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Abstract
Systemic arterial hypertension represents one of the principal risk factors for the increase of cardiovascular diseases, especially in the elderly people. On post-exercise, 
blood pressure responses (BP) may decrease and this effect have a relevant clinical importance. However, further studies are needed to better understand the effects 
of different intensities and exercise modes. The aim of this study was to analyse the hypotensive effect of resistance exercises on BP of controlled hypertensive women 
performed at different intensities. The study sample was composed by 13 hypertensive elderly women (65.5±4.2 years), submitted to two different training intensities: 
50% and 70% of 10 RM. After the resistant exercise systolic and diastolic blood pressure were measured during 1 hour and every 10 minutes. Significant differences 
were found only in diastolic blood pressure (DBP) measured at 10 (p=0.034), 20 (p=0.042), 30 (p=0.031), 45 (p=0.035) and 60 minutes (p=0.017) after the effort. 
Our data suggest that resistance exercise does not result in PEH in hypertensive elderly women without significant effects on diastolic blood pressure at different 
intensities.
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Introduction
In Brazil, one risk factor for cardiovascular disease is hypertension 

and is important to reduce the main values [1]. According to the world 
health organization (WHO), the number of hypertensive patients is of 
approximately one billion, with 7.1 million of deaths per year. Systemic 
arterial hypertension (HBP) is characterized by a chronic increase in 
systolic and diastolic blood pressure above acceptable levels for human 
health. Besides, is a multifactorial disease with high prevalence in 
the elderly population. It reaches a large part of the adult population 
worldwide, making it a cause for public health. 

Pharmacological treatment is indicated for moderate and severe 
hypertensive patients, and for those with risk factors for cardiovascular 
diseases and/or major target organ injury. However, few hypertensive 
patients achieve optimal control pressure with a single therapeutic 
agent and, often, combined therapy is necessary, especially in elderly 
people with relevant co-morbidities [2]. Although, drug therapy is 
effective in reducing blood pressure values, morbidity and mortality but 
has a high cost [3]. Resistance exercise (RE) is recommended for that 
disease. However, the literature lacks studies that demonstrate the acute 
hypotensive effect of resistent exercise (RE) in hypertensive elderly 
subjects. Most of the studies [4,5] demonstrates the onset of BP decrease 
after performance of aerobic exercises, although, there are few studies 
analysing the effect of resisted exercise in post-exercise hypotension [6] 
specifically in hypertensive elderly women [7]. Besides, RE has been 
recommended as part of the non-pharmacological treatment of HBP 
because it is possible to observe a hypotensive effect, with the decreased 
blood pressure levels below the rest values after effort. Nevertheless, 
there are many positive benefits, as better quality of life and function 
provided by the physical training, which reduces the deleterious 

physiological alterations with ageing. However, there are few studies 
that address different intensities and their effect on HBP. Thus, is very 
important to understand how is the interference is after the exercise 
period. Thus, this study aimed to analyse the effect of post -exercise 
hypotension after resistance exercises performed at different intensities 
in controlled hypertensive elderly women.

Methods
Sample

The study sample consisted of Brazilian women aged between 60 
and 76 years (Table 1) all with systemic arterial hypertension. The 
sample consisted of 13 elderly women (GI) with clinically diagnosed 
arterial hypertension and controlled by anti-hypertension medication. 
All volunteers are participants of the Oriented Walk Program, an 
institutionalized project of the Physical Education course of the 
State University of Montes Claros, but without previous experience 
in resistance exercise. All of them used at least one drug to control 
systemic arterial hypertension and made two shots of the drug, one in 
the morning another at night. They were instructed to continue with 
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their medications and to not interrupt the other activities, such as walks 
and their activities of daily living, such as passing, washing, taking care 
of the house and cooking. 

Methods and procedures

During the days undergoing the experiment, the patients were 
instructed to not consume caffeine and alcoholic before 24 hours of 
the blood and data collection and not practice physical activity before 
RE sessions. All individuals signed the Free and Informed Consent 
Form according to resolutions 196/96 and 466/2012 of the National 
Health Council, which contains the guidelines and norms that regulate 
research involving human beings, in accordance with the ethical 
principles contained in the Declaration of Helsinki (1964, reformulated 
in 1975, 1983, 1989, 1996, 2000 and 2008) of the “World Medical 
Association”. This study is approved by the Ethics Committee under 
number 31856014.0.0000.5146. 

All volunteers were informed of the research objectives and the 
experimental procedures to which they were subjected. Also, they were 
informed about the possible risks and discomfort that they could feel in 
performing the RE. Although, all benefits of the present study were also 
described. They were informed about the confidentiality of the study 
regarding their identities and in addition, informed that they could 
interrupt their participation at any time without providing the reason 
or reason for their interruption. All the women were submitted to a 
clinical evaluation to enter the engage in the resistance exercise. The 
exclusion criteria of this research were: a) non-return of the signed Free 
and Informed Consent Form; b) carry osteo-articular problems that 
could partially or fully affect the performance of specific movements 
of the tests; c) have respiratory and/or metabolic problems; d) be a 
smoker; e) be diabetic; f) present other medical contraindications 
such as: uncontrolled arterial hypertension, congestive heart failure, 
recent myocardial infarction, and among other diseases that would 
compromise cardiovascular responses as sedative medication, 
confusion or dementia and/or cognitive deficit which could hamper 
the tests’ execution were not selected either. Besides these criteria, the 
women who presented inappropriate blood pressure response or heart 
rate and/or ventricular arrhythmias induced by exertion of the previous 
RE test were excluded from the study. Those women with number of 
absences higher than 10% of the proposed period for the training 
protocol were also excluded from the sample. 

For data collection, a meeting was first held of the researcher with 
individuals of the Oriented Walk Program, Institutionalized Project of 
the State University of Montes Claros UNIMONTES, in order to clarify 
the objectives of the study, as well as all the procedures involved. Large 
numbers of subjects were interested in participating in the study, but 
did not have the specific conditions for the research.

The physical characteristics of the sample were collected in 
the physical evaluation room of the Laboratory of Exercise of 

UNIMONTES. For body mass measurements, a Toledo® digital scale 
(Toledo, Brazil) was used with a stake meter coupled with a capacity of 
0 to 150 kg and accuracy of 0.05 kg and the height, was measured with 
volunteers stepping in the centre of the scale, with its back to scale, in 
an orthostatic position [8]. 

Two weeks of adaptation of the RE were performed with all the 
volunteers of the study in those exercises that composed the training 
program, in order to minimize risks and have a good reproducibility in 
the execution of movements.

Test of 10 maximum repetitions (10-RM)

The subjects performed two weeks of adaptation to the exercises to 
learn the correct performance technique, normal range of motion and 
suitable breathing. During this period, the exercises were performed 
without load. To establish the load percentage of 50% and 70%, which 
are objectives of this study, the 10 RM test [9] was applied. To verify the 
reproducibility of the test, the retest was performed with the volunteers 
after one week. 

To determine the maximum load, three attempts were assigned for 
each subject with an interval of 5 minutes between them; in subsequent 
visits, the subjects remained 30 minutes seated in a calm and comfortable 
place, for further measurement of BP. BP was taken in the left upper 
limb three times and then we made the average. Subsequently, they 
performed self-stretching of the main muscles involved in the exercises 
of the program (15 seconds): lower limbs (quadricipitis and femoral 
bicipitis), pectoral and posterior trunk. After that, the individuals 
underwent a warm-up in the cycle ergometer (BM2700 Moviment 
Tecnology, Brudden, Brazil) during 10 minutes.

The exercise program consisted of three series of 10 repetitions 
always performed in the following order: leg press, bench press, knee 
extension with extensor chair, front pull and knee flexion on flexor table 
(Vitally Start, Brazil). With two minutes interval between sets and the 
performance velocity of the exercises was of 2:2. In each visit, a draw 
was made of the percentage of the load that was made on the day. The 
subjects perform an expiration during the concentric contraction and 
an inspiration during the eccentric contraction to avoid the Valsalva’s 
manouver. The 10 RM test followed the recommendations [9]. The 
individual should mobilize a load that prevented him from performing 
more than 10 MR under maximum voluntary concentric muscle 
failure regimen. Modified Borg’s scale [9] was sued to question on the 
perceived exertion with the load intensity in each trail. The tests were 
developed during a single day for the hight exercises, immediately 
after the adaptation period. In order to reduce the margin of error, the 
following strategies were adopted: 1) Standardized instructions were 
offered before the test, so that the evaluated was aware of the entire 
routine that involved data collection; 2) the evaluation was instructed 
on the technique of performing the exercise; 3) the evaluator was 
attentive to the position adopted by the practitioner at the time of the 
measurement. Small variations in the positioning of the joints involved 
in the action could recruit other muscles, distancing from the specific 
focus of the research and enabling erroneous interpretations of the 
scores obtained could happened; and, 4) a fixed position was stipulated 
for the foot, thus avoiding differentiation in the angulation of the same 
individual's ankle in both tests at 50% and 70% of 10RM.

Blood pressure measurement

A Microlife® device, model BP 3AC1-1 (manufactured by Microlife/
USA), validated according to the criteria of the British Association of 
Cardiology for resting measures [10] was used to assess the systolic and 

Average Standard 
deviation Minimun Maximum

GI

age (years) 65.5 4.2 60 73
Body mass (kg) 71.35 7.45 61.9 89.0

Heighy (m) 1.55 0.07 1.45 1.66
BMI (kg/m2) 29.71 3.77 24.42 36.57

SBP ((mmHg) 135.85 12.15 120 150
DBP (mmHg) 88.38 11.5 70 110

Table 1. General characteristics of the studied population

GI: Group of intervention elderly women; SBP: sstolic blood pressure; DBP: Diastolic 
blood pressure; BMI: Body mass index 
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1 minute after the performance of the resistance exercises. However, 
there were significant differences in DBP measured at 10´ (p=0.034), 
20' (p=0.042), 30' (p=0.031), 45' (p=0.035) and 60' (p=0.017). This 
difference was detected in comparation to the rest value, with no 
difference between. 

Discussion
In the present study, differences were observed after 10 minutes and 

the lower value occurred in the 60 minutes in relation to DBP.

Our results are divergent observed an absence of post-exercise BP 
drop [13,14], while other author [15] found reductions up to 40 mmHg. 
Similarly, the duration of post-exercise hypotension ranges from 60 
minutes [16] to more than 13 hours [17]. According to several authors 
[18,19] verified a reduction of SBP and DBP one hour and 10 hours after 
performing the exercise session in young hypertensive and sedentary 
subjects. These disparities suggest that some factors may be influencing 
the decreases in the BP as pharmacological treatment. Identifying 
these factors have a clinical importance because can help professionals 
in the prescription of physical exercises in the non-pharmacological 
treatment of HBP, in this specific study population. 

The duration of the exercise session has been suggested as one of 
the factors that influences post-exercise hypotension. A 10 minutes 
sets of treadmill walking were observed and did not change BP 
behaviour in the post-exercise period in normotensive individuals [20]. 
In addition, in hypertensive individuals, the same protocol already 
caused a significant decrease in BP and the magnitude of this change 
expanded when a new exercise set were added to the training session. 
In another study conducted in spontaneously hypertensive rats [21] 
found that the pressure reduction after the performance of 40 minutes 
of exercise on the treadmill was greater and longer than the reduction 
after 20 minutes of that same exercise. On the other hand, the majority 
of the studies [4,5] showed a decrease in BP after aerobic exercises 
were performed, which were not the object of study in this study. 
Besides, reduced resting BP after RE was observed in several studies 
[7,22-30] with different protocols and subjects and only a few ones 
did not observe significant changes in SBP and DBP [31-34]. These 
results suggest that resistance training may also have a hypotensive 
effect on the elderly, which corroborate the results of the present study. 
However, the magnitude of BP modification was different between 
studies, which suggests that factors related to the characteristics of the 
studied population, has psychosomatic factors such as fear, anxiety 
and personality or the training protocol used may have influenced this 
magnitude. Also, because we used only elderly women and no studies 
have analysed the effects of RE in hypertensive elderly subjects with 
different intensities. 

However, it is important to emphasize that, in the most of the 
studies that showed lower BP, the sample also included normotensive 
individuals, unlike this study that was conducted only with controlled 
hypertensive elderly women. In addition, in one of these studies, aerobic 
training was performed concomitantly with the resistance exercise, so 
the hypotensive effect may be due to aerobic stimulation [26] or both. 
In other studies, volunteer individuals also had other concomitant 
metabolic diseases, and these diseases may also have influenced the 
results [23,25]. Finally, in the only study involving only hypertensive 
elderly [29], patients were using different antihypertensive medications, 
as well as the present study, which did not allow to determining the 
isolated effect of training resistance on BP. In studies involving only 
normotensive individuals, few studies did not see a reduction in clinical 
BP [33,34] while others found a drop in this pressure [7,22,24,25,27,28]. 

diastolic blood pressure of the subjects. The first moment was at rest, 
followed by 10-minute intervals after the end of the resistance training 
until completion of an hour, performing six moments: 1st, 10th, 20th, 
30th, 45th and 60th minutes, with volunteers sitting comfortably, in a 
room adjacent to the training hall at 8 a.m. BP was measured by the 
researcher and 2 academics of the Physical Education course trained in 
the Laboratory of Exercise with more than 1 year of experience. Room 
temperature was 24 celsius degrees and humidity was around 56%. The 
measures followed the recommendations of the VI Brazilian Guidelines 
on Hypertension [11]. The measurements were always performed by 
the researcher and in the same period of the day.

The volunteers were instructed to not contract or move the arm, 
hand and fingers of the upper-limb where the BP sealer was attached. 
Also, to not talking and to not performing the Valsava Maneuver. 
Volunteers were also asked to keep their elbow semi-flexed, in order to 
approach the chest hand and prevent the recorded values from being 
contaminated by gravitational action if the arm remained extended 
[12]. 

Statistical treatment

The data were analysed with the statistical program SPSS, version 
17.0 (SPSS Inc., Chicago, IL, USA), with significance level of 5%. 
Descriptive statistics were applied with central trend measurements 
(mean ±standard deviation) and the variables normality was still 
verified using the Shapiro Wilk test, in view of the sample size. The 
sphericity was ensured through the Mauchly test. To verify variations in 
the domains, a MANOVA test, Post Hoc de Bonferroni was performed. 
BP was compared at rest, and in the 1st, 10th, 20th, 30th, 45º and 60º 
minutes, at different intensities (50% and 70%). The significance level 
adopted was p ≤ 0.05. To verify the size of the effect, the values of eta 
(μp2) were used, adopting the low effect values (0.1 and 0.24), mean 
effect (0.25 and 0.39) f2 test and high effect (greater than 0.40).

Results
Table 2 shows the values related to BP at rest, pre-test, rest and all 

moments related to the 1st, 10th, 20th, 30th, 45th and 60th minutes 
after the intervention.

According to the results, the SBP values at all times did not present 
a significant difference in relation to rest and the intensities of 50% and 
70% of 10RM. Although, there was no significant difference in DBP at 

Sequences
GI (N=13)

P μp2Rest 50% 70%
Rest (SBP) 130.85±9.48 130.47±6.654 129.52±11.07 0.135 0.042

1 min (SBP) 132.69±9.10 138.77±12.76 142.54±14.13 0.062 0.096
10 min (SBP) 132.62±8.20 134.23±12.11 139.46±13.85 0.077 0.051
20 min (SBP) 132.54±9.32 133.00±9.72 138.38±12.48    0.067 0.058
30 min (SBP) 131.54±9.45 134.54±11.98 137.92±9.97 0.087 0.079
45 min (SBP) 131.31±8.91 132.85±11.06 133.31±10.19 0.090 0.054
60 min (SBP) 131.08±8.98 131.77±10.22 132.38±9.22 0.123 0.048
Rest (DBP) 82.62±4.49 84.54±11.98 79.65±5.69* 0.040 0.158

1 min (DBP) 87.62±6.49 84.08±7.85 88.77±8.63 0.067 0.121
10 min (DBP) 87.92±6.22 83.46±8.23* 85.77±9.10 0.034 0.166
20 min (DBP) 87.77±6.72 82.54±8.46* 85.31±6.32 0.042 0.114
30 min (DBP) 87.23±7.14 80.23±8.41* 85.08±5.19 0.031 0.167
45 min (DBP) 86.77±6.82 80.31±8.27* 83.54±6.11 0.035 0.158
60 min (DBP) 86.54±6.78 79.46±7.17* 83.15±6.04 0.017 0.299

*p≤0.05 (MANOVA, and Post Hoc Bonferroni); min: Minute

Table 2. Description of the mean values, standard deviation and p value for the systolic and 
diastolic blood pressure in each evaluation sequence in the low and high intensity exercise
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These results suggest that resistance training is effective to reduce BP 
for normotensive elderly, but its effect on hypertensive patients still 
needs to be better understood. In the present study, according to the 
results of SBP, there was no significant difference in relation to rest 
values comparing to both intensities of 50% and 70% of 10 RM.

Regarding the effect of resistance training intensity [28] 
demonstrated, in normotensive elderly, that training performed 
in lower intensity (between 55 to 65% of 1 RM) was able to reduce 
both SBP and DBP, while resistance training performed with greater 
intensity (between 75 to 85% of 1 RM) only decreased SBP. In fact, other 
studies conducted with high intensity (75% of 1 RM) also observed a 
reduction in SBP, or even no hypotensive effect [34]. In general, studies 
involving exercises with the intensities used to develop localized muscle 
endurance, i.e., low intensity (between 50 to 65% of 1 RM to 15 RM), 
found a decrease in both SBP and DBP [7,24]. On the other hand 
[27] found that resistance exercises performed with high intensity (8 
RM) were able to reduce DBP, but had no effect on SBP. Thus, most of 
the data allows us to assume that resistance training performed with 
lower intensity would be more recommended in order to promote 
the reduction of resting BP; however, there are still controversies. 
Regarding, to the main adaptations associated to the RE, this type of 
training can promote the increases of elastic components, in the arteries 
due to progressive fragmentation and destruction of cells and fibers. 
The development of strength also leading to greater vascular function 
between the responses of the vasoconstrictor and vasodilator agents 
[35]. Thus, high BP also can have a genetic and the environment effect, 
although, aging seems to contribute to the BP increase [4].

Thus, our study demonstrated an improvement with regard to DBP, 
corroborating in part with the studies and assumed that the intensity of 
50% would be more beneficial to cause greater hypotensive effect of BP 
after resistance exercise.

Conclusion
Our results suggest that the hypotensive effect after resistance 

exercise was more significant after the training protocol with 50% of 
10 RM in SBP. 
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