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Summary

Resistance training has been proposed as a possible
strategy for cardiovascular prevention and rehabilitation,
and in this context, this review describes the cardiovascular
effects mediated by this type of intervention. Increments in
both muscular strength and capacity to perform daily tasks
are well-characterized benefits of this type of training. More
recently, studies using hemodynamic evaluation have shown
cardiovascular stability in patients with coronary disease or
heart failure during the performance of resistance exercise, with
no apparent detriment to ventricular function or exacerbated
increase in exercise blood pressure. Additionally, resting blood
pressure also seems to be influenced by chronic resistance
training, with a slight reduction in both systolic blood pressure
(SBP) and diastolic blood pressure (DBP). The measurement of
pressure levels after a single resistance exercise session shows
the occurrence of post-exercise hypotension in normal and
hypertensive individuals; however, there is controversy as
to the intensity of the effort necessary to induce this effect.
Recently, intervention studies have investigated resistance
exercise effects on vascular variables as arterial compliance and
endothelial function. Despite the small number of experiments
available, evidence has shown a potential influence of
resistance training on the reduction of arterial compliance.
On the other hand, peripheral blood flow is increased after
resistance training, whereas the endothelial function seems to
be improved especially after combined aerobic and resistance
training. Additional research is necessary for an analysis of
the efficacy of this intervention on validated outcomes, and
for a greater understanding of the physiological mechanisms
responsible for vascular adaptations.

Introduction

Since the mid 1960s, cardiovascular responses to
predominantly strength-based exercise have been discussed"?.
Until the early 1990s, resistance training (also called strength
training) was not included in international guidelines.
However, over the last years, this modality has come to be

Key words

Exercise/psychology; physical fitness/psychology;
hemodynamic evaluation; cardiovascular diseases.

Mailing address: Ricardo Stein ¢

Rua Joao Caetano, 20/402 — Trés Figueiras - 90460-270

Porto Alegre, RS - Brazil

E-mail: kuqui2@terra.com.br / rstein@cardiol.br

Manuscript received March 24, 2007; revised manuscript received May 10,
2007; accepted May 10, 2007.

considered as a possible strategy for primary and secondary
prevention of different heart diseases**. Furthermore, several
research projects have suggested that resistance exercise, when
appropriately prescribed and supervised, has favorable effects
on different aspects of health (muscular strength, functional
capacity, psychosocial well-being, besides the positive impact
on cardiovascular risk factors)®.

Neuromuscular adaptations and effects such as an
increase in muscular strength and resistance have been the
primary basis for the rationale that supports the application of
resistance training in exercise programs for heart patients*.
Among the different adaptations promoted for this type of
training are the increased capacity to carry out daily activities’,
an increment in tolerance to submaximal aerobic exercise®?,
a suppression of age-related strength decline'®, and an
attenuation of cardiovascular responses to effort'. Even in
the absence of large clinical studies evaluating the efficacy of
this type of training applied exclusively on validated clinical
outcomes, observation data indicate a reduced coronary risk
for resistance exercise practioners.

In the Health Professionals Follow-up Study cohort'?,
weekly participation in 30 minutes or more of resistance
training was associated with a 23% decrease in risk of a
non-fatal acute myocardial infarct and/or fatal cardiovascular
disease (RR 0.77; 95% Cl, 0.61-0.98; p=0.03). Multivariate
analysis was used, adjusted for factors such as age, alcohol
consumption, smoking, family history, food profile, and
engagement in other physical activities to decrease the chance
of systematic error.

Currently, there is further evidence as to resistance exercise
in health and in cardiovascular disease (CVD) which allows
a better understanding of known effects and reinforces
the perspective of using resistance training in secondary
prevention. In this review we discuss the influence of this type
of exercise on important aspects of CVD or its development,
covering evidence that is recent and/or yet unexplored in
other reviews.

Hemodynamic stability during resistance
exercise

According to the intensity of the effort put forth,
hemodynamic responses during resistance exercise can be
similar to those that occur in dynamic or isometric (static)
contractions. Therefore, in efforts with low loads, there is
an increase in heart rate (HR), systolic blood pressure (SBP),
systolic volume, and cardiac output (CO), whereas with high
loads, there is also an increase in diastolic blood pressure
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(DBP)™. During resistance exercise, greater HR e BP values
are obtained in the last repetitions of the series performed to
exhaustion, and this training design has been contraindicated
for hypertensive patients. Additionally, among other factors
that influence blood pressure response, the greater the muscle
mass involved in the exercise, the greater the response'.
MacDougall et al observed extreme pressure rises (=320/250
mmHg) in body-builders when these individuals were exposed
to loads between 80% and 100%'¢. On the other hand, the
level of physical strength conditioning seems to maintain an
inverse relationship with the magnitude of the BP and HR
responses to exercise'.

In cardiac patients with left ventricular dysfunction, during
strength tests and in series with different intensities, an
increase in new segment abnormalities of the left ventricular
wall was observed which occurred in greater proportions
during the final series after a protocol of growing intensities
(three series with progressive loads)'”. However, these were
small-magnitude findings and even if they can reflect some
degree of ischemia during effort, they do not suggest a
reduction in cardiac performance. Indeed, in 6,653 individuals
without CVD who performed strength tests — on isokinetic
dynamometer as well as in 1T-maximum repetition test in
exercises as bench press and leg press — there were no fatal
or non-fatal cardiovascular events's.

More recently, studies with different evaluation techniques
have broadened our knowledge of cardiovascular function
during resistance exercise. Meyer et al' used direct
catheterization of two groups of patients: a) HF with ventricular
dysfunction, and b) stable coronary artery disease with
preserved ventricular function. The authors identified an
increase in the cardiac index and in the systolic volume during
the leg press at different effort intensities. At the 60% intensity
of maximum voluntary contraction, the systolic work index
remained stable, indicating similar changes in the mean blood
pressure (MBP) and in the diastolic pressure of the pulmonary
artery, suggesting a balance between pre- and post-load.

One interesting aspect of this study is that during exercise
with 60% of the maximum load, the variation in blood pressure
levels (measured invasively) was of a small magnitude (Figure
1). Similar results occurred in another study that enrolled
patients with severe heart failure (HF) who did not present
hemodynamic instability during resistance exercises of the
upper and lower limbs. In this individuals with HF class IlI
and IV (EF: 25%+2%, VO, . : 12.4+0.7ml.kg".min"), there
was a slight decrease in the stroke volume with lower limb
exercises, and maintenance of the stroke volume during upper
limb exercises (relative to resting values), while the value of
the CO was unchanged during both exercises.

The mechanisms that afford maintenance of ventricular
function in healthy individuals, in ischemic cardiomyopathy
patients, and in patients from different HF classes are not fully
elucidated. Even so, it is important to note that, although some
studies have demonstrated an increase in inotropism, the
chronotropic response seems to be the main factor responsible
for maintaining the CO"-*".

The typical behavior of increased systemic vascular
resistance caused by pure isometric contraction® many times
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Fig. 1 - Temporal sequence of BP variation in HF patients during four sets
of resistance exercise at 60% of the maximum load. Each series of exercises
lasted for one minute and was followed by intervals (rest) that lasted for two
minutes. Blood pressure was recorded every 15 seconds. The most significant
increases occurred during the initial 15 to 30 seconds of the series, while the
most significant reduction occurred in the first 15 to 30 seconds after the end
of the exercise. Adapted from Meyer et al”.

is not desirable for cardiac patients. Nonetheless, contrary to
what happens in isometric contractions, vascular resistance
in cardiac patients is not elevated during the performance
of a resistance exercise series (Figure 2)'92'23, This effect is
possibly brought about by the dynamic component which is
also present in the contractions of this type of exercise.

Resistance exercise and blood pressure

Regular physical exercise helps in the short-term and long-
term control of blood pressure (BP) and is therefore indicated
as coadjuvant intervention in managing hypertension®*. For a
wider discussion of the effects of exercise on BF, it is important
to note that this may be influenced not only by adaptations
resulting from chronic physical training (chronic adaptations),
but also by the effects of a single exercise session (subacute
or post-exercise effects).

Resistance training: Chronic effects

More recent evidence does not support the ancient dogma
that resistance training could elevate resting BP. This reasoning
originated from the idea that greater pressure gains associated
with resistance exercise (due to the greater isometric
component) would lead to a chronic elevation of the BP.

Two robust meta-analyses demonstrated beneficial
effects of resistance training on resting SAP and DAP. Both
reviews included studies with the following characteristics: 1)
randomized studies using a control group without exercise;
2) resistance training as a single intervention; 3) previously
sedentary normotensive or hypertensive individuals; and
4) a minimum duration of four weeks. Kelley and Kelley*
examined 11 studies, with a total of 320 subjects (182 with
exercise and 138 controls), and found a reduction in SAP
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Fig. 2 - Systemic vascular resistance values (mean = SE) for patients with HF (continuous line) and for patients with coronary artery disease (dashed line) during leg press
at 60% of the maximum load (one minute duration), followed by two minutes of rest. During exercise, both patient groups showed a reduction in vascular resistance,
with the greatest magnitude of change in those with coronary artery disease. Adapted from Meyer et al™.

(-3£3 mmHg; 95% Confidence Interval: -4 to -1 mmHg)
and DAP (-3£2 mmHg; 95% Confidence Interval: -4 to -1
mmHg), which represented an approximate drop of 2% and
4%, respectively.

Posteriorly, a meta-analysis published by Cornelissen and
Fagard®, composed by 12 studies and 341 participants,
showed the same tendency with reductions in SAP (-3.2
mmHg; p=0.10) and DAP (-3.5 mmHg; p<0.01) for
the individuals exposed to resistance training. When the
analyses of subgroups were carried out, again there were
no differences related to the intensity of exercise, as well as
when conventional or circuit resistance training was used.
In conventional training, all sets of a certain movement are
executed before initiating the following exercise, and there
are normally higher loads and longer intervals than in circuit
training.

On the other hand, in this other training mode, activity
is more continuous and intervals are shorter since only one
series is executed at each station, with immediate progression
to the next station, and the circuit is repeated more times
if necessary. Even if resistance training, similar to aerobic
training?, provides merely mild changes in the BP values, in
terms of the population, this can have an impact in terms of
a lower incidence of coronary disease and strokes?.

Hypotension after resistance exercise

Physical exercise can promote a sustained drop in
post-exercise blood pressure levels. Called post-exercise
hypotension (PEH), this classic effect has been well

demonstrated with aerobic exercise? and has been studied
in strength training both in ambulatory 24-hour evaluations
(ABPM) and assessments made during the period of recovery
(up to approximately 90 minutes after exercise). Bermudes
et al* did not observe differences in 24-hour SAP and DAP
values after one control session without exercise, and after
one session of circuit resistance exercises. However, during
the sleep period, there was a significant drop in BP after the
resistance exercise session in comparison with the period
after the control condition. Likewise, in young individuals
with different levels of physical conditioning — sedentary,
resistance-trained, and endurance-trained. SAP, DAP, and
MAP were not different after one session of exercise or one
control session®'. Very recently, when studying 20 hypertensive
women who use an angiotensin-converting enzyme inhibitor
(captopril), Melo et al*' noted a significant reduction in blood
pressure (SAP:-12+3 mmHg, DAP:-6x2 mmHg) during
the recovery period up to 120 minutes after a low-intensity
resistance exercise session. Additionally, the values observed
by ABPM remained significantly lower for up to 10 hours after
exercise (during the awake period), which did not occur after
the control session32.

According to what is illustrated in Figure 3, in resistance
exercise, PEH is more accentuated during recovery (=90
minutes after the session), and tends to return to basal levels
in the subsequent hours. Even though this effect was verified
in normotensive and hypertensive individuals®'-34, controversy
still exists, especially related to the intensity of the exercise.
Some authors have documented a reduction in SAP after
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sessions using high loads**3¢; in other studies, however, high-
intensity protocols were not effective in promoting significant
pressure reductions®”-39.

Recently, Rezk et al®* demonstrated that sessions at 40%
and 80% of the maximum load were followed by a reduction
in SAP during the recovery (-6+1 mmHg and -8+1 mmHg,
p<0.05, respectively), while the DAP was reduced only after
the lowest intensity session (40% of the maximum load).
According to the authors, the hypotension generated by both
protocols was mediated by the lower CO, and only modest
elevations were noted in both systemic vascular resistance and
post-exercise HR®. Based on the abovementioned data, it is
clear that resistance exercise performed chronically or acutely
does not seem to offer risks as to an increase in BP, and this
intervention may facilitate long-term pressure control.

Influence of resistance training in arterial
compliance: emerging evidence

The distension capacity of arteries in response to differences
in intravascular pressure (arterial compliance) enables the
reduction of pressure fluctuations in the central circulation and
contributes towards an adequate direction of flow. In sedentary
elderly individuals, increased arterial stiffness is noted (the
quality opposite of arterial compliance), which is also increased
in pathological conditions such as atherosclerosis, insulin
resistance, and diabetes mellitus*. Another independent risk
factor for increased arterial stiffness is obesity*. Moreover,
aortic stiffness is a predictor of cardiovascular mortality and
all-cause mortality in hypertensive patients*. Since regular
exercise has a healthy impact on several risk factors associated
with arterial stiffness, some studies have tested this intervention
to possible changes in the distensibility parameters.

Observational and interventional studies have shown that
regular aerobic exercise seems to attenuate age-related arterial
stiffening and contribute to an increase in arterial compliance
after systematic physical training®-4. Thus, over the last years,
interest in investigating possible benefits of resistance exercise
on vascular distensibility has grown, but evidence has not
yet confirmed this hypothesis. Cross-sectional studies have
noted less arterial compliance in adults from different age
groups who are resistance-trained when compared to their
sedentary peers*#. In young women, Cortez-Cooper et al
verified that 11 weeks of high-intensity resistance training led
to an elevation of central arterial stiffness (an increase in the
augmentation index of systolic in the carotid artery and in the
aortic pulse wave velocity)*.

In as elegant study design with duration of 8 months,
Miyachi et al randomized young men in control and
intervention groups; high-intensity resistance training (80%
of the maximum load) was used for four months, followed
by a period of detraining (no exercise) in the four subsequent
months. At the end of the training period, reduced compliance
(p<0.01) and increased arterial stiffness (p<0.01) were noted,
with significant correlations between the changes in carotid
compliance and mass indexes (r = -0.56, p<0.001) and
left ventricular hypertrophy (r = -0.68, p<0.001). After the
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Fig. 3 - Data representing a hypertensive patient who takes an angiotensin-
converting enzyme inhibitor. SAP (panel a) and DAP (panel b) responses
measured before (pre-) and after interventions of the control sessions (dashed
line, with circles) and low-intensity resistance exercise (continuous line, with
squares). Lower results for SAP and DAP after resistance exercise compared to
the controls without exercise. Figure kindly provided by Prof. Forjaz.

detraining, the variables modified by exercise returned to the
basal (pre-study) values®.

In contrast, another study that also enrolled young men
who were exposed to three months of training with slightly
lower volume and intensity sessions, showed no changes in
arterial stiffening and cardiac dimensions®'. Another very
recently published study using moderate-intensity resistance
training (50% of the maximum load, four months of training)
showed a decrease in arterial compliance (p<0.01) and in
increase in the arterial stiffness index (p<0.01), alterations that
disappeared after four subsequent months without training.
Nevertheless, for the group that performed a combined
training (resistance training at 80% of the maximum load plus
30 minutes of aerobic exercise at the end of the session), there
was no arterial stiffening; on the contrary, this type of training
tended to increase compliance®2.

Based on these findings, it is important to mention that
the mechanisms that explain temporary arterial hardening
observed in most studies after the exclusive use of resistance
training are not yet known. The currently adopted hypothesis
seems to tend towards changes in the structural content of
arteries (elastin and collagen).

If considered alone, the information described here
could suggest potential ill effects of resistance training, but
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these effects do not seem to supplant the other adaptations
afforded by resistance training. Therefore, these observations
should not serve as a contraindication for this type of exercise.
For example, a very recent report indicated that elderly
individuals, who usually have greater arterial stiffness, did
not demonstrate arterial hardening although they did show a
reduction in central BP after 20 weeks of resistance training®.
Finally, even though in young men resistance exercise may
seem to cause a decrease in compliance, this result seems to
be perfectly neutralized by aerobic exercise.

Resistance training and its implications for
vascular function and basal blood flow

The loss or attenuation of physiological endothelium-
mediated vasodilation — endothelial dysfunction — is an early
event in the atherosclerotic process and it is associated with
several risk factors in adults and children®*35. In the presence
of HF (ischemic or non-ischemic), endothelial dysfunction
is associated with increased mortality>®. On the other hand,
some evident findings have helped to establish improved
endothelial function and increased blood flow in HF patients
after aerobic training®”5®. This vascular adaptation seems
to also occur after resistance exercise programs associated
with aerobic stimuli. Maiorana et al*® noted an increase in
dependent and independent endothelial vasodilation in HF
patients (EF: 26+3%, VO,r<: 19.5+1.2ml.kg".min") after
eight weeks of combined training®. In cardiac patients with
coronary disease, combined training predominantly of the
lower limbs increased flow- mediated dilation by the flow in
the brachial artery, indicating systemic endothelial adaptation
afforded by exercise®, whereas the response independent of
the endothelium was unchanged.

As to exclusive resistance training, there is evidence that
clearly shows its effects primarily on the increase of basal
blood flow. Initially, a pilot study showed that after 11 weeks
of circuit training, patients with HF class Il and 11l (EF: 26+6
%) obtained an increase in resting blood flow (p<0.01),
albeit without changes in vasodilation responses (endothelial
response)®’. Nonetheless, another study evidenced results such
as an increased basal blood flow besides an improvement in
endothelial function®2. In this randomized controlled clinical
study, the HF patients submitted to three months of moderate-
intensity resistance training showed an increase in blood flow,
both at rest and in response to exercise stimuli or ischemia
(greater hyperemia after occlusion, indicating an increase in
vasodilation mediated by the endothelium).

Resistance training also seems to elevate the basal blood
flow of healthy individuals. In healthy young men who
underwent three months of resistance training, an increase
in resting blood flow was noted in addition to evidence of
arterial remodeling, findings observed from the increased
diameter of the brachial artery. However, this sample showed
no changes in brachial endothelial function. The explanation
for these findings may be related to the fact that participants
had normal vascular function at the onset of the study, which
would not provide a greater adaptation during the three
months of training®.

On the other hand, in aging, blood flow and vascular
conductance diminish, and this can contribute to a reduction
in muscle perfusion and functional capacity®. While aerobic
exercise does not seem to attenuate the drop in blood flow
that happens with aging, a cross-sectional study suggested that
men submitted to strength training did not display a decrease
in age-related peripheral blood flow®*%¢. Based on this, data
from a recent prospective study indicated the apparent efficacy
of resistance training on the maintenance of peripheral blood
flow in individuals with advanced ages®’. In this paper, elderly
and middle-aged adults randomized to resistance training
for 13 weeks showed an increase in blood flow and vascular
conductance in the femoral artery.

In summary, information available in medical literature
indicates that resistance training, whether carried out
exclusively or in combination with aerobic exercises, can
improve endothelial function. Additionally, evidence also
points to an important effect of resistance exercise on the
increase of peripheral blood flow, which can contribute to
minimizing the functional limitations present in aging or in
different pathological conditions.

Final considerations

Resistance exercise has progressively gained importance
in cardiovascular prevention and rehabilitation programs.
The perspectives of possible studies with relevant validated
outcomes may reinforce the current reliable information that
allows safe prescriptions for the practice of this type of exercise
by different populations.

The proposal of this review was to update the evidence
concerning cardiovascular responses to chronic and acute
resistance exercise. The information found in literature
demonstrates hemodynamic stability during exercise and
potential effects that help in blood pressure control. In
addition, this review presents important peculiarities of arterial
distensibility adaptation, vascular function, and peripheral
blood flow in face of resistance training.

Finally, the body of evidence available on the applicability
and safety of resistance training in cardiac patients is consistent
with what is already established regarding aerobic exercise.
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