless of the
improvement of strength and functional capacity, resistance
training is efficient to produce positive adaptations in heart rate
and blood pressure, as well as to increase the maximum dynamic
force, the functional force and the functional mobility of elderly
women, both hypertensive and normotensive.
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