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Exercising prior to experimental infarction may have beneficial effects on the heart. The objective of this
study was to analyze studies on animals that had exercised prior to myocardial infarction and to examine any
benefits through a systematic review and meta-analysis. The databases MEDLINE, Google Scholar, and Cochrane
were consulted. We analyzed articles published between January 1978 and November 2018. From a total of
858 articles, 13 manuscripts were selected in this review. When animals exercised before experimental
infarction, there was a reduction in mortality, a reduction in infarct size, improvements in cardiac function, and
a better molecular balance between genes and proteins that exhibit cardiac protective effects. Analyzing heart
weight/body weight, we observed the following results - Mean difference 95% CI - -0.02 [-0.61,0.57]. Meta-
analysis of the infarct size (% of the left ventricle) revealed a statistically significant decrease in the size of the
infarction in animals that exercised before myocardial infarction, in comparison with the sedentary animals
-5.05 [-7.68, -2.40]. Analysis of the ejection fraction, measured by echo (%), revealed that animals that exercised
before myocardial infarction exhibited higher and statistically significant measures, compared with sedentary
animals 8.77 [3.87,13.66]. We conclude that exercise performed prior to experimental myocardial infarction
confers cardiac benefits to animals.

KEYWORDS: Prior Exercise; Experimental Myocardial Infarctions; Systematic Reviews; Meta-Analysis; Exercise
Training; Swimming; Running.

B INTRODUCTION

may fail, and future projections have addressed increases in
MI and heart failure for decades to come (3,4). Unfortunately,

Meta-analyses and guidelines concluded that the engage-
ment in exercise training (ET) is known to have many health
benefits, including prevention for all-cause mortality, reduced
risk of ischemic heart disease, and mortality (1,2). One addi-
tional role of ET extends to its possible action in protecting
the heart against myocardial infarction (MI). This issue is
interesting because approaches to prevention of heart disease
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little literature has appeared addressing the influence of ET
before a MI and previous observational studies have reported
unclear findings. A cross-sectional study showed that veteran
athletes with lifelong ET were related to attenuated patholo-
gical cardiac remodeling after M, as illustrated by a superior
left ventricular (LV) ejection fraction and LV circumferential
strain compared to infarcted-sedentary participants (5). A pro-
spective study with 1,517 MI events reported that participants
who engaged in light or moderate physical activity were
more likely to survive to MI (6). On the other hand, in a study
with 504 patients with acute coronary syndrome, activity
levels did not affect the severity of the disease assessed by The
thrombolysis in myocardial infarction (TIMI) risk score (7).
Animal studies have shown that ET prior to MI can
attenuate pathological LV remodeling (8-20). Experimental
studies make it possible to directly assess the impact of ET on
the infarcted heart while clinical studies have categorized the
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physical activity level through subjective assessment using
questionnaires to determine prognosis after MI. Furthermore,
more specific markers of cardiac remodeling (e.g., cardiomyo-
cyte hypertrophy, cell death, and molecular tissue signaling)
can be readily assessed under experimental conditions.

The first study that evaluated the role of ET prior to MI
was published over four decades ago (8), and research indi-
cates that increased myocardial capillary density in rats led
to permanent coronary occlusion. Other benefits include LV
performance, apoptosis, fibrosis, and myocardial inflamma-
tion as well as mortality in infarcted rodents (12,14,15), the
potential protective of ET remains incompletely understood.
For example, some studies reported no benefit of prior ET in
terms of attenuating myocardial hypertrophy, LV systolic
and diastolic dysfunction, and inotropic myocardial depres-
sion in infarcted rats (14,15). Moreover, the small number
of studies evaluating how ET prior to MI affects cardiac
remodeling considered distinct experimental designs, type
(e.g. treadmill or swimming), and exercise regimens (18-23).
Therefore, the difference study findings must be understood
better in an integrated manner in order to confirm whether
ET protects against maladaptive remodeling post-ML

Therefore, we conducted a meta-analysis to examine the
association between ET prior to MI and cardiac remodeling
in experimental models. Specifically, we examined the effects
of ET on LV structure and function, myocardial growth, cell
death, and gene/protein expression.

B MATERIAL AND METHODS

This search strategy was completed by following with
Yoshii et al. (24). For the identification of the studies included
or considered in this review, articles from January 1978 to
November 2018: in PUBMED, Google Scholar, and Cochrane
were considered. First, we selected keywords from related
articles and MeSH international data lines were used to find
more related key words with close meanings, these included:
(“prior exercise training” [MeSH Terms] OR (“exercise”
[All Fields] AND (“myocardial infarction”) [MsSH Terms]
[All Filds] OR (“physical exercise” [MeSH Terms] “physical
examination” OR “exercise training” [MeSH Terms] “exer-
cise” AND “myocardial infarction”. The search strategy was
carried out on three databases. PubMed searches including
the other animal filters resulted in potentially 806 articles.
Google Scholar with the filter only in the title resulted in
39 articles and the Cochrane database which resulted in
13 articles all in humans. The terms used were “prior exercise
training and myocardial infarction” MeSH terms: myocardial
infarction; exercise; the search was repeated following review
of the eligible papers to specifically search for methodolo-
gies, outcomes, and parameters of myocardial infarction.
We also reviewed the retrieved articles to identify possible
additional studies (Figure 1). This review was conducted
according to the recommendations established by PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-
Analysis) (25).

The present study did not include studies with ischemia
and reperfusion or ischemic preconditioning and those asses-
sing only animals that underwent experimental myocardial
infarction surgery with mechanical occlusion of the left
coronary artery. The control group was the sham group, (the
same procedures used for experimental surgery for myo-
cardial infarction was followed, but without occlusion of the
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left coronary artery). Most of the work was performed using
male rats and only one study used a transgenic mouse.

The process of retrieving the papers, as well as evaluating
the titles and abstracts obtained, was conducted by two
researchers with the ability to perform systematic reviews
(E.C.V. and V.E.V)) independently and blindly, following the
inclusion and exclusion criteria according to the components
of PI.C.O. (22). The selected articles were then critically
evaluated to be included or excluded in the review. If the
reviewers disagreed on the selection of a study, a third
reviewer was consulted (S.S.V.).

The information obtained from the studies selected for the
systematic review are presented in a table where the follow-
ing characteristics of the articles were described: authors
name and year of publication, animal type, sex (M/F), animal
race, age (months), weight, induction model, and ethical
committees (Table 1). The RevMan version 5.3 (Cochrane
Collaboration, Oxford, UK) was used to perform the meta-
analysis. The random-effect model was used in the period of
heterogeneity.

Statistical Analysis

The mean values and standard deviation between the
studies are presented as mean difference (MD) of the post-
intervention values after calculating the inverse of the
variance, which were used to determine the magnitude of
the protective effect of exercise prior to myocardial infarction
experimental surgery (26). Heterogeneity was assessed through
Cochran and 12 Q tests, followed by visual inspection of the
graph.

The heterogeneity between the studies was analyzed through
the 12 statistic (27). The analyses were performed using Pro-
gram R 3.3.1 for Macintosh.

B RESULTS

The search process, identification, and selection of the
articles are shown in Figure 1. Of the search strategies used,
806 articles in PUBMED with the filters of other animals were
found, as a result 38 articles were retrieved, of which 16 were
selected after reading the title and abstract; in the search of
google scholar we obtained 39 articles and in the search by
Cochrane database we obtained 13 articles. The inclusion
and exclusion criteria are described in figure 1.

Besides the fact that they were not related to the compo-
nents of PI1.C.O., most of the articles were excluded because
they involved human, rather than animal, subjects. Table 1
presents the data on authors, animal type, sex, animal race,
age (months), weight, and induction model of experimental
myocardial infarction of artery coronary occlusion (28,29).
Table 2 presents the data on authors, sample size, number
of groups, number of animal/groups, the methodology of
exercise, functional fitness, and time for the sacrifice of the
animal after the beginning of the physical training, depen-
dent variables.

Table 3 shows the study characteristics of selected experi-
mental controlled animal studies with prior exercise and
myocardial infarction being divided into Positive effects
that were statistically significant. Concerning to measures
of infarct size, these authors found a statistical difference
between the animals that were previously exercised and the
sedentary ones (8,11-13,16), while other authors did not
find statistical significance (14,15,17-19). Measures related to
hypertrophy as heart weight/body weight were found to be
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PubMed/Medline,

n=806, with filters

Google Scholar,

n=39

Advanced search in
Cochrane library,
n=13

of other,animals

Identification

Inclusion criteria English
language. Exclusion criteria:

A 4

1 - animals with pre- or post-
conditioning without physical
training (5);

2 - articles that did not include
the entire text for free in
databases (3);

Tracking

Selected articles for detailed reading of
the entire text, n=16

3 - articles not related to the
previous exercise and
experimental myocardial
infarction (17);

4 - articles with only in vitro
experiments (8);

5 - articles including the topic
of physiological hypertrophy;
(2)

6 - duplicate articles (53).

Three studies fit the
inclusion criteria, but not
the main theme of the

Eligibility

A 4

previous exercise and
experimental myocardial
infarction; furthermore,
one study was repeated.

Selected articles for systematic review
and/or meta-analysis, n=13

Selected
articles

Figure 1 - Flowchart for selection of studies.

statistically different from the following authors (9,10,13),
while in other studies the variables were not significant
(9,12,14,15). Several methods were used for the measurement
of capillary density and all the authors who performed this
measure found statistical significance (8,10,12,13,20).
Outlined in Table 3, the following studies reported a
Statistical difference between heart function variables such as
in the variable ejection fraction [with the equivalent measure
in animals on the echocardiogram the fraction of shortening
the transverse area expressed as a percentage of the amount
of blood ejected from the left ventricle] (9-11,13,20); however,
other studies reported no significant difference (14,15,18).
In the hemodynamic measures, significance was found in the

following studies (12,16,19). The remaining collagen content
in the remaining myocardium was lower in the animals
that were exercised in the following studies (12,16). The rate
of apoptosis in the remaining myocardium of the exercised
animals was lower, with statistical significance in these
studies (12,18,20).

When the molecular profile of the exercised animals was
analyzed concerning the sedentary ones, each study ana-
lyzed different genes or proteins with statistical significance
(Table 3). The first work to analyze the genes that gained the
most benefit from exercise was that of Freimann et al. (10)
who obtained excellent results using the microarray techni-
que. The author highlighted the following genes that had
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Table 1 - Characteristics of selected control experiment studies of prior exercise and experimental myocardial infarction.

Authors Animal Sex Animal race Age (months) Weight (g) Induction model
McElroy et al. (8) Rats Male Sprague-Dawley 1 - Ml
Dayan et al. (9) Rats Male Sprague-Dawley - - Mi
Freimann et al. (10) Rats Male Sprague-Dawley 250-290 Mi
de Waard et al. (12) Mice Either sex Wild type C57B1/6 - Mi
Freimann et al. (11) Rats Male Sprague-Dawley 250-290 Ml
Tang et al. (13) Rats Male Sprague-Dawley - 245-289 MI
Veiga et al. (14) Rats Female Wistar 3 250-300 Mi
Bozi et al. (16) Rats Male Wistar - 100-120 Mi
Veiga et al. (15) Rats Female Wistar 2 190-200 M
Rodrigues et al. (17) Rats Male Wistar 3 275-300 Mi
Santos et al. (18) Rats Female Wistar 3 250-290 Mi
Barbosa et al. (19) Rats Male Wistar 3 250-300 MI
De Souza Vieira et al. (20) Rats Female Fisher 344 - 140-190 Mi

Experimental myocardial infarction (MI) technique by coronary occlusion consolidated by the literature (Wu et al. (28)).

greater expression: ANP, COX 6A, COX 8h, H-FABP, and
Aldalose. Freimann et al. (11) highlighted the following
analyzed genes that obtained expressive improvements with
exercise. These included the genes from ANP, collagen I and
III, and PCPE. Tang et al. (13) also analyzed the molecular
profile highlighting the increased expression of the VEGF
protein. Santos et al. (18) analyzed the inflammatory profile
of the proteins and verified an important result with the
expressions of the proteins NF-«B, PPAR-o. and TNF-o with
better expressions in exercised and infarcted animals. Barbosa
et al. (19) also found an improvement in the inflammatory
profile in animals with previous exercise and infarction in the
following cytokines TNF-o, IL6, and IL10. Vieira et al. (20)
showed significant improvement by analyzing the following
proteins pAktl and VEGE.

A meta-analysis of the protective effect of exercise prior to
the experimental surgery of myocardial infarction.

Analyzing heart weight/body weight, we observed the
following results - Mean difference 95% CI - -0.02[-0.61,0.57]
(Figure 2).

Following the meta-analysis of the infarct size (% LV), it
was observed that the animals that were involved in prior
exercise before myocardial infarction had a decrease in
infarct size, statistically significant, in comparison with the
sedentary ones -5.05[-7.68, -2.40] (Figure 3).

When we analyzed the ejection fraction measured by echo
(%LV), it was verified that animals with prior exercise had
higher and statistically significant measures than the seden-
tary ones 8.77[3.87, 13.66] (Figure 4).

The meta-analysis aimed to investigate the magnitude of
the protective effect of exercise prior to the experimental
surgery of myocardial infarction on the variables of left
ventricular diameter in the diastole and ejection fraction of
exercise and infarction.

B DISCUSSION

Our results suggest that exercise performed before experi-
mental myocardial infarction improves survival and cardiac
function as well as the molecular response of gene and
proteins involved in heart failure. In general, exercise
determined a decrease in the mortality and inflammation
rates related to ventricular remodeling, extracellular matrix
and apoptosis processes, including cell signaling and other
cellular activities. In addition, those mechanisms result in
better ejection fraction of animals under exercise before the
myocardial infarction.

An important aspect of the studies analyzed with exercise
prior to experimental myocardial infarction is the ability to
determine the size of the infarct in the heart of rats (10,12).
While others had no effect on the reduction of infarct size,
but had other beneficial consequences for the heart (17-20),
others had zero responses to the heart benefits from the
previous exercise (8,9). Another important aspect is that in
some studies, mortality decreased (12,17-20). It is crucial to
emphasize that the extension of the infarcted area may
impact on heart function (12-20). Therefore, this reduction
reduces the mortality as well as the sequels that may gene-
rate dysfunction and heart failure (12-20). Our meta-analysis
indicates that exercise improves heart function (Figure 4),
which reflects the strength of hearing muscles and the
coordination of the heart system. This is a great benefit of
exercise. The differences that occurred in the meta-analysis
between the size of the myocardial scar (8,10,13,16,17) were
significantly different in ejection fraction (9,10,12,17,18),
whereas others (15,19) did not show statistically significant
changes in ejection fraction.

Another benefit of exercise was to increase the response of
stress-related proteins and aerobic metabolism that protect
the heart. In addition, the inflammation, pro-apoptosis, and
the fibrotic process of animals under exercise presented a
better profile compared to sedentary ones (12-20). In addi-
tion, the genes and proteins involved in the repair process
and heart protection show a greater expression in those who
underwent previous exercise: ANP, COX 6A, COX 8 h,
H-FABP, Aldalose, collagen I and III and PPAR-a (10,11,18).
Some studies did not find a significant change in the
echocardiographic variable rats under exercise program,
which is another important factor (8,11).

Rodrigues et al. (11) conducted a study in which infarcted
rats underwent treadmill training which reduced mortality
and improved the molecular inflammatory system. De
Waard et al. (12) also noted that physical exercise in mice
submitted to experimental infarction increased survival.
In this context, treadmill training in rats caused drop-in
mortality in the infarcted group and improved the inflam-
matory and apoptosis systems (18). The decrease in mortality
and inflammatory resulting from physical exercise was
verified by Barbosa et al. (19). The inflammatory response
may increase heart damage after ischemia. Therefore, exercise
may determine a positive effect in the heart through a
reduction in the inflammatory process.

The heart weight/body weight data showed a significant
gain in heart mass after exercise which is indicative of
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Table 3 - Study characteristics of selected experimental controlled animal study of positive effects- statistically significant among the

measures evaluated.

Authors Measurements of the HW/  Capillary Ejection Hemodynamic Collagen Apoptosis  Benefits of gene/
infarcted size BW density fraction measurements protein expression
with prior exercise
McElroy et al. (8) X NS X - - - - -
Dayan et al. (9) - X X - - - -
Freimann et al. (10) X X X X - - - X
de Waard et al. (12) X NS X X X X X
Freimann et al. (11) - X - - - - - X
Tang et al. (13) X X X X - - - X
Veiga et al. (14) NS NS - NS - - - -
Bozi et al. (16) X X - - X X - -
Veiga et al. (15) NS NS - NS NS - - -
Rodrigues et al. (17) NS - - X NS - - -
Santos et al. (18) NS - - NS - - X X
Barbosa et al. (19) NS - - X X - - X
Vieira et al. (20) NS - X X - - X X

X - the difference of the variable between the sedentary animal before the experimental myocardial infarction surgery and the animal with the previous
exercise before the experimental myocardial infarction surgery was statistically significant. NS — not significant. — (-) means that in this work this specific

variable was not used.

Prior exercise to Ml Sedentary Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bozi et al. 2013 45 04 20 36 02 20 15.6% 0.90 [0.70, 1.10) .
Freimann et al. 2005 359 oM 15 379 061 14 148% -0.20 [-0.58, 0.18) -
Freimann et al. 2009 39 046 10 319 0.18 10 15.2% 0.71[0.40, 1.02) d
McElroy et al. 1978 36 1 4 35 1 4 8.4% 0.10 [-1.29, 1.49) S——
Rodrigues et al. 2014 18 0.2 10 38 05 10 15.1% -2.00 [-2.33, -1.67) -
Tang et al. 2011 378 021 5 342 029 5 15.1% 0.36 (0.05, 0.67) d
Veiga et al. 2013 25 007 10 255 009 10 15.8% 0.01 [-0.06, 0.08)
Total (95% CI) 74 73 100.0% -0.02 [-0.61, 0.57) ?
Heterogeneity: Tau® = 0.57; Chi® = 241.40, df = 6 (P < 0.00001); I* = 98% _4 _32 o 2 a

Test for overall effect: Z = 0.06 (P = 0.95)

Prior exercise to Ml Sedentary

Figure 2 - Meta-analysis of body weight/heart weight (mg/g). Forest Plot of heart weight compared to prior exercise and sedentary;
confidence interval (Cl); the standardized mean difference (SMD), standard deviation (SD).

Prior exercise to Mi Sedentary Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
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Freimann et al. 2005 12 6 15 19 8 14 11.5% -7.00[-12.17,-1.83) —
McElroy et al. 1978 215 19 4 313 26 4 159% -9.80[-12.96, -6.64) —
Rodrigues et al. 2014 42 2 10 45 3 10 18.0% -3.00[-5.23,-0.77) -
Santos et al. 2016 389 13.7 9 349 174 9 29% 4.00[-10.47,18.47)
Tang et al. 2011 332 19 5 421 22 5 17.3% -8.90[-11.45,-6.35) —
Veiga et al. 2013 385 46 10 365 41 10 14.4% 2.00[-1.82, 5.82) -T—
Total (95% Cl) 73 72 100.0%  -5.04 [-7.68, -2.40) <>
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Test for overall effect: Z = 3.75 (P = 0.0002)

Prior exercise to Ml Sedentary

Figure 3 - Meta-analysis of infarcted size measurement by echocardiography (% left ventricular). Forest Plot of myocardial infarction
size compared to prior exercise and sedentary; confidence interval (Cl); the standardized mean difference (SMD), standard deviation

(SD).

physiological hypertrophy. However, the study by McElroy
et al. (8) only included four animals per group resulting in a
large confidence interval in the analysis that did not allow
the results to reach significance. In the meta-analysis of the
comparison of infarct size, measured by an echocardiogram
(% of the left ventricle), it was observed that animals that
exercised before infarction had a significant decrease in
infarct size. When the ejection fraction was analyzed, we also

observed an increase in blood ejected from the left ventricle
in animals that had prior exercise training was statistically
significant.

The current scenario in human literature that assesses
exercise prior to infarction relates to the increased survival,
including the recommendations of the current prevention
guidelines regarding the main effects of exercise already
observed at low to moderate levels (30). According to
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Mean Difference Mean Difference
IV, Random, 95% CI IV, Random, 95% ClI
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Study or Subgroup Mean SD Total Mean SD Total Weight
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Freimann et al. 2005 35 5 15 19 6 14 11.9%
Santos etal. 2016 69.14 3.26 9 6795 19 9 126%
Veiga etal. 2011 45 4 10 42 4 10 12.2%
Veigaetal 2013 25 2 10 2t 2 10 12.8%
Vieiraetal. 2017 38 2 35 25 3 35 129%
Total (95% ClI) 135 134 100.0%

Heterogeneity: Tau®*= 48.01; Chi*= 555.51, df= 7 (P < 0.00001); F= 99%
Test for overall effect: Z= 3.51 (P = 0.0005)
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Figure 4 - Meta-analysis of ejection fraction measured by echocardiography (% left ventricular). Forest Plot of ejection fraction
compared to prior exercise and sedentary; confidence interval (Cl); the standardized mean difference (SMD), standard deviation (SD).

Ejlersen et al. (30), humans with moderate to high levels of
leisure-time physical activity, reduce the risk of a fatal post-
infarction event by 45%, corroborating the findings of this
study; however, the cardioprotective effects were not found
in the development of heart failure. In a study accompanying
more than 6,000 patients, Gonzales et al. (31), describes the
lower incidence of myocardial infarction event in individuals
exposed to physical exercise, also suggesting that the role of
physical exercise is more important for men than for women
throughout the study. In a prospective study with the
Chinese population, it was found that an increase in physical
activity level (which could be obtained from occupational or
non-occupational activities) was associated with a statisti-
cally significant 5% to 12% lower risk of different subtypes of
cardiovascular disease, including myocardial infarction (32).
Kupsky et al. (33), whose report describes exercise-derived
cardioprotection in a cohort study of more than 60,000
subjects analyzed, also strengthen these data.

In conclusion, most studies showed that exercise performed
before the infarction triggers several benefits. The major bene-
fits include a reduction in mortality, improvement of the
ejection fraction, and an increase in the molecular profile, which
may provide a more favorable adaptation to remodeling.
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