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Effect of different physical training modalities on peak oxygen
consumptions in post-acute myocardial infarction patients:
systematic review and meta-analysis

Efeito de diferentes modalidades de treinamento fisico no consumo de oxigénio de pico
em pacientes pos-infarto agudo do miocdrdio: uma revisdo sistemdtica e metandlise
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Abstract

Physical training can increase peak oxygen uptake (VO2peak) in people who have suffered acute myocardial infarction
(AMI). However, there is still a gap in the literature in relation to the effectiveness of different types of interventions.
Therefore, the aim of the present study was to evaluate the effects of different physical training modalities on
VO2peak in post-AMI patients. The following databases were used: PubMed (MEDLINE), Cochrane Library, Scopus,
and Pedro. Studies that evaluated aerobic exercise, strength exercise, or combined exercise were included. Six studies
met eligibility criteria. Aerobic exercise increased VO2peak by 6.07 mlkg".min" when compared to the control group
(CG) (p = 0.013). The comparison between combined exercise and control group detected a difference of 1.84 mlkg™.
min™, but this was not significant (p = 0.312). We therefore conclude that aerobic exercise is the only modality that
is effective for increasing VO2peak compared to a control group.

Keywords: physical exercise; acute myocardial infarction; cardiovascular rehabilitation; coronary artery disease;
ischemic cardiopathy.

Resumo

O treinamento fisico é capaz de aumentar o consumo de oxigénio de pico em individuos que sofreram infarto agudo
do miocardio. No entanto, em relagdo a eficacia de diferentes tipos de intervengdes ainda ha uma lacuna na literatura.
O objetivo do presente estudo foi avaliar os efeitos de diferentes modalidades de treinamento fisico no consumo
de oxigénio de pico de pacientes pos-infarto agudo do miocardio. Foram utilizadas as seguintes bases de dados:
PubMed (MEDLINE), Cochrane Library, Scopus e Pedro. Foram incluidos estudos que avaliassem exercicios aerébicos,
de for¢ca ou combinados. Seis estudos preencheram elegibilidade. O exercicio aerébico aumentou 6,07 mLkg".min"
quando comparado ao grupo controle (p = 0,013). Na comparagdo entre exercicio combinado e grupo controle, foi
observada uma diferenca de 1,84 mLkg".min", no entanto, sem significancia (p = 0,312). Portanto, concluimos que
0 exercicio aerobico é a Unica modalidade que apresenta eficacia para aumentar o consumo de oxigénio de pico em
comparagao a um grupo controle.

Palavras-chave: exercicio fisico; infarto agudo do miocardio; reabilitagdo cardiovascular; doenga da artéria coronariana;
cardiopatia isquémica.
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INTRODUCTION

Mortality due to cardiovascular diseases (CVDs)
accounts for around 70% of deaths globally, at more
than 38 million deaths per year.! In Brazil, the CVD
mortality rate has attained 30%.> From 2008 to 2016,
the Brazilian National Health Service (SUS - Sistema
Unico de Saude) performed 2,548,944 procedures
involving ischemic heart diseases, ranging from clinical
treatment for acute myocardial infarction (AMI) to
myocardial revascularization surgery.’ In 2018, the
SUS spent around R$ 3,700,000.00 on procedures
involving myocardial ischemia.’ It is estimated that
AMI mortality was 56% in 2017.#

Acute myocardial infarction is clearly related to
atherosclerotic disease load,’ but is even more directly
linked to acute occlusive formation of thrombosis
on coronary atheromatous plaques, occluding the
vessel lumen and causing myocardial necrosis.®’ The
degree of irreversibility of atherosclerosis is directly
associated with advanced lesions, such as, for example,
fibroatheromas.® Necrosis formed by a lipid-rich
core is caused by degradation of the extracellular
matrix, death of smooth muscle cells, and apoptosis
of foam cells, provoking build-up of lipids.’ Finally,
fibroatheromas cause arterial calcification, composing
part of the occlusive plaque, which is defined by
presence of arterial thrombus.'”

Post-infarction myocardial dysfunction is the
predominant factor in impairment of patients’ functional
capacity. Changes to the cardiac muscle’s capacity
for contractility makes it unable to increase heart rate
and arterial blood pressure at low levels of physical
effort, reducing the double product and generating a
low ischemic threshold. Cardiopulmonary exercise
testing is considered the gold standard for assessment
of functional capacity, in terms of peak oxygen
consumption (VO2peak).'"'? Many different studies
have demonstrated that VO2peak is an independent
predictor of mortality in people who have had AMI. 315
Conversely, a 1 mL.kg'.min"" increase in VO2peak
is directly associated with a 10% reduction in risk
of CVD mortality.'67

Physical exercise is an extremely important
non-pharmaceutical tool for treating AMI, both for
preventing risk factors and for increasing VO2peak.'®
Aecrobic exercise is the most recommended modality
in current cardiac rehabilitation guidelines,'*! because
it is the simplest to perform outside of a hospital
environment and does not require equipment.?? With
regard to efficacy, aerobic exercise appears to deliver
similar results in terms of VO2peak, compared to
other methods, such as, for example, combined
exercise (aerobic + strength exercises in the same
session),” and superior results to strength exercises.*

Aerobic exercise after acute myocardial infarction

However, there is a gap in the literature in relation
to comparisons of the efficacy of different types of
physical training for improving VO2peak in people
who have had AMI. In view of this, the objective
of the present study was to conduct a meta-analysis
comparing the effects of different types of physical
training on the VO2peak of post-AMI patients.

METHODS

Study characteristics

The study design is a systematic review with
meta-analysis. Recommendations proposed by the
Cochrane Collaboration® and the Preferred Reporting
Items for Systematic Review and Meta-analyses
(PRISMA) statement were followed.?® The review was
registered in advance with the International Prospective
Register of Systematic Reviews (PROSPERO)
(CRD42020182666).

Eligibility criteria

The review included randomized clinical trials
assessing the effect of physical exercise on VO2peak
in patients who had had AMI, with no limits on age
or sex. Additionally, studies were also included
that subjected patients to myocardial/endovascular
revascularization surgery or conservative treatment
with antithrombotic medications to treat the ischemic
condition.

Physical exercise modalities were restricted to
three types: acrobic exercise, strength exercises, and
combined exercise, with no restriction in relation to
the type of exercise, instruments, intensity, session
duration, weekly frequency, volume, or rest interval.
The minimum intervention duration was set at 6 weeks,
considered the minimum time necessary for a positive
effect on VO2peak in post-AMI patients, and exercise
should be supervised.

Additionally, studies should report comparisons of
results with groups of patients who did not perform
exercise (control group) or performed the exercise
recommended by guidelines (literature standard
control group —moderate intensity aerobic exercise).
Only studies that did not report significant differences
between the groups before the follow-up period
started were included. No publication date limits
were imposed and studies published in English and
Portuguese were included in the analysis.

Exclusion criteria

Studies comparing surgical techniques with
non-surgical techniques were excluded from this
systematic review. Observational studies and studies
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that did not report sufficient data for data extraction
were also excluded.

DATA COLLECTION PROCEDURES

Search strategy

Initially, articles were filtered using EndNote software
to exclude duplicates. Titles and abstracts were then
independently analyzed against the eligibility criteria
by two experienced assessors. After article selection,
the full texts of studies that met the eligibility criteria
were analyzed. No publication date filter was applied,
in order to include a larger range of studies.

We used the following electronic databases: PubMed
(MEDLINE - US National Library of Medicine), Cochrane
Library, Scopus, and Pedro (Physiotherapy Evidence
Database). Manual searches of the reference lists of
studies included in the review were also conducted.
No filter was set to select randomized clinical trials,
since the decision had been made to initially include
more studies, to widen the scope of the literature
on the subject reviewed. Selection on the basis of
study design was performed manually. Abstracts and
extended abstracts published in conference annals,
dissertations, theses, and studies not yet published in
journals (pre-print) were not included.

A PICO question was constructed to define the
search string and guide the study selection strategy:

Population: patients with acute myocardial infarction;

Intervention: physical exercise (aerobic, strength,
or combined);

Comparison: control group, placebo, or aerobic
exercise;

Outcomes: peak oxygen consumption.

The search string used for PubMed was as follows:

Population: “Myocardial Infarction” [Mesh]

OR “Infarction, Myocardial” OR “Infarcts,
Myocardial” OR “Myocardial Infarcts” OR
“Cardiovascular Stroke” OR “Cardiovascular
Strokes” OR “Stroke, Cardiovascular” OR “Strokes,
Cardiovascular” OR “Myocardial Infarct” OR
“Infarct, Myocardial” OR “Infarcts, Myocardial”
OR “Myocardial Infarcts” OR “Heart Attack™ OR
“Heart Attacks”

Intervention: “Exercise”[Mesh] OR “Exercises”
OR “Physical Activity” OR “Activities, Physical”
OR “Activity, Physical” OR “Physical Activities”
OR “Exercise, Physical” OR “Exercises, Physical”
OR “Physical Exercise” OR “Physical Exercises”
OR “Acute Exercise” OR “Acute Exercises” OR
“Exercise, Acute” OR “Exercises, Acute” OR
“Exercise, Isometric” OR “Exercises, Isometric”
OR “Isometric Exercises” OR “Isometric Exercise”
OR “Exercise, Aerobic” OR “Aerobic Exercise”

Aerobic exercise after acute myocardial infarction

OR “Aerobic Exercises” OR “Exercises, Aerobic”
OR “Exercise Training” OR “Exercise Trainings”
OR “Training, Exercise” OR “Trainings, Exercise”
OR “Resistance Training”[Mesh] OR “Training,
Resistance” OR “Strength Training” OR “Training,
Strength” OR “Weight-Lifting Strengthening
Program” OR “Strengthening Program, Weight-
Lifting” OR “Strengthening Programs, Weight-
Lifting” OR “Weight Lifting Strengthening
Program” OR “Weight-Lifting Strengthening
Programs” OR “Weight-Lifting Exercise Program”
OR “Exercise Program, Weight-Lifting” OR
“Exercise Programs, Weight-Lifting” OR “‘Weight
Lifiing Exercise Program” OR “Weight-Lifting
Exercise Programs” OR “Weight-Bearing
Strengthening Program” OR “Weight-Bearing
Strengthening Program” OR “Strengthening
Program, Weight-Bearing” OR “Strengthening
Programs, Weight-Bearing” OR “Weight Bearing
Strengthening Program” OR “Weight-Bearing
Strengthening Programs” OR “Weight-Bearing
Exercise Program” OR “Exercise Program, Weight-
Bearing” OR “Exercise Programs, Weight-Bearing”
OR “Weight Bearing Exercise Program” OR
“Weight-Bearing Exercise Programs”.

We decided not to include outcomes in the search
string, in order to include a wide range of literature
on the central subject, including only population and
intervention.

In the other databases we only used the MeSH terms
“Myocardial Infarction”, “Exercise”, and “Resistance
Training”, since it is unnecessary to include all the
other terms for Cochrane Library, Pedro, or SciELO.

SELECTION OF STUDIES AND DATA
EXTRACTION

Two independent reviewers (GB and KRJ) assessed
the titles and abstracts of all the articles identified
by the search strategy. The full texts of all articles
selected and any with respect to which there was any
doubt were then read by the same two independent
assessors, applying the criteria for inclusion and
exclusion of the studies. Any discrepancies between
these two assessors’ decisions were resolved by
consensus. In cases of disagreement or doubt, a third
evaluator (LTF) was available to decide on inclusion
or exclusion of the study in question.

The same independent assessors performed data
extraction. A standardized form was constructed,
indicating the information that should be extracted,
including, for example, sample characteristics,
relevant clinical information, such as time since
AMI, medications used, and complete and detailed
descriptions of the interventions administered. The
following data were extracted: year of study, sample
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size, sex, number of men, number of women, mean age,
standard deviation of age, mean body mass, standard
deviation of body mass, mean body mass index (BMI),
standard deviation of BMI, characteristics of groups,
time since AMI, type of surgery, medications, type
of training, weekly frequency, duration of follow-up,
progression, series, repetitions, intensity, interval,
and volume. Additionally, data were extracted on the
primary outcome of the study and VO2peak (mean
and standard deviation for pre and post-intervention
periods).

ASSESSMENT OF METHODOLOGICAL
QUALITY (RISK OF BIAS)

Cochrane Collaboration recommendations were
followed with relation to evaluation of methodological
quality, extracting data on: generation of randomization
sequence, allocation concealment, blinding of patient
and therapist, blinding of outcome examiners,
description of losses and exclusions, and incomplete
outcome data. Two independent reviewers participated
in this phase of the assessment (ELG and LTF), and
for each criterion the studies were classified as high
risk (if the criterion was not present), low risk (if the
criterion was present), or unclear risk (if the criterion
was not reported).

4,586 studies identified on the databases:
* 1,414 PubMed
¢ 1,863 Cochrane
¢ 1,299 Scopus
10 PEDro

Aerobic exercise after acute myocardial infarction

ANALYSIS OF THE DATA

Results are expressed as standardized mean
difference in absolute values between interventions
with the 95% confidence interval (95%CI). Statistical
heterogeneity of the effects of interventions between
studies was assessed by the Cochran Q test and the
I2 test of inconsistency, for which values exceeding
50% indicate high heterogeneity.”” The random effects
model was employed. The meta-analysis analyzed
values for comparisons of VO2peak, expressed in
mL.kg".'min’!, for aerobic exercise vs. control and
combined exercise vs. control. Results with a < 0.05
were considered statistically significant. All analyses
were conducted using Comprehensive Meta-Analysis
version 2.0 (Englewood, New Jersey, USA).

RESULTS

Eight of the 4,586 studies identified met the
inclusion criteria (Figure 1). However, the VO2peak
data from one study were reported in L.min"' and
another was not randomized.?®* After the authors
of the first of these studies were contacted, they
stated that they did not have data in mL.kg'.min!,
which is the standardized measure for expressing this
variable. As a result, six studies were included in the
quantitative analysis.’*3 Two of these were included

"

| 4,405 studies after removal of duplicates

I 36 full text studies assessed for eligibility

‘ 181 duplicate studies

30 articles excluded:
* 3inItalian
1 in French
« 2in Russian
¢ 2in German
* 5 were congress posters

6 studies included in the meta-analysis

* 3 were protocol studies

1 editorial

1 with no author e-mail

5 not randomized

1 intervention not meeting criteria
* 5 requests unanswered

1 VO2peak in L/min

Figure 1. Study flow diagram illustrating all steps in the systematic review and meta-analysis.
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twice’®¥ because they met eligibility criteria for two
comparisons between groups: aerobic exercise of
moderate intensity vs. control and aerobic exercise
of high intensity vs. control. Additionally, two studies
met the eligibility criteria for comparison of combined
exercise vs. control (aerobic training).

Overall, 361 participants were included in the
meta-analysis. Of these, 155 were allocated to an
aerobic exercise group (AEG), 35 to a combined
exercise group (CEG), and 171 to a control group
(CQ). Fifty per cent of the studies analyzed male
patients only,****3433% analyzed people of both sexes,
and just one study (17%) did not report the sex of its
sample. The total number of women was 35 (9.7%).

Two studies (33%) studied samples comprising
a sedentary group with a history of obesity.?*3
Additionally, 50% exhibited risk factors such as
diabetes mellitus, systemic arterial hypertension,
dyslipidemia, and history of smoking.?!*35 Aerobic
exercise was the most prevalent modality among the
six studies (66%) and two of the four studies of aerobic
exercise were included twice, because they investigated
different exercise intensities. Moderate intensity was
used in three of these four studies (75%),%323 and
high intensity was used in three studies (75%).3%32%
Combined exercise was used in two studies (34%),
both of which used high intensity aerobic exercise
as part of combined exercise.’!**

Mean duration of the intervention programs was
10.33 + 2.66 weeks, mean weekly frequency was
3.17 + 0.98, and mean duration of sessions was
45.83 + 9.52 minutes. Sixty-six percent of the six
studies included reported mean time since participants
had suffered AMI (22 + 21 weeks). Table 1 summarizes
the main characteristics of the studies included. Table 2
lists aspects related to risk of bias.

Aerobic exercise after acute myocardial infarction

EFFECTS OF THE INTERVENTIONS

Aerobic exercise vs. Control (with and
without intervention)

Atotal of 290 participants were assessed (Figure 2),
155 in the AEG and 135 in the CG. Aerobic exercise
was associated with a mean increase of 6.07 mL.kg™".
min (95%CI 1.27 to 10.86; I: 88%) when compared
to CG (p =0.013).

Combined Exercise vs. Control (without
intervention)

Seventy-one participants were assessed (Figure 3),
35 in the CEG and 36 in the CG. Combined exercise
did not result in a statistically significant difference
when compared with the CG. Combined exercise
did, nevertheless, result in a mean increase of
1.84 mL.kg"'.min"! (95%CI -1.73 to 5.42; I’: 0%)
when compared to the CG (p=10.312).

DISCUSSION

This study conducted a meta-analysis to investigate
the effects of different types of physical training on the
VO2peak of individuals who had suffered an AMI. The
main finding is that aerobic exercise was associated
with a mean VO2peak increase of 6 mL.kg"'.min"!
compared with the CG, which was a statistically
significant difference (p = 0.013).

Although this systematic review investigated
the effects of different types of physical training,
it is important to stress that very few studies have
investigated the effects of combined exercise on the
VO2peak of individuals who have suffered AMI?!34
and that no studies have investigated the effects
of strength exercises on VO2peak. In contrast, the
modality most investigated in these studies was

Studies Estimate (95%CI)
Benetti et al. A 2010 14,700 (12,074, 17,326) —B—
Benetti et al. B 2010 8,300 (5,141, 11,459) —
Moholdt et al. A 2011 2,100 (-2,457, 6,657) .
Oliveira et al. A 2014 2200 (-2,019, 6,419) B
Santi et al. A2018 3,800 (-2,332, 9,932) .
Santi et al. B 2018 3,900 (-1,448, 9,248) l
—
r T T 1
-5 0 5 10 15,

Mean difference

Figure 2. Standardized mean differences in peak oxygen consumption (mLkg".min") observed between aerobic exercise group

and control group.

Note: Solid squares = estimates from specific studies; Solid diamond = combined estimate from random effects meta-analyses; Standardized difference; Confidence

interval.
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Table 2. Extraction of risk of bias.

Aerobic exercise after acute myocardial infarction

Generation of . Blinding of Blinding of Description
. Allocation . Incomplete
Study randomization patient and outcome of losses and
concealment . . outcome data
sequence therapist assessors exclusions

Benetti et al,, Low Unclear Unclear Unclear Low Unclear
2010

Moholdt et al., Low Low Low Low Low Low

2011

Oliveiraetal, Low Low High Low Low Low
2014

Santi et al, 2018 Low Unclear Unclear Unclear Unclear Unclear
Khalid et al, 2019 Low Unclear High Low Low High
Traschel et al,, Low Unclear High Low High Unclear
2019

Low = criterion present, considered low risk of bias; High = criterion not present; Unclear = not clear whether criterion present or not.

Studies Estimate (95%Cl)

Khalid et al. A2019 1,620 (-2,573, 5,613) .
Trachsel et al. A2019 2,900 (-4,458, 10,258) L

Overall (I1*2=0 % , P=0.748) 1,846 (-1,731, 5,423) <r’—\’>

T T 1
0 5 10

Mean difference

Figure 3. Standardized mean differences in peak oxygen consumption (mLkg™".min") observed between combined exercise group

and control group.

Note: Solid squares = estimates from specific studies; Solid diamond = combined estimate from random effects meta-analyses; Standardized difference; Confidence

interval.

aerobic exercise (66%).332333 Moreover, high
intensity aerobic exercise was used as the CG in the
two studies that investigated combined exercise.
Our findings therefore corroborate the literature that
indicates aerobic exercise as the most used modality
for rehabilitation of patients who have suffered an
AMI 19,20

A total of 361 participants were included in this
meta-analysis, 296 of whom were men, which underscores
the prevalence of AMI among men.* It is therefore
important to emphasize that one of the risk factors
for development of this disease is sex, in addition to
age group.’ The main physiological protective factor
in women is estrogen, a hormone directly related to
cardiovascular protection.*® In addition to sex, AMI
affects people from 40-45 years of age onwards. At
this age, women’s estrogen production is maintained.
The highest incidence of AMI among women is after
menopause, when there is a considerable drop in
estrogen production.*

It has been shown that aerobic exercise is effective
for reducing risk factors and for increasing functional
capacity in middle-aged or elderly people with a range

Bourscheid et al. ] Vasc Bras. 2021;20:€20210056. https://doi.org/10.1590/1677-5449.210056

of CVDs.?2%" Physical training programs including
aerobic exercise are important to provoke positive
adaptations in the VO2peak of people who have
suffered an AMI. However, it is essential to manage
the intensity of exercise to achieve the desired results
during an intervention.*® High intensity aerobic
exercise appears to deliver the greatest increase
in VO2peak (14.7 mL.kg".min").’*° High intensity
(at 85-95% of VO2peak) is associated with good
adherence to intervention programs using physical
exercises and is also linked with increased oxidative
capacity of the muscles and glucose transport capacity,
improving insulin sensitivity and glycemic control as a
consequence.” The principal mechanism of adaptation
in response to high intensity exercise is related to
peroxisome proliferator-activated receptor gamma
coactivator 1-alpha, the most important regulator of
mitochondrial biogenesis in muscle.*’

The regulator mechanism of moderate intensity
aerobic exercise appears to be similar. The central
aspect is mitochondrial biogenesis, an important cellular
organelle responsible for the oxidative activity of
muscles.*'*? Apparently, 6 weeks of moderate intensity
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aerobic exercise are needed to provoke increases
in both the size and the number of mitochondria,
increasing the capacity for resynthesis of adenosine
triphosphate. This corroborates one of the inclusion
criteria for the present study, since a minimum of
6 weeks of intervention was established.* Moreover,
aerobic exercise in general increases arteriovenous
oxygen difference, which is directly related to increased
VO2peak, via greater peripheral oxygen supply, as
a result of production of catecholamines and greater
bioavailability of nitric oxide.*** Cardiac function also
exhibits improved performance after an intervention
with aerobic exercise, with increased diastolic filling
and a concomitant combination of increased preload
and optimized myocardium relaxation.* The improved
cardiac function will provoke important benefits for
reduction of diastole duration and more efficient
diastolic filling.*¢

From a clinical point of view, the main finding
of this study corroborates the literature on the role
of rehabilitation with aerobic exercises of patients
who have suffered AMI, utilizing moderate intensity
as a preference,” since the several guidelines have
recommendation strength I with evidence level A;
i.e., this modality is highly recommended for several
different CVDs.'?! The mean increase of 6 mL.kg™'.
min"! in VO2peak — the main finding of this study —
demonstrates that physical exercise plays a fundamental
role in reducing the risk of mortality from CVDs,
since an increase of one unit of VO2peak represents
a 10% reduction in the risk of CVD mortality.'®"
Furthermore, the 6 mL.kg'.min"! difference could
increase patients’ autonomy to perform their daily
activities, since this difference can constitute a
change in functional class, whether New York Heart
Association (NYHA) or the Weber class, whereby,
for example, a patient at NYHA class III and Weber
class C could attain NYHA class I and Weber class
A. 4% The finding of the present study is therefore
extremely relevant to cardiovascular rehabilitation.

Although combined exercise did not exhibit
significant differences compared to the CG (p=0.312),
it must be emphasized that only two studies using this
type of intervention were included, which could be
extremely relevant to not detecting significance. The
mean difference in increase in VO2peak for combined
exercise compared with the CG was 1.84 mL kg™
min'. The combination of aerobic exercise and
strength exercises in the same session appears to be
a promising strategy — since in addition to promoting
improved VO2peak, several studies point to the
importance of combined exercise for improving
neuromuscular aspects related to balance and muscle
strength, primarily as a result of strength exercises.”**

Aerobic exercise after acute myocardial infarction

Indeed, strength exercises provoke increases in the
size of muscle fibers, with a consequent increase in
the number of mitochondria, facilitating oxidative
muscle activity.** This is why it is important that
future studies should investigate different physical
training programs in relation to different outcomes
among people who have suffered AMI.

We cannot fail to highlight the extensive search
of the literature for scientific articles with high
methodological quality and the best available evidence
level. More than 4,000 studies were selected for
systematic review and their titles and abstracts were
read. To our knowledge this is the first meta-analysis
to investigate the effects of different physical training
modalities on the VO2peak of post-AMI patients.

CONCLUSIONS

Our data demonstrated that those participants who
trained with the aerobic exercise modality obtained
a significant increase in VO2peak. Additionally, this
was the modality most used in the studies included
in the meta-analysis. Combined exercise was not
associated with a significant increase in VO2peak,
but its use in cardiovascular rehabilitation programs
is extremely important, since patients who suffer AMI
do not only have reduced functional capacity, but
also lose muscle strength and balance. It is therefore
essential to encourage physical training programs for
the post-AMI population, with appropriate control of
exercise intensity and volume.
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Resumo

O treinamento fisico é capaz de aumentar o consumo de oxigénio de pico em individuos que sofreram infarto agudo
do miocéardio. No entanto, em relagio a eficacia de diferentes tipos de intervengdes ainda ha uma lacuna na lieratura.
O objetivo do presente estudo foi avaliar os efeitos de diferentes modalidades de treinamento fisico no consumo
de oxigénio de pico de pacientes pos-infarto agudo do miocardio. Foram utilizadas as seguintes bases de dados:
PubMed (MEDLINE), Cochrane Library, Scopus e PEDro. Foram incluidos estudos que avaliassem exercicios aerébicos,
de forga ou combinados. Seis estudos preencheram elegibilidade. O exercicio aerébico aumentou 6,07 mLkg".min"
quando comparado ao grupo controle (p = 0,013). Na comparagdo entre exercicio combinado e grupo controle, foi
observada uma diferenca de 1,84 mLkg".min", no entanto, sem significincia (p = 0,312). Portanto, concluimos que
0 exercicio aerobico é a Unica modalidade que apresenta eficicia para aumentar o consumo de oxigénio de pico em
comparagao a um grupo controle.

Palavras-chave: exercicio fisico; infarto agudo do miocardio; reabilitagdo cardiovascular; doenga da artéria coronariana;
cardiopatia isquémica.

Abstract

Physical training can increase peak oxygen uptake (VO2peak) in people who have suffered acute myocardial infarction
(AMI). However, there is still a gap in the literature in relation to the effectiveness of different types of interventions.
Therefore, the aim of the present study was to evaluate the effects of different physical training modalities on
VO2peak in post-AMI patients. The following databases were used: PubMed (MEDLINE), Cochrane Library, Scopus,
and PEDro. Studies that evaluated aerobic exercise, strength exercise, or combined exercise were included. Six studies
met eligibility criteria. Aerobic exercise increased VO2peak by 6.07 ml.kg".min™ when compared to the control group
(CG) (p = 0.013). The comparison between combined exercise and control group detected a difference of 1.84 mlkg™.
min”, but this was not significant (p = 0.312). We therefore conclude that aerobic exercise is the only modality that
is effective for increasing VO2peak compared to a control group.

Keywords: physical exercise; acute myocardial infarction; cardiovascular rehabilitation; coronary artery disease;
ischemic cardiopathy.
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INTRODUCAO

A mortalidade por doengas cardiovasculares (DCVs)
representa cerca de 70% das mortes no mundo,
chegando a mais de 38 milhdes de mortes por ano'.
No Brasil, a taxa de mortalidade por DCVs chega a
30%?2. Entre 2008 e 2016, o Sistema Unico de Saude
(SUS) brasileiro efetuou 2.548.944 procedimentos
envolvendo doencas isquémicas do corac¢ao, variando
de tratamento clinico para infarto agudo do miocardio
(IAM) até cirurgia de revascularizagdo do miocardio®.
Em 2018, o SUS gastou cerca de R$ 3.700.000,00
com procedimentos envolvendo isquemia miocéardica’.
Estima-se que a mortalidade por IAM em 2017 foi
de 56%".

O IAM esta francamente relacionado a carga de
doenga aterosclerotica®, mas sobretudo vinculado a
aguda formacgao trombotica oclusiva sobre uma placa
ateromatosa coronariana, a qual gera oclusdo da luz do
vaso e necrose miocardica®’. O grau de irreversibilidade
da aterosclerose esta diretamente associado a lesoes
avangadas, como, por exemplo, fibroateromas®. A
necrose formada por um nucleo rico em lipideos ¢
ocasionada pela degradacdo da matriz extracelular,
morte de células musculares lisas e apoptose das células
espumosas, promovendo actimulo de lipideos’. Por
fim, os fibroateromas causam calcificagdo arterial,
compondo parte da placa de oclusdo, definida pela
presenca de um trombo arterial'®.

A disfuncdo miocardica pds-infarto ¢ o fator
preponderante a reduc@o da capacidade funcional do
paciente. Alteragdes na capacidade de contratilidade
do musculo cardiaco impossibilitam a elevacao da
frequéncia cardiaca e pressao arterial em baixas cargas
de esforgo fisico, reduzem o duplo produto ¢ geram
um limiar isquémico baixo. O teste cardiopulmonar
de exercicio ¢ considerado padrao-ouro para avaliagdo
da capacidade funcional, por meio do consumo de
oxigénio de pico (VO2pico)'2. Diferentes estudos
demonstram que o VO2pico é um preditor independente
de mortalidade para individuos que sofreram IAM'*-
15, Além disso, um aumento de 1 mL.kg'.min"' no
VO2pico esta diretamente associado a uma reducao
de 10% no risco de mortalidade por DCVs!®!".

Entre as diferentes formas ndo medicamentosas
para tratar o IAM, o exercicio fisico € uma ferramenta
de extrema importancia, tanto na prevengao dos
fatores de risco como no aumento do VO2pico'®. O
exercicio aerdbico ¢ o mais recomendado nas atuais
diretrizes de reabilitagdo cardiaca'®?!, pois é o mais
simples de ser realizado fora do ambiente hospitalar,
sem necessidade de equipamentos?. Sobre a eficacia,
o exercicio aerdbico parece apresentar resultados
semelhantes em relagdo ao VO2pico comparado
a outros modelos, como, por exemplo, exercicio

Exercicio aerdbico no infarto agudo do miocardio

combinado (aerdbico + for¢ca na mesma sessio)?, e
ser superior a exercicio de for¢a®*. No entanto, existe
uma lacuna na literatura em relagdo a comparagao da
eficacia de diferentes tipos de treinamento fisico sobre
0 VO2pico em individuos que sofreram IAM. Diante
disso, o objetivo do presente estudo foi conduzir uma
metanalise, comparando os efeitos de diferentes tipos
de treinamento fisico sobre 0 VO2pico de individuos
que sofreram [AM.

METODOS

Caracterizacao da pesquisa

O estudo foi caracterizado como revisao sistematica
com metanalise. Foram seguidas as recomendagdes
propostas pela Cochrane Collaboration® e pelo
Preferred Reporting Items for Systematic Review
and Meta-analyses (PRISMA) Statement®. A presente
revisdo foi previamente registrada no International
Prospective Register of Systematic Reviews
(PROSPERO) (CRD42020182666).

Critérios de elegibilidade

Foram incluidos ensaios clinicos randomizados, que
avaliaram o efeito do exercicio fisico sobre VO2pico
em individuos que sofreram IAM, sem restrigdes de
idade e sexo. Além disso, foram incluidos estudos que
submetessem os individuos a cirurgia de revascularizagao
do miocardio/endovascular ou tratamento conservador
com medicamento antitrombotico para reverter o
quadro de isquemia.

Os modelos de exercicio fisico foram restritos a
trés tipos: exercicio aerdbico, exercicio de forga e
exercicio combinado, sem restri¢do em relagdo ao
tipo de exercicio, instrumentos, intensidade, duracao
da sessdo, frequéncia semanal, volume ou intervalo
de descanso. A dura¢do minima da intervengao foi
fixada em 6 semanas, entendida como tempo minimo
necessario para o efeito positivo no VO2pico em
pacientes apds 1AM, e sua realizagdo deveria ter
acontecido de modo supervisionado.

Além disso, os estudos deveriam apresentar
comparagdes dos resultados com grupos de individuos
que ndo realizaram exercicio (grupo controle) ou
realizaram o exercicio preconizado pelas diretrizes
(grupo controle padrdo pela literatura — exercicio
aerdbico de moderada intensidade). Apenas foram
incluidos estudos que ndo relataram diferenga
significativa entre os grupos antes do inicio do periodo
de seguimento. Nao houve restrigdes quanto a data
de publicagdo para inclusao dos estudos na revisdo,
e estudos publicados em inglés e portugués foram
incluidos na analise.
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Critérios de exclusao

Foram excluidos da presente revisdo sistematica
estudos que comparassem técnicas cirirgicas com
técnicas ndo cirargicas. Além disso, foram excluidos
estudos observacionais ou estudos que ndo apresentassem
dados suficientes para a extragdo dos dados.

PROCEDIMENTOS PARA COLETA DE DADOS

Estratégia de busca

Os artigos inicialmente passaram por um filtro
realizado com o sofiware EndNote, para excluirmos
as duplicatas. Apos, foram analisados titulos e
resumos, com base nos critérios de elegibilidade, por
dois avaliadores independentes e com experiéncia.
Depois da selegdo dos artigos, foram analisados
na integra aqueles que preencheram os critérios de
elegibilidade. Nao foi utilizado filtro para data de
publicagéo, visando abranger maior gama de estudos.

Utilizamos os seguintes bancos de dados eletronicos:
PubMed (MEDLINE — US National Library of
Medicine), Cochrane Library, Scopus e PEDro
(Physiotherapy Evidence Database). Além disso,
foi realizada uma busca manual nas referéncias dos
estudos incluidos na pesquisa. Nao foi utilizado filtro
para ensaios clinicos randomizados, visto que durante
a fase inicial optamos por incluir mais estudos para
ampliar a abrangéncia de literatura sobre o assunto.
A sele¢ao em relagdo ao delineamento do estudo foi
realizada de maneira manual. Resumos ou resumos
expandidos publicados em conferéncias, dissertagoes,
teses ou estudos ainda ndo publicados em periddicos
(pre-print) nao foram incluidos.

Apergunta PICO foi desenvolvida com a finalidade
de realizar a busca e orientar a estratégia de selego
dos estudos:

Populagdo: pacientes que apresentem infarto agudo
do miocardio;

Intervengdo: exercicio fisico (aerdbico, forga ou
combinado);

Comparadores: grupo controle, placebo ou exercicio
aerobico;

Outcomes (desfechos): consumo de oxigénio de pico.

A estratégia de busca utilizada no PubMed foi:

Population: “Myocardial Infarction”[Mesh]

OR “Infarction, Myocardial” OR “Infarctions,
Myocardial” OR “Myocardial Infarctions” OR
“Cardiovascular Stroke” OR “Cardiovascular
Strokes” OR “Stroke, Cardiovascular” OR “Strokes,
Cardiovascular” OR “Myocardial Infarct” OR
“Infarct, Myocardial” OR “Infarcts, Myocardial”
OR “Myocardial Infarcts” OR “Heart Attack™ OR
“Heart Attacks”

Exercicio aerdbico no infarto agudo do miocardio

Intervention: “Exercise”[Mesh] OR “Exercises”
OR “Physical Activity” OR “Activities, Physical”
OR “Activity, Physical” OR “Physical Activities”
OR “Exercise, Physical” OR “Exercises, Physical”
OR “Physical Exercise” OR “Physical Exercises”
OR “Acute Exercise” OR “Acute Exercises” OR
“Exercise, Acute” OR “Exercises, Acute” OR
“Exercise, Isometric” OR “Exercises, Isometric”
OR “Isometric Exercises” OR “Isometric Exercise”
OR “Exercise, Aerobic” OR “Aerobic Exercise”
OR “Aerobic Exercises” OR “Exercises, Aerobic”
OR “Exercise Training” OR “Exercise Trainings”
OR “Training, Exercise” OR “Trainings, Exercise”
OR “Resistance Training "[Mesh] OR “Training,
Resistance” OR “Strength Training” OR “Training,
Strength” OR “‘Weight-Lifting Strengthening
Program” OR “Strengthening Program, Weight-
Lifting” OR “Strengthening Programs, Weight-
Lifting” OR “Weight Lifting Strengthening Program’
OR “Weight-Lifting Strengthening Programs” OR
“Weight-Lifting Exercise Program” OR “Exercise
Program, Weight-Lifting” OR “Exercise Programs,
Weight-Lifting” OR “Weight Lifting Exercise
Program” OR “Weight-Lifiing Exercise Programs”
OR “Weight-Bearing Strengthening Program”

OR “Weight-Bearing Strengthening Program”

OR “Strengthening Program, Weight-Bearing”

OR “Strengthening Programs, Weight-Bearing”
OR “Weight Bearing Strengthening Program” OR
“Weight-Bearing Strengthening Programs” OR
“Weight-Bearing Exercise Program” OR “Exercise
Program, Weight-Bearing” OR “Exercise Programs,
Weight-Bearing” OR “‘Weight Bearing Exercise
Program” OR “Weight-Bearing Exercise Programs”.

5

Optamos em ndo utilizar os desfechos na estratégia
de busca com a finalidade de incluir uma ampla a
literatura sobre o assunto central, incluindo apenas
populacao e intervencgao.

Nas demais bases de dados utilizamos apenas os
termos MeSH “Myocardial Infarction”, “Exercise”
e “Resistance Training”, visto que para Cochrane
Library, PEDro e SciELO nao ¢ necessario inserir
todos outros termos.

SELECAO DOS ESTUDOS E EXTRAGAO DOS
DADOS

Dois revisores independentes (GB e KRJ) avaliaram
titulos e resumos de todos os artigos encontrados
por meio da estratégia de busca. Posteriormente, foi
feita a leitura completa dos artigos selecionados e
daqueles sobre os quais se tinha diivida pelos mesmos
dois revisores independentes, seguindo os critérios
que determinam inclusdo e exclusdo dos estudos. As
discordancias entre os dois avaliadores foram resolvidas
por consenso. No caso de discordancia ou de duvida,
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um terceiro avaliador (LTF) estava disponivel para
decidir pela inclusao ou exclusdo do estudo.

Os mesmos revisores independentes realizaram
a extracdo dos dados. Foi criado um formulario
padronizado, indicando quais informagdes deveriam
ser selecionadas, incluindo, por exemplo, dados de
caracterizacdo da amostra, informacoes clinicas
relevantes, como tempo de IAM, medicamentos
utilizados e a descri¢do completa e detalhada das
intervengdes realizadas. Os dados extraidos foram:
ano do estudo, tamanho amostral, sexo, nimero de
homens, nimero de mulheres, média de idade, desvio
padrdo da idade, massa corporal média, desvio padrao
da massa corporal, indice de massa corporal (IMC)
médio, desvio padrao do IMC, caracteristica do grupo,
tempo de IAM, tipo de cirurgia, medicamentos, tipo
de treinamento, frequéncia semanal, duragdo do
seguimento, progressao, séries, repetigdes, intensidade,
intervalo e volume. Além disso, foram extraidos os
dados do desfecho principal do estudo, VO2pico (média
e desvio padrdo do periodo pré e pos-intervengdo).

AVALIACAO DA QUALIDADE
METODOLOGICA (RISCO DE VIES)

Para dados relacionados a extragdo da qualidade
metodolodgica seguimos as orientagdes da Cochrane
Collaboration?, incluindo: gerag¢do da sequéncia
aleatoria (randomizagio), sigilo da alocagdo, cegamento
do paciente e terapeuta, cegamento dos avaliadores
dos desfechos, descricao de perdas e exclusdes e
dados de resultados incompletos. Dois revisores

4.586 estudos encontrados nas bases de dados:
1.414 PubMed
1.863 Cochrane
1.299 Scopus
10 PEDro

Exercicio aerdbico no infarto agudo do miocardio

independentes participaram dessa fase de avaliag@o
(ELG e LTF) para cada critério, ¢ os estudos foram
classificados como alto risco (caso ndo apresentasse
o critério), baixo risco (caso apresentasse o critério)
e risco nao claro (caso o critério ndo fosse reportado).

ANALISE DOS DADOS

Os resultados sao apresentados como diferenca
média padronizada para valores absolutos entre as
intervengdes com intervalo de confianca de 95%
(IC95%). Heterogeneidade estatistica dos efeitos das
intervengdes entre os estudos foi avaliada pelo teste
Q de Cochran e teste de inconsisténcia I, sendo que
valores acima 50% indicam alta heterogeneidade?’. O
modelo de efeitos aleatdrios foi aplicado. A metanalise
compreendeu valores de comparagao de VO2pico,
expressos em mL.kg!.min"!, entre exercicio aerébico
versus controle e exercicio combinado versus controle.
Valores de a.<0,05 foram considerados estatisticamente
significativos. Todas as andlises foram realizadas
usando o software Comprehensive Meta-Analysis
versao 2.0 (Englewood, New Jersey, USA).

RESULTADOS

Dos 4.586 estudos identificados, oito preencheram
os critérios de inclusdao (Figura 1). Entretanto, os
dados de VO2pico de um estudo estavam na unidade
de medida L.min" e outro ndo foi randomizado®*%.
Apds contato com os autores, eles informaram que
nao havia dados em mL .kg'.min"', unidade de medida

I 4.405 estudos apds remover duplicatas

| 36 textos completos avaliados para elegibilidade

I 181 estudos duplicados

30 artigos excluidos:
* 3 em lingua italiana;
1 em lingua francesa;
* 2 em lingua russa;
* 2 em lingua alema;
* 5 eram poster de congresso;

6 estudos incluidos na metanalise

+ 3 estudos de protocolo;

1 editorial;

1 sem e-mail dos autores;
* 5 ndo eram randomizados;

1 intervengdo fora dos critérios;
* 5 solicitados sem resposta;

1 Vo2pico em L/min

Figura 1. Fluxograma do estudo com todas etapas da revisao sistematica e metanalise.
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padronizada para expressar essa variavel. Portanto,
seis estudos foram incluidos na anélise quantitativa®®-3,
Desses, dois foram incluidos duplamente**2, visto
que preencheram os critérios de elegibilidade para
duas comparagdes entre grupos: exercicio aerébico
de moderada intensidade versus controle e exercicio
aerdbico de alta intensidade versus controle. Além disso,
dois estudos preencheram os critérios de elegibilidade
para comparagao entre exercicio combinado versus
controle (treinamento aerdbico).

No total, 361 participantes foram incluidos na
metanalise. Desses, 155 foram incluidos no grupo
exercicio aerdbico (GEA), 35 no grupo exercicio
combinado (GEC) e 171 no grupo controle (GC).
Cinquenta por cento dos estudos analisaram apenas
pessoas do sexo masculino®***3, sendo que 33%
analisaram pessoas de ambos 0s sexos e apenas
um estudo (17%) ndo descreveu o sexo da amostra
incluida. O niimero total de mulheres foi de 35 (9,7%).

Dois estudos (33%) apresentaram amostra composta
por individuos sedentarios e com historico de
obesidade®®**. Além disso, 50% apresentaram fatores
de risco, como diabetes mellitus, hipertensdo arterial
sistémica, dislipidemia e historico de tabagismo?®'=33,
Exercicio aerdbico foi a modalidade prevalente entre
os seis estudos (66%), sendo que, entre os quatro
estudos de exercicio aerobico, dois foram adicionados
duplamente, em fungdo de apresentarem diferentes
intensidades de exercicio. A moderada intensidade foi
utilizada em trés desses quatro estudos (75%)3323 ¢
alta intensidade também em trés estudos (75%)*32,
O exercicio combinado foi utilizado em dois estudos
(34%), sendo que os dois utilizaram alta intensidade
para o exercicio aerobico durante o exercicio
combinado®'*.

O tempo médio de duragdo dos programas de
intervengdo foi de 10,33 + 2,66 semanas, sendo que a
frequéncia semanal teve duragcdo média de 3,17 + 0,98

Exercicio aerdbico no infarto agudo do miocardio

e o tempo médio de duragdo das sessdes foi de
45,83 £9,52 minutos. Dos seis estudos incluidos, 66%
apresentaram o tempo médio apds os participantes
terem sofrido o IAM (22 + 21 semanas). A Tabela 1
mostra as principais caracteristicas dos estudos
incluidos. A Tabela 2 traz os aspectos relacionados
ao risco de viés.

EFEITOS DAS INTERVENCOES

Exercicio Aerdbico vs. Controle (com e sem
intervencio)

Um total de 290 participantes foram avaliados
(Figura 2), 155 para o GEA e 135 para o GC. O
exercicio aerdbico foi associado a um aumento médio
de 6,07 mL.kg'.min! (IC95% 1,27 a 10,86; I*: 88%)
quando comparado ao GC (p =0,013).

Exercicio Combinado vs. Controle (sem
intervencao)

Setenta e um participantes foram avaliados
(Figura 3). Desses, 35 eram do GEC e 36 eram do
GC. O exercicio combinado ndo apresentou diferenga
estatisticamente significativa quando comparado
ao GC. No entanto, apresentou aumento médio de
1,84 mL.kg'.min?! (IC95% -1,73 a 5,42; I>: 0%)
quando comparado ao GC (p = 0,312).

DISCUSSAO

O presente estudo conduziu uma metanalise para
investigar os efeitos de diferentes tipos de treinamento
fisico sobre 0 VO2pico de individuos que sofreram
IAM. Seu principal resultado ¢ que o exercicio aerobico
foi associado a um aumento médio de 6 mL.kg!.min’!
no VO2pico em comparagdo a um GC, com diferenga
estatisticamente significativa (p = 0,013).

Estudos Estimativa (IC95%)
Benetti et al. A 2010 14.700 (12.074, 17.326) —B—
Benetti et al. B 2010 8.300 (5.141, 11.459) —
Moholdt et al. A 2011 2100 (-2.457, 6.657) .
Oliveira et al. A 2014 2200 (-2.019, 6.419) B
Santi et al. A2018 3.800 (-2.332, 9.932) .
Santi et al. B 2018 3.900 (-1.448, 9.248) l
—
r T T 1
-5 0 5 10 15,

Diferenca média

Figura 2. Diferencas médias padronizadas no consumo de oxigénio de pico (mLkg".min™") observadas entre exercicio aerébico e

grupo controle.

Nota: Quadrado preenchido = estimativa dos estudos especificos; Diamante preenchido = estimativas combinadas de metandlises de efeitos aleatorios; Diferenca

padronizada; Intervalo de confianga.
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Tabela 2. Extragdo do risco de viés.

Exercicio aerdbico no infarto agudo do miocardio

x o .. Cegamento Cegamento Descrigao Dados de
Geragao dasequéncia  Sigilo de . .
Estudo . ~ paciente e avaliadores perdas e resultados
de randomizagdo alocagio o .
terapeuta desfechos exclusoes incompletos
Benetti et al., Baixo Unclear Unclear Unclear Baixo Unclear
2010
Mohol- Baixo Baixo Baixo Baixo Baixo Baixo
dtetal,
2011
Olivei- Baixo Baixo Alto Baixo Baixo Baixo
raetal,
2014
Santi et al., Baixo Unclear Unclear Unclear Unclear Unclear
2018
Khalid et al., Baixo Unclear Alto Baixo Baixo Alto
2019
Tras- Baixo Unclear Alto Baixo Alto Unclear
chel etal,
2019

Baixo = apresentou o critério, considerado baixo risco de viés; Alto = nao apresentou o critério; Unclear = ndo esta claro se possui ou n&o o critério.

Estudos Estimativa (IC95%)

Khalid et al. A2019
Trachsel et al. A2019

1.520 (-2.573, 5.613)
2.900 (-4.458, 10.258)

Overall (1*2=0 % , P=0.748) 1.846 (-1.731, 5.423)

T T 1
0 5 10

Diferenca média

Figura 3. Diferengas médias padronizadas no consumo de oxigénio de pico (mL.kg".min™") observadas entre exercicio combinado

e grupo controle.

Nota: Quadrado preenchido = estimativa dos estudos especificos; Diamante preenchido = estimativas combinadas de metanalises de efeitos aleatérios; Diferenga

padronizada; Intervalo de confianga.

Apesar da presente revisao sistematica investigar
os cfeitos de diferentes tipos de treinamento fisico,
¢ importante destacar a escassez de estudos que
investigam os efeitos do exercicio combinado sobre
0 VO2pico em individuos que sofreram IAM*'** ¢ a
inexisténcia de estudos que investigam os efeitos do
exercicio de forca sobre 0 VO2pico. Em contrapartida,
o exercicio aerdbico foi a modalidade mais investigada
nos estudos (66%)3*3>3335, Além disso, o exercicio
aerobico de alta intensidade foi utilizado como GC
nos dois estudos sobre exercicio combinado. Portanto,
nossos achados corroboram a literatura que indica o
exercicio aerobico como a modalidade mais utilizada
para reabilitagdo de individuos que sofreram IAM"%.

Dos 361 participantes incluidos na presente
metanalise, 296 eram do sexo masculino, dado que
refor¢a a prevaléncia de IAM em individuos do
sexo masculino®. Assim, é importante destacar que
um dos fatores de risco para desenvolvimento da
doenga ¢é o sexo, além da faixa etaria’. O principal

aspecto fisioldgico de protecao entre o sexo feminino
¢ o estrogeno, hormdnio diretamente relacionado a
prote¢do cardiovascular®®. Além disso, o IAM afeta
pessoas a partir dos 40-45 anos. Nessa faixa etaria,
os individuos do sexo feminino t€ém sua produgio de
estrogénio preservada. A maior incidéncia de [AM no
sexo feminino é ap6s a menopausa, quando ocorre
uma importante redugéo na produgdo de estrogénio’®.

O exercicio aerdbico tem se mostrado eficaz
na redugdo dos fatores de risco, assim como no
aumento da capacidade funcional em individuos
de meia idade ou idosos nas diferentes DCVs?>?7.
Programas de treinamento fisico que contemplem o
exercicio aerdbico sdo importantes para promover
adaptagoes positivas no VO2pico em individuos que
sofreram [AM. Entretanto, ¢ fundamental o manejo
da intensidade de exercicio para que se obtenha os
resultados esperados durante uma intervengao®®. O
exercicio aerdbico com alta intensidade parece ser
0 que apresenta maior magnitude de aumento no
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VO2pico (14,7 mL.kg'.min")*. A alta intensidade,
85-95% do VO2pico, além de apresentar boa aderéncia
em programas de intervengdo com exercicios fisicos,
apresenta aumento na capacidade oxidativa dos musculos
e capacidade de transporte de glicose, consequentemente
melhorando a sensibilidade a insulina e o controle
glicémico®. O principal mecanismo de adaptagdo
em fungdo da alta intensidade esta relacionado ao
receptor-y coativador-a de peroxissoma, o mais
importante regulador da biogénese mitocondrial no
musculo®.

O mecanismo regulador do exercicio aerdbico
de moderada intensidade parece ser semelhante. O
aspecto central é a biogénese mitocondrial, importante
organela celular responsavel pela atividade oxidativa
dos musculos*2, Aparentemente, seis 6 semanas
de exercicio aerdbico de moderada intensidade sdo
necessarias para promover aumento tanto no tamanho
quanto no numero de mitocondrias, gerando maior
capacidade de ressintese de adenosina trifosfato.
Esse dado corrobora um dos critérios de inclusdo
do presente estudo, visto que foi determinado um
tempo minimo de 6 semanas de intervengao®. Além
disso, o exercicio aerobico de modo geral aumenta
a diferenca arteriovenosa de oxigénio, a qual esta
diretamente relacionada ao aumento no VO2pico,
por meio de uma maior oferta de oxigénio periférico,
em funcdo da produgdo de catecolaminas e maior
biodisponibilidade de 6xido nitrico**. A fungdo
cardiaca também apresenta maior desempenho apos
uma interven¢do com exercicio aerobico, quando
ocorre um aumento no enchimento diastolico, com
uma concomitante combinagdo de pré-carga aumentada
e relaxamento do miocardio otimizado*. A melhora
na fungdo cardiaca promovera importantes beneficios
para a reducao no tempo de diastole e maior eficiéncia
no enchimento diastolico*.

Do ponto de vista clinico, o principal achado do
presente estudo corrobora a literatura sobre o papel
da reabilitagdo por meio de exercicios aerobicos
em individuos que sofreram IAM, utilizando como
preferéncia a moderada intensidade*’, em virtude de as
diferentes diretrizes possuirem recomendagao [ com
nivel de evidéncia A, ou seja, altamente indicados
para diferentes DCVs'*?!. Um aumento médio de
6 mL.kg'.min"! no VO2pico, achado principal deste
estudo, demonstra que o exercicio fisico exerce papel
fundamental na redug¢@o do risco de mortalidade por
DCVs, uma vez que o aumento de uma unidade no
VO2pico representa reducdo do risco de mortalidade
por DCVs de 10%'%!7. Além disso, uma diferenca de 6
mL.kg!.min! pode aumentar a autonomia do individuo
nas suas atividades diarias, visto que essa diferenga
pode representar uma modificagéo na classe funcional,

Exercicio aerdbico no infarto agudo do miocardio

tanto do New York Heart Association (NYHA) quanto
Weber, quando, por exemplo, um individuo classe
IIT do NYHA ¢ classe C de Weber pode mudar para
classe I do NYHA e classe A de Weber?’#%. Portanto,
o achado deste estudo ¢ extremamente relevante para
a area da reabilitacdo cardiovascular.

Apesar do exercicio combinado ndo apresentar
diferencas significativas em comparacdo a um GC
(p =0,312), é preciso destacar a inclusdo de apenas
dois estudos para esse tipo de intervengdo, o que
pode ser extremamente relevante para ndo encontrar
significancia. A diferenga média de aumento no
VO2pico para o exercicio combinado em comparagao
ao GC foi de 1,84 mL.kg'.min!. A combinagao entre
exercicio aerdbico e exercicio de for¢a na mesma
sessdo parece ser uma estratégia promissora — além
de promover melhora no VO2pico, diferentes estudos
apontam a importancia do exercicio combinado para
amelhora de aspectos neuromusculares relacionados
ao equilibrio e for¢a muscular, principalmente por
meio da realizacdo de exercicio de forca®®?°. Ademais,
o exercicio de for¢a promove aumento no tamanho
das fibras musculares, com consequente aumento
no niamero de mitocdndrias, facilitando a atividade
oxidativa muscular®. Por isso, ¢ importante que
novas investigagdes abordem diferentes programas
de treinamento fisico sobre diferentes desfechos em
individuos que sofreram IAM.

Nao podemos deixar de destacar a extensa
busca na literatura por artigos cientificos com alta
qualidade metodologica e melhor nivel de evidéncia
disponivel. Mais de 4.000 estudos foram selecionados
para revisdo sistematica, com a leitura de titulos e
resumos. Entendemos que essa ¢ a primeira metanalise
a investigar os efeitos de diferentes modalidades de
treinamento fisico sobre 0 VO2pico em individuos
que sofreram [AM.

CONCLUSAO

Nossos dados demonstraram que os participantes
que foram treinados com a modalidade exercicio
aerdbico obtiveram um aumento significativo no
VO2pico. Além disso, ¢ a modalidade mais utilizada nos
estudos incluidos na presente metanalise. O exercicio
combinado ndo apresenta um aumento significativo
no VO2pico, mas sua utilizagdo em um programa de
reabilitagdo cardiovascular é de extrema importancia,
visto que individuos que sofreram IAM, além de
apresentarem reducdo em sua capacidade funcional,
apresentam perda de forca muscular e redugdo no
equilibrio. Portanto, ¢ fundamental incentivar a
realizagdo de programas de treinamento fisico para
populacdo que sofreu IAM, com adequado controle
de intensidade e volume de exercicio.
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