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Abstract - Aim: To evaluate the chronic effects of resistance training on resting blood pressure, handgrip strength,
gait speed, and Timed Up and Go test (TUG) in normotensive and hypertensive elderly individuals.Methods: Experi-
mental study based on TREND. Hypertensive patients were diagnosed by an independent doctor. Before and after 12
weeks of progressive resistance training, we evaluated blood pressure, heart rate, body composition, Timed Up and Go
test, gait speed, and handgrip strength. Results: Sample consisted of 41 participants divided into two groups (normo-
tensive n = 28; hypertensive n = 13). We observed significant values in the reduction of blood pressure levels only in the
group of hypertensive participants. In functionality outcomes, we observed significant values in all tests and both
groups. Outcomes contemplate effect sizes ranging from small to moderate. Conclusion: Progressive resistance train-
ing lowers resting blood pressure levels, increases handgrip strength, and improves physical functional performance.
Although the normotensive group did not show a reduction in blood pressure levels, an improvement was observed in
the functional physical tests.

Keywords: hypertension, resistance training, physical functional performance, hand strength, health services for the
aged.

Introduction

Prevalence of hypertension in the elderly is greater than
60%, the risk of developing it (after 50 years of age) is
90%1, and it is associated with several pathological condi-
tions (e.g., stroke, cerebrovascular diseases, chronic kid-
ney disease, and retinal changes)2; besides, sedentary
lifestyle and increased body mass contribute to the pre-
valence of hypertension3 - exercise is one of the most
important interventions, as it has low cost, easy access,
and thus prevents and/or treats hypertension4.

Regular exercise promotes health for blood pressure
and regression of cardiovascular disease5. Reduction of
5 mmHg in Systolic Blood Pressure (SBP), decreases
mortality from coronary heart disease by 9%; 14% for
stroke, and 7% for all causes6-8. Meta-analysis with
464.000 patients showed that a 10 mmHg reduction in
SBP or a 5 mmHg reduction in Diastolic Blood Pressure
(DBP) protects the patient from ischemic heart disease and
cerebrovascular events9.

About mechanisms involved in blood pressure
reduction after resistance training (chronic adaptation), the
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effect on arterial compliance is still questioned in the lit-
erature: a study observes a reduction in arterial stiffness10;
another observes the absence of change11; another de-
monstrates that resistance training can reduce arteriolar
myogenic tone and peripheral vascular resistance12. Other
mechanisms have been reported, such as attenuation of
renal and muscular sympathetic nerve activity, the lesser
appearance of norepinephrine increased sensitivity of
renal and cardiac baroreflexes, and decreased variability of
the heart rate13,14.

Resistance training is an effective exercise to de-
crease blood pressure in the elderly, in values that can vary
from 3.2 to 13.5 in SBP, and 1.5 to 6.1 in DBP6,7. Two
meta-analyses suggest that resistance training is as effec-
tive an alternative as aerobic exercise in maintaining opti-
mal blood pressure levels14,15, however, Jansen et al.16

describe that clinical guidelines used in the studies are
vague when analyzing elderly people, and studies do not
show effect size, and adherence to exercise tested.

Also, as far as we know, has a paucity of studies to
show a decrease in resting blood pressure, after a dynamic
resistance training protocol, in hypertensive and normo-
tensive elderly individuals; also, has a paucity of studies to
show a reduction in SBP greater than 10.5 after 12 weeks
of resistance training17-20 - considered clinically relevant
for the elderly9. Thus, it is important to observe hemody-
namically, and functional variables that change with aging
and assess them before and after a resistance training pro-
gram.

Functionality and handgrip strength are considered
biomarkers of aging; the amount of force the muscle can
produce is associated with functionality variables in the
elderly 21,22, including gait speed, balance, risk of falls,
and the ability to sit and stand23. Resistance training is
effective to prevent and treat the reduction of muscle
strength and functional incapacity in the elderly24. How-
ever, the effect of resistance training on handgrip strength
and functionality in hypertensive and normotensive older
adults is still a field to be explored25.

Thus, the present study aimed to evaluate the chronic
effects of resistance training on resting blood pressure,
Handgrip Strength (HS), Gait Speed (GS), and Timed Up
and Go test (TUG) in normotensive and hypertensive
elderly individuals.

Methods

Design
The present research is quasi-experimental and

quantitative, with a controlled and non-randomized inter-
vention. We used the Transparent Reporting of Evalua-
tions with Nonrandomized Design (TREND) Statement as
a guide26.

Participants
Sample size of 41 individuals provided, a posteriori,

a statistical power of 75% (1-β = 0.75), considering a 5%
alpha with a large effect size (d = 0.8). This study was car-
ried out at the Laboratório de Exercício Físico e Envelhe-
cimento, of the Universidade da Maturidade, at Univer-
sidade Federal do Tocantins (LABEFE-UMA/UFT).

Inclusion criteria: Be regularly enrolled at the Uni-
versidade da Maturidade-UMA/UFT; not having serious
insufficiencies (cardiac, coronary, respiratory, renal, hepa-
tic, intense osteoporosis, symptomatic arthropathy, unsta-
ble diabetes, and uncontrolled hypertension); having
performed the pre-participation examinations for the
assessment of health status; not having a metallic prosthe-
sis; be able to answer the requested questionnaires; do not
participate in other exercise programs.

Recruitment
After signing the Informed Consent Form, the parti-

cipants underwent a medical examination that consisted of
investigating comorbidities, use of previous medications,
and electrocardiogram examination at rest.

Volunteers were divided into two groups (normoten-
sive and hypertensive) according to the clinic prior to the
diagnosis of hypertension (diagnosis for hypertension was
issued by an independent doctor). All the elderly received
assessment (in fasting) of blood glucose and plasma insu-
lin, complete blood count, electrocardiogram, and bioim-
pedance.

We classified participants as hypertensive
(SBP ≥ 140 and/or DBP ≥ 90) and normotensive
(SBP < 140 and DBP < 90)27. All procedures were pre-
viously approved by the human research ethics committee
(CAEE: 15849519.2.0000.5516).

Body composition
We measured body mass with a digital scale with a

precision of 0.1 kg and height using a stadiometer with a
precision of 0.1 cm (Cardiomed, Brazil) mounted on the
wall. We evaluated skeletal muscle mass, fat-free mass,
and fat mass through bioimpedance (InBody 370®) with
the protocol by Moon et al.28 - absolute values were nor-
malized for the individual's stature.

We guide participants to avoid consuming alcohol,
diuretics, or energy drinks, exercise up to 48 h before the
evaluation; also, not eat for 4 h, and to empty the bladder
30 min before the procedure.

Hemodynamic variables
SBP, DBP, and resting heart rate were measured by a

single experienced examiner, before and after the 12-week
intervention - all procedures followed the recommenda-
tions of Pickering et al.29. We evaluated SBP and DBP
using the automatic device (Microlife BP 3AC1-1)30;
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mean arterial pressure as follows: DBP + (SBP - DBP)/3;
Pulse Pressure (PP) by the difference between SBP and
DBP27.

Functionality and handgrip strength
We use TUG, which consists of getting up from a

chair, walking for three meters, and returning to the begin-
ning. Participants underwent an assessment after becom-
ing familiar with the route, which should not be carried out
with help or support. The test result was evaluated by the
time (measured by a Casio® HS-3V-1) digital chron-
ometer spent performing the test31.

We evaluated the gait speed, for which the elderly
should travel a distance of 4 meters at their usual speed
(also with controlled time). The speed value was measured
by the relationship between the distance covered and the
time in seconds32. handgrip strength was measured using
the Saehan dynamometer and its protocol33.

Resistance training
The proposed training protocol is an adaptation by

Lima et al.34. Initially, a two-week adaptation period was
carried out to familiarize and learn the correct technique
for performing the exercises, with an exercise program for
large muscle groups and two sets of 8-12 repetitions with
the load ranging from a little easy to a little difficult,
according to the OMNI-RES; afterward, this same scale
was used to better adjust the training loads35.

Subjects performed two resistance training sessions
per week36 for 12 weeks (supervised by professionals with
resistance training experience). Program followed a linear
progressive periodization model, with training loads of 6
difficulty points during the first 4 weeks, 7 points (from a
little difficult to difficult) during the next 4 weeks, and
between 8 (difficult) and 9 points (from difficult to extre-
mely difficult) in the remaining 4 weeks, with repetitions,
respectively, decreasing from 12, 10, and 837 - elderly
people were instructed to perform passive breathing to
avoid the Valsalva maneuver.

Exercises performed in each of the exercise sessions
were as follows: Vertical bench press, leg extension, pull
down, one leg flexion, dumbbell shoulder abduction, hip
abduction, plantar flexion, and horizontal leg press. Also,
exercises to strengthen the abdominal and erector muscles
of the spine were prescribed and performed, as well as
plantar flexion in the orthostatic and sitting position. The
Rest interval between sets and between exercises was
approximately two minutes. The average duration to com-
plete a repetition was 3 to 4 s (1 to 2 s for the concentric
phase and 2 s for the eccentric phase), and the average
time of the exercises’ session was between 50-60 min.

Exercises sessions were held in small groups with a
maximum of 8 people. All adaptation, assessment, and
exercises session were held at the LABEFE-UMA/UFT.

The diet was not controlled, although they were advised to
maintain their usual food intake. Based on the American
College of Sports Medicine, the elderly were considered
untrained because they had no previous experience with
resistance training38.

Older individuals’ adherence to follow-up
Figure 1 shows the sample recruitment flowchart, as

well as the inclusion/permanence of individuals until the
end of the experiment, both in the hypertensive and nor-
motensive groups (n = 41). The adherence of each group
was assessed through frequency records. The groups
maintained a twice-a-week exercise record for a total of 24
sessions during the 3-month intervention and two or fewer
absences or a total of 22 presences were considered as
100% adherence. The total number of records that were
returned for the final assessment was counted and divided
by 22 for a measure of adherence.

Statistical analysis
We verified the distribution of data using the Sha-

piro-Wilk test - normal data were described as mean (stan-
dard deviation); not normal as the median (interquartile
range 25-75%). Characteristics of hypertensive and nor-
motensive individuals, as well as the deltas of variation
between pre and post-treatment, were compared using the
unpaired t-test or Mann-Whitney test; categorical vari-
ables were compared using the chi-square test. We built
the database in Microsoft Excel software and performed
the statistical analysis using SPSS software (version 22.0).
We set the significance level at 0.05 for all tests.

Results
All participants completed the resistance training

protocol without cardiovascular complications. We inclu-
ded 41 participants (28 normotensive and 13 hyperten-
sives), most of them women. In the baseline, only pressure
levels varied significantly between groups (Table 1).

Of the patients classified as hypertensive, 57.14%
regularly used antihypertensives, of which 25% used com-
bined treatment schemes. Regarding the pharmaceutical
classes of drugs used by the hypertensive patients, 38.46%
used angiotensin receptor antagonists, 30.77% used non-
steroidal anti-inflammatory drugs, and 15.38% took selec-
tive serotonin reuptake inhibitors antidepressants, and
15.38% used thyroid hormones. Only 7.7% of individuals
used drugs from the classes of anticonvulsants, hydro-
xymethylglutaryl coenzyme A (HMG-CoA) reductase 2
inhibitors, beta-blockers, thiazide diuretics, dipeptidyl
peptidase-4 inhibitors, Biguanides, hypolipemiants, and
antivertiginous. The use of supplements such as vitamin D
and magnesium chloride was reported by 7.7% of hyper-
tensive patients.

Travassos et al. 3



Regarding the pre- and post-intervention moments,
in hemodynamic outcomes, we observed significant values
in the reduction of blood pressure levels in the group of
hypertensive participants, with effect sizes ranging from
small to moderate; normotensive participants did not show
significant values (Tables 2 and 3).

In the outcomes of body composition, we observed
significant values only in BMI, in hypertensive indivi-
duals, and appendicular fat mass, in normotensive indivi-
duals, however, with a small effect size. In functionality
outcomes, we observed significant values in all tests and
both groups, with effect sizes ranging from small to mod-
erate (Tables 2 and 3)

Discussion
The present study shows that resistance training

reduces resting blood pressure levels in hypertensive
elderly individuals. We found a significant reduction in the

values of SBP and DBP, in addition, our results describe
significant improvements in participants’ functionality; a
clinically relevant outcome for the treatment and control
of hypertension in the elderly.

According to Whelton et al.39, small reductions in
SBP (e.g., from 2 to 5) reduce the risk of infarction by
14%, coronary disease by 9%, and all-cause mortality by
7%. About mechanisms involved in blood pressure reduc-
tion after resistance training (chronic adaptation), the
effect on arterial compliance is still questioned in the lit-
erature: a study observes a reduction in arterial stiffness10;
another observes the absence of change11; another demon-
strates that resistance training can reduce arteriolar myo-
genic tone and peripheral vascular resistance12. According
to Collier et al.11, this can occur regardless of changes in
arterial stiffness.

Regarding hypertensive elderly people obtaining
greater reductions in blood pressure levels, there is no
consensus in the literature on the effects of resistance

Figure 1 - Flowchart of the study.
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Table 1 - Clinical characteristics of study participants at baseline (n = 41).

Variables Normotensive (n = 28) Hypertensive (n = 13) p

Sex a 0.659
Male 4 (9.8%) 3 (7.3%)
Female 24 (58.5%) 10 (24.4%)

Age (years)b 63.17 (7.15) 66.53 (9.68) 0.782
Bloog glucose (mg/dL) 82 (3.17) 81.5 (3.11) 0.986
Hemodynamic
SBP (mmHg)c 120 (110-125) 140 (132-168) <0.001*

DBP (mmHg)c 75 (70-80) 90 (85-92) <0.001*

MAP (mmHg)b 88.03 (8.32) 109.15 (10.58) <0.001**

PP (mmHg)b 43.42 (10.47) 61.76 (21.74) <0.001**

Body composition
Body mass (kg)b 65.2 (12.4) 64.0 (13.9) 0.782
BMI (kg/m2)b 26.1 (4.5) 26.2 (5.6) 0.933
AFFM (kg/m2)c 6.7 (5.7-7.1) 5.91 (5.5-7.0) 0.413
FFMI (kg/m2)c 16.3 (15-17.3) 18.8 (14.8-18.2) 0.901
SMI (kg/m2)c 8.9 (7.8-9.5) 8.4 (7.7-9.8) 0.750
AFMI (kg/m2)c 4.6 (2.9-5.6) 3.8 (2.61-5.2) 0.814
FMI (kg/m2)c 10.6 (6.8-12.9) 8.9 (6.0-11.5) 0.814

Functionality
TUG (s)c 9.3 (8.5-11.3) 10.1 (8.3-11.9) 0.989
GS (m/s)b 0.86 (0.12) 0.82 (0.24) 0.585
HS (kgf)c 28 (26-33) 27 (21-32.5) 0.226

SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; MAP: Mean Arterial Pressure; PP: Pulse Pressure; BMI: Body Mass Index; AFFM:
Appendicular Fat-Free Mass Index; FFMI: Fat-Free Mass Index; SMI: Skeletal Mass Index; AFMI: Appendicular Fat Mass Index; FMI: Total Fat Mass
Index; TUG: Timed Up and Go test; GS: Gait Speed; HS: handgrip strength.aabsolute number (percentage); bmean (standard deviation); cmedian (inter-
quartile range).*Mann-Whitney Test (p < 0.05); **Unpaired T-test (p < 0.05).

Table 2 - Effects of 12-week resistance training on study participants (n = 41).

Variables Normotensive (n = 28) Hypertensive (n = 41)

Pre Post Pre Post

Hemodynamic
SBP (mmHg)c 120 (110-125) 118 (108-124) −1.50 (−4.75-7.50) 140 (132-168) 128 (123-155)* −12.0 (−30.0 - [−4.5])**
DBP (mmHg)c 75 (70-80) 74 (69-80) 0.0 (−3.0-4.75) 90 (85-92) 85 (74.5-90) −6 (−12-4.0)**
MAP (mmHg)b 88.03 (8.32) 89.05 (7.54) 1.02 (6.64) 109.15 (10.58) 101.51 (11.81) −7.64 (13.93)**
PP (mmHg)b 43.42 (10.47) 42.28 (8.47) −1.14 (10.48) 61.76 (21.74) 51.38 (14.53) −10.38 (15.88)**

Body composition
Body mass (kg)b 65.2 (12.4) 64.8 (12.2) −0.65 (4.44) 64.0 (13.9) 64.9 (13.7) −0.84 (1.24)
BMI (kg/m2)b 26.1 (4.5) 26.1 (4.5) −0.1 (1.43) 26.2 (5.6) 26.6 (5.7)* 0.33 (0.60)
AFFM (kg/m2)c 6.7 (5.7-7.1) 6.5 (5.8-7.2) −0.05 (−0.17-0.30) 5.91 (5.5-7.0) 6.4 (5.5-6.9) 0.05 (−0.17-0.30)
FFMI (kg/m2)c 16.3 (15-17.3) 16.5 (15.1-17.9) 0.10 (−0.30-0.67) 18.8 (14.8-18.2) 17.3 (14.4-18.4) 0.20 (−0.50-0.90)
SMI (kg/m2)c 8.9 (7.8-9.5) 8.9 (8.0-9.8) 0.0 (−0.19-0.35) 8.4 (7.7-9.8) 9.2 (7.65-9.8) 0.07 (−0.27-0.40)
AFMI (kg/m2)c 4.6 (2.9-5.6) 4.1 (2.8-5.1)* −0.20 (−0.57-0.10) 3.8 (2.61-5.2) 3.4 (2.5-5.2) −0.1 (−0.30-0.20)
FMI (kg/m2)c 10.6 (6.8-12.9) 9.6 (6.7- 11.9) −0.16 (−1.11 - 0.21) 8.9 (6.0-11.5) 8.2 (6.0-11.7) 0.0 (−0.46-0.44)

Functionality
TUG (s)c 9.3 (8.5-11.3) 7.8 (7.4-8.9)* −1.23 (−2.75-[−0.78]) 10.1 (8.3-11.9) 8.0 (7.2-9.3)* −1.58 (−2.50 - [−0.83])
GS (m/s)b 0.86 (0.12) 1.04 (0.19)* 0.19 (0.18) 0.82 (0.24) 0.99 (0.28)* 0.16 (0.27)
HS (kgf)c 28 (26-33) 32 (39-34)* 2 (1-4) 27 (21-32.5) 31 (26-35)* 4 (1-6)

Pre: baseline; Post: 12 weeks of progressive resistance training; SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; MAP: Mean Arterial Pres-
sure; PP: Pulse Pressure; BMI:BodyMass Index;AFFM:Appendicular Fat-FreeMass Index; FFMI: Fat-FreeMass Index; SMI: SkeletalMass Index;AFMI:
Appendicular Fat Mass Index; FMI: Total Fat Mass Index; TUG: Timed Up and Go test; GS: Gait Speed; HS: handgrip strength.bmean (standard deviation);
cmedian (interquartile range).*paired T-test orWilcoxon, p< 0.05 (within-group); **unpaired T-test orMann-Whitney, p< 0.05 (between-groups).
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training on the difference in blood pressure between these
two groups. In fact, Diaz et al.40 also found a greater
hypotensive effect in hypertensive individuals when com-
pared to normotensive individuals. Other researchers con-
cluded that exercise reduces blood pressure regardless of
the loss of mass in normotensive and hypertensive indivi-
duals, however, with a greater tendency to reduce Blood
Pressure for the hypertensive group41,42.

A meta-analysis, by Cornelissen et al.43 shows no
significant differences in the reduction of blood pressure
between hypertensive and normotensive individuals, after
a resistance training protocol. Due to the biological indivi-
duality of hypertensive individuals, some do not obtain
benefits from resistance training44, factors such as nutri-
tional status, polymorphism in the angiotensin-converting
enzyme gene, and sympathovagal balance may influence
the dose-response of resistance training in hypertensive
and normotensive individuals. Also, study designs, sample
size, and exercise types (frequency, intensity, volume,
adherence) contribute to the need for further analysis of
the response of resistance training to blood pressure.

It is established that hypertension increases all-cause
mortality, however, it is not yet known if the presence of
functional limitations increases mortality, as little attention
has been focused on the role of physical function in this

population; besides, the functionality of patients is usually
assessed through self-report, thus, the outcomes of epide-
miological studies are subjective and widely criticized in
the literature45. In this context, our results help to under-
stand functional outcomes in this population, given that
the findings of the present study come from objective
assessments/tests.

Resistance training helped to reduce the time taken
to perform the TUG test and increased gait speed and
muscle strength in normotensive and hypertensive elderly
people, and these outcomes, range of improvement in all
functional tests, TUG46, gait speed47, handgrip strength33 -
are clinically important, as hypertensive elderly people
have worse levels of functionality and muscle strength
when compared to normotensive elderly people48,49.

These tests (functional and muscle strength) are used
in clinical practice to diagnose geriatric syndromes, risk of
falls (conditions that predict hospitalization), institutiona-
lization, and mortality in the elderly50-52. Low muscle
strength is a negative predictor of functional capacity in
the elderly, including those with arterial hypertension53.
Low muscle strength is associated with high-pressure
levels and higher levels of strength with less risk for the
development of hypertension in the elderly49,54.

A cross-sectional study with 795 elderly hyperten-
sive individuals found that better levels of muscle strength
prevented sarcopenia and improved the capacity for active
endothelial repair55. Handgrip strength is negatively cor-
related with the arterial stiffness index in hypertensive
individuals56. Thus, muscle strength impacts vascular
health and cardiovascular risk in elderly hypertensive
individuals; also, muscle strength is related to
functionality21,22 including, gait speed, balance, risk of
falls, and the ability to sit and stand23.

As in our study, Mangione et al.57 verified that resis-
tance training had a positive effect, both on TUG and gait
speed. However, as far as we know, the effects of resis-
tance training on the functional capacity of elderly hyper-
tensive individuals are poorly investigated. Other analyzes
considering age, sex, and body composition, among other
risk factors for hypertension should be incorporated into
further studies.

Resistance training protocols should benefit both the
outcomes analyzed and the adherence of the elderly. Our
resistance training protocol was periodically and progres-
sively linearized, with training sessions held twice a week
for 12 weeks. Previous studies have demonstrated the ben-
efits of these strength training variables on the muscle
functions of older individuals58,59. The progression from
low to high intensities is used to vary the training, avoid-
ing boredom and promoting training adaptations in peri-
odized programs as the intensity advances to 90% of 1
repetition maximum60, as is the case in our study.

Hu et al.61, analyzed approximately 8,000 men and
9,000 women and reported that the rate of hypertension

Table 3 - Effect size (d value) of observed outcomes (within-group) after
12 weeks of progressive resistance training (n = 41).

Variables Effect size

Normotensive (n = 28) Hypertensive (n = 13)

Hemodynamic

SBP (mmHg) 0.03 −0.68

DBP (mmHg) 0.18 −0.43

MAP (mmHg) 0.14 −0.66

PP (mmHg) −0.13 −0.51

Body composition

Body mass (kg) −0.05 0.06

BMI (kg/m2) 0.0 0.06

AFFM (kg/m2) −0.04 0.04

FFMI (kg/m2) −0.10 0.13

SMI (kg/m2) −0.02 0.12

AFMI (kg/m2) −0.12 −0.07

FMI (kg/m2) −0.08 −0.05

Functionality

TUG (s) −1.10 −0.43

GS (m/s) 1.08 0.62

HS (kgf) 0.52 0.39

SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; MAP:
Mean Arterial Pressure; PP: Pulse Pressure; BMI: Body Mass Index;
AFFM: Appendicular Fat-Free Mass Index; FFMI: Fat-Free Mass Index;
SMI: Skeletal Mass Index; AFMI: Appendicular Fat Mass Index; FMI:
Total Fat Mass Index; TUG: Timed Up and Go test; GS: Gait Speed; HS:
handgrip strength.
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decreases as the exercise intensity increases from light,
moderate to high, that is, progressively according to our
exercise protocol. De-Freitas et al.62, also found benefits
in progressive resistance training on blood pressure in
hypertensive elderly individuals, such as a significant
improvement in post-exercise hypotension and increased
vasodilation. Thus, this protocol may be useful for profes-
sionals who want to ensure cardiovascular safety and
gains in functionality and muscle strength in a population
of elderly hypertensive individuals.

The instrument used to define and monitor the load
can influence the adherence of the elderly to resistance
training programs; in our study, we used the OMNI-RES
scale to define and monitor the training load. A study car-
ried out by Buskard et al.63 concluded that the OMNI-RES
is the ideal scale for resistance training with the elderly, as
it is more tolerable and pleasant, factors that determine
adherence to exercise programs.

Our results may contribute to the prescription of
resistance exercise for elderly people with hypertension.
Because we present a resistance exercise protocol capable
of promoting significant benefits in hemodynamic and
physical functional performance outcomes. In addition,
the progression of loads adopted in this study (OMNI-
RES) ensures cardiovascular safety in hypertensive
elderly people.

The present study has limitations that must be recog-
nized, e.g., gender differences may reflect on Blood Pres-
sure in response to resistance training, thus, due to our
small sample size (and the small number of men), it gen-
erates little statistical power to carry out the subgroup ana-
lyzes and explore more appropriately. Also, the diet was
not strictly controlled, even so, volunteers were given
guidelines to maintain their eating habits during the train-
ing period; we suggest future studies to precisely address
these issues.

Conclusion
Progressive resistance training reduces resting blood

pressure levels, increases handgrip strength, and improves
physical functional performance. Although the normoten-
sive group did not show a reduction in blood pressure
levels, an improvement was observed in the functional
physical tests.

References
1. Vasan RS, Beiser A, Seshadri S, Larson MG, Kannel WB,

D’Agostino RB, et al. Residual lifetime risk for developing
hypertension in middle-aged women and men: the Framing-
ham Heart Study. J Am Med Assoc. 2002;287(8):1003-10.
doi

2. Hernandorena I, Bailly H, Piccoli M, Beunardeau M, Cohen
A, Hanon O. Hypertension in the elderly. Press Medicale.
2019;48(2):127-33. doi

3. Rissardi GGL, Cipullo JP, Moreira GC, Ciorlia LAS, Cesar-
ino CB, Giollo Junior LT, et al. Prevalence of physical inac-
tivity and its effects on blood pressure and metabolic
parameters in a Brazilian urban population. Int J Cardiovasc
Sci. 2018;31(6):594-602. doi

4. Fagard RH, Cornelissen VA. Effect of exercise on blood
pressure control in hypertensive patients. Eur J Prev Car-
diol. 2007;14(1):12-17. doi

5. Kazeminia M, Daneshkhah A, Jalali R, Vaisi-Raygani A,
Salari N, Mohammadi M. The effect of exercise on the older
adult's blood pressure suffering hypertension: systematic
review and meta-analysis on clinical trial studies. Int J
Hypertens. 2020;2020(1):1-19. doi

6. Vincent KR, Vincent HK, Braith RW, Bhatnagar V, Low-
enthal DT. Strength training and hemodynamic responses to
exercise. Am J Geriatr Cardiol. 2003;12(2):97-106. doi

7. Wood RH, Reyes R, Welsch MA, Favaloro-Sabatier J,
Sabatier M, Lee CM, et al. Concurrent cardiovascular and
resistance training in healthy older adults. Med Sci Sports
Exerc. 2001;33(10):1751-8. doi

8. Alpsoy S. Exercise and hypertension. In: Advances in
experimental medicine and biology. Springer. 2020;1228
(1):153-67. doi

9. Law MR, Morris JK, Wald NJ. Use of blood pressure-low-
ering drugs in the prevention of cardiovascular disease:
Meta-analysis of 147 randomised trials in the context of
expectations from prospective epidemiological studies.
BMJ. 2009;338(7705):1245. doi

10. Miyachi M, Kawano H, Sugawara J, Takahashi K, Hayashi
K, Yamazaki K, et al. Unfavorable effects of resistance
training on central arterial compliance: a randomized inter-
vention study. Circulation. 2004;110(18):2858-63. doi

11. Collier SR, Kanaley JA, Carhart R, Frechette V, Tobin MM,
Hall AK, et al. Effect of 4 weeks of aerobic or resistance
exercise training on arterial stiffness, blood flow and blood
pressure in pre-and stage-1 hypertensives. J Hum Hyper-
tens. 2008;22(10):678-86. doi

12. Anton MM, Cortez-Cooper MY, DeVan AE, Neidre DB,
Cook JN, Tanaka H. Resistance training increases basal
limb blood flow and vascular conductance in aging humans.
J Appl Physiol. 2006;101(5):1351-5. doi

13. Sharman JE, La Gerche A, Coombes JS. Exercise and car-
diovascular risk in patients with hypertension. Am J Hyper-
tens. 2015;28(2):147-58. doi

14. De Sousa EC, Abrahin O, Ferreira ALL, Rodrigues RP,
Alves EAC, Vieira RP. Resistance training alone reduces
systolic and diastolic blood pressure in prehypertensive and
hypertensive individuals: meta-analysis. Hypertens Res.
2017;40(11):927-31. doi

15. Casonatto J, Goessler KF, Cornelissen VA, Cardoso JR,
Polito MD. The blood pressure-lowering effect of a single
bout of resistance exercise: a systematic review and meta-
analysis of randomised controlled trials. Eur J Prev Cardiol.
2016;23(16):1700-14. doi

16. Jansen J, McKinn S, Bonner C, Irwig L, Doust J, Glasziou
P, et al. Systematic review of clinical practice guidelines
recommendations about primary cardiovascular disease pre-
vention for older adults. BMC Fam Pract. 2015;16(1):1-13.
doi

Travassos et al. 7

https://doi.org/10.1001/jama.287.8.1003
https://doi.org/10.1016/j.lpm.2018.11.011
https://doi.org/10.5935/2359-4802.20180064
https://doi.org/10.1097/HJR.0b013e3280128bbb
https://doi.org/10.1155/2020/2786120
https://doi.org/10.1111/j.1076-7460.2003.01588.x
https://doi.org/10.1097/00005768-200110000-00021
https://doi.org/10.1007/978-981-15-1792-1_10
https://doi.org/10.1136/bmj.b1665
https://doi.org/10.1161/01.CIR.0000146380.08401.99
https://doi.org/10.1038/jhh.2008.36
https://doi.org/10.1152/japplphysiol.00497.2006
https://doi.org/10.1093/ajh/hpu191
https://doi.org/10.1038/hr.2017.69
https://doi.org/10.1177/2047487316664147
https://doi.org/10.1186/s12875-015-0310-1


17. Herrod PJJ, Doleman B, Blackwell JEM, O’Boyle F, Wil-
liams JP, Lund JN, et al. Exercise and other nonpharmaco-
logical strategies to reduce blood pressure in older adults: a
systematic review and meta-analysis. J Am Soc Hypertens.
2018;12(4):248-67. doi

18. Terra DF, Mota MR, Rabelo HT, Aguiar Bezerra LM, Lima
RM, Ribeiro AG, et al. Redução da pressão arterial e do
duplo produto de repouso após treinamento resistido em
idosas hipertensas. Arq Bras Cardiol. 2008;91(5):299-305.
doi

19. Williams AD, Ahuja KDK, Almond JB, Robertson IK, Ball
MJ. Progressive resistance training might improve vascular
function in older women but not in older men. J Sci Med
Sport. 2013;16(1):76-81. doi

20. Mota MR, De Oliveira RJ, Dutra MT, Pardono E, Terra DF,
Lima RM, et al. Acute and chronic effects of resistive exer-
cise on blood pressure in hypertensive elderly women. J
Strength Cond Res. 2013;27(12):3475-80. doi

21. Aagaard P, Suetta C, Caserotti P, Magnusson SP, Kjær M.
Role of the nervous system in sarcopenia and muscle atro-
phy with aging: strength training as a countermeasure.
Scand J Med Sci Sport. 2010;20(1):49-64. doi

22. Knight CA, Kamen G. Adaptations in muscular activation
of the knee extensor muscles with strength training in young
and older adults. J Electromyogr Kinesiol. 2001;11(6):405-
12. doi

23. Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y, Ceder-
holm T, Landi F, et al. Sarcopenia: European consensus on
definition and diagnosis - report of the European Working
Group on sarcopenia in older people. Age Ageing. 2010;39
(4):412-23. doi

24. Vikberg S, Sörlén N, Brandén L, Johansson J, Nordström A,
Hult A, et al. Effects of resistance training on functional
strength and muscle mass in 70-year-old individuals with
pre-sarcopenia: a randomized controlled trial. J Am Med
Dir Assoc. 2019;20(1):28-34. doi

25. De Sá CA, Catani D, Cardoso AM, Da Silva Grigoletto ME,
Battiston FG, Corralo VS. Resistance training affects the
hemodynamic parameters of hypertensive and normotensive
women differently, and regardless of performance improve-
ment. J Exerc Sci Fit. 2020;18(3):122-8. doi

26. Des Jarlais DC, Lyles C, Crepaz N. Improving the reporting
quality of nonrandomized evaluations of behavioral and
public health interventions: the TREND statement. Am J
Public Health. 2004;94(3):361-66. doi

27. Barroso WKS, Rodrigues CIS, Bortolotto LA, Mota-Gomes
MA, Brandão AA, Feitosa ADM, et al. Diretrizes brasileiras
de hipertensão arterial - 2020. Arq Bras Cardiol. 2021;116
(3):516-658. doi

28. Moon JR, Tobkin SE, Roberts MD, Dalbo VJ, Kerksick
CM, Bemben MG, et al. Total body water estimations in
healthy men and women using bioimpedance spectroscopy:
a deuterium oxide comparison. Nutr Metab. 2008;5(1):7.
doi

29. Pickering TG, Hall JE, Appel LJ, Falkner BE, Graves J, Hill
MN, et al. Recommendations for blood pressure measure-
ment in humans and experimental animals: part 1: blood
pressure measurement in humans - A statement for profes-
sionals from the Subcommittee of Professional and Public

Education of the American Heart Association Co. Circula-
tion. 2005;111(5):697-716. doi

30. Cuckson AC, Reinders A, Shabeeh H, Shennan AH. Valida-
tion of the microlife BP 3BTO-A oscillometric blood pres-
sure monitoring device according to a modified British
Hypertension Society Protocol. Blood Press Monit. 2002;7
(6):319-24. doi

31. Faria C, Teixeira-Salmela L, Araújo P, Polese J, Nascimento
L, Nadeau S. TUG-ABS Portuguese-Brazil: a clinical
instrument to assess mobility of hemiparetic subjects due to
stroke. Rev Neurociências. 2015;23(3):357-67. doi

32. Abellan van Kan G, Rolland Y, Andrieu S, Bauer J, Beau-
chet O, Bonnefoy M, et al. Gait speed at usual pace as a
predictor of adverse outcomes in community-dwelling older
people an International Academy on Nutrition and Aging
(IANA) Task Force. J Nutr Health Aging. 2009;13(10):881-
89.

33. Roberts HC, Denison HJ, Martin HJ, Patel HP, Syddall H,
Cooper C, et al. A review of the measurement of grip
strength in clinical and epidemiological studies: towards a
standardised approach. Age Ageing. 2011;40(4):423-9. doi

34. Lima RM, Bottaro M, Carregaro R, de Oliveira JF, Bezerra
LMA, de Oliveira RJ. Efeitos do treinamento resistido sobre
a força muscular de idosas: uma comparação entre métodos.
Rev Bras Cineantropometria e Desempenho Hum. 2012;14
(4):408-18. doi

35. Lagally KM, Robertson RJ. Construct validity of the OMNI
resistance exercise scale. J Strength Cond Res. 2006;20
(2):252-6. doi

36. Pescatello LS, MacDonald HV, Lamberti L, Johnson BT.
Exercise for hypertension: a prescription update integrating
existing recommendations with emerging research. Curr
Hypertens Rep. 2015;17(11):1-10. doi

37. Robertson RJ, Goss FL, Rutkowski J, Lenz B, Dixon C,
Timmer J, et al. Concurrent validation of the OMNI per-
ceived exertion scale for resistance exercise. Med Sci Sports
Exerc. 2003;35(2):333-41. doi

38. Pollock ML, Franklin BA, Balady GJ, Chaitman BL, Fleg
JL, Fletcher B, et al. Resistance exercise in individuals with
and without cardiovascular disease: benefits, rationale,
safety, and prescription: an advisory from the Committee on
Exercise, Rehabilitation, and Prevention, Council on Clin-
ical Cardiology, American Heart Association. Circulation.
2000;101(7):828-33. doi

39. Whelton SP, Chin A, Xin X, He J. Effect of aerobic exercise
on blood pressure: a meta-analysis of randomized, con-
trolled trials. Ann Intern Med. 2002;136(7):493-503. doi

40. Diaz KM, Shimbo D. Physical activity and the prevention of
hypertension. Curr Hypertens Rep. 2013;15(6):659-68. doi

41. Arroll B, Beaglehole R. Does physical activity lower blood
pressure: a critical review of the clinical trials. J Clin Epide-
miol. 1992;45(5):439-47. doi

42. Fagard RH. Physical activity, fitness, and mortality. J
Hypertens. 2012;30(7):1310-2. doi

43. Cornelissen VA, Fagard RH, Coeckelberghs E, Vanhees L.
Impact of resistance training on blood pressure and other
cardiovascular risk factors: A meta-analysis of randomized,
controlled trials. Hypertension. 2011;58(5):950-8. doi

8 Outcomes after resistance training in hypertensive and normotensive elderly

https://doi.org/10.1016/j.jash.2018.01.008
https://doi.org/10.1590/S0066-782X2008001700003
https://doi.org/10.1016/j.jsams.2012.05.001
https://doi.org/10.1519/JSC.0b013e31828f2766
https://doi.org/10.1111/j.1600-0838.2009.01084.x
https://doi.org/10.1016/S1050-6411(01)00023-2
https://doi.org/10.1093/ageing/afq034
https://doi.org/10.1016/j.jamda.2018.09.011
https://doi.org/10.1016/j.jesf.2020.03.003
https://doi.org/10.2105/AJPH.94.3.361
https://doi.org/10.36660/abc.20201238
https://doi.org/10.1186/1743-7075-5-7
https://doi.org/10.1161/01.CIR.0000154900.76284.F6
https://doi.org/10.1097/00126097-200212000-00005
https://doi.org/10.4181/rnc.2015.23.03.1050.11p
https://doi.org/10.1093/ageing/afr051
https://doi.org/10.5007/1980-0037.2012v14n4p409
https://doi.org/10.1519/R-17224.1
https://doi.org/10.1007/s11906-015-0600-y
https://doi.org/10.1249/01.MSS.0000048831.15016.2A
https://doi.org/10.1161/01.CIR.101.7.828
https://doi.org/10.7326/0003-4819-136-7-200204020-00006
https://doi.org/10.1007/s11906-013-0386-8
https://doi.org/10.1016/0895-4356(92)90093-3
https://doi.org/10.1097/HJH.0b013e3283551eb2
https://doi.org/10.1161/HYPERTENSIONAHA.111.177071


44. MacDonald HV, Johnson BT, Huedo-Medina TB, Living-
ston J, Forsyth KC, Kraemer WJ, et al. Dynamic resistance
training as stand-alone antihypertensive lifestyle therapy: a
meta-analysis. J Am Heart Assoc. 2016;5(10):1-34. doi

45. Hajjar I, Wharton W, Mack WJ, Levey AI, Goldstein FC.
Racial disparity in cognitive and functional disability in
hypertension and all-cause mortality. Am J Hypertens.
2016;29(2):185-93. doi

46. Kline Mangione K, Craik RL, McCormick AA, Blevins HL,
White MB, Sullivan-Marx EM, et al. Detectable changes in
physical performance measures in elderly African Amer-
icans. Phys Ther. 2010;90(6):921-7. doi

47. Perera S, Mody SH, Woodman RC, Studenski SA. Mean-
ingful change and responsiveness in common physical per-
formance measures in older adults. J Am Geriatr Soc.
2006;54(5):743-9. doi

48. Coelho Junior HJ, Rodrigues B, Aguiar SS, Gonçalves IO,
Pires FO, Asano RY, et al. Hypertension and functional
capacities in community-dwelling older women: a cross-
sectional study. Blood Press. 2017;26(3):156-65. doi

49. Zhang X, Huang L, Peng X, Xie Y, Bao X, Huang J, et al.
Association of handgrip strength with hypertension among
middle-aged and elderly people in Southern China: a cross-
sectional study. Clin Exp Hypertens. 2020;42(2):190-6. doi

50. Chua KY, Lim WS, Lin X, Yuan JM, Koh WP. Handgrip
strength and timed up-and-go (TUG) test are predictors of
short-term mortality among elderly in a population-based
cohort in Singapore. J Nutr Heal Aging. 2020;24(4):371-8.
doi

51. Bohannon RW. Grip strength: an indispensable biomarker
for older adults. Clin Interv Aging. 2019;14:1681-91. doi

52. Bergland A, Jørgensen L, Emaus N, Strand BH. Mobility as
a predictor of all-cause mortality in older men and women:
11.8-year follow-up in the Tromsø study. BMC Health Serv
Res. 2017;17(1):1-7. doi

53. Borges VS, Silva NS, Malta AC, Xavier NC, Bernardes
LES. Falls, muscle strength, and functional abilities in com-
munity-dwelling elderly women. Fisioter em Mov. 2017;30
(2):357-66. doi

54. Hess NCL, Carlson DJ, Inder JD, Jesulola E, Mcfarlane JR,
Smart NA. Clinically meaningful blood pressure reductions
with low-intensity isometric handgrip exercise. A rando-
mized trial. Physiol Res. 2016;65(3):461-8. doi

55. Shimizu Y, Sato S, Koyamatsu J, Yamanashi H, Nagayoshi
M, Kadota K, et al. Handgrip strength and subclinical car-
otid atherosclerosis in relation to platelet levels among
hypertensive elderly Japanese. Oncotarget. 2017;8
(41):69362-9. doi

56. Lima-Junior D, Farah BQ, Germano-Soares AH, Andrade-
Lima A, Silva GO, Rodrigues SLC, et al. Association
between handgrip strength and vascular function in patients
with hypertension. Clin Exp Hypertens. 2019;41(7):692-5.
doi

57. Mangione KK, Miller AH, Naughton IV. Cochrane review:
improving physical function and performance with pro-
gressive resistance strength training in older adults. Phys
Ther. 2010;90(12):1711-5. doi

58. Aguiar RG, Barbosa GR, Oliveira AMB, Moccellin AS,
Costa MRCD, Silveira NA. Implantação de um curso de fi-
sioterapia baseado em metodologias ativas de ensino-apren-
dizagem. Cad Educ Saúde Fisioter. 2014;1(1):13-8. doi

59. Steib S, Schoene D, Pfeifer K. Dose-response relationship
of resistance training in older adults: a meta-analysis. Med
Sci Sports Exerc. 2010;42(5):902-14. doi

60. Fragala MS, Cadore EL, Dorgo S, Izquierdo M, Kraemer
WJ, Peterson MD, et al. Resistance training for older adults.
J Strength Cond Res. 2019;33(8):2019-52. doi

61. Hu G, Barengo NC, Tuomilehto J, Lakka TA, Nissinen A,
Jousilahti P. Relationship of physical activity and body mass
index to the risk of hypertension: a prospective study in
Finland. Hypertension. 2004;43(1):25-30. doi

62. de Freitas Brito A, Oliveira CVC, Socorro Brasileiro-Santos
M, Cruz Santos A. Resistance exercise with different
volumes: blood pressure response and forearm blood flow in
the hypertensive elderly. Clin Interv Aging. 2014;9:2151-8.
doi

63. Buskard ANL, Jacobs KA, Eltoukhy MM, Strand KL, Vil-
lanueva L, Desai PP, et al. Optimal approach to load pro-
gressions during strength training in older adults. Med Sci
Sports Exerc. 2019;51(11):2224-33. doi

Corresponding author
André Pontes-Silva.
E-mail: contato.andrepsilva@gmail.com.

Manuscript received on December 7, 2021
Manuscript accepted on April 26, 2022

Motriz. The Journal of Physical Education. UNESP. Rio Claro, SP, Brazil
- eISSN: 1980-6574 - under a license Creative Commons - Version 4.0

Travassos et al. 9

https://doi.org/10.1161/JAHA.116.003231
https://doi.org/10.1093/ajh/hpv084
https://doi.org/10.2522/ptj.20090363
https://doi.org/10.1111/j.1532-5415.2006.00701.x
https://doi.org/10.1080/08037051.2016.1270163
https://doi.org/10.1080/10641963.2019.1601206
https://doi.org/10.1007/s12603-020-1337-0
https://doi.org/10.2147/CIA.S194543
https://doi.org/10.1186/s12913-016-1950-0
https://doi.org/10.1590/1980-5918.030.002.ao16
https://doi.org/10.33549/physiolres.933120
https://doi.org/10.18632/oncotarget.20618
https://doi.org/10.1080/10641963.2018.1539096
https://doi.org/10.2522/ptj.20100270
https://doi.org/10.18310/2358-8306.v1n1p13
https://doi.org/10.1249/MSS.0b013e3181c34465
https://doi.org/10.1519/JSC.0000000000003230
https://doi.org/10.1161/01.HYP.0000107400.72456.19
https://doi.org/10.2147/CIA.S53441
https://doi.org/10.1249/MSS.0000000000002038
mailto:contato.andrepsilva@gmail.com

	Introduction
	Methods
	Design
	Participants
	Recruitment
	Body composition
	Hemodynamic variables
	Functionality and handgrip strength
	Resistance training
	Older individuals´ adherence to follow-up
	Statistical analysis

	Results
	Discussion
	Conclusion
	References

