http://dx.doi.org/10.1590/1981-22562017020.160181

Effect of traditional resistance training on blood pressure in
normotensive elderly persons: a systematic review of randomized
controlled trials and meta-analyses

Abstract

The objective of the present study was to determine the effectiveness of the regular
practice of traditional resistance training (RT) on systolic (SBP) and diastolic blood
pressure (DBP) in normotensive elderly persons. A systematic review of randomized
clinical trials and meta-analyses was performed. Searches were performed without language
restrictions in different databases. Randomized clinical trials published from 1966 to
2010 that assessed the effects of traditional RT on resting blood pressute (BP) and/or
for the treatment of high BP were included. Only studies that assessed the effects of
traditional RT on elderly adults, regardless of the number of exercises, with the presence
of a control group and comparisons between groups, were included. Twenty-nine studies
were found, but only six met the inclusion criteria. The mean difference was used for
meta-analysis, using a 95% confidence interval and a random effect model. Traditional
RT induced a significant decrease in SBP (-6.63 mmHg; p=0.02) but not in DBP (-3.34
mmHg; p=0.11). These results suggest that traditional RT may be a non-pharmacological
strategy for the control of BP in the elderly.
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INTRODUCTION

Arterial hypertension (AH) is an important
cardiovascular risk factor as it is the most common
condition observed in primary care and can lead
to myocardial infarction, strokes, renal failure and,
consequently, death, if not detected early and treated

propetly".

Age is one of the main non-controllable risk
factors associated with the chronic elevation of
blood pressure (BP), as aging leads to structural and
functional alterations in the cardiovascular system,
such as stiffening of the arteries and the decline of
BP control mechanisms, among others, contributing

to the increased prevalence of AH, especially from
the fifth decade of life onwards*.

The regular practice of physical exercise among
the elderly has been recommended as a way of
mitigating or reversing numerous deleterious
effects on morphological, neuromuscular, metabolic,
physiological and psychological variables associated
with aging’. Thus, physical exercise can play an
important role in the prevention or treatment of
hypertension, and is a non-pharmacological strategy
that can also contribute to the improvement of
functional capacity and consequently the quality of
life of the eldetly.

Although the efficacy of physical exercises
with predominantly aerobic characteristics in
improving BP has been proven®®, this type of
physical exercise is somewhat limited in relation to
gains in strength and muscle power, muscle mass
and bone mineral density, which are fundamental
adaptations for static and dynamic stability,
balance, coordination and gait, especially in the
elderly. Resistance exercises and, in particular,
resistance training (RT), however, are recognized
as the most appropriate physical exercise model

%10 wwhich can have a

to induce such adaptations
positive effect in terms of reducing the number
of falls and fractures, the prevention of the
development of chronic-degenerative diseases,
improved autonomy and functional independence,
factors that contribute greatly to improving the

quality of life of the eldetly population'.

However, the effectiveness of the adoption of RT
for the control of BP is still controversial, since the
responses produced appear to be largely protocol-
dependent'®". Thus, the choice of the exercises and
the training system and the appropriate manipulation
of the variables that compose RT programs, such
as the order of execution, the number of series and
repetitions, the load used, the speed of execution,
the intervals between series and exercises and
weekly frequency are fundamental aspects in terms
of reaching the desired benefits'".

Therefore, despite the American College of Sports
Medicine (ACSM)' recommending the regular
practice of RT for the prevention and control of
AH, and the evidence produced so far on the possible
positive impact of adopting this behavior having
been confirmed in important systematic reviews with

meta-analyzes'?!

, the results provided in literature
regarding this theme deserve to be analyzed in a
more consistent manner, considering the diversity
of systems of RT available in literature (traditional,
pyramidal, circuit, super-set, pre-exhaustion, drop
set, etc.) and the characteristics of the training

protocols used (volume vs. intensity).

Itis worth mentioning that RT systems allow the
manipulation of the volume and intensity of training
in different ways, providing different degrees of
mechanical and metabolic stimuli. The traditional
RT system is most often used in medium- and
long-term studies aimed at investigating changes
in the manifestation of force. This system has as its
principle the use of fixed loads in each exercise, with
the number of sets and repetitions being defined
according to the objectives established for the
training (strength, muscular endurance, hypertrophy,
power, weight loss, among others)*.

Considering the popularity of the traditional RT
system and its effectiveness in terms of improvement,
especially of muscle strength and mass, fundamental
variables for healthy aging, it is important to
investigate the effectiveness or otherwise of this
training system for the improvement of BP in the
elderly. The objective of the study was therefore
to analyze the effect of the regular practice of
traditional RT for the control or reduction of BP in

normotensive elderly individuals.
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METHOD

A systematic review of randomized clinical trials
with meta-analyzes was performed according to the
recommendations of the Cochrane Collaboration
Hypertension Group* and the PRISMA Statement™.
The search strategy of the studies was elaborated
by the authors of this study, without restriction
by language. The databases investigated were:
CENTRAL (The Cochrane Central Register of
Controlled Trials Database); MEDLINE (Medlars
Online); EMBASE (Excerpta Medica Database);
LILACS (Latin American and Caribbean Health
Sciences Literature); SCIELO (Scientific Electronic
Library Online), Web of Science, Scopus and DARE
(Database of Abstracts of Reviews of Effects). The
descriptors used were: weight training, resistance
training, strength training, blood pressure,
hypertension, resistive exercise, randomized
controlled trial, systematic review, elderly, older
adults and meta-analysis. Manual searches were also
performed based on the analysis of the bibliographic
references of previously selected articles.

Randomized clinical trials on the effects of
traditional RT on resting BP or on the treatment
and/or maintenance of high BP published from
January 1966 to June 2016 were selected for this

Chart 1. Evaluation of risk of bias. Parana, 2016.

investigation. The inclusion criteria of the studies
selected for analyzes were: (1) samples composed
of clinically healthy elderly individuals who did not
report using hypertensive medication, and who were
sedentary or moderately active; (2) the presence
of a control group; (3) comparative data between
the groups reported; (4) a minimum of four weeks
of intervention; (5) adoption of the traditional RT
system, regardless of the number of exercises. The
period of the study search and data collection by the
authors of this study was from January to July 2016.

To evaluate the quality of the studies included
in this investigation, a risk of bias analysis was
undertaken. The criteria of the Cochrane Back
Review Group® were used in the evaluations, in
accordance with the experimental design used.
The scale indicated for analysis is composed of
12 questions that must be answered with yes, no
or not clear (Table 1). To be considered to have a
low risk of bias the study must reach a minimum
score of six points®. The risk of bias for each of the
studies was assessed by two independent authors,
each of whom assigned a score according to the
established criteria. When there was disagreement
between the two, a third reviewer with experience
in this type of analysis was invited to decide upon
the evaluation.

Questions for evaluation of risk of bias

Was an adequate randomization method employed?
Was the allocation of randomization adequate?
Was there masking of the patients?
Was there masking of the trainers?
Was there masking of the evaluators?
Were losses acceptable and were they described?
Were the participants assessed in the group to which they were allocated?
Were the results described free of outcome selection?
Were the groups similar at baseline?
Were other interventions avoided or similar?

Was adherence acceptable in all the groups?
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The analyzes were grouped according to the
duration of the training (up to 12 weeks and over 12
weeks). For continuous variables, the mean difference
(MD) was used, with a 95% confidence interval and
a random effect model. To examine the sensitivity
effect of each study on the overall results, analyzes
were also performed with the one-to-one studies
of the model removed. In order to evaluate the
percentage of agreement of the risk of bias results
of the studies analyzed between the two evaluators,
the Kappa coefficient was used.

RESULTS

Initially, 562 articles were found and had their
abstracts consulted. Of these, 533 studies were
excluded as they were not related to the subject
(other types of training or population) or were not

randomized clinical trials. Of the 29 remaining studies,
23 were excluded because they presented inadequate
or non-existent information on randomization or
because they presented outcomes that did not meet
the specific objectives of this study (Figure 1). Thus,
six studies were included in this review*?'.

The main information from the included studies
regarding the analysis of the effects of traditional
RT on BP in the eldetly is presented in chart 2.
The total number of participants investigated was
187 elderly persons. The sample size in each study
ranged from 17 to 40 participants. In three studies
the participants were of both genders***"*’ while
the others used only female subjects®*~%7!. The
duration of the intervention ranged from eight to
24 weeks, with a frequency of three sessions per
week. All studies used the auscultatory method to
assess resting BP.

References identified following
search of databases

References identified following
search of other sources

(n=1173) (n=7)
v v
References following removal of
duplicates
(n=562)
\ 4
References selected Excluded references
(n=562) > (n=533)
A
Complete studies evaluated Studies analyzed in
for eligibility R their entirety and
(n=29) v excluded
(n=23)

\ 4

Studies included
(n=6)

Figure 1. Algorithm of study selection. Parana, 2016.
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Chart 2. Characteristics of studies selected for assessment of impact of traditional resistance training on blood

pressure of elderly persons. Parana, 2010.

(1991)2

(70 to 79 years)
RTG=14
CG=7

72-79% 1RM,

1 series, 8-12 rep,
607120’ rep, 10 ex.

24 weeks, 3 x por week.

Studies Participants Characteristics and training time Protocol of BP
evaluation
Cononie et al. N=21 Men/Women RTG = Traditional (Nautilus), Auscultatory

(9 measures),
Seated Rst

(15 min). Morning,.

Tsutsumi et al. N =19 Men, Women RTG= Traditional Auscultatory
(1997)% (61 to 86 years) (Weight Machine) Seated Rst
RTG, .= 14(67.8 £ 4.9) 2 series, 12 ex, 60- 120’rep.
RTG, . =13 (68.9 £7.5) RTG, .= 75- 85% 1RM,
CG= 14 (69.8 £ 4.0) 12 - 16 rep.
RTG, , = 55-65% of IRM, 8 - 12 rep.
12 weeks, 3 x por week
Wood et al. N = 17 Women RTG= Traditional Auscultatory
(2001)% (60 to 84 years) 75% 5RM, 2 series, Seated Rst
RTG= 11 (69.8 £ 6) 8-12 rep., 8ex.
CG=06 (68 £ 5.4) 12 weeks, 3x por week.
Vicent et al. N = 62 Men, Women RTG= Traditional Auscultatory

(2003)¥ (60 to 85 years) 1 series, 13 ex. (6 measures)
RTG, .= 24 (66.6 £7) RTG, = 8 rep, 80% IRM Seated Rst
RTG, . = 22(67.6% 6) RTG, . = 13 rep, (15 min)
CG=16 (71 £ 5) 50% 1RM
24 weeks, 3x por week.
Gerage et. al N = 29 Women, RTG= Traditional Auscultatory
(2013)* (over 60 years) 2 series, 8 ex. (Mean of 9
RTG= 15 (65.5 £ 5) 10-15 rep. measures)
CG=14 (66.2 = 4,1) 12 weeks, 3x por week. Seated Rst
Gurjao et. Al N = 17 Women, RTG= Traditional Auscultatory
(2013)* (66 + 5.8 years) 3 series, 7 ex. Seated Rst
RTG=10 10-12 rep.
CG=7 8 weeks, 3x por week.

Ex = Exercises; CG = Control Group; RTG = Resistance Training Group; N = Number of participants; Rep = repetitions; Rst = resting;

Week. = weeks; int = intensity.

In the evaluation of risk of bias of the Futlan etal.®
scote table (Table 1), only the studies by Cononie et al.*®
and Wood et al.” were considered to have a high risk
of bias as they scored only five points in the evaluation
criteria. One study achieved the minimum required
score (six points for low risk of bias)*’, while the
other studies scored seven points. However, only the
study by Vicent et al.” met the rules of the Cochrane
Collaboration for the randomization of participants.
No study concealed the allocation of included subjects
and/or masked the evaluators. The agreement between
the reviewers on the assessment of the risk of study
bias was considered high (Kappa=0.81).

The analysis of the SBP and DBP outcomes of
the six selected studies is shown in Tables 1 and 2,
respectively. Four studies presented a training time of

up to 12 weeks?"25203!

and two studies had a training
time greater than 12 weeks®*®. Two studies were
separated according to the intensity used (low and
high intensity)”"?, although this strategy generated
a doubling of the total number of Control Group
participants (n=94) in these studies (Tables 1 and 2).
Considering that the studies were divided into two
subgroups by duration, the total real participation
was 123 individuals in the training group and 64 in

the control group.
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A statistically significant reduction (»p=0.02) in
SBP of -6.63 mmHg (95% CI= -12.29; -0.97) was
associated with the practice of RT (Table 1), with the
greatest reductions being identified in studies that
employed an intervention time of up to 12 weeks
(-10.87 mmHg; CI: -17.01; -4.72). For DBP, the meta-
analysis presented a reduction of -3.34 mmHg (95%
CI= -7.49; 0.80) (p=0.11) (Table 2).

DISCUSSION

The main finding of the present study is that the
traditional RT system can significantly reduce SBP
in the elderly even over relatively short intervention
periods (<12 weeks). This is the first study that
analyzed the impact of RT on BP behavior in the
elderly population, based on a specific RT system.
The information produced is relevant, since the
effectiveness of the traditional RT system in terms
of the possible hemodynamic adaptations produced
over time has not yet been carefully analyzed in
literature, despite being one of the most used systems
by practitioners of resistance exercises in different age
groups, with proven efficacy for the improvement
of several components of physical fitness.

It is worth noting that the traditional RT
system is considered one of the most well-known
internationally, being much used by beginners, the
elderly or those who are returning to practice after
a period of absence®. In addition, the traditional RT
system allows training of the entire body in a single
training session, in which exercises are performed
in sequence, in single or multiple series, with fixed
loads. In addition, the order of execution of the
exercises can be structured by means of a system that
alternates by segment or located by joint, according
to the time available for the training or the level of
physical conditioning of the practitioner.

The regular practice of RT has been widely
recommended, especially for the eldetly population, as
itis easy to apply and allows the individual structuring
of exercise programs according to the needs and
objectives of each practitioner’. It can also be safely
performed, due to the absence of rapid movements
and decelerations, presenting a low risk for the
development of lesions™. RT has also been adopted for
the prevention or control of cardiovascular diseases,
such as AH?*. In this context, the reductions in BP

in the elderly persons identified in this study, when
analyzed in total numbers, are greater than those
found in studies that described the same outcomes

4-37

in normotensive® " and hypertensive adults™.

A number of recent randomized trials that
investigated the effect of resistance exetcise on BP
in the elderly adopted the isometric training model
using handgrip dynamometry, with results varying

from no change® to reductions between -5mmHg*

and -19mmHg*. Despite some researchers'”**
defending this model of exercise for the reduction
of BP in different populations, such a model presents
restricted and somewhat limited application®, since
in contrast to RT, it does not result in additional
adaptations for the different body segments, such as
gains in muscle mass, resistance and muscle power,
increased density and bone mineral content, among
other benefits considered fundamental for the health
of the elderly.

Regarding the duration of the RT protocols,
the results of the meta-analyzes identified greater
reductions in BP in protocols of up to 12 weeks. It is
believed that differences in the magnitude of chronic
hypotensive responses related to the time of the
RT may also be related to the training adjustments
influenced by the condition of the individual, as
well as to the manipulation of the variables that
compose the RT programs and which guarantee
the volume and the intensity necessary to induce
adaptive responses.

Four of the studies analyzed involved an

intervention for 12 weeks?%?8:3%31

, with a longer
intervention in only two studies®?®. The works of
Tsutsumi et al.?” and Vicent et al.?, which obtained
contradictory results despite featuring high and low
intensity groups of equal design, are worthy of note.
Therefore, it seems that the manipulation of the
training characteristics of the studies of this meta-
analysis alone was not sufficient to explain the greater
reductions found in studies with a lower training
time. One possible explanation could be the training
pattern found in untrained individuals, where greater
alterations, both neuromotor and cardiovascular,
occur in the first weeks of intervention'.

Regarding the possible mechanisms involved
in the alteration of BP through RT, randomized
clinical trials in different populations attributed this
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reduction to mechanisms such as the reduction of
cardiac output and peripheral vascular resistance™,

alterations in sympathetic nervous activity and

3.3 and the sensitization of

4445

vasodilatory substances
baroreceptor and parasympathetic mechanisms
However, in the elderly population, alterations in BP
may involve all or a large number of these factors™. In

out review, Tsutsumi et al.”” reported a reduction of

SBP and DBP, while the study conducted by Gerage
et al.”’ found a reduction only in SBP. However,
the authors did not attribute their findings to a
mechanism of BP control, but instead inferred that
RT is associated with the physiological benefits that
come with the reduction of BP. It is important to note
that most of the studies reviewed did not evaluate
the possible mechanisms of BP control.

Cononie et al.?¢

reported a non-significant
reduction in BP values with RT, when investigating
possible mechanisms of BP control. However, there
were no changes in the plasma norepinephrine and
epinephrine and angiotensin I and II mechanisms in
the control and training groups, which may suggest
the possible adaptation or failure of BP control
mechanisms in the elderly population who did or

did not exercise.

One aspect that deserves to be highlighted in
this review is that all the studies included underwent
quality assessments. However, the small number
of investigations that met the established criteria
indicates the need for new, well-controlled research
that confirms or refutes the results found so far in
the elderly population. On the other hand, the main
limitations of this study are directly related to the
information found in the clinical trials evaluated,
principally the small number of studies and the size of
the samples. Another limitation was the impossibility
of verifying the effect of RT on hypertensive elderly
persons, as literature presents only three randomized
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