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Introduction

The PIRC is a non-invasive and easy-to-apply
strategy that can promote improvement in exercise
performance.13,14 Thus, this study aims to investigate
the effect of remote ischemic preconditioning on
maximum oxygen consumption (VO2max) maximum
power (Wmax) in runners and cyclists.

Remote Ischemic PreConditioning (RIPC) is a noninvasive cardioprotective intervention that involves
short cycles of ischemia, interspersed by reperfusion,
that attenuate cell damage suffered by prolonged
ischemia of the same organ.1 It was first described in
a study of Murry et al.3, in 1986, in which dog hearts
were preconditioned with four cycles of occlusion and
reperfusion. It was found that the area of myocardial
infarction in preconditioned hearts reduced by 75%
compared to those who did not receive ischemic
preconditioning.2,3

Methodology
This is a systematic review and meta-analysis. It was
based on “The PRISMA 2020 statement: An updated
guideline for reporting systematic reviews”15 and
evaluated by the PROSPERO systematic review
project repository; however, it did not obtain the
record because it is a sports performance outcome.
Randomized clinical trials investigating the effect of
remote ischemic preconditioning on VO2max and
Wmax of runners and cyclists were included. Studies
that did not evaluate outcomes of interest in this
review were excluded.

The ischemic stimulus provided by the RIPC
leads to the production of substances that enter
circulation, reach the myocardium and other tissues,
and, consequently, exert a protective effect. This
protection seems to involve activating protein kinase
C (PKC), through the signaling cascade of protein G
agonists, with subsequent opening of ATP-dependent
potassium channels (KATP).4 The protective effects of
CRP on the heart and being beneficial in the clinical
setting can also be applied in sport to improve exercise
performance5–8; these effects have been analyzed in
endurance athletes. In a 5 km running test, subjects
were able to complete the race 34 seconds faster, and
the increase in lactate was attenuated by 1.07 ± 0.11
mmol during an incremental running test after the
CPIR.9 In trained swimmers, the RIPC was associated
with the gain of maximum performance, with a
reduction in the swimming time of 100 m and a better
swimming time concerning the personal time.10

The selection of the studies was carried out by two
independent researchers, with the same search
strategy; in case of disagreement, a third researcher
was called. No software was used to assist in the
selection process. Subsequently, the selected articles
were assessed for the risk of bias using the Cochrane
tool.16 The search was carried out through the PICOS
strategy in the Medline / PubMed, SciELO, Journals
Capes databases, and manual search, without the
restriction of the year of publication, available in
Portuguese, English, and Spanish. No filters were
used in the databases. The last search was carried out
on a single date, November 18, 2020, in all databases.
MeSH and DeCS were used to find the descriptors
and their synonyms. The keywords included in the
search strategy for the Medline / PubMed database
were: (((((((Ischemic Preconditioning) OR (remote
ischemic preconditioning)) AND (exercise)) OR
(Cardiorespiratory Fitness)) OR (exercise training))
AND (Clinical Trial). For the SciELO and Journals Capes
databases, Ischemic preconditioning and exercise
were used. This strategy was used to conduct a more
sensitive search than it specifies, considering that
these databases still have a relatively low scientific
production on the subject studied.

Sports performance is the object of study in the
most diverse areas of knowledge and desired by
athletes, coaches, and physiologists. In recent years,
many techniques have been studied to optimize the
performance and results of athletes of all modalities.
Among these techniques, the RIPC stands out, which
favors the process of angiogenesis and greater
resistance to tissue ischemia.11 Sports modalities
such as running and cycling that have aerobic
predominance promote adaptations capable of
generating increases in VO2máx and the physiological
adjustments that promote functional changes
in response to endurance training, they are only
possible through the manipulation of aerobic capacity
variables, regardless of the modality practiced.12
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The selection of studies was carried out in two stages. The first stage was based on titles and abstracts; the second
stage the analysis of the full text. Data extraction was performed through the transcription of information, and a
file was built containing authors and year of publication, participants, intervention, outcomes, and study design.
The updated PRISMA guidelines were followed to present the flowchart.15 The quality of the studies was assessed
using the risk of bias scale using the Cochrane collaboration tool.16
Revman 5.3 software was used for elaboration, data analysis, and construction of the Forest Plot graph. Statistical
heterogeneity was assessed by visual inspection of the confidence interval, the Q-Cochran test, and the chisquare test (X2). After this evaluation, the data were analyzed using the random effect model to expect clinical and
methodological heterogeneity between the studies. All data were analyzed with the same measure, milliliters per
minute, studies that presented VO2max in liters per minute, the transformation was made to milliliters per minute.

Results
Selection of studies
The search and identification process of the studies included in the review are summarized in Figure 1. A total
of 1383 studies were identified. After reading the title and abstract, 1356 were excluded and another 27 were
selected for reading the full text. After analysis, 8 studies met the eligibility criteria, remaining in the systematic
review for analysis.
Figure 1. Flowchart of the search and study identification process
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Characteristics of the studies
Table 1 summarizes the descriptive characteristics of the clinical trials included in the systematic review, comprising a total of 109 male and female individuals, with
an average age ranging between 18 and 35 years. Publication dates ranged from 2010 to 2019. Six studies involved cyclists1,5,6,17–19 and two runners.7,8 Each study used
different types of protocols in the evaluation of VO2max and Wmax. The RIPC protocol was similar between studies; however, there was a variation in the number of
ischemia-reperfusion cycles.
Table 1. Characteristics of clinical trials included in the systematic review. Effect of remote ischemic preconditioning on VO2max and Wmax of runners and cyclists, 2019/2020. N = 8 (to be continued)
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Table 1. Characteristics of clinical trials included in the systematic review. Effect of remote ischemic preconditioning on VO2max and Wmax of runners and cyclists, 2019/2020. N = 8 (conclusion)
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Analysis of the risk of bias
In the generation of the random item sequence, concealment of allocation and blinding of outcome evaluators
in almost all studies had a high risk of bias; this happened because the authors did not present or performed
these steps in the studies. For the blinding items of participants and professionals, incomplete outcomes, and
other sources of bias, about half of the studies had high risk or uncertain risk. Only the item reporting a selective
outcome was the one with the lowest risk of bias since the study protocols and their primary outcomes were
reported in detail, Figure 2.
Figure 2. Bias risk assessment of the 8 studies included in the review, using the risk of bias scale using the Cochrane collaboration tool. N = 8

Outcome results
Maximum oxygen consumption (VO2max)

Studies that assessed the effect of remote ischemic preconditioning on VO2max1.5–8.17-19 contained a total of
89 participants. There was a significant increase in VO2max of 1.43 ml/kg.min (95% CI: 0.61-2.25) for the groups
that used the PIRC protocol compared to the control groups, shown in Figure 3.

J. Physiother. Res., Salvador, 2021 May;11(2):435-444
http://dx.doi.org/10.17267/2238-2704rpf.v11i2.3778 | ISSN: 2238-2704

440

Figure 3. Forest Plot of the comparison of VO2máx between the control group and RIPC

Maximum power (Wmax)

Five studies 1,5,17–19 with a total of 63 participants, evaluated the effect of remote ischemic preconditioning on
Wmax. There was no significant difference when comparing the control group with the RIPC: 7.79 (95% CI -0.12;
15.71), shown in Figure 4.
Figure 4. Forest Plot of Wmax comparison between the control group and RIPC

Discussion
This meta-analysis is original in testing the effects of remote ischemic preconditioning on performance indicators
in runners and cyclists. The results indicate that a RIPC session was efficient in inducing an acute increase in
VO2max. However, there was no increase in Wmax.
The increase in VO2máx is desired by athletes, a predictor of performance in time trials, and the best index for
assessing cardiorespiratory fitness.20,21 The findings of this meta-analysis corroborate the results reported by other
researchers who observed an increase in the VO2max when using the RIPC before the maximum performance
test in cyclists and runners.17,22 Thus, the use of the RIPC can be a strategy used by athletes and coaches minutes
before a competition.
A point to be highlighted in this study, the RIPC protocol used by all researchers was similar, with little variation
in the number of ischemia-reperfusion cycles.1,5-8,17-19 The maneuver consisted of periods of limb ischemia by
insufflating a cuff up to 220 mmHg for 5 minutes, followed by 5 minutes of reperfusion with cuff deflation.
However, the intervention methods were heterogeneous in terms of training variables; these differences in
protocols are essential in practical applicability since the manipulation of variables can improve endurance
athletes' performance.
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In this review, two sports were included, runners and
cyclists; this inclusion was based on the evidence
that endurance athletes have similar VO2max. It is
generally described that aerobic exercise with the
same intensity induces greater oxygen absorption
and, probably, a similar energy expenditure between
these two modalities. Another justification is the
pattern of recruitment of motor units related to the
tasks performed, with an impact on VO2max.23

which is a mechanical variable with low sensitivity to
detect acute physiological changes, enhanced by the
wide confidence interval in all analyzes.
From perspectives on the results of this meta-analysis,
the applicability of remote ischemic preconditioning
is applicable as a strategy to optimize results in
endurance sports. The limitations of this systematic
review refer to the diversity of intervention protocols
applied in the studies; probably, this characteristic
may have influenced the findings.

It is essential to point out the studies1,5-8,17,19 that
evaluated the VO2max were composed of small
samples of athletes with high functional capacity,
being able to skew, in this way, the results found.
Thus, the analysis of the results may show low
confidence, being susceptible to low external validity.
However, when the studies are analyzed together, it
was observed that the RIPC could increase VO2max
by up to 3.41ml / kg.min. The authors consider the
study by Sabino-Carvalho et al.7 that in the original
study, the data did not favor the use of VO2máx.
However, when the data were included in the metaanalysis and analyzed together, it became favorable
and great weight (74.4%). It was verified in the scale
of the methodological evaluation that the negative
items to this study were related both to the allocation
of the participants in the investigated groups and to
the blinding of the intervention, thus characterizing
systematic errors.

Conclusion
It is suggested that remote ischemic preconditioning
may be able to increase VO2max in cycling and
running practitioners. Wmax demonstrates that it is
not influenced by remote ischemic preconditioning.
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Remote ischemic preconditioning causes the release
of various substances by the ischemic tissue, although
the substances are not well defined.4 These can
influence the opening of ATP-dependent potassium
(K +) channels and local adenosine release, in addition
to regulation of the nitric oxide pathway, which are
potent vasodilators.24,25 It is speculated that the
vasodilator action of these mechanisms participate
in the effects of the RIPC and consequently in the
increase in the physical performance of athletes.17,25
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