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Abstract

Resistance training increases muscle strength in older adults, decreasing the effort necessary for executing physical tasks,
and reducing cardiovascular load during exercise. This hypothesis has been confirmed during strength-based activities, but
not during aerobic-based activities. This study determined whether different resistance training regimens, strength training (ST,
constant movement velocity) or power training (PT, concentric phase performed as fast as possible) can blunt the increase in
cardiovascular load during an aerobic stimulus. Older adults (63.9 + 0.7 years) were randomly allocated to: control (N = 11),
ST (N = 13, twice a week, 70-90% 1-RM) and PT (N = 15, twice a week, 30-50% 1-RM) groups. Before and after 16 weeks,
oxygen uptake (VO2), systolic blood pressure (SBP), heart rate (HR), and rate pressure product (RPP) were measured during
a maximal treadmill test. Resting SBP and RPP were similarly reduced in all groups (combined data = -5.7 £ 1.2 and -5.0 +
1.7%, respectively, P < 0.05). Maximal SBP, HR and RPP did not change. The increase in measured VO,, HR and RPP for
the increment in estimated VO, (absolute load) decreased similarly in all groups (combined data =-9.1 + 2.6, -14.1 £ 3.9, -14.2
+ 3.0%, respectively, P < 0.05), while the increments in the cardiovascular variables for the increase in measured VO did not
change. In elderly subjects, ST and PT did not blunt submaximal or maximal HR, SBP and RPP increases during the maximal

exercise test, showing that they did not reduce cardiovascular stress during aerobic tasks.
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Introduction

The aging process is associated with many alterations
in muscle structure and function, which lead to a reduction
in muscle strength, mass, and power (1-3). Since these fac-
tors are very important for the performance of many daily
life activities, these alterations may reduce the quality of
life of older individuals (4).

In order to prevent or reverse those changes due to
aging, different resistance training regimens have been
recommended for elderly subjects (5-7). When resistance
training is performed with high loads and low movement
velocity, it is called strength training (ST). The main effects
of ST are improvements in muscle strength and mass,
and this kind of training is recommended for reducing

or reversing sarcopenia in older adults (8). On the other
hand, when performed with low loads and high movement
velocity, resistance training is called power training (PT)
because it mainly increases muscle power production.
PT is recommended for older subjects to improve muscle
functionality during daily life activities that require rapid
movements (9,10).

In addition to affecting the neuromuscular system,
resistance training may also promote benefits for the
cardiovascular system by reducing resting heart rate (HR)
(11) and/or blood pressure (BP) in normotensive elderly
subjects (12-15). In addition, the increase in muscle strength
and power produced by resistance training may reduce

Correspondence: C.L.M. Forjaz, Av. Prof. Mello Moraes, 65, 05508-030 Sao Paulo, SP, Brasil. Fax: +55-11-3813-5921.

E-mail: cforjaz@usp.br

Presented at the XV Simposio Brasileiro de Fisiologia Cardiovascular, Sdo Paulo, SP, Brazil, February 2-5, 2011.

Received February 7, 2011. Accepted July 27, 2011. Available online August 12, 2011. Published September 16, 2011.

Braz J Med Biol Res 44(9) 2011

www.bjournal.com.br



Resistance training and responses to aerobic exercise

the effort necessary to perform physical activities (13). As a
consequence, the cardiovascularload may be reduced during
these tasks. Accordingly, McCartney et al. (16) showed that
elderly subjects presented a lower increase in systolic BP
(SBP) during the execution of a resistance exercise with the
same absolute workload after a period of resistance training.
The attenuated increase in BP may be of clinical relevance for
elderly subjects, helping to reduce cardiovascular risk during
daily activities that require muscle strength production, such
as lifting, carrying or pushing heavy objects.

Nevertheless, many daily life activities performed by
elderly subjects, such as walking, sweeping the house, and
washing dishes, have aerobic and not strength character-
istics. Thus, it seems important to evaluate the effects of
resistance training on the cardiovascular responses to an
aerobic stimulus. It is known that the increase in SBP dur-
ing aerobic exercise is a good predictor of cardiovascular
risk, independently of the resting SBP (17). If resistance
training does lessen the effort necessary to perform an
aerobic exercise, the health risk will be lower for elderly
subjects due to the blunted cardiovascular response dur-
ing this exercise. This cardiovascular benefit is interesting
because aging is associated with important cardiovascular
alterations, such as increases in systemic vascular resis-
tance, cardiovascular sympathetic modulation, HR, and
BP combined with decreases in cardiac parasympathetic
modulation and baroreflex sensitivity (18-23). All of these
changes increase the probability of developing cardiovas-
cular diseases, which are the most important causes of
death in Brazil (24).

Therefore, this study was designed to determine whether
different resistance training regimens (ST and PT) could
reduce the cardiovascular load during aerobic exercise. A
maximal exercise test was chosen because it permits the
evaluation of the cardiovascular load at both submaximal and
maximal intensities. The hypothesis was that both resistance
training regimens would increase muscle strength, improve
the efficiency of exercise, and reduce the cardiovascular
load during exercise.

Material and Methods

Study population

Thirty-nine normotensive older adults (60 to 80 years)
volunteered for this study. The study was approved by the
Ethics Committee of Escola de Educacao Fisica e Esporte,
Universidade de S&o Paulo and subjects were informed
about the risks and benefits involved in participating in the
study and gave written informed consent to participate. The
study was registered in the ClinicalTrials.gov system under
registration No. NCT01113203.

Subjects who presented high BP levels and/or cardio-
vascular abnormalities in a resting or exercise ECG were
excluded. None of the participants had a previous diagnosis
of cardiovascular or musculoskeletal diseases. Moreover,
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none of them smoked, took medications that could affect
the cardiovascular responses to exercise, or participated in
any exercise program.

The volunteers were randomly allocated to the ST (N =
13), PT (N = 15), and control (C, N = 11) groups. Subjects
in the C group underwent all the evaluations but did not take
part in any training program. All volunteers were asked not
to change their lifestyle during the 16 weeks of the study
period.

Preliminary evaluation

Subjects’ auscultatory blood pressure was measured
three times after 5 min of seated rest on two separate
occasions. The first and the fifth Korotkoff's sounds were
considered for SBP and diastolic BP (DBP) determinations,
respectively. The mean value of these measurements was
calculated to determine subjects’ BP (25). Subjects were ex-
cluded if they had SBP and/or DBP 2140/90 mmHg (25).

To assess the effectiveness of ST and PT in promoting
muscular adaptations, muscle strength was measured by
the 1 repetition maximum (1-RM) test described by Brown
and Weir (26) in the leg press and chest press exercises
(Technogym, ltaly).

Experimental procedures

All subjects were evaluated during a progressive maximal
cardiopulmonary exercise test, before and 16 weeks after the
interventions. In both evaluations, subjects were instructed
to eat a light meal 2 h before the test, to avoid coffee, tea,
coke, alcohol, or other central nervous stimulant substances
on the test day, and not to perform physical exercise during
the 48 h preceding the test.

The test was conducted on a treadmill (Inbrasport, ATL,
Brazil) using an individualized Balke’s modified protocol
chosen in order to achieve fatigue between 8 and 12 min of
testing. Thus, according to the subjects’ fitness level, which
was estimated by an exercise test specialist based on the
physical activity reported by the subjects, the treadmill speed
was set at 3.0, 3.4, or 4.0 mph, and the inclination was
increased 2% every minute until the subjects were unable
to continue (27). The same protocol was repeated for each
subject before and after the interventions. The estimated
metabolic cost for each exercise workload was calculated
based on the American College of Sports Medicine’s (ACSM)
equation: estimated VO (L/min) =[(speed x 0.1) + (speed x
inclination x 1.8) + 3.5] x weight/ 1000. HR was continuously
monitored with an ECG (CardioPerfect MD, BC Delft, The
Netherlands), and auscultatory BP was measured every 2
min. BP measurements before and after training were made
by the same technician who was blind to the subject’s group.
VO, was continuously assessed with a metabolic cart (Medi-
cal Graphics Corporation, CPX/D, USA), and values were
averaged over 1-min intervals for further analysis. The rate-
pressure product (RPP), anindirectindex of cardiac workload,
was calculated by the product of HR and SBP.

Braz J Med Biol Res 44(9) 2011



866

Exercise training programs

Both training programs (ST and PT) consisted of 2 exer-
cise sessions per week for 16 weeks. Training sessions were
conducted and supervised by an experienced strength coach.
Each session consisted of a 10-min warm-up period on a
treadmill, followed by the execution of 7 resistance exercises
(horizontal leg press, bilateral knee flexion, unilateral hip
extension, plantar flexion in the horizontal leg press, chest
press, lat pull down, and upright) on isoinertial machines
(Technogym). In both training protocols, an interval of at
least 3 min was allowed between sets and exercises. To as-
sure the progression of training, the number of sets and the
intensity of exercises changed throughout the experimental
period for both training groups. These changes were different
between the ST and the PT protocols, and are shown in Table
1. In addition, in the ST protocol, subjects were instructed
to perform the exercises at a comfortable and constant
movement speed (i.e., 2 s for the concentric phase and 2
s for the eccentric phase) throughout the training period. In
contrast, in the PT group, subjects were instructed to per-
form the concentric phase as fast as possible and to keep a
comfortable speed in the eccentric phase. The ST and PT
protocols employed in the present study were designed on
the basis of the specific recommendations for each training
regimen in order to best potentiate the gain in strength and
power, and they were not elaborated to produce a similar
physical overload. When comparing the two, it is possible
to observe that they present a similar volume (number of
sets multiplied by number of repetitions in each set), and
their main differences have to do with the intensity of the
exercises and the velocity of movement.

Data analysis

Resting data were measured on the treadmill during the
last 30 s before starting the exercise test. Maximal data were
defined as the greatest values achieved during the test.

To evaluate the physiological responses to submaximal
exercise, linear regressions were calculated for: 1) measured
and estimated VO, to assess the possible effect of training
on the metabolic efficiency of exercise; 2) cardiovascular
parameters and estimated VO, to assess a possible effect
of training on similar workload exercises, and 3) cardiovas-
cular parameters and measured VO, to assess the possible
effect of training on a stimulus of similar aerobic demand.
These regressions were calculated on the basis of the values
measured at rest before the test and during it, excluding
the maximal values. The slopes of these regressions were
considered for analysis. As an example, the individual and
mean regressions, calculated before and after the interven-
tion in one of the groups, are shown in Figure 1.

Statistical analyses

The normal distribution of the data was checked using
the Shapiro-Wilks test (SPSS for Windows, USA). The pre-
intervention values of the two groups were compared by
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one-way ANOVA.

The effects of training on the experimental groups
were assessed by two-way ANOVA for repeated measures
(Statsoft, Statistica for Windows, USA), with group (ST, PT,
and C) as a between-subject factor, and time (pre- and post-
intervention) as a within-subject factor. In the case of signifi-
cant F values, the Newman-Keuls post hoc test was used for
multiple comparison purposes. P < 0.05 was accepted as
significant, and data are reported as means + SEM.

Table 1. Strength (ST) and power training (PT) protocols over the
16-week training period.

ST PT

Sets Repetitions Intensity Sets Repetitions Intensity

(%) (%)
Weeks 1-2 2 10 70 3 7 30
Weeks 3-4 2 10 75 3 7 35
Weeks 5-8 2+1 10+8 75+80 3+1 7+6 30+40
Weeks 9-12 3 8 80 4 6 40
Weeks 13-14  2+2 8+6 80+85 2+2 6+4 40+45
Weeks 15-16  2+2 6+4 85+90 2+2 6+4 45+50
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Figure 1. Individual (thin lines) and mean (thick line) regression
lines obtained for the measured and estimated oxygen uptake
(VOy) before (Panel A) and after (Panel B) 16 weeks of interven-
tion in the strength training (ST) group.
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Results

Pre-intervention physical, hemodynamic, and muscular
characteristics were similar for the experimental groups
(Table 2). During the study, some of the volunteers were
taking medications that did not have a specific effect on
cardiovascular responses to exercise. Three subjects from
each experimental group were receiving oral hypoglycemic
drugs, and 3 subjects (2 from group C, and 1 from group
PT) were receiving statins.

Adherence to exercise training was greater than 95% in both
training groups. Weight and body mass index did not change in
any group. When compared before and after the interventions,
muscle strength increased significantly and similarly in the ST
and PT groups (leg press = 115.3 £ 14.1 vs 164.3 + 18.2 and
99.9 + 10.0 vs 133.5 £ 13.2 kg, and chest press = 32.7 £ 3.4
vs42.7 +4.0 and 28.9 + 2.6 vs 36.6 + 3.1 kg, respectively, P
< 0.05), but did not change in the C group (leg press =90.8 +
12.3 vs 88.5 + 11.3 kg, and chest press = 29.5 + 3.0 vs 30.3
+ 3.0 kg, P> 0.05).

All but 2 maximal tests lasted between 8 and 12 min. Atthe
end of the maximal test, all subjects except 1 reached at least
90% of their age-predicted maximal HR or a respiratory quotient
>1.05. The percent of age-predicted maximal HR achieved by
the subjects in the tests were similar for the groups before the
interventions, and did not change after the experimental period

867

(C=102+2vs100+2;ST=104+2vs 105+ 3; PT=105+
2 vs 106 + 2% of age-predicted maximal HR, P > 0.05).

The maximal exercise time, as well as the estimated VO
peak and the measured VO, peak, were similar for the groups
at the beginning of the study and increased significantly and
similarly after the interventions in all groups (Table 3).

Table 2. Characteristics of the subjects allocated to each group at
the beginning of the study.

C ST PT
N 11 13 15
Male/female 2/9 5/8 4/1
Age (years) 63 +1 63 +1 65+ 1
Weight (kg) 69.2+3.3 726+48 655%3.3
BMI (kg/m?) 273+1.5 274+16 265%1.2
Systolic BP (mmHg) 1244+21 1232+19 120.8+24
Diastolic BP (mmHg) 783+1.2 787+14 779%15
Mean BP (mmHg) 93.7+1.4 936+15 922+1.6
HR (bpm) 66.6 +2.2 696+14 67815
1-RM leg press (kg) 90.8+12.3 1153+14.1 99.9+10.0
1-RM chest press (kg) 29.5+ 3.0 32.7+34 289+26

Data are reported as means + SEM. C = control; ST = strength
training; PT = power training; BMI = body mass index, BP = blood
pressure; HR = heart rate.

Table 3. Variables measured before and during the maximal exercise test, performed before and after the interventions.

C ST PT
Pre Post Pre Post Pre Post
Test time (min) 99+0.7 10.6 £ 0.8* 81107 10.1£0.7* 9.3+0.5 10.5 £ 0.6*
Metabolic variables
Estimated VO3 peak (L/min) 206 +£0.15 2.26+0.20* 1.83+0.24 217 +0.18* 1.98+0.17 2.24+0.13*
Measured VO3 peak (L/min) 1.58 £ 0.08 1.64 + 0.09* 1.56+0.14 1.69+0.12* 149+0.09 1.67 +£0.09*
Cardiovascular variables
Pre-exercise rest
HR (bpm) 81+4 784 835 874 764 77+3
SBP (mmHg) 127 £ 4 118 + 3* 1215 116 + 5* 125+4 117 £ 4*
DBP (mmHg) 77+4 733 78+ 3 75+3 75+3 73+3
RPP (mmHg-bpm-103) 10.1+£0.4 9.3 +0.4* 9.6+0.8 9.6+0.7* 9.4+0.6 8.7+0.7*
Maximal value
HR (bpm) 160+ 4 156 £ 4 162+ 4 164 +5 1633 1632
SBP (mmHg) 187 +8 186+ 9 196 + 6 192+6 1835 1775
RPP (mmHg-bpm-103) 30.0£1.2 285+ 1.6 31.8+1.3 31613 29.6+1.1 29.0+1.1
Maximal increase during exercise
AHR (bpm) +80.3+48 +77.9x47 +75.8+49 +75.0+5.3 +89.3+3.8 +89.8+3.6
ASBP (mmHg) +61.5+6.8 +66.3+6.9* +70.7+6.5 +78.8+6.3* +56.3+3.8 +62.0 £ 3.4*
ARPP (mmHg-bpm-103) +4.7+0.5 +4.6+0.5 +5.7+0.6 +6.2+0.7 +4.8+0.4 +5.1+04

Data are reported as means + SEM. C = control; ST = strength training; PT = power training; VO, = oxygen uptake; HR = heart rate;
SBP = systolic blood pressure; DBP = diastolic blood pressure; RPP = rate pressure product. *P < 0.05 compared to the pre-interven-

tion period (two-way ANOVA for repeated measures).
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Table 4. Linear regression slopes calculated for the variables measured during the maximal exercise test, performed before and after

the interventions.

C ST PT
Pre Post Pre Post Pre Post

Measured VO, x estimated VO 0.84+£0.10 0.81+0.10* 0.91+0.08 0.79+0.09* 0.82+0.04 0.73+0.06*
HR x estimated VO2 457 £ 5.7 40.9 £ 5.8 548+85 39.2 +5.5* 543+54 452 +2.8*
SBP x estimated VO2 40.3+6.7 39.4+6.7 42.6 £ 3.9 405+4.4 39.8+3.6 342+21
RPP x estimated VO 11.39+£1.48 10.16 £ 1.45* 11.93+1.21 9.56 +0.96* 12.54 £1.00 10.44 +0.65*
HR x measured VO 46.5+5.0 46.1+4.8 478 4.7 57.0+6.1 453+3.6 441+4.0
SBP x measured VO 51.5+3.1 499+34 58.6 £ 6.3 49.2+3.9 62.6 £4.6 62.8+4.2
RPP x measured VO 13.10+£0.85 12.09 £ 1.00 14.04 £1.01 13.73+1.05 1419+0.96 14.11+£1.11

Data are reported as means + SEM. C = control; ST = strength training; PT = power training; VO3 = oxygen uptake (L/min); HR = heart
rate (bpm); SBP = systolic blood pressure (mmHg); RPP = rate pressure product (mmHg-bpm-103). *P < 0.05 compared to the pre-

intervention period (two-way ANOVA for repeated measures).

The resting and maximal values, as well as the maximal
increase (A) of HR, SBP and RPP measured during the
incremental test for the three groups, before and after the
interventions, are shown in Table 3. In the pre-intervention
period, all of these variables were similar for the experi-
mental groups. After the intervention, resting SBP and RPP
decreased significantly and similarly in all experimental
groups, while HR and DBP did not change. Maximal HR,
SBP and RPP did not change in the groups. Thus, the
maximal increase in SBP (ASBP) during the incremental
test was significant and similar from pre- to post-intervention
in all groups.

The mean of the linear regression slopes (mean of the
slopes) calculated before and after the interventions for
each of the three groups, are presented in Table 4. In the
pre-intervention period, the means of the slopes of the three
groups were similar. After the interventions, the mean of
the slopes calculated for measured VO5, HR, and RPP in
regard to the estimated VO, decreased significantly and
similarly in all experimental groups. The means of the slopes
of SBP and estimated VO, did not change in either group.
The means of the slopes calculated for all the cardiovascular
parameters in regard to the measured VO, did not change
after the interventions in either group.

Discussion

The main result of the present study was that the ST
and PT regimens used did not reduce the cardiovascular
load during submaximal and maximal aerobic stimuli.

It is known that high-intensity-low velocity and low-
intensity-high velocity resistance training regimens promote
important muscle adaptations in the elderly (8-10,28). In
the present study, the ST and PT regimens were equally
effective in increasing muscle strength (41.0 and 34.9%,
respectively), and the magnitude of increment was similar
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to the gains reported in other studies (29), supporting that
both training regimens improved the muscular function of
elderly individuals.

Resting SBP and, consequently, RPP were similarly
reduced in all experimental groups, including group C, which
shows that this reduction cannot be attributed to either of
the training regimens. Results regarding the changes in
resting SBP after resistance training are equivocal in the
literature. Some previous studies reported a reduction in
resting SBP in normotensive elderly people (13-15), while
others (11,30) reported results similar to those presented
here. In addition, ST did not change resting HR, which is in
accordance with some studies (13,14,31), but differs from
others that reported a reduction (11) or even an increase
in HR (32). To our knowledge, no previous study observed
cardiovascular responses in the elderly after PT. The differ-
ences between previous studies and the present one may be
attributed to the ST protocols employed, mainly differences
in the training period, intensity, number of exercises, sets
and repetitions, and/or to the absence of a control group.

The reduction in resting SBP observed in all groups might
be due to an adaptation to the measurement procedure that
decreases the alert response to the measurement process
(33,34). Since the decreases were similar among the groups,
they did not represent an effect of training.

After the interventions, a similar increase in maximal
exercise time and in VO peak was detected for all groups,
including group C. Thus, this improvement in exercise
performance cannot be related to the resistance exercise
programs. Instead, when elderly subjects repeat a test, they
adapt to it, reducing unnecessary movements, decreas-
ing the metabolic cost for a fixed workload, and improv-
ing performance (35). The similar decrease in the linear
regression slope between the measured and estimated
VO, supports this hypothesis. Therefore, in contrast to
the study’s hypothesis, resistance training did not improve

www.bjournal.com.br
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exercise efficiency.

The absence of any effect of the ST and PT regimens on
the measured VO, peak was expected. It has been widely
reported in the literature that resistance training, especially
when performed with high intensity, does not increase the
VO, peak (36). In addition, resistance training did not affect
the maximal HR and SBP, which had already been observed
after the ST (37). However, to our knowledge, no previous
study had evaluated this response after PT. Thus, the pres-
ent study expands the knowledge in this area by showing
that, similar to ST, PT also does not affect the maximal
cardiovascular response to an aerobic stimulus.

Since the ST and PT regimens did not influence resting
and maximal HR, RPP and SBP values, they also did not
affect the rise of these variables during the maximal exercise.
Since a huge increase in SBP during a maximal test is a
predictor of cardiovascular and non-cardiovascular deaths
(17), the present results suggest that resistance training did
not reduce this risk in elderly subjects.

In the present study, cardiovascular responses to sub-
maximal exercise were analyzed by the linear regression
slope calculated between the cardiovascular parameters,
and the estimated and measured VO». When slopes for the
estimated VO, are analyzed, they represent a comparison
for the same absolute workload. Thus, the results showed
that the increases in HR and RPP for each increment in
workload decreased after the interventions, but as these
responses were similar for all groups, they did not repre-
sent a training effect. In fact, they reflected the increase in
the work efficiency promoted by the adaptation to the test,
as previously discussed. When cardiovascular responses
to a submaximal exercise were analyzed in regard to the
measured VOo, they represented the response to the same
aerobic stress. As the increases in HR, SBP and RPP for
each min of increase in measured VO, were similar before
and after the interventions in all groups, it is possible to
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suggest that training also did not change the cardiovascular
responses to the same aerobic stress.

Contrary to the hypothesis, the results of this study
showed that ST and PT did not improve work efficiency
during aerobic exercise, and did not decrease the cardio-
vascular responses to submaximal or maximal aerobic effort.
The practical implication of these findings is that they did
not support the recommendation of resistance exercises for
decreasing cardiovascular load during aerobic tasks.

Itis important to address some limitations of this study.
Among them, no session for familiarization with the exercise
test was held, which may explain the changes observed in
the C group. However, the presence of the C group in the
study design allowed us to control for this familiarization
effect. Resistance training effects are mainly influenced
by the training characteristics (38). Thus, caution should
be taken when extrapolating the findings of the present
study to other resistance training regimens. In addition,
the volunteers included in the present study were healthy
adults aged 60 to 80 years, and results might be different
in subjects with other characteristics.

In conclusion, ST and PT did not decrease the metabolic
cost of submaximal and maximal aerobic exercises, as
had been previously suggested. As a consequence, they
did not blunt the cardiovascular load increase during this
kind of exercise.
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