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Abstract 
Introduction. The Yo-Yo Intermittent Endurance Test-Level 1 (Yo-Yo IR1) is considered a valuable measurement tool in as-
sessing specific soccer endurance. However, there is a lack of recent research validating this test with regard to match running 
performance (MRP) in elite-level soccer. Material and Methods. The aim of this study was to evaluate the validity of Yo-Yo IR1 
in predicting MRP during elite-level soccer matches. The participants were soccer players who competed in the highest-level 
Croatian soccer league (23.57 ± 2.84 years, 181.9 ± 5.17 cm, 78.36 ± 4.18 kg), and they were all tested using Yo-Yo IR1 in the middle 
of the season 2019/2020. The players’ MRP (n = 71) was measured using the Global Positioning System over one-half season, 
and included the total distance covered, the distance covered in different speed zones, accelerations and decelerations. The 
association between MRP and Yo-Yo IR1 was identified with Pearson’s correlation. Results. The results indicated that central 
midfielders and fullbacks achieved significantly higher results in Yo-Yo IR1 than forwards and central defenders (F-test: 29.80; 
p < 0.01; large effect size). Higher results in Yo-Yo IR1 were correlated with the match amount of (i) the total distance covered  
(r = 0.65); (ii) high-speed running (r = 0.42); (iii) high-intensity distance covered (r = 0.36); (iv) total accelerations (r = 0.37); 
and total decelerations (r = 0.42). Conclusions. The established associations between Yo-Yo IR1 and MRP in this study con-
firmed the validity of Yo-Yo IR1 in predicting MRP in professional soccer today.
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Introduction

Soccer is physically high demanding sport characterized by 
high-intensity activities interspersed with periods of submaxi-
mal effort over an extended period of time [1, 2]. In particular, 
soccer players averagely cover 10-12 km in total during the game, 
while approximately 10% of this distance is covered at high in-
tensities [3, 4]. During the 90 minutes of the game, soccer play-
ers spend most of the time performing low to moderate inten-
sity activities such as walking or jogging, and energy is mainly 
produced by aerobic metabolism [4, 5]. Therefore, elite level 
soccer requires well-developed aerobic fitness [6, 7, 8].

To assess aerobic fitness, soccer practitioners usually con-
duct different laboratory and field tests. In general, laboratory 
tests are traditionally considered the gold standard in evaluat-
ing aerobic fitness indicators – maximal oxygen consumption 
(VO2max), aerobic threshold (AeT) and anaerobic threshold 
(AnT) [9, 10]. However, the results of laboratory assessments 
of aerobic fitness may have little relevance to soccer-specific 
training since such assessment requires exercise modes that are 
not common in soccer, such as linear running [11, 12]. Relatedly, 
recent studies have demonstrated very limited association be-
tween the aerobic fitness indicators obtained from laboratory 
testing and match running performance (MRP) [8, 10].

As an alternative to laboratory tests, field tests are widely 
accepted for the evaluation of aerobic fitness [11, 12, 13]. One of 
the most popular field tests focusing on the capacity to carry out 
intermittent exercise leading to maximal activation of the aero-
bic system is the Yo-Yo intermittent recovery test-level 1 (Yo-Yo 
IR1) [1]. In addition, Yo-Yo IR1 has been shown to be a reliable, 
valid measurement of match-related fitness performance in in-
termittent sports such as soccer or basketball [14]. Naturally, the 
problem of association between Yo-Yo IR1 and MRP has been 

the subject of many studies in recent years [15]. However, most 
of the studies have included young soccer players [12, 16], fe-
male players [17] or friendly matches [18], while there is a lack 
of studies that included elite-level players during official soccer 
matches.

Specifically, to the best of our knowledge, only one study 
has investigated MRP and Yo-Yo IR1 among elite soccer players 
in official soccer matches where authors examined associations 
between Yo-Yo IR1 and MRP, and reported a strong correlation  
(r = 0.71) of the distance covered above a speed of 15 km/h and 
Yo-Yo IR1 [14]. However, the study of Krustrup and colleagues 
was conducted almost 20 years ago, and during that period, 
high-intensity activities in soccer matches have increased by 30-
35% [18]. Accordingly, we were of the opinion that the associa-
tion between MRP and Yo-Yo IR1 should be confirmed in a newly 
conducted study. Therefore, the main objective of this study was 
to examine the association between MRP and Yo-Yo IR1 among 
elite soccer players during official soccer matches. Additionally, 
we analyzed the MRP and Yo-Yo IR1 results according to specific 
playing positions.

Material and Methods

In this study we observed players that competed at the hi-
ghest national competitive level. We tested their soccer-spe-
cific endurance using Yo-Yo IR1 in the middle of the season 
2019/2020, and analyzed their MRP over one half-season. This 
was done intentionally to minimize a possibility of changes in 
Yo-Yo IR1 performance due to the training process. Yo-Yo IR1 and 
MRP were evaluated according to the playing position. After-
wards, we examined the associations between Yo-Yo IR1 and 
MRP.
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Participants
The participants (n = 12) in this study were soccer players 

from Croatia (M ± SD, age 23.57 ± 2.84 years, body height 181.9 
± 5.17 cm, body mass 78.36 ± 4.18 kg), and they were all mem-
bers of one team competing at the highest national level. The 
players were observed over half of one season 2019/2020, re-
sulting in 71 MRPs that were used as cases for this study. Since 
team tactical formations did not include wingers (e.g., the team 
played in a 3-5-2 or 3-4-3 formation), players’ MRPs (i.e., ob-
servations) were classified according to the playing position as 
central defenders (n = 14), fullbacks (n = 17), central midfielders 
(n = 29) and forwards (n = 11). All data were collected during 
17 matches of the Croatian Soccer League 2019/2020 season. 
For the purposes of this study, only the results of those players 
who played for the entirety of a given match were analyzed. To 
minimize possible changes in Yo-Yo IR1 performance, we did not 
analyze players who experienced injuries which excluded them 
from the training process for more than 2 weeks. Additionally, 
players that were not regular members of the squad were exc-
luded from the analysis as well. All the participants signed an 
informed consent form agreeing to participate in this study. The 
study was approved by the Ethical Board of the Faculty of Kine-
siology, Ubiversity of Split.

Procedures
The variables in this study included players’ age, body he-

ight, weight, MRP and Yo-Yo IR1 results. Anthropometrics were 
measured by an experienced evaluator using the standardized 
equipment (Seca, Birmingham, UK). MRP was measured du-
ring official matches and included the following: total distan-
ce covered (m); distance covered in different speed categories: 
low-intensity running (<14.3 km/h), high-speed running (19.8-
25.1 km/h), sprinting (≥25.2 km/h), and high-intensity running 
(>19.8 km/h); total number (frequency) of accelerations (>0.5 
m/s2); number of high-intensity accelerations (>3 m/s2); total 
number of decelerations (less than –0.5 m/s2); and the num-
ber of high-intensity decelerations (less than –3 m/s2). All MRP 
data were collected using GPS technology (S7 vector, Catapult, 
Melbourne, Australia) with a sampling frequency of 10 Hz. The 
reliability and validity of this equipment have previously been 
described in detail [19].

Players were tested using the Yo-Yo IR1 test on a soccer field 
in the middle of the season, before the winter preseason. All 
players performed the test after two light adaptation sessions 
to minimize the possibility of injury and the effect of fatigue. 
Just before the start of the test, players performed individual 
warm-up sessions consisting of 10 min of running at their own 
pace and 5 min of dynamic stretching. Players were instructed 
to run until voluntary exhaustion was reached and were given 
strong verbal encouragement throughout the test to elicit their 
best performance. Yo-Yo IR1 consists of 2 × 20 m shuttle runs at 
increasing speeds interspersed with 10-second active recovery 
(controlled by audio signals from a compact disc player). Players 
run until they are not able to maintain the required speed, and 
the distance covered at that point is the test result [14]. The test 
was conducted in groups of a maximum of 8 players according 
to the above-described protocol.

Statistics
All data were log-transformed to reduce the nonunifor-

mity of error, and normality was checked using the Kolmogo-
rov–Smirnov test. The statistical analyses were performed on 
log-transformed data, but the results in tables and figures are 
presented as true-value means and standard deviations. 

Differences in MRP and Yo-Yo IR1 between playing posi-
tions were analyzed using one-way analysis of variance (ANO-
VA) with the Scheffe post hoc test. Effect size differences were 
established using ANOVA-derived partial eta squared (> 0.02, 
small; > 0.13, medium; > 0.26, large) [20]. 

To identify the associations between MRP and Yo-Yo IR1, 
Pearson’s correlation coefficients were calculated for the obse-
rved half-season period with the r coefficient classification as 
previously suggested: r ≤ 0.35 indicates a low or weak correla-
tion, r = 0.36 to 0.67 indicates a moderate correlation, r = 0.68 
to 1.0 indicates a strong or high correlation, and r > 0.90 in-
dicates a very high correlation [20]. For all analyses, Statistica 
(Version 13; TIBCO Software, Palo Alto, CA, USA) was used.  
A significance level of α = 0.05 was applied.

Results

Playing positions significantly differed in all MRP indices, 
with large ES difference for all variables, except high intensity 
accelerations (medium ES). The largest differences between 
playing positions were evidenced for total distance covered, 
with central midfielders achieving the highest values of all play-
ing positions (significant post-hoc differences when compared 
to all other playing positions). Also, central midfielders domi-
nated in the number of total decelerations (significant post-hoc 
differences when compared to all other playing positions), and 
the number of total accelerations (significant post-hoc differ-
ences when compared to central defenders and forwards). For-
ward players had the highest number of high intensity accelera-
tions and decelerations, and dominated in sprinting (significant 
post-hoc differences where established when compared to cen-
tral defenders and central midfielders), as well as in high speed 
running, and high intensity running (significant post-hoc dif-
ferences in comparison to central midfielders).

Figure 1 presents descriptive statistics and playing-posi-
tion differences in Yo-Yo IR1. Central midfielders and fullbacks 
achieved significantly higher results in Yo-Yo IR1 than forwards 
and central defenders (F-test: 29.80; p < 0.01; large effect size). 
Specifically, central midfielders covered 1847 m in Yo-Yo IR1, 
while fullbacks covered 1840 m. On the other hand, central de-
fenders and forwards covered the lowest distance in Yo-Yo IR1 
(1434 m and 1520 m, respectively).

Figure 1. A Descriptive statistics of Yo-Yo IR1 results, and 
differences between players in soccer-specific playing positions 

derived by the analysis of variance

*** – p < 0.001.
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Table 2 presents correlations between MRP and distance 
covered in Yo-Yo IR1. Higher results in Yo-Yo IR1 were correlated 
with the (i) total distance covered (r = 0.65); (ii) high-speed run-
ning (r = 0.42); (iii) high-intensity distance covered (r = 0.36); 
and (iv) total accelerations (r = 0.37) and total decelerations  
(r = 0.42) in each match.

Discussion

The results from this study indicated moderate correlations 
between Yo-Yo IR1 and total distance covered, high-intensity 
distance covered, the total number of accelerations and the to-
tal number of decelerations. In addition, the results indicated 
that of all playing positions, central midfielders and fullbacks 
reached the highest values in Yo-Yo IR1.

Yo-Yo IR1 values in players in different playing positions
Although energy during a soccer match is mainly produced 

by aerobic metabolism, executing high-intensity movements 
(e.g., jumping, kicking, and even movements to mark the oppo-
nent) requires energy produced by anaerobic metabolism [22, 
23, 24]. Therefore, there is an evident interest in the "simultane-

ous" evaluation of both aerobic and anaerobic endurance, with 
the Yo-Yo IR1 test being a very convenient and highly relevant 
field test since it assesses specific aerobic and anaerobic endur-
ance for soccer [14]. 

Our study demonstrated that central midfielders and full-
backs achieved the highest values in Yo-Yo IR1 (1846 m and 1840 
m, respectively). In particular, central midfielders are connec-
tion players between defense and attack [25] and to success-
fully participate in both directions of game play (e.g., defense 
and attack), they must possess a high level of both aerobic and 
anaerobic endurance. Similarly, although fullbacks are mainly 
defensive players, one of their main tactical duties is to perform 
crosses in the attacking phase of the game [26, 27]. To perform 
this repeatedly, they require a high level of both aerobic and an-
aerobic endurance. 

These differences in Yo-Yo IR1 values between playing posi-
tions are consistent with a study conducted on a sample of play-
ers from the Turkish TFF First League [28]. In that study, Bizati 
[28] investigated the physical and physiological characteristics 
of an elite Turkish soccer team according to playing positions 
and reported that wingers, fullbacks and central midfielders 
achieved the highest values in Yo-Yo IR1 (2515 m, 2475 m and 
2465 m, respectively), while central defenders and forwards 
averaged the lowest values (2195 m and 2305 m, respectively). 
However, it is interesting to note that Yo-Yo IR1 values of cen-
tral midfielders and fullbacks from the previously cited Turk-
ish study were approximately 30% higher than the values from 
our study. We are of the opinion that the following explanations 
should be taken into account when considering these differences. 

First, Turkish players were tested in the middle of the sea-
son that does not have a winter break [28]. Although our play-
ers were tested in the middle of the season as well, testing was 
basically conducted before the start of the winter preseason 
(e.g., the Croatian First Football League season is split into two 
halves, with a winter break of approximately 20 days between 
each half). Logically, the players’ capacities are at a much higher 
level during the competitive part of the season (Turkish study) 
than in the preseason period (our study) [29]. Second, the Cro-
atian First League is not physically highly demanding [30], and 

Table 1. Descriptive statistics of match running performance (data are given as Means ± SD) and differences between players in soccer-
specific playing positions derived by the analysis of variance

Central defenders Fullbacks Central midfielders Forwards F-test (p) η2

Total distance covered (m) 9839.6 ± 341.7 
CM, FB

10812.6 ± 647.4 
CM, CD

11769.4 ± 547.1
CD, FB, FW

10385.0 ± 663.0 
CM 43.14 (0.01) 0.66

High speed running (m) 393.1 ± 111.9 
CM

700.4 ± 113.9 
CM

636.8 ± 161.6 
CD, FB, FW

718.9 ± 127.8 
CM 16.70 (0.01) 0.47

Sprinting (m) 91.0 ± 46.9 
FB, FW

222.8 ± 96.4 
CM, CD

96.7 ± 55.7 
FB, FW

229.7 ± 71.8 
CM, CD 20.53 (0.01) 0.36

High intensity distance (m) 484.0 ± 151.9 
CM, FB

923.0 ± 165.6 
CM, CD

733.4 ± 205.5 
CD, FB, FW

948.4 ± 168.8 
CM 19.52 (0.01) 0.47

Total accelerations (rep) 428.5 ± 33.8 
CM 472.4 ± 49.5 513.4 ± 31.4 

CD, FW
412.8 ± 100.8 

CM 13.98 (0.01) 0.28

Total decelerations (rep) 428.2 ± 34.5 
CM

461.4 ± 47.8 
CM

511.0±27.7 
CD, FB, FW

435.1 ± 43.8 
CM 21.16 (0.01) 0.47

High intensity accelerations (rep) 16.2 ± 8.5 
FW 23.1 ± 10.2 21.4 ± 8.4 

FW
40.1 ± 15.2 

CD, CM 12.67 (0.01) 0.20

High intensity decelerations (rep) 31.7 ± 11.6 
FW 40.9 ± 11.4 35.7 ± 8.7 

FW
54.5 ± 10.2 

CD, CM 11.98 (0.01) 0.28

Superscripted letters indicate significant post-hoc differences when compared to specific playing positions (CD – central defenders; FB – full backs; CM – central midfielders; FW – forwards); 
η2 – partial eta squared.

Yo-Yo IR1
Pearson’s R (p)

Total distance covered 0.65 (0.001)
High speed running 0.42 (0.001) 
Sprinting 0.17 (0.16)
High intensity distance 0.36 (0.01) 
Total accelerations 0.37 (0.01)
Total decelerations 0.42 (0.001)
High intensity accelerations -0.02 (0.86)
High intensity decelerations -0.04 (0.74)

Table 2. Correlations between match running performance and Yo-
Yo IR1 distance covered
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this can be reflected in the physical capacities of players who 
participate in the Croatian league. 

Correlations between Yo-Yo IR1 and MRP
We evidenced moderate correlations between Yo-Yo IR1 and 

the total distance covered (r = 0.65), high-speed running (r = 
0.42), high-intensity distance covered (r = 0.36), total number 
of accelerations (r = 0.37) and total number of decelerations  
(r = 0.42). Basically, players who achieve better results in Yo-Yo 
IR1 will be able to handle MRP, which determines the volume of 
the game (e.g., total distance covered, total number of acceler-
ations and total number of decelerations). Additionally, players 
with a higher level of specific endurance will be able to perform 
a greater amount of running at higher speeds. This is especially 
important because the amount of high-intensity running one 
can endure is considered one of the key elements for success in 
soccer [30, 31, 32].

However, the association between high-intensity running 
and Yo-Yo IR1 in our study was slightly lower than the same as-
sociation presented by Krustrup et al. (r = 0.37 and 0.53, respec-
tively) [14]. Such findings can be explained by analyzing posi-
tion-specific Yo-Yo IR1 results. First, it must be mentioned that 
Krustrup et al. reported that fullbacks in their study achieved 
the highest values in Yo-Yo IR1 out of all playing positions.  
At the same time, other studies confirmed that fullbacks cover 
a high amount of high-intensity distance [33, 34], which, taken 
together, may even result in a strong correlation between Yo-
Yo IR1 and high-intensity running for the overall sample in the 
study carried out 20 years ago [14].

On the other hand, our study indicated that players who 
achieved the highest Yo-Yo IR1 results played as central mid-
fielders (see figure 1 for details). In general, players in this po-
sition do not cover a large high-intensity distance during soccer 
matches [30, 35]. Thus, this factor decreases statistical possi-
bilities of reaching stronger correlations between Yo-Yo IR1 and 
high-intensity distance covered in our study. 

It is interesting to note that the correlations between aer-
obic performance (measured with the field testing procedure) 
and MRP in our study were similar to those in studies where 
aerobic performance was measured in a laboratory setting [8]. 
In particular, a very recent study that analyzed associations be-
tween laboratory-derived aerobic indices and MRP evidenced  
a very low correlation between AnT and high-intensity distance 
covered (r = 0.28) and even no correlation between AeT and 
high-intensity distance covered [8]. Additionally, that study 
presented moderate correlations between AnT and AeT and the 
total distance covered (r = 0.39 and 0.45, respectively). This is 
actually in accordance with the findings of the present study, 
in which we highlight moderate correlations between Yo-Yo IR1 
and both total distance covered and high-intensity distance cov-
ered (r = 0.65 and 0.36, respectively).

Limitations and strengths
The main limitation comes from the fact that this study fo-

cused on one team over half of one season only. Additionally, 
we only included players who (i) played the whole matches, (ii) 
did not have injuries that excluded them from the training pro-
cess for more than 20 days, (iii) were regular members of the 
squad – which reduced the number of observations. In addition, 
Yo-Yo IR1 testing was conducted after approximately 20 days of 
the break from the season, and the examined half-season lasted 
20 weeks. As a result, it is possible that Yo-Yo IR1 performance 
changed over half of the season due to the training process. This 

issue could directly affect the results of the association of MRP 
and Yo-Yo IR1.

This is one of the first studies to evaluate the validity of Yo-
Yo IR1 by analyzing MRP of elite-level soccer players. Addition-
ally, GPS and Yo-Yo IR1 data were evaluated by the authors of the 
study, which reduces the possibility of data inconsistency.

Conclusions

Our results suggest that Yo-Yo IR1 is applicable in endur-
ance assessment in professional soccer. Moreover, given that Yo-
Yo IR1 requires fewer resources than laboratory tests and is rel-
atively simple, the authors of this study recommend using it in 
the assessment of soccer-specific endurance in elite male soccer 
players as a predictor of field running performance in match-
es. However, it must be noted that this study did not monitor 
changes in Yo-Yo IR1 during the observed period and its possi-
ble influence on MRP. Therefore, future studies should analyze 
significant seasonal differences in Yo-Yo IR1 performance when 
identifying association with MRP.  

Our results demonstrated that soccer players who achieved 
better results in Yo-Yo IR1 (e.g., possessed a higher level of spe-
cific endurance) could cover a greater total distance, perform 
a higher number of accelerations and decelerations, and cover 
more high-intensity distance during professional soccer match-
es. Therefore, these findings basically confirm the validity of Yo-
Yo IR1 in predicting MRP.

Since better Yo-Yo IR1 performance allows the handling 
of intermittent actions, we suggest that the conditioning pro-
cess aimed at the development of specific endurance in soccer 
should include intermittent running drills that are similar to Yo-
Yo IR1 running patterns. When creating these drills, differences 
in Yo-Yo IR1 results among players in different playing positions 
should be taken into account. For example, as we found the 
highest level of specific endurance (e.g., highest values in Yo-
Yo IR1) among central midfielders and fullbacks, these players 
should run at higher running speeds during running drills.
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