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Abstract

Background  The objective of the study was to perform a systematic review of the literature and meta-analysis to

and Study determine the validity of running-based sprint test in relation to 30 second Wingate anaerobic test.

Aim

Material and A search of the relevant literature was done using the key words, ‘running-based anaerobic sprint

Methods test’, ‘RAST’, ‘Validity’ ‘repeated sprint’ and ‘Wingate’. Twelve studies including 368 participants
were finalized to systematic review and meta-analysis. The mean * standard deviation of the number
of participants was 30.66 + 16.17 years.

Results The summary of effects size were calculated to established the validity of running based sprint test
(RAST) with 30 seconds Wingate test as a criterion measure. All studies indicate that effect size
of Peak Power (PP) shows higher summary effects 0.58 (95%CI — 0.37, 0.79), similar outputs were
observed for Mean Power (MP) 0.67 (95%CI — 0.45, 0.90). Therefore, the average outcomes were
significantly different from zero.

Conclusions Running-based anaerobic sprint test is a valid alternative method of 30 seconds Wingate test to
measure anaerobic power outputs of healthy individual belongs to various sports disciplines.
Although, anaerobic capacity or power output is a determinant factor in power dominating sports.
Therefore, RAST is compatible to laboratory-based Wingate 30 second anaerobic test (WAnT) in
field-based settings.
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Introduction not only for short high-intensity activities but

The term “anaerobic” has been defined as
“capable of living in the absence of air or free
oxygen” (Webster 1977); when related to metabolism
“anaerobic” refers to those metabolic processes
which resynthesise adenosine triphosphate (ATP)
and yield various end-products but do not involve
the use of oxygen as a terminal substrate [1]. It is
evident that the most instant source of energy
production during muscular contraction is the
anaerobic break-down of stored high-energy organic
phosphate compounds (known as phosphagens)
primarily adenosine triphosphate (ATP) and
creatine-phosphate (CP). Repeated sprint ability
can be synonymy used for the anaerobic capacity
of an individual. The capability of sprint repeatedly
with minimal recovery time is widely accepted as
an important component of physical performance
in various team sports such as basketball, handball,
soccer, hockey etc. [2-4]. Maximal anaerobic
power (Wmax) is an important parameter in many
individual sports where explosive power is a
dominant factor. Research evident that anaerobic
power is significantly related with fat free mass
muscle mass in body composition [5]. Anaerobic
capacity/anaerobically attributable power is an

important parameter for athletic performance,
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also for breakaway efforts and end spurts during
endurance events [6]. In Skiers the contribution
of anaerobic energy system was 26% and seemed
independent of technique [7]. A linear regression
analysis showed that there were high statistically
significant correlation found between Anaerobic
capacity and timing of 100m, 200m and 400m
timing [8], so, the anaerobic capacity could be
used as predictor of performance for these short
distance speed dominant athletic events [9]. It
was evident in literature that anaerobic power is
a determinant factors of performance in different
sports. While the assessment of anaerobic power
is also an important factor as well as training to
recognize the impact of intervention on anaerobic
power [10, 11]. Assessment before and after an given
intervention provide the effectiveness of a particular
training. Accurate measurements of physical and
physiological parameters provide an actual status
of an athletes. The present status of an individual
leads the further training needs.

The running-based anaerobic sprint test (RAST)
has been developed to test anaerobic power using
a repeated sprint protocol with variables that are
analogous to the WANnT. The RAST involves six
35-meter sprints separated by 10 seconds of recovery.
The distances and recovery time characteristic of the
RAST protocol suggest that it might be an ideal test
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to evaluate the RSA (repeated sprint ability) of field-
based team sport athletes. Previous evaluations
of the RAST have examined correlations of peak
power (PP), mean power (MP), and fatigue index
(FI) with the WANT [12]. Various similar test has
been designed with little variation in recovery time
to measure anaerobic capacity of an individual [13,
14]. The Running Anaerobic Sprint Test (RAST) was
developed in 1997 by Draper and Whyte to provide
a means of determining anaerobic power, which
was both inexpensive and simple to implement
and thus accessible to coaches for players of all
levels [15]. The power produced during each sprint
was determined by the following formula: Power =
(Body Mass x Distance2 )/ Time3 . Peak power was
defined as the power obtained during the fastest
sprint and average power (for all six sprints) was
calculated by taking the mean values of all sprints
[16]. RAST is similar to the Wingate Anaerobic 30s
cycle test (WANT) in that it provides coaches with
measurements of power and fatigue index [17].

The 30 seconds Wingate anaerobic test (WANT)
is a valid test for assessment of anaerobic power
output [18-27]. The WANT is a laboratory-based test
which require special equipment, such as computer-
based cycle ergometer with mechanically braking
system, desktops or big screens to display and much
more device for articulation to each device. While,
running based sprint test is a similar field-based test
to measure anaerobic power output of an athlete.
Therefore, the present study attempts to establish
the validity and compatibility of running-based
anaerobic sprint test in comparison to WANT test.

Material and Methods

Literature Search Strategy

The systematic review of literature was conducted
in accordance with PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-analysis)
norms and standards [28]. A systematic search of
related literature was done for assessing the studies
containingvalidity of running based anaerobic sprint
test with WANT test as criterion measure. The search
includes manuscripts published between since 2000
to 2020, as well as thesis/dissertation completed
and available between the selected time span.
Google scholar, PubMed, Research gate, Academia,
and Medline databases were searched using the
terms ‘running-based anaerobic sprint test’, ‘RAST’,
‘Validity’ ‘repeated sprint’ and ‘Wingate’. Reference
lists from selected studies were also reviewed.

Inclusion and Exclusion Criteria

Subjects of any age were included. Studies
meeting the following standards or inclusion criteria
were taken into consideration for review in the
present study: (1) Studies available in English and
Hindi Language (2) participants assigned by random
technique from different sports. (3) Studies reported

subjects’ characteristics, i.e., sample size, age,
height, weight, gender, and game of the participants.
(4) studies used Wingate test (WAnNT) as criterion
measure for assessing validity. (5) Studies reported
correlation coefficient of the variables (relative
to body mass) peak power (PP), and mean power
(MP), between running-based anaerobic sprint
test (RAST) and Wingate (WAnNT) test. Studies were
excluded for the following reasons: (1) studies not
reported sample size (2) use different test than 30
second Wingate (WANT) anaerobic test as criterion
measure (3) animal subjects (4) patient’s subjects
(5) reported different sprint test.

Study Selection

A search of various e-databases with pre-defined
key words including scan of reference list revealed
716 relevant studies between 2000 to 2020, a review
of 20 years’ studies taking into consideration. Based
on title, or abstract or lack of relevant data structure
675 studies were excluded from the meta-analysis.
Forty-one full text articles were evaluated, and 12
were included for the meta-analysis (see fig.1). Each
study was deeply analyzed and coded for descriptive
variables: body composition of Subjects (age,
height, weight, gender and game of participants),
sample size, running based anaerobic sprint test
characteristics (no. of sprints, length of sprint,
and recovery time). The studies conducted RAST
and WANT through proper guideline and protocols
included in the present study for meta-analysis.

Data Collection

Anaerobic power data were extracted in the forms
of dependent variables peak power (PP), and mean
power (MP), reported in terms of mean of relative to
body mass . Sample size and Correlation coefficient
between running-based sprint test and Wingate
test were also extracted for further computation of
summary effect.

Study Characteristics

Twelve studies (see table 1) were collected
through systematic literature review (SLR) contain
368 participants. The number of participants
was 30.66%+16.89 (mean*sd). Participant’s age
was 19.45%4.52 years. The average height of
the participants was 173.84%*10.58 centimetres,
while body mass was 66.83+10.64 kilograms. The
participants were enrolled in following sports i.e.,
soccer, basketball, hockey, cycling, football, sprint
events, middle distance runners, volleyball with 3
to 5 years of playing experience reported in studies.
Nine effects involved studies of men only; two
studies [29, 30] included both men and women. Two
studies contain little variation in administration &
procedure of running-based anaerobic sprint test
including 8 sprints of 40 meters [31] and 6 sprints
of 15 meters [29] as well. Rest of studies include
6 sprints of 35 meters with 10 seconds recovery
time between each sprint. All studies included in
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(n = 9) = not reported Sample Size
{n=10) = r* not reported

l (n = 7) = different criterion measure
{n = 3) = lack of proper sampling

Studies included in
quantitative synthesis
(n=12)

Fig. 1. Flow Chart of the Study Selection

meta-analysis were methodologically sound and
met the assumptions of meta-analysis procedure.
Mean values of outputs, i.e., Peak Power (PP), Mean
Power (MP) and Fatigue Index were only reported by
four studies [12, 30, 32, 33]. Eight studies were not
reported mean values of pre-defined parameters.
The studies included in meta-analysis were
conducted on the following countries i.e., United
Kingdom (1), India (2), Singapore (1), Canada (1),
Turkey (1), South America (3), Poland (1), Germany
(1) and Tunisia (1) respectively.
Meta-Analysis

summary effects were carried out using the
correlation coefficient (see table 2) as the outcomes
measure. A random effects model was fitted to the
data [39]. Random effects model was applied because
of variation in several factors (e.g., participants
characteristics across studies, variation in number
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of participants among studies, nature of sports,
length of recovery time in RAST, number of sprints).
The amount of heterogeneity was estimated using
the DerSemonian-Laired estimator [40]. In addition
to the estimate of tau2, the Q-test for heterogeneity
and 12 were used [41].

Data Synthesis and Analysis

Using Jamovi 2.2.5 with a module of MAJOR
(meta-analysis for Jamovi 1.2.1- an interface for
jamovi and the r package ‘Metafor’, an overall
summary effects of correlation coefficient,
associated 95% confidence interval were calculated
[42]. Further, Meta-Essential workbook version 1.4
developed by Henk ven Rhee, Robert Suurmond and
Tony Halk. The workbooks were licensed under the
Creative Commons Attribution-Non-Commercial-
ShareAlike 4.0 International License. The meta-
essential workbook was specially used to estimate
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Table 1. Characteristics of the Studies examining the validity of running-based anaerobic sprint test in
context of Wingate (WANT) test as a criterion measure

Study g?zl:ple Sex Game Age Height Weight IS\II;)r‘i?lt;
g%?)i};;gﬁm & Chuan Teh, o M Hockey, Soccer 21.80  171.10  61.30 8x40
(Zagatto et al., 2009)[34] 11 M gﬂiﬁ?smnce 21.00  171.00  66.30 6x35
(Adamczyk, 2011)[30] 37 M/F  Sprint 1870 18270  72.30 6x35
Haj-Sassi et al., 2011)[35] 27 M Athletics 2060  176.00  68.20 NR*
(Zagatto et al., 2012)[36] 40 ;’lelfe"t%ﬂl’,sﬁﬁgc 19.78 17600 7034  6x35
(Queiroga et al., 2013)[32] 10 M Cyclist 28.00 172.00 70.60 6%35
(Keir et al., 2013)[12] 8 M Soccer 20.80 17590  74.60 6x35
(Bongers et al., 2015)[29] 65 M/F Basketball 10.00 143.00 36.00 6x15
(Reddy et al., 2015)[37] 45 M Basketball 1646  182.00  72.20 6x35
(Burgess et al., 2016)[16] 23 M Soccer 24.00 180.00 75.40 6x35
(Hazir et al., 2018)[33] 31 M Soccer 15.90 174.40 62.70 6x35
(Singh, 2019)[38] 45 M Football 1646  182.00  72.02 6x35

M = male participant, F = Female participants, NR = not reported

Table 2. Correlation of coefficient between running-based anaerobic sprint test (RAST) and Wingate test

(WAnt)
PP MP
Study ES (95% CI) ES (95% CI)
L) L9)
(Rashid Aziz & Chuan Teh, 2004) 0.63 0.74 (0.33,1.15) 0.46 0.50 (0.09,0.91)
(Zagatto et al., 2009) 0.46 0.50 (0.18,0.82) 0.53 0.59 (0.27,0.91)
(Adamczyk, 2011) 0.69 0.85 (0.51,1.18) 0.55 0.62 (0.28, 0.95)
Haj-Sassi et al., 2011) 0.51 0.56 (0.16,0.96) 0.77 1.02 (0.62, 1.42)
(Zagatto et al., 2012) 0.41 0.44 (-0.26, 1.13) 0.25 0.26 (-0.44,0.95)
(Queiroga et al., 2013) 0.10 0.10 (-0.64, 0.84) 0.54 0.60 (-0.14, 1.34)
(Keir et al., 2013) 0.21 0.21 (-0.66, 1.09) 0.38 0.40 (-0.48, 1.28)
(Bongers et al., 2015) 0.86 1.29 (1.04, 1.54) 0.91 1.53 (1.28,1.78)
(Reddy et al., 2015) 0.31 0.32 (0.02, 0.62) 0.54 0.60 (0.30,0.91)
(Burgess et al., 2016) 0.70 0.87 (0.43,1.31) 0.60 0.69 (0.25,1.13)
(Hazir et al., 2018) 0.25 0.26 (-0.11,0.63) 0.22 0.22 (-0.15,0.59)
(Singh, 2019) 0.31 0.32 (0.02, 0.62) 0.54 0.60 (0.30,0.91)

PP = Peak Power Output, MP = Mean Power Output, ES = Effect Size, CI = Confidence Interval, r = correlation

coefficient

the moderator analysis. The analysis was carried
out using the correlation coefficient (see table 2) as
the outcome measure. A random-effects model was
fitted to the data. The amount of heterogeneity (i.e.,
tau?), was estimated using the was estimated using
the restricted maximum-likelihood estimator [43].
Distribution of true outcomes was determined to
be heterogeneous is Q reached a significance level
of P<0.05 and the sampling error accounted for less
than 75% of the observed variance. An I2 statistics
was also calculated to assess heterogeneity of
effects. In case of any heterogeneity was detected

(i.e.,tau2 > 0, regardless of the results of the Q-test),
prediction interval for the true outcomes was also
provided. A fail-safe number was calculated to
determine the number of unpublished studies of
null findings necessary to negate the significant
true outcomes or to address publication bias.
Studentized residuals and Cook’s distances are used
to examine whether studies may be outliers and/
or influential in the context of the model. Studies
with a studentized residual larger than the 100 x
[1-0.05/ (2 x n)]th percentile of a standard normal
distribution are considered potential outliers (i.e.,

137



PEDAGOGY of Physical Culture

and Sports

using a Bonferroni correction with two-sided alpha
= 0.05 for n studies included in the meta-analysis).
Studies with a Cook’s distance larger than the
median plus six times the interquartile range of the
Cook’s distances are considered to be influential.
The rank correlation test and the regression test,
using the standard error of the observed outcomes
as predictor, are used to check for funnel plot
asymmetry [44].
Moderator Analysis

Three potential moderators were selected a priori
based on their theoretical or empirical relation
which leads to changes or variation in outputs of
running-based anaerobic sprint test: age, standing
height, and weight. Simple linear regression was
used to compute the regression coefficient() of
the slope, which is an estimate of the association
between the moderator and a study’s effect size.

Results

Peak Power Analysis

A total of k=12 studies were included in the
analysis. The observed Fisher r-to-z transformed
correlation coefficients ranged from 0.1003 to
1.2933, with the majority of estimates being
positive (100%). The estimated average Fisher
r-to-z transformed correlation coefficient based
on the random-effects model was \hat\mu} =
0.5826 (95% CI: 0.3710 to 0.7943). Therefore, the
average outcome differed significantly from zero (z
= 5.3948, p < 0.0001). According to the Q-test, the
true outcomes appear to be heterogeneous (Q(11) =
46.0854, p < 0.0001, tau? = 0.0912, I* = 70.9600%).
A 95% prediction interval for the true outcomes
is given by -0.0458 to 1.2111. Hence, although the
average outcome is estimated to be positive, in some
studies the true outcome may in fact be negative. An
examination of the studentized residuals revealed
that one study [29] had a value larger than + 2.8653
and may be a potential outlier in the context of this
model. According to the Cook’s distances, one study
[29] could be considered to be overly influential.
Neither the rank correlation nor the regression
test indicated any funnel plot (see fig. 3a, fig. 3b)
asymmetry (p = 0.9451 and p = 0.1657, respectively).

Mean Power Analysis

A total of k=12 studies were included in the
analysis. The observed Fisher r-to-z transformed
correlation coefficients ranged from 0.2237 to
1.5275, with the majority of estimates being
positive (100%). The estimated average Fisher
r-to-z transformed correlation coefficient based
on the random-effects model was \hatj\mu} =
0.6736 (95% CI: 0.4491 to 0.8981). Therefore, the
average outcome differed significantly from zero (z
= 5.8812, p < 0.0001). According to the Q-test, the
true outcomes appear to be heterogeneous (Q (11)
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=54.5253, p < 0.0001, tau? = 0.1076, 1% = 74.2488%).
A 95% prediction interval for the true outcomes
is given by -0.0073 to 1.3544. Hence, although the
average outcome is estimated to be positive, in some
studies the true outcome may in fact be negative. An
examination of the studentized residuals revealed
that one study [29] had a value larger than * 2.8653
and may be a potential outlier in the context of this
model. According to the Cook’s distances, one study
[29] could be considered to be overly influential.
Neither the rank correlation nor the regression test
indicated any funnel plot asymmetry (p = 0.7305
and p = 0.1747, respectively).

Moderator Analysis

Three potential moderators were recognized
i.e., age, height and weight of the respondents. A
moderator analysis was done in meta-essential
software for the selected moderators. A simple linear
weighted regression was run with the moderator as
a predictor of the effects size of the study. In Meta-
Essentials, it is not possible to run a multivariate
regression analysis, so only one moderator was
assessed at a time. The mean and standard deviation
of age distribution of respondents was 19.45+4.52
years (95% CI: 16.89 — 22.01). The beta coefficient of
age as a moderator was not statistically significant
(B = -0.33, z = -1.04, P > 0.05), indicating no
significant effects on effect size of study. The mean
and standard deviation of height of respondents was
173.84+10.59 centimeters (95% CI: 167.85 — 179.83).
The beta coefficient of height as a moderator was
not statistically significant (8 = -0.33, z = -0.97, P >
0.05), indicating no significant effects on effect size
of study. The mean and standard deviation of weight
of respondents was 66.83+10.64 kilogram (95% CI:
60.80 — 72.85). The beta coefficient of weight as a
moderator was also not statistically significant (8 =
-0.38, z = -1.14, P > 0.05), indicating no significant
effects on effect size of study. Effects were not
significantly varied when moderating by age, height
and weight of the respondents of the studies.

Discussion

The aggregated findings indicated that running
based anaerobic sprint test (RAST) is valid (summary
effects =0.58 t0 0.67) and effective means to measure
anaerobic capacity in field settings. It is a valid
alternative method of laboratory-based Wingate 30
second anaerobic test. The correlation coefficient of
the studies in relation to peak power output were
ranged from 0.10 to 0.86, and mean power output
was 0.22 to 0.91 according to selected studies in
meta-analysis. It is evident that anaerobic capacity
play an important role in short-duration activities
[45]. Its use is supported by; (a) the high correlations
observed between maximal blood lactate and
short-duration exercise performance presumably
dependent upon anaerobic capacity, and (b) the
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Fig. A Peak Power
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Figure 2. Forest plot of coefficient of correlation corresponding summery estimate (RE Model), modal
fitting weights with 95% confidence interval and prediction interval (a) peak power PP (b) mean power, MP.
The estimated correlation coefficient is based on random effects model.

higher maximal blood lactate values observed in
sprint and power athletes (who would demonstrate
higher anaerobic capacities) compared with
endurance athletes or untrained people [46]. In some
prospective studies, [47-50] a significant relationship
(r = 0.88) was observed between anaerobic capacity
and VO2max of cross-country runners and elite long
distance runners. Anaerobic capacity is associated
with developmental coordination disorder (DCD).
The mean score of anaerobic measures (peak power
& mean power) were significantly lower in children

with DCD [51]. Anaerobic capacity is associated with
body composition parameters also. A regression
model developed by Durkalec-Michalski et.al.
showed that BM (body mass) and FFM (fat free
mass) significantly contributed to the prediction of
VO2max and AP (anaerobic power) [52]. Anaerobic
power is positively related to preponderance and
size of muscle fibers types. Average power output
is related to relative fiber size (average FT area/
average ST area); peak power, to % FT and to % FT
area; and the power decrease to relative fiber size
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Figure 3. Funnel Plot of fisher’s z transformed correlation coefficient versus study sample size (standard

error) (a) Peak Power, (b) Mean Power.

[53]. Although, heritability is a determining factor
for muscle fiber types associated with anaerobic
capacity [54], the aerobic capacity could be increased
through various trainings methods.

Although, there are several factors associated
with maximal anaerobic power during the RAST
test, for instance, motivation, surface, atmosphere,
time of the test, recovery condition of athletes etc.
Therefore, before the administration of the test
examiner needs to consider the above factors into
consideration to obtain reliable outcome.

Conclusions

This systematic review and meta-analysis

revealed that running-based anaerobic sprint
test (RAST) is a valid method to assess anaerobic
capacity of an individual belongs to various age
groups. Moderate to high degree of effects size (ES)
or summary effects were observed in context of
selected measures, i.e., peak power (PP) and mean
power (MP). Relative to 30 second Wingate anaerobic
test, RAST present an equally effective with a much
lower cost of conduct and easy to administrate in
field settings. Human performance laboratories are
very expensive and not easy to operate for everyone.
In this situation, coaches and trainers need an
assessment tool which is equally effective as a
laboratory test and easy to administrate.
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