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Abstract

Ischemic preconditioning (IPC) has been suggested as a potential ergogenic aid to improve exercise performance, although
controversial findings exist. The controversies may be explained by several factors, including the mode of exercise, the ratio
between the magnitude of improvement, or the error of measurement and physiological meaning. However, a relevant aspect
has been lacking in the literature: the interpretation of the findings considering statistical tests and adequate effect size (ES)
according to the fitness level of individuals. Thus, we performed a systematic review with meta-analysis to update the effects
of IPC on exercise performance and physiological responses, using traditional statistics (P values), ES, and smallest worth
change (SWC) approach contextualizing the IPC application to applied Sports and Exercise performance. Forty-five studies
met the inclusion criteria. Overall, the results show that IPC has a minimal or nonsignificant effect on performance consider-
ing the fitness level of the individuals, using statistical approaches (i.e., tests with P value, ES, and SWC). Therefore, IPC
procedures should be revised and refined in future studies to evaluate if IPC promotes positive effects on performance in a
real-world scenario with more consistent interpretation.
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Abbreviations SwC Smallest worthwhile change
CI Confidence interval VO,max Maximal oxygen consumption
ES Effect size
P Heterogeneity statistic
IPC Ischemic preconditioning Introduction
PRISMA Preferred reporting items for systematic
reviews and meta-analysis Ischemic preconditioning (IPC) is a non-invasive technique
0 Cochran test conducting transient peripheral hypoxia and subsequently
RPE Rating of perceived exertion enhance tissue tolerance against ischemia—reperfusion

injury (Paradis-Deschenes et al. 2016b). This technique
promoted greater protection of heart tissue against infarct
size (Murry et al. 1986), and has become widespread.
Following numerous studies demonstrating tissue protec-
54 Moacir Marocolo tion in clinical experiments (Eisen et al. 2004), the IPC

isamjf @ gmail.com technique has been suggested as a potential ergogenic aid
to improve exercise performance (Marocolo et al. 2016a,
2017b; Incognito et al. 2016), focussing mainly on swim-
ming (Marocolo et al. 2015), cycling (Crisafulli et al.
2011b), and running performance (Bailey et al. 2012b).
Furthermore, studies have investigated IPC on resistance
Faculty of Sport, Health, and Applied Science, St. Mary’s (Barbosa et al. 2015; Cochrane et al. 2013; Marocolo et al.
University, Twickenham, London, UK 2016a), intermittent (Marocolo et al. 2017a), and fatiguing
isometric (Tanaka et al. 2016) exercises. Despite numerous
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investigations, the results are inconsistent, and an “ideal”
IPC protocol has not yet been standardised (Marocolo
et al. 2016a, 2017b, 2018; da Mota and Marocolo 2016;
Incognito et al. 2016), making it difficult to elucidate the
physiological mechanisms behind IPC. A few proposed
mechanisms have been considered, first, the hyperemia
experienced following the occlusion phase may play a role
due to nitric oxide production (Singh et al. 2017). Further-
more, an increased phosphocreatine resynthesis, altered
oxy-deoxyhaemoglobin kinetics (Bailey et al. 2012a), and
increased oxygen consumption (Andreas et al. 2011) may
play a role in improving exercise performance.

Investigation of the IPC effects on exercise perfor-
mance should consider the analysis of a number of set
parameters, including statistical tests, the ratio between
the magnitude of the improvement, and the error of meas-
urement. In addition, there should be consideration of the
physiological meaning and the context of the fitness level
and/or mode of exercise, and adequate effect size (ES)
interpretations. For instance, improvements with small ES
could be important when evaluating elite, but not amateur
athletes (Marocolo et al. 2018). In sports sciences/medi-
cine research, the P values from traditional statistics have
been criticized (Buchheit 2016b, 2017). When P values
are considered in isolation from other statistical indicators
(e.g., confidence interval and ES), it may produce mislead-
ing conclusions, including misleading practical applica-
tions, wasted resources, and time. For example, one study
may show a significant difference (P <0.05) after an inter-
vention, but with small ES in amateur athletes which has
limited benefit when practically applied (Buchheit 2016b;
Marocolo et al. 2018). Furthermore, the lack of magnitude
of effects, which matters in the most cases (Cohen 1994),
are motivating sports scientists to look for more realis-
tic approaches instead of only P value analysis. In this
context, the smallest worthwhile change (SWC) has been
highly suggested for the analysis of exercise performance
studies (Buchheit 2016a) due to its singular specificity for
sports sciences area (e.g., small sample size, the practical
relevance of the changes, and the typical error of meas-
urements) (Marocolo et al. 2017b; Haugen and Buchheit
2016; Hopkins et al. 2009). In this context, the SWC calcu-
lated by 0.2 multiplied by standard deviation (SD) is more
relevant for high fitness level participants, while the SWC
calculated by 0.6 multiplied by SD is relevant for both
high and low fitness level participants (Fig. 1).

Although IPC is an exciting tool to be used as an ergo-
genic aid to enhance performance, no research has deter-
mined the IPC effects considering the SWC approach in
combination with the traditional statistical analyses, which
could be relevant. Thus, this systematic review and meta-
analysis aimed to update the IPC effects on exercise per-
formance and physiological indicators using traditional
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Smallest worthwhile change (SWC)

SWC: 0.2 x standard deviation

Relevant to high
fitness level
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| Relevant to high and low fitness level subjects |

SWC: 0.6 x standard deviation

Fig.1 Smallest worthwhile changes recommendation

statistics (P values), ES and SWC approach contextualizing
the IPC application for performance.

Methods
Literature search

The Preferred Reporting Items for Systematic Reviews and
Meta-analysis (PRISMA) recommendations were followed
(Moher et al. 2009). This study identified IPC and exercise
studies located primarily through the PubMed database
with second-order internet search engines including Google
Scholar (using [advanced search], [all fields]), and other
online journals. The following crucial terms (1) “ischemic
preconditioning’; (2) “blood flow” and “hyperemia”; and (3)
“blood flow occlusion” were combined with “exercise per-
formance”, “athletes”, “exercise”, and “performance”. Stud-
ies selected were limited to those written in the English lan-
guage (Morrison et al. 2012; Juni et al. 2002) and included
journal articles, ahead of print articles, and a master thesis.

Selection criteria

Studies were included based on strict criteria determined
by 2 investigators including: (1) original study; (2) IPC
performed prior to the exercise; (3) evaluation of healthy
participants; (4) conduction of exercise or effort test; and
(5) analysis of performance. Systematic review articles,
meta-analyses, and studies with only animals or non-healthy
participants were excluded from this review. The literature
search included papers from 1st January 1900 to 23rd May
2018. The selected studies were read rigorously to deter-
mine if they met the inclusion/exclusion criteria. The search,
selection, and inclusion process can be seen in Fig. 2. The
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search displayed a total of 3466 papers, which were reduced
to 1779 after exclusion of duplicate publications. Out of
these papers, we excluded another 1205 by title, leaving
574 yet to be selected. Finally, after checking those papers
for our defined inclusion criteria, 45 remained for further
analysis.

Quality assessment and data extraction

The quality of all included papers was estimated accord-
ing to a checklist based on and adapted from the studies
by Downs and Black (1998) and van Velzen et al. (2006).
At first, only one investigator analysed the methodologi-
cal quality of the articles. There were 3 possible scores
(Yes=1 point, Unclear =1/2 point, No =0 points) for
each item in the checklist (Table 1) with the maximum

possible score =15 points. In most questions, the expres-
sion “clearly” refers to the fact that information is explic-
itly presented in the paper. The general quality of each
publication was achieved using the sum of the 15 criteria
scores. After this initial screening, another author checked
all selected papers according to the quality criteria and
arrived at the conclusion, in concordance with the other
author that the 17 candidate papers should be included in
the meta-analysis.

The variables were divided into categories, e.g., perfor-
mance or physiological variables associated with perfor-
mance and modalities, e.g., swimming, cycling, running,
and resistance exercises. This classification aimed at a
better description of the results, and most of the studies
evaluated more than one variable.
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Table 1 Quality criteria used to analyze the publications

0 ) 1
Reporting
1. Is the hypothesis/aim/objective of the study clearly described? No Unclear Yes
2. Are the main outcomes to be measured clearly described in the Introduction? No Unclear Yes
3. Are the characteristics of the subjects included in the study clearly described? No Unclear Yes
4. Are the interventions of interest clearly described? No Unclear Yes
5. Are the main findings of the study clearly described? No Unclear Yes
6. Does the study provide estimates of the random variability in the data for the main outcomes? No Unclear Yes
7. Were the instruments of testing reliable? No Unclear Yes
8. Was a follow-up duration sufficiently described and consistent within the study? No Unclear Yes
9. Number of participants included in study findings <5 6-15 >16
Analysis and presentation
10. Have actual probability values been reported (e.g. 0.035 rather than <0.05) for the main outcomes No Unclear Yes
except, where the probability value is less than 0.001?
11. Was there a statement adequately describing or referencing all statistical procedures used? No Unclear Yes
12. Were the statistical analyses used appropriate? No Unclear Yes
13. Was the presentation of results satisfactory? No Unclear Yes
14. Were confidence intervals given for the main results? No Unclear Yes
15. Was the conclusion drawn from the statistical analysis justified? No Unclear Yes

Data analysis

The meta-analysis was performed separately for physiologi-
cal and performance variables. No authors were asked to
send the paper data and all calculations were performed with
only the data presented in each study. The weight of the stud-
ies was calculated, confidence interval (95% CI) and stand-
ardized mean difference for each study individually; these
values were then combined for the analysis of the studies.
The analysis was performed with a random-effects model
(Borenstein et al. 2009; Pigott 2012), and heterogeneity was
assessed by the Q Cochran test (Cochran 1954), which was
completed with /7 (Higgins and Thompson 2002). The sam-
ple was homogeneous (P >0.05) for the Q test and /> value
(£ 25%). The general purpose of the analysis was tested
using the Z test (Zaykin 2011). The criterion for statistical
significance was P <0.05 for 95% CI. These analyses were
performed using the Review Manager Software (version 5.3,
Copenhagen: The Nordic Cochrane Centre, The Cochrane
Collaboration 2014).

The Shapiro—Wilk test was applied to verify the normal
distribution of the data. The Spearman test was used to
examine the correlation between the percentage changes
in the performance and physiological variables that
showed statistical significance with “duration of exer-
cise” (extracted from the information provided in each
study), “total time of IPC maneuver”, and “time prior to
exercise”. The ES was calculated to determine the mean-
ingfulness of the difference (Cohen 1988) in performance
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and physiological variables of the studies. The magni-
tude of the ES was classified as trivial (< 0.2), small
(> 0.2-0.6), moderate (> 0.6—1.2), large (> 1.2-2.0) and
very large (> 2.0-4.0) based on the guidelines from Bat-
terham and Hopkins (Batterham and Hopkins 2006). In
addition, the SWC was estimated for all variables, whose
studies provided enough data for this. SWC was consid-
ered as the standard deviation multiplied by 0.2 or 0.6,
based on Cohen’s ES principle (Buchheit 2016b; Buch-
heit et al. 2014). The significance level was 0.05, and
GraphPad® (Prism 6.0, San Diego, CA, USA) was used
for the analysis.

Results

Overall, the data suggest that a high-quality of studies have
been selected. The effects of IPC on exercise performance,
according to either traditional (P values) or alternative
(SWC, ES) statistical tools, present a low magnitude. In
addition, almost all studies lack real-world context (e.g.,
field tests or evaluations during competitions).

Quality of the papers

The quality scores of the analysed studies are shown in
Table 2. All of the studies achieved the required stand-
ard to be considered a low risk of bias (mean quality
score=12.2+ 1.4; 81%). Table 3 summarizes the charac-
teristics of the studies examining IPC while, in the Table 4,
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Table 2 Scores assigned to each of the studies (in chronological order) for each of the quality (Q) criteria

References Q1 Q2 Q3 Q04 Q5 06 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14 Q15 Score (% of max)
de Groot et al. (2010) 1 05 1 1 1 1 1 05 05 1 1 1 1 0 1 12.5 (83)
Barr (2011) 1 1 1 1 1 1 1 1 05 1 1 1 1 0 1 13.5 (90)
Crisafulli et al. (2011) 1 1 1 1 1 1 1 1 05 0 1 1 1 0 1 12.5 (83)
Foster et al. (2011) 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 14.0 (93)
Jean-St-Michel et al. (2011) ! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15.0 (100)
Bailey et al. (2012b) 1 05 1 1 1 1 1 0.5 1 1 1 1 1 1 1 14.0 (93)
Beaven et al. (2012) 1 05 1 1 1 05 1 1 05 0 1 05 1 1 1 12.0 (80)
Clevidence et al. (2012) 1 1 1 1 1 1 1 05 05 0 1 1 1 0 1 12.0 (80)
Cochrane et al. (2013) 1 1 1 1 1 1 1 1 05 1 1 1 1 0 1 13.5 (90
Gibson et al. (2013) 1 1 1 1 1 1 1 1 05 0 1 1 05 0 1 12.0 (80)
Foster et al. (2011) 1 1 1 1 1 1 1 05 1 1 1 1 1 0 1 13.5 (90)
Kjeld et al. (2014) 05 1 1 1 1 1 1 05 1 0 1 1 1 0 1 12.0 (80)
Paixao et al. (2014) 1 1 1 1 1 1 1 05 1 0 1 1 05 0 1 12.0 (80)
Barbosa et al. (2015) 1 1 1 1 1 1 1 05 05 1 1 1 1 0 1 13.0 (87
Cruz et al. (2015) 1 1 1 1 1 1 1 1 05 1 1 1 1 0 1 13.5 (90)
Gibson et al. (2015) 1 1 1 1 1 1 1 05 05 0 1 1 1 0 1 12.0 (80)
Hittinger et al. (2015) 1 1 1 1 1 1 1 0.5 1 1 1 1 1 0 1 13.5 (90)
Lalonde and Curnier (2015) 1 1 1 1 1 0 1 05 1 1 1 1 1 0 1 12.5 (83)
Marocolo et al. (2015) 1 1 1 1 1 1 1 05 05 1 1 1 1 0 1 13.0 (87)
Martin et al. (2015) 1 1 1 1 1 1 1 1 05 1 1 1 1 1 1 14.5 (97)
Patterson et al. (2015) 1 1 1 1 1 1 1 05 05 05 1 1 1 1 1 13.5 (90)
Tocco et al. (2015) 1 1 1 1 1 1 1 1 05 0 1 1 1 0 1 12.5 (83)
Banks et al. (2016) 1 1 1 1 1 05 1 05 05 05 1 1 1 0 1 12.0 (80)
Cruz et al. (2016) 05 1 1 1 1 1 1 1 05 05 1 1 1 1 1 13.5 (90)
Ferreira et al. (2016) 1 05 1 1 1 05 1 1 1 1 1 1 1 0 1 13.0 (87)
James et al. (2016) 1 1 1 1 1 1 1 1 05 1 1 1 1 0 1 13.5 (90)
Kaur et al. (2017) 1 1 05 1 1 0 1 05 1 1 1 1 1 0 1 12.0 (80)
Marocolo et al. (2016a) 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 14.0 (93)
Marocolo et al. (2016b) 1 1 1 1 1 1 1 1 05 1 1 1 1 0 1 13.5 (90)
Northey et al. (2016) 05 1 1 1 1 1 1 1 1 1 1 1 1 0 1 13.5 (90)
Paradis-Deschenes et al. (2016a) 1 1 1 1 1 1 1 1 05 0 1 1 1 0 1 12.5 (83
Tanaka et al. (2016) 1 05 1 1 1 05 1 05 05 05 1 1 1 0 1 11.5 (77)
Sabino-Carvalho et al. (2017) 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 14.0 (93)
Seeger et al. (2017) 1 1 1 1 1 1 1 1 05 1 1 1 1 0 1 13.5 (93)
Cocking et al. (2018b) 05 05 1 1 1 1 1 05 1 1 1 05 05 0 0.5 11.0(73)
Griffin et al. (2018) 1 05 1 1 1 05 1 1 05 1 1 1 1 0 1 12.5 (83)
Marocolo et al. (2017a) 1 1 1 1 1 1 1 1 05 1 1 1 1 0 1 13.5 (90)
Page et al. (2017) 1 1 05 1 1 1 1 1 1 05 1 1 1 0 1 13.0 (87)
Paradis-Deschenes et al. (2016b) 0.5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 14.5 (97)
Zinner et al. (2017) 1 1 05 1 1 1 1 05 05 1 1 1 1 1 1 13.5 (90)
Cocking et al. (2018a) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15.0 (100)
Griffin et al. (2019) 1 05 1 1 1 05 1 1 05 1 1 1 1 0 1 12.5 (83)
Paradis-Deschenes et al. (2018) 1 1 1 1 1 05 1 1 05 1 1 1 1 1 1 14.0 (93)
Richard and Billaut (2018) 05 05 1 1 1 1 05 1 1 1 1 1 1 1 1 13.5 (90)
Williams et al. (2018) 1 1 1 1 1 1 1 05 1 1 1 1 1 0 1 13.5 (90)
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a IPC Control/Placebo/SHAM Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI

2016 Sabino-Carvalho et al. - Control 8.8 0.4 6 9.2 0.4 7 9.5% -0.93 [-2.10, 0.24] ¢

2016 Sabino-Carvalho et al. - SHAM 8.8 0.4 7 9.2 0.4 6 9.5% -0.93 [-2.10, 0.24)

2016 Seeger etal. 19 2 6 19 2 6 10.2% 0.00 [-1.13, 1.13]

2016a Marocolo et al. 12-RM Test 8.8 1.1 6 8.6 1.1 7 11.0% 0.17 [-0.92, 1.26)

2017 Marocolo et al. - Control 9 11 6 8.8 9 7 11.0% 0.03 [-1.06, 1.12]

2017 Marocolo et al. - Placebo 9 11 7 8.7 13 6 10.9% 0.23 [-0.86, 1.33]

2018 Criffin et al. 163 2 10 16.8 1.6 10 16.9% -0.26 [-1.15,0.62) _—

2018 Paradis-Deschnes et al. - RPE LA 7.3 03 6 7.3 0.3 7 11.0% 0.00 [-1.09, 1.09])

2018 Paradis-Deschnes et al. - RPE MA 7.1 0.4 7 7.4 03 6 9.9% -0.78 (-1.93,0.37)

Total (95% CI) 61 62 100.0% -0.25(-0.61,0.11) B ol

Heterogeneity: Chi’ = 5.36, df = 8 (P = 0.72); ¥ = 0% =_2 -:l 1' 2?

Test for overall effect: Z = 1.37 (P = 0.17) Favours [IPC] Favours [Control/Placebo/SHAM
b IPC Control/Placebo/SHAM Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI IV, Fixed, 95% CI

2013 Cochrane et al. - V) 24h 33 4.7 S 32.4 3.5 S 12.7% 0.13 [-1.11, 1.37)

2013 Cochrane et al. - V) 48h 342 45 5 33.9 4.1 5 12.8% 0.06 (-1.18, 1.30]

2013 Cochrane etal. - V) 72h 34.8 4.3 5 333 4.3 5 12.5% 0.32 (-0.94, 1.57)

2013 Cochrane et al. - V) Pre 339 4.8 S 33.6 5.2 S 12.8% 0.05 [-1.19, 1.29])

2016 Northey et al. - CM) 42 7 6 42 7 6 15.3%  0.00(-1.13, 1.13)

2016 Northey etal. - §) 36 7 6 37 6 6 15.3% -0.14(-1.28,0.99]

2017 Page et al. 84.3 4.3 8 79.8 6.5 8 18.6% 0.77 [-0.26, 1.80]

Total (95% CI) 40 40 100.0%  0.19 [-0.25, 0.64] ’-

Heterogeneity: Chi* = 1.80, df = 6 (P = 0.94); I’ = 0% :-2 _:1 ) ]: 2:

Test for overall effect: Z = 0.85 (P = 0.39) Favours [IPC] Favours [Control/Placebo/SHAM
Cc IPC Control/Placebo/SHAM Std. Mean Difference Std. Mean Difference

Study or g Mean SD Total  Mean SD  Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

2010 De Groot et al. - Power 372 59 z 366 62 8 14.2%  0.09(-0.92,1.11)

2014 Gibson et al. - Peak Power Control 1,577.4 374.1 2 1,583.2 3686 2 3.8% -0.01(-1.97, 1.95]

2014 Gibson et al. - Peak Power Placebo 1,577.4 374.1 2 16117 4617 2 3.7% -0.05 [-2.02, 1.93])

2014 Gibson et al. - Total Power Control 6,668.6 1,364 2 6,748.6 1,413.6 2 3.8% -0.03 [-2.00, 1.94]

2014 Gibson et al. - Total Power Placebo 6,668.6 1,364 2 6,842 1,712 2 3.7% -0.06 [-2.06, 1.93)

2014 Paixdo et al. - Mean power of 1° Wingate 725 15 3 746 16 2 2.9% ~-1.00([-3.23, 1.24)

2014 Paixdo et al. - Mean power of 2° Wingate 712 16 2 733 15 3 2.9% -1.00(-3.23, 1.24)

2014 Paixdo et al. - Peak Power 870 21 3 890 22 2 3.6% -0.68 [-2.69, 1.33]

2015 Paterson et al. Peak Power 1,630 192 7 1,594 208 7 13.3% 0.17 [-0.88, 1.22]

2016 Cruz et al. - Power Output 539 429 7 528 42.9 8 14.1% 0.24 [-0.78, 1.26)

2017 Cocking et al. - Power (Average) 288 33 6 285 35 6 11.4% 0.08 [-1.05, 1.21)

2017 Griffin et al. - Critical Power (W) 241 65 6 234 67 6 11.4% 0.10 [-1.03, 1.23]

2018 Paradis-Deschnes et al. - Power Output LA 3226 8.7 4 3151 11.2 3 5.8% 0.65 [-0.94, 2.23)

2018 Paradis-Deschnes et al. - Power Output MA 291.3 9.8 3 2846 12.7 3 5.3% 0.47 [-1.19, 2.14] >

Total (95% CI) 56 56 100.0% 0.06 [-0.32, 0.45) ’

Heterogenelty: Chi* = 3.21, df = 13 (P = 1.00); I’ = 0% F _41 3 1 zi

Test for overall effect: Z = 0.33 (P = 0.74) Favours [experimental] Favours [control]
d IPC Control/Placebo/SHAM Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI

2018 Williams et al. - 2h Rate SOm 439 8.1 2 453 8 3 12.6% -0.13(-1.92,1.67)

2018 Williams et al. - 24h Count 100m 21.1 3.7 3 22.2 3.2 2 12.3%  -0.23[-2.04,1.59) ¢

2018 Williams et al. - 24h Count SOm 18.4 2.6 2 19.3 2.4 3 12.2% -0.27 [-2.09, 1.56) ¢

2018 Williams et al. - 24h Rate 100m 42.1 63 3 425 7.1 2 12.7% -0.01(-1.79,1.78)

2018 Williams et al. - 24h Rate 50m 43.4 87 2 45.3 8 3 12.7% -0.03[-1.82,1.76)

2018 williams et al. - 2h Count 100m 213 3.2 3 22.2 3.2 2 12.4% -0.20(-2.01,1.61) ¢

2018 Williams et al. - 2h Count 50m 18.8 2.6 2 19.3 2.4 3 12.5% -0.15[-1.95, 1.65)

2018 Williams et al. - 2h Rate 100m 423 7.4 3 42.5 7.1 2 12.7% -0.02[-1.81,1.77)

Total (95% CI) 20 20 100.0% -0.13 [-0.76, 0.51] -*—

Heterogeneity: Chi* = 0.08, df = 7 (P = 1.00); I = 0% b t

Test for overall effect: Z = 0.39 (P = 0.70) < s l,,,qémw,s [Controi/Placebo/SHAM
e IPC Control/Placebo/SHAM Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total  Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

2011 Foster et al. - Time trial Hypoxia 526 184 2 540 216 2 2.0% -0.04([-2.01,1.93] ¢

2011 Foster et al. - Time trial Normoxia 377 119 2 376 124 2 21%  0.00(-1.96, 1.96]

2011 Jean-St-Michel et al. - Time trial 59.29 5.92 9 59.96 6.13 9 9.2% -0.11[-1.03,0.82]

2012 Balley et al. - Time trial 1,321 114 6 1,355 146 7 6.6% -0.24 [-1.33,0.86)

2013 Gibson et al. - Time trial 10m Control 1.8 0.16 3 1.82 0.15 2 2.5% -0.09 [-1.89, 1.70]

2013 Gibson et al. - Time trial 10m Placebo 1.8 0.16 2 1.83 0.14 2 1.9% -0.11(-2.18,1.95] ¢

2013 Gibson et al. - Time trial 20m Control 3.2 o021 2 3.19 0.15 2 2.0% 0.03 [-1.94, 2.00]

2013 Gibson et al. - Time trial 20m Placebo 3.2 o021 2 3.23 0.17 2 1.9% -0.09 [-2.11, 1.93] ¢

2013 Gibson et al. - Time trial 30m Control 4.51 0.29 2 4.51 0.25 2 2.1%  0.00(-1.96, 1.96]

2013 Gibson et al. - Time trial 30m Placebo 451 0.29 2 4.56 0.28 2 1.9% -0.10 [-2.14, 1.94] ¢

2016 Ferreira et al. - Sprint (Best Time) 3161 0.78 2 3176 0.84 3 2.4% -0.13[-1.93,1.67)

2016 Ferreira etal. - Sprint (Decrement) 7.48 0.7 3 8.32 0.95 3 2.5% -0.81(-2.58,0.97] ¢

2016 Ferreira et al. - Sprint (total Time) 203.64 4.61 3 206.04 4.56 3 2.9% -0.42[-2.07,1.23)

2016 Ferreira et al. - Sprint (Worst Time) 3553 0.7 3 3621 0.7 3 2.5% -0.78 [-2.54, 0.99]

2016 Seeger et al. - Time trial 1,381 105 3 1,400 112 3 3.1% -0.14 [-1.75, 1.47]

2016 Seeger et al. - Time trial 24h 1,385 113 3 1,400 112 3 3.1% -0.11(-1.71, 1.50]

2017 Zinner et al. - Time trial Local 1138 75 10 1138 7.5 10 10.3%  0.00 [-0.88, 0.88] —

2017 Zinner et al. - Time trial Remote 113 6.8 10 1136 7.8 10 10.3% -0.08 [-0.96, 0.80] -

2018 Griffin et al. - Sprint Local 113.8 7.5 5 1138 7.5 S 5.1% 0.00 [-1.24, 1.24)

2018 Griffin et al. - Sprint Remote 113 6.8 S 1136 7.8 - 5.1% -0.07 [-1.31, 1.17]

2018 williams et al. - Time 100m 24h 64.67 8.5 5 6494 8.24 S 5.1% -0.03 [-1.27, 1.21)

2018 Williams et al. - Time 100m 2h 64.94 8.33 S 6494 8.24 S 5.1% 0.00 [-1.24, 1.24)

2018 Williams et al. - Time 200m 24h 129.26 12.99 S 1302 10.3 5 5.1% -0.07 [-1.31, 1.17)

2018 Williams et al. - Time 200m 2h 127.7 10.7 S 1302 103 S 5.1%  -0.22 [-1.46, 1.03]

Total (95% CI) 99 100 100.0% -0.12 [-0.41, 0.16] q

Heterogeneity: Chi’ = 1.54, df = 23 (P = 1.00); I’ = 0% Ly . + 1

Test for overall effect: Z = 0.87 (P = 0.39) - Favours (|Pq6Famrs (Cm\ulol/Pla:eboISHiM
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«Fig. 3 Forest plot of perceptual (rating of perceived exertion—RPE)
and performance variables. a RPE; b jump; ¢ power; d stroke rate;
e time trial and sprint. Values shown are effect sizes with 95% con-
fidence intervals. SD standard deviation, IV inverse variance, Std.
standard, CI confidence interval, df degrees of freedom. Note: it is
possible to have a single study repeated multiple times if such study
presented numerous comparisons (e.g., IPC vs., SHAM; IPC vs., con-
trol; time-course of comparisons)

it could be noted the statistical parameters related to IPC
effects (i.e., P value, ES and SWC).

Forty-five studies were included in this meta-analysis.
Across all included studies, the results indicate low hetero-
geneity (I2 =0%; Z=0.33-1.37; P> 0.05; Figs. 3, 4).

Discussion

The aim of this review was to interpret the application of
IPC on exercise performance using both traditional statistics
(P value and ES) and SWC approach in healthy individuals.
The main finding was that IPC promotes a small magni-
tude of beneficial effects, alternated with null or detrimental
effects. The selected studies presented high quality; however,
most of them did not describe statistical significance in the
measured performance or physiological variables. Seven
studies reported significant beneficial and one detrimental
effects of IPC. Among these studies, only one included a
placebo/sham group in their experimental design to control
a potential placebo/nocebo effect from the experiments, and
this flaw could have generated biased results. Therefore, con-
sidering the SWC analysis, the current data showed trivial or
non-positive effect from the IPC intervention.

Quality of the papers

The general mean score for quality was 81%. Most part of
the assessed studies showed some limitations: Only 11 stud-
ies included the CI for the main results (criterion 14). This
is particularly important, because the CI is influenced by the
sample size, the homogeneity of the data sample, and the
confidence level selected by the researcher. The CI is based
on the fact that there is a sampling error, which depends
on how well the statistics represent the target population.
Therefore, a report of the CI values provides a range, not a
single point, which likely includes the estimate of the aver-
age of the population. Nine further studies lacked informa-
tion about quality criterion, which referred to reports of
the actual probability values. Reporting the exact P value
provides more information about the strength of the evi-
dence against the null hypothesis and allows each reader
to reject it. Finally, there were deficiencies with regard to
quality criterion in eight studies. Specifically, 18 studies did

not report any follow-up analysis of the participants in the
studies (e.g., no information about a potential interruption
of the IPC protocol, due to discomfort). However, all experi-
mental designs were cross-sectional, which may explain this
lack of information. In addition, all of these studies failed to
reference at least one of the relevant issues for experimental
studies, such as the study design (randomized, double-blind
study), a description of the study dropouts or relocation of
the participants.

Time between IPC and exercise or test and general
characteristics of IPC protocols

The first attempts to evaluate the IPC effects on exercise
performance applied the tests immediately after the maneu-
ver, probably to take advantage of the period of reactive
hyperemia (Nukada 1955; Muller 1958; Collier and Percival
1959; de Groot et al. 2010). However, more recent studies
have used an interval time of up to 45 min (Bailey et al.
2012b; Hittinger et al. 2015; Jean-St-Michel et al. 2011;
Zinner et al. 2017), 60 min (Seeger et al. 2017; Richard and
Billaut 2018), 90 min (Higgins and Thompson 2002; Barr
2011) or up to 24 h (Beaven et al. 2012; Cochrane et al.
2013; Banks et al. 2016; Northey et al. 2016; Page et al.
2017) in some studies. Short intervals (i.e., less than 10 min)
between IPC and exercise promoted beneficial (Bailey et al.
2012b; Singh et al. 2017; James et al. 2016) and detrimental
effects (Paixao et al. 2014; Tocco et al. 2015), as well as
long intervals (i.e., more than 30 min) when faster swim-
ming time or higher cycling power (Jean-St-Michel et al.
2011; Patterson et al. 2015) and less peak torque (Northey
et al. 2016) were found. Interestingly, intervals of more
than 45 min promoted less detrimental effects compared to
shorter ones, which could speculate that IPC effects requires
a minimal time window.

The most common IPC applied protocol is three (17 stud-
ies) of four (20 studies) cycles of 5 min ischemia followed by
5 min reperfusion. Other protocols, such as 2 cycles of 3 min
ischemia and 30 s alternating were also found in two studies.
Interestingly, beneficial IPC effect with statistical difference
(P <0.05) occurred in six studies that applied the 3 x5 min
protocol, while only in one study that used 4 X 5 min proto-
col. It seems that at least three cycles of ischemia, with no
more than five minutes promotes the best beneficial effects
on exercise performance.

Exercise and test modalities

Sixteen experiments performed cycling tests, with 10 of
these involving incremental or time-trial efforts and six
anaerobic cycling sprints (6—30 s duration). Time-trial run-
ning was used in six studies, while five evaluated sprints
and one a YOYO intermittent test. Swimming of 100 m
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a IPC Control/Placebo/SHAM Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI IV, Fixed, 95% CI

2012 Bailey et al. - HR 10 km/h 136 13 2 136 12 1 1.8%  0.00 [-2.40, 2.40) ¢ >

2012 Bailey et al. - HR 11 km/h 150 12 1 152 14 2 1.8%  0.00[-2.40, 2.40] ¢ >

2012 Bailey et al. - HR 12 km/h 166 11 2 166 8 1 1.8%  0.00 [-2.40, 2.40] ¢ >

2012 Bailey etal. - HR 13 km/h 176 5 1 175 7 2 1.8% 0.00 [-2.40, 2.40] ¢ >

2012 Bailey et al. - HR 14 km/h 182 14 2 181 12 1 1.8% 0.00 [-2.40, 2.40] * »

2012 Clevidenceet al. - Average HR 30% 119 125 3 114 115 3 4.0% 0.33 [-1.30, 1.97]

2012 Clevidenceet al. - Average HR 50% 150 11.3 3 147 11.8 3 4.1% 0.21[-1.41, 1.82]

2012 Clevidenceet al. - Average HR 70% 174 11.2 3 174 11.8 3 4.1% 0.00 [-1.60, 1.60]

2012 Clevidenceet al. - Average HR 90% 187 9.1 3 188 9.3 3 4.1% -0.09[-1.69, 1.52]

2012 Clevidenceet al. - Peak HR 30% 123 113 3 117 11.1 3 3.9% 0.43 [-1.22, 2.08) +

2012 Clevidenceet al. - Peak HR 50% 152 12.2 3 151 10.8 3 4.1%  0.07[-1.53, 1.67]

2012 Clevidenceet al. - Peak HR 70% 176 11 3 177 11.5 3 4.1% -0.07 [-1.67, 1.53])

2012 Clevidenceet al. - Peak HR 90% 189 9.5 3 190 9.6 3 4.1% -0.08 [-1.69, 1.52]

2015 Martin et al. - HR 66 11 5 64 12 5 6.9% 0.16 [-1.09, 1.40)

2016 James et al. - HR 186 11 5 186 10 6 7.5% 0.00 [-1.19, 1.19]

2016 Sabino-Carvalho et al. - HR (IT) Control 190 3 2 189 3 2 2.1% 0.19 [-2.05, 2.43] ¢ >

2016 Sabino-Carvalho et al. = HR (IT) SHAM 190 3 2 191 3 2 2.1% -0.19[-2.43,2.05] ¢ >

2016 Sabino-Carvalho et al. - HR (ST) Control 189 3 2 189 3 2 2.8% 0.00 [-1.96, 1.96]

2016 Sabino-Carvalho et al. - HR (ST) SHAM 189 3 3 189 3 3 4.1% 0.00 [-1.60, 1.60]

2017 Marocolo et al. - HR Control 169 7 3 171 6 4 4.6% -0.26 [-1.77, 1.25]

2017 Marocolo et al. - HR Placebo 169 7 3 169 S 3 4.1%  0.00 [-1.60, 1.60]

2017 Zinner et al. - HR Local 177.2 10.4 7 178.6 11 6 8.9% -0.12 [-1.21,0.97]

2017 Zinner et al. - HR Remote 179.2 10.2 6 178.6 11 7 8.9% 0.05 [-1.04, 1.14]

2018 Paradis-Deschnes et al. - HR 173.8 2.5 6 168.1 4 7 6.2% 1.56 (0.25, 2.86) —_—— P

Total (95% CI) 76 78 100.0% 0.12 [-0.20, 0.45] ?

Heterogeneity: Chi® = 5.76, df = 23 (P = 1.00); I’ = 0% b 2 5 t + d

} = w1 0 1 2

Test for overall effect: Z = 0.73 (P = 0.47) Favours [IPC] Favours [Control/Placebo/SHAN
b 1PC Control/Placebo/SHAM Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI IV, Fixed, 95% CI

2014 Gibson et al. - Lac Control 82 2.3 8 9.3 2.1 8 4.7% -0.47(-1.47,0.53)

2014 Gibson et al. - Lac Placebo 82 23 8 9 2.6 8  4.8% -0.31([-1.30,0.68]

2015 Cruz etal. - Lac 8.2 1.15 6 76 115 6 3.5% 0.48(-0.67, 1.64)

2015 Martin et al. - Lac 2 09 H 1.7 0.8 H 3.0%  0.32(-0.93,1.57]

2016 Cruz etal. - Lac 13.6 1.95 7 13.1 1.95 8 4.5%  0.24[-0.78, 1.26)

2016 Kaur et al. - Lac 5.7 21 9 5.2 2.4 9 5.5% 0.21[-0.72, 1.14)

2016 Sabino-Carvalho et al. - Lac (IT) Control 7.5 0.5 7 7.3 0.5 7 4.2% 0.37 [-0.69, 1.43)

2016 Sabino-Carvalho et al. - Lac (IT) SHAM 7.5 0.5 7 7.5 0.4 7 4.3% 0.00 [-1.05, 1.05)

2016 Sabino-Carvalho et al. - Lac (ST) Control 9.3 0.6 7 9.4 0.5 7 4.3% -0.17 [-1.22, 0.88]

2016 Sabino-Carvalho et al. - Lac (ST) SHAM 9.3 0.6 7 8.9 0.5 7 4.0% 0.68 [-0.41, 1.77)]

2016 Seeger et al. - Lac 8 27 6 6.4 3.1 6 3.5% 0.51[-0.65,1.67)

2016a Marocolo et al. - Lac Control 59 18 6 5.9 1.8 7 3.9%  0.00([-1.09, 1.09]

2016a Marocolo et al. - Lac Placebo 5.9 1.8 y ¢ 5.3 1.5 6 3.9% 0.33 [-0.77, 1.44)

2016b Marocolo et al. - Lac Controle 6.2 2.5 10 5.9 1.8 11 6.4% 0.13 [-0.72, 0.99]

2016b Marocolo et al. - Lac Placebo 6.2 2.5 11 6.5 1.8 10 6.4% -0.13 [-0.99, 0.73)

2017 Cocking et al. - Lac 11.8 2.8 6 11.4 4.3 6 3.7% 0.10[-1.03, 1.23)

2017 Griffin et al. - Lac 127 21 6 11.9 1.3 6 3.5% 0.42 [-0.73, 1.57)

2017 Marocolo et al. - Lac Control 11.1 2.7 6 12.7 2.4 7 3.7% -0.59([-1.71, 0.54)

2017 Marocolo et al. - Lac Placebo 111 2.7 7 11.4 3 6 3.9% -0.10([-1.19, 0.99]

2018 Griffin et al. - Lac Local 122 2.2 10 12.4 2.9 10 6.1% -0.07 [-0.95, 0.80]

2018 Criffin et al. - Lac Remote 12.8 2.4 10 12.7 33 10 6.1% 0.03 [-0.84, 0.91)

2018 Williams et al. - Lac 12.41 4.0 10 1241 4.02 10 6.1% 0.00 [-0.88, 0.88])

Total (95% CI) 166 167 100.0% 0.07 [-0.15, 0.29]) ?

Heterogeneity: Chi® = 7.18, df = 21 (P = 1.00); F = 0% H ) 1 L

Test for overall effect: Z = 0.62 (P = 0.54) Favours (IPC) Favours [Control/Placebo/SHAM
Cc IPC Control/Placebo/SHAM Std. Mean Difference Std. Mean Difference

Study or g Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI IV, Fixed, 95% CI

2010 De Groot et al. - VO2 58.4 6.2 2 56.8 6.8 3 3.9% 0.18(-1.63, 1.98)

2011 Crisafulli et al. - VO2 Control 3,068.3 396.1 3 2,963.08 256.6 3 4.9% 0.25 (-1.37, 1.87]

2011 Crisafulli et al. - VO2 Placebo 3,068.3 396.1 3 3,169.2 382.4 3 4.9% -0.21(-1.82,1.41)

2012 Bailey et al. - VO2 52.1 4.6 6 51.5 4.3 7 10.7% 0.13 (-0.97, 1.22]

2015 Cruz et al. - VO2 4.06 1.15 6 3.95 1.15 6 10.0% 0.09 [-1.04, 1.22]

2015 Paterson et al. - VO2 (relative) 1,630 192 7 1,594 208 7 11.6% 0.17 (-0.88, 1.22]

2015 Tocco et al. - VO2 (relative) Control 3.62 1.19 3 35 0.69 3 5.0% 0.10 (-1.50, 1.70]

2015 Tocco et al. - VO2 (relative) Placebo 3.62 119 3 3.74 0.85 2 4.0% -0.08(-1.87,1.71)

2016 Cruz et al. - VO2 3.52 0.39 7 3.52 0.429 8 12.5% 0.00 [-1.01, 1.01]

2016 James et al. - VO2 56 2.6 S 55.5 3.7 6 9.1% 0.14 (-1.05, 1.33)

2016 Sabino-Carvalho et al. - VO2 (IT) Control 64.9 1.7 2 64.6 1.4 2 3.0% 0.11 [-1.95, 2.17] >

2016 Sabino-Carvalho et al. - VO2 (IT) SHAM 64.9 1.7 2 64.7 1.8 2 3.2% 0.07 [-1.93, 2.06) >

2016 Sabino-Carvalho et al. - VO2 (ST) Control 64.8 1.6 3 63.4 1.3 2 3.2% 0.68 [-1.33, 2.68] >

2016 Sabino-Carvalho et al. - VO2 (ST) SHAM 64.8 1.6 2 64.6 1.8 3 4.0% 0.08 [-1.71, 1.88]

2017 Cocking et al. - VO2 52.6 4.4 6 53.3 4.4 6 10.0% -0.15(-1.28,0.99]

Total (95% CI) 60 63 100.0% 0.08 [-0.28, 0.44] ’

Heterogeneity: Chi’ = 0.77, df = 14 (P = 1.00); I’ = 0% !_2 -:l ) - 4

1 2
Test for overall effect: Z = 0.44 (P = 0.66) Favours [IPC] Favours [Control/Placebo/SHAM

Fig.4 Forest plot of physiological variables. a Heart rate (HR); b lac-
tate (Lac); ¢ oxygen uptake (VO,). Values shown are effect sizes with
95% confidence intervals. SD standard deviation, IV inverse variance,
Std. standard, CI confidence interval, df degrees of freedom. Note:

it is possible to have a single study repeated multiple times if such
study presented numerous comparisons (e.g., IPC vs., SHAM; IPC
vs., control; time-course of comparisons)
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and 200 m time trial were found in three studies and also
dynamic and static apnea were tested. The most significant
results of IPC are found in cycling modalities, maybe due
to specificity of test or sensitivity of measured parameters,
while only two studies reported significant beneficial effects
using a real-world exercise, one running and skating. Most
of the experiments carried out a laboratory test, which could
interfere on the results, minimizing the real IPC effects. In
this context, it is relevant to highlight that what happens
during real training or competition is quite different from
the artificial setting of a laboratory (Buchheit 2016b, 2017).
Therefore, the current results could not be easily transferred
to real-world settings of athletes/competitions even if posi-
tive and meaningful findings were confirmed (Marocolo
et al. 2018).

Fitness level of participants

It is largely known that training level of participants is
directly related to results analysis. Just two studies selected
for this review presented high fitness level participants
(based on physiological and performance parameters, e.g.,
VO, ax> time-trial): Richard and Billaut (2018) tested elite
speed skaters, while Paradis—Deschenes analysed cyclists
(Paradis-Deschenes et al. 2018). All other studies included
amateur or recreational participants, even when the title or
some part of the text mentioned "highly trained". The lack
of studies including elite athletes is understandable, because
the natural limitations to do that. However, the reader should
be aware of a minor SWC could be relevant for an elite ath-
lete but not for a recreational one.

IPC effects in view of SWC and ES

Thirteen studies (~ 29%) reported results achieving 0.2 SWC
for performance parameters, while five (~ 11%) achieved
0.6 SWC. Based on statistical proposals, for amateur or rec-
reational fitness level of participants, the 0.6 SWC should
be considered. In this hand, only two studies (Paradis-
Deschenes et al. 2018; Richard and Billaut 2018) have evalu-
ated elite athletes and did not achieve either 0.2 or 0.6 SWC
for performance parameters, although one of them reported
significance statistical values (P < 0.05). At first glance, this
analysis could suggest that IPC promote effects of low mag-
nitude in most part of the studies and, when the magnitude
of effect is higher the fitness level of participants is lower.
Although IPC results showed more magnitude of effects in
lower trained participants, futures studies should test if IPC
response-interventions are related to fitness level.

This fact is supported by the analysis of forest plot
(Fig. 3), showing that performance variables are in most
cases near to null mean difference the line and, if a favor
IPC/Placebo effect is noted, a large range follow and small

representative power of the experiment is also presented.
Figure 4 shows in part a similar null IPC effect or in most
part of studies, a favor effect to placebo/sham/control is
depicted. Therefore, although IPC has shown some benefi-
cial effects on exercise performance, under the view of SWC,
our data do not support IPC as an effective ergogenic aid.
On the other hand, perhaps, the optimal IPC protocol per si
(e.g., number of cycles of ischemia—reperfusion and time to
start the exercise) has not been found yet, and future studies
should explore it.

We have excluded 86 non-English language studies from
the current review, being 17 of these classified as reviews.
From the 69 remaining papers, we have excluded 67 by title
or abstract. Therefore, two papers could have some inter-
esting content about IPC and exercise performance, but no
abstract information could be found for both manuscripts.
The first one was written in German (year date 1969; it was
not possible to identify the exact author due the similarity
of surnames) and another written in Slovak (year date 1986;
we have sent an email to correspondent author requesting
that paper but we had no answer). While there are reports
in the scientific literature, showing that this exclusion does
not impact the final findings of systematic reviews (Morrison
et al. 2012; Juni et al. 2002), we acknowledge it might be a
limitation.

IPC-induced mechanisms on exercise performance

Although the current study is a meta-analysis, the selected
papers overall lack investigating the physiological mecha-
nisms. The physiological mechanisms underlying a poten-
tial ergogenic effect from IPC on exercise performance are
unclear and we have discussed some insights from the lit-
erature briefly.

A lower perception of fatigue could explain the better
endurance performance found in some studies. IPC could
desensitize group III and IV nerve endings to metabolite
accumulation, since type III and IV nerve endings would
influence cardiovascular function during exercise (Amann
et al. 2011), contributing to improvements in performance.
Type IIT and IV nerves modulate the sympathetic tone on
the active muscle, stimulating type III mainly as mechano-
and IV as metabo-receptors (Nobrega et al. 2014), resulting
in increases in sympathetic tone, regulating, for instance,
cardiac contractility (Marongiu et al. 2013; Crisafulli et al.
2011a).

IPC-induced mechanisms are also related to local vasodi-
lation at moderate-intensity exercise (Horiuchi et al. 2015),
which may contribute to blood supply and consequently
optimize the delivery of nutrients and oxygen to the periph-
eral tissue, and muscle deoxygenation kinetics during exer-
cise (Kido et al. 2015). Then, increasing in blood flow and
muscle oxygenation (Barbosa et al. 2015; Paradis-Deschenes
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et al. 2016a) resulted in improved oxygen consumption
(Tapuria et al. 2008; Beaven et al. 2012). In addition, a
bidirectional brain-body integration mechanism may pro-
mote physiological responses through mechanical-sensory
receptors (Taylor et al. 2010; Cromwell and Panksepp 2011;
de Souza et al. 2019) increasing resistance exercise perfor-
mance (de Souza et al. 2019).

A few studies have confirmed such IPC effect evidence
according to this review. In this review, considering ‘only’
the SWC (not P values), four studies showed improvements
in performance associated with any physiological param-
eters. Among such four studies, the primary physiological
indicators which could explain the IPC-induced ergogenic
effects were:

e Increased muscle perfusion and oxygen uptake or a
higher peripheral oxygen extraction, collaborating with
an increase in average (Paradis-Deschenes et al. 2016b)
or peak knee extension force (Paradis-Deschenes et al.
2016a).

e Rises in blood lactate with a higher mean power output
(Cruz et al. 2016).

e Higher heart rate, systolic volume, and cardiac output
during time-trial exercise at moderate altitude, raising
the power output (Paradis-Deschenes et al. 2018).

Conclusion

Most of the selected studies evaluated participants with low
fitness level. Although few studies had been reported sig-
nificant positive IPC, most of them did not use a sham pro-
cedure to control a potential placebo effect from the experi-
ments, occasioning biased results.

Both traditional (test with P value) and SWC statistics
were not significantly in most part of the analysed studies.
Considering the real-world effects from IPC (SWC and
ES analysis), the current data showed that most part of the
results did not achieve the minimum threshold.
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