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Abstract: The aim of the present study was to investigate the acute effect of caffeine supplementation on
performance in official soccer matches. In double-blind, randomized crossover design, 13 professional soccer
players performed two complete matches, with Caffeine (CAF) (6 mg/kg) and placebo (PLA) supplementation.
Two-way repeated measures ANOV A showed that there was no effect of supplementation on the total distance
covered (p = 0.536; np? =0.033) or the total distance covered at different speeds (p = 0.453; pp? = 0.048),
acceleration or deceleration (p = 0.387; np? = 0.063) number of sprints (p = 0.521; u? = 0.035) Heart Rate mean (p
= 0.484; np? = 0.042) Heart Rate maximum (p = 0.110; np? = 0.199), Rate Perceived Effort (p =0.151) or efficiency
index (p = 0.480). Therefore, acute caffeine supplementation not effective to increase the performance of soccer
players in official matches.

Keywords: Sports Nutrition; Dietary Supplements; Athletic Performance

1. Introduction

Considering the physical demands in official soccer matches, and the large number of games
played during the season, soccer players can present acute and chronic fatigue, causing a decrease in
physical performance [1,2]. Thus, the search for strategies to increase performance and reduce fatigue
is constant in high-performance sports. A common strategy is the use of nutritional supplementation
[3].

Among the nutritional ergogenic resources, caffeine is widely investigated in the scientific
literature. This substance acts mainly by stimulating the central nervous system, enhancing cognitive
functions, alertness, and also acting as an adenosine antagonist. This may explain the reduction in
the effects of fatigue on athletes that ingest caffeine [4,5]. Caffeine can increase the availability of
calcium in the myofibril and optimize the substrate availability during the exercise, increasing the
oxidation of free fatty acids and reducing glycogen mobilization [4,5]. Such effects can prolong
exercise tolerance and increase sports performance.

Despite caffeine being extensively researched in soccer, most studies investigated the effect on
the player's physical performance in tests or simulated matches [6]. The few studies that have
analyzed simulated soccer matches, which cannot replicate the demands of official matches, found
divergent results [7-9]. Del Coso et al. [7] and Lara et al. [8], investigated the effect of caffeine in
simulated matches of 2x40-minute halves with a 15-minute interval. The results showed that caffeine
increases running distance, running distance at high intensity, and the number of sprints. In contrast,
Pettersen et al. [9] observed no significant differences between caffeine and placebo with regard to
distance running, high-intensity running, or sprint number. It is known that physical performance in
soccer can be affected by numerous factors that cannot be controlled [10], particularly in official
matches, but we don’t find any study that investigated the caffeine supplementation on non-
controlled official matches.

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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Therefore, it is necessary to investigated the effect of caffeine supplementation in official
matches. To the best of our knowledge, no studies with caffeine supplementation have been carried
out with professional soccer players in official soccer matches. Therefore, the aim of the present study
was to investigate the acute effect of caffeine supplementation on physical performance and
psychophysiological variables during official soccer matches: The hypothesis is that caffeine
supplementation will increase the physical performance with optimized physiological and
psychological responses.

2. Materials and Methods

Thirteen elite professional soccer players (26 +4,5 years, 74 + 6kg, 179 + 5cm, VOomax: 54 £ 3 mL kg
I-min-, body fat percentage: 9 + 3%) performed two complete competitive matches, one after ingesting
placebo (PLA) capsules and another ingesting Caffeine supplementation (CAF) capsules. The interval
between the matches was one week. The capsules were ingested 60 minutes before the matches. This
interval time was necessary for the peak of caffeine concentration in the blood to occur as close as
possible to the match time [7]. Both PLA and CAF capsules were identical, but the PLA capsules
contained starch and the CAF capsules contained 400mg of Caffeine, approximately 6mg/kg [6].
Goalkeepers were not included in the sample. Only players who trained in pre-season and who were
considered ready by medical department were included in the study. In addition, the players were
instructed not to change their diet or consume any nutritional supplement during the study. They
were also instructed to not ingest other stimulant substances for up to 12 hours before each match.

During the official matches, all players wore a device with a global positioning system (GPS)
with a sampling frequency of 10 Hz, and 200Hz 3D accelerometer, gyroscope and magnetometer
(Polar Team® Pro System; Polar Electro Oy, Kempele, Finland). This system has showed good
accuracy and reliability during low-speed running (0.00-13.99km/h; ICC=0.99, TEM = 5.05%), high
speed running (14.00-19.99km/h; ICC =0.99, TEM = 1.06%) and very high-speed running (>20.0 km/h;
ICC=0.99, TEM =2.89%) [11]. The performance analysis included distances covered from 3.00km/h to
6.99 km/h (RD1), 7.00km/h to 14.99 km/h (RD2), 15.00km/h to 19.99km/h (RD3), 20.00 km/h to 24.99
km/h (RD4) and above 24.99 km/h (RD5) [12]. The number of accelerations was quantified between
2.00 and 2.99 m/s? (AC1), and above 2.99 m/s? (AC2), and decelerations between -2.00 and -2.99 m/s
s2 (DC1), and less than -2.99 m/s? (DC2) [13]. The mean (HRmean) and maximum heart rate (HRmax)
were also analyzed. The Training Impulse (TRIMP) was calculated by dividing zones of intensities
relative to the HRmax (zone 1: 50 to 60% of HRmax; zone 2: 60 to 70% of HRmax; zone 3: 70 to 80%
of HRmax; HRmax; zone 4: 80 to 90% of HRmax; zone 5: 90 to 100% of HRmax), and the accumulated
time in each zone was be multiplied by its value and the results obtained were added [14]. The
physical efficiency index (EI) was also analyzed, which is the ratio of the running distance per minute
divided by the average of the percentage of HRmax. The Rate Perceived Effort (RPE) was measured
30 minutes post-match using the Training Intensity Subjective Rating Scale and the score awarded
was multiplied by the regular total match time (90 minutes) [15].

Statistical analysis

The normality and sphericity of data variances were verified using the Shapiro-Wilk and
Mauchly test. The Wilcoxon test was used to verify if there was a difference in the total time the
players remained on the field in the matches of the situations. The paired t-test was used to verify
differences in RPE and two-way ANOVA of repeated measures (supplementation x match time) was
used to verify possible differences in the mechanical and physiological variables. When relevant,
BonFerroni's post-hoc was employed to identify where these differences occurred. The square partial
ETA (np?) was used to verify the effect size. Descriptive data analyses to summarize the results of the
study variables are presented as mean + standard deviation and confidence interval (CI95%). For all
statistical tests, the significance level adopted was a = 0.05 and the SPSS software version 20.0 was
used for data analysis.
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3. Results

The Wilcoxon test showed that there were no differences in the time players remained on the
field when they ingested the placebo when compared to taking the caffeine supplementation (p =
0.813; 92.4 + 7.8min and 91.3 + 9.2min, respectively).

Mechanical Variables

Two-way repeated measures ANOVA showed that there was no effect of the Caffeine
supplementation on the total distance covered (p = 0.536; np? =0.033). However, the total distance
covered in the first half is greater than the distance in the second half (p = 0.003; np? = 0.523) both in
the PLA (p = 0.025; CI95% = 98.66 — 1225.95) and CAF (p = 0.008; IC95% = 269.25 - 1473.36). When
analyzing separately the total distance covered at different speeds, no significant difference was
found between PLA and CAF (p = 0.453; pp? = 0.048; CI95% = -40.14 — 84.57). However, the total
distance covered in RD2 was greater in the first half than in the second half (p = 0.001; np? = 0.968;
CI95% = 265.93 — 670.37). The same occurred for RD3, which was higher in the first half when
compared to the second half (p = 0.005; pp? = 0.968; CI95% = 40.17 — 183.59).

Regarding the accelerations, it was not observed the effect of supplementation for the total
number of actions in AC1 (p =0.387; np?=0.063), but the first half showed a greater number of actions
in AC1 than the second half (p = 0.005; np? = 0.488; CI95% =2.91 - 13.46). Similar results were observed
for the number of actions in AC2, which showed no difference between situations (p = 0.643; np? =
0.018), but was greater in the first half than in the second half (p = 0.008; np? = 0.455; CI95% = 0.84 -
4.16). Similar results were also found for the number of actions in DC1, which did not show
significant changes regardless of supplementation (p = 0.073; pp? = 0.244), but was higher in the first
half (p = 0.007; pp? = 0.471; CI95% = 3.36 — 16.79). However, this behavior was not observed for the
number of actions in DC2, there was no significant changes due to supplementation (p = 0.758; np? =
0.008) or match time (p = 0.057; np? = 0.270).

As for the number of sprints, there was no change in relation to this variable, regardless of
supplementation (p = 0.521; u2=0.035) or match parts (p = 0.608; np?=0.023). However, the maximum
speed reached by the players in the PLA situation was higher than in the CAF (p = 0.035; np? = 0.320;
CI95% = 0.11 — 2.71). Table 1 below presents the mean and standard deviation values of these

variables.
Table 1. Mean and standard deviation of mechanical variables.
Placebo Caffeine
1st half 2nd half 1st half 2nd half
TD (m) 4714 + 376* 4051 +997 4707 + 363* 3835 + 908
RD1 (m) 1969 + 156 1759 + 318 1910 + 144 1748 + 485
RD2 (m) 1986 + 317* 1616 =592 2026 + 334* 1464 + 398
RD3 (m) 531 +151* 434 + 152 540 + 140* 414 +123
RD4 (m) 165+ 78 168 + 51 175 + 56 145 + 56
RD5 (m) 61 +£35 76 +49 54 +25 63 47
AC1 (n) 43.3 +8.5* 36.1+12.0 42.5+6.6* 33.3+9.2
AC2 (n) 11.5+4.8* 93+3.6 11.5+4.5% 83+38
DC1 (n) 40.2 +10.3* 31.7+£8.9 39.0 £10.3* 27.3+7.0
DC2 (n) 12.6 +4.6 11.1+4.45 12.8+3.4 10.4+4.2
Sprint (n) 49+3.1 49+25 48+22 42+29
Speed (km/h) 31.6 + 3.5** 31.3 £2.9** 299+1.7 30.2+2.6

Notes: TD = total distance; RD1 = total distance traveled at speeds from 3km/h to 6.99 km/h; RD2 =
total distance traveled at speeds from 7km/h to 14.99 km/h; RD3 = total distance traveled at speeds
from 15km/h to 19.99km/h; RD4 = total distance traveled at speeds from 20 km/h to 24.99 km/h; RD5
= total distance traveled at speeds of 25 km/h. AC1 = total shares with acceleration between 2 and 2.99
m/s?; AC2 = total shares with acceleration above 3 m/s? DC1 = braking between -2 and -2.99 m/s? DC2
= braking less than -3 m/s? Sprint = number of actions when reaching 25km/h; Speed = maximum
speed; * significant difference (p < 0.05); ** significant difference between situations (placebo vs
caffeine) (p < 0.05).
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Physiological Variables

Two-way repeated measures ANOVA showed that there was no effect of supplementation on
absolute values (p = 0.524; np? = 0.035; CI95% = -1.87 — 3.49) or percentages (p = 0.484; np? = 0.042;
CI95% =- - 0.93 — 1.85) of the HRmean and there was also no statistically significant difference for the
absolute values (p = 0.769; np? = 0.007; CI95% = -5.40 — 4.09) and percentages (p = 0.684; np? = 0.014;
CI95% = -2.87 — 1.94) of the HRmax. However, regardless of supplementation, there was an effect of
moment (1st half vs 2nd half) on HRmean values both for absolute values (p = 0.001; np? = 0.977;
CI95% =10.17 — 12.36) and percentages (p = 0.001; np2=0.969; CI195% = 5.12 — 6.41), which were higher
in the first half than in the second half. However, in relation to absolute HRmax (p = 0.110; pp?=0.199;
CI95% = -6.69 — 0.77) and percentage (p = 0.101; pp? = 0.209; CI95% = -3.43 — 0.34) no significant
differences were found. As for TRIMP, there was also no change due to supplementation (p = 0.606;
pp?=0.023), but this variable was higher in the first half when compared to the second half (p = 0.002;
np? = 0.550; CI95% = 11.86 — 43.21). Table 2 below presents the heart rate values of the PLA and CAF
situations in the first and second half.

Table 2. Mean and standard deviation of physiological variables.

PLA CAF
1st half 2nd half 1st half 2nd half
HRmean (bpm) 169 +12* 158 +12 168 +11* 157 +11
HRmax (bpm) 188 +11 191+ 14 189 +10 192 +12
HRmean (%) 87 £ 6* 81+6 86 + 6* 81+6
HRmax (%) 97 £ 6 98 +7 97 £ 6 9+6
TRIMP 155 + 37* 127 + 42 152 + 32* 124 + 43

notes: HRmed = mean heart rate; HRmax = maximum heart rate; TRIMP = training impulse. *
statistical difference between the first half and the second half (p < 0.05).

Psychological Variable and Efficiency Index (EI)

RPE showed no difference (p = 0.151; CI95% = -0.258 — 1.48) between PLA (7.8 + 1.0) in relation
to CAF (7.2 +1.4). As for the EI, there was no significant change due to supplementation (p = 0.480;
pp? = 0.042), but it was lower in the second half when compared to the first half (p = 0.005 pp? = 0.501;
CI95% = 0.06 — 0.29) in both PLA (1st time: 1.15 + 0.13; 2nd time: 1.01 + 0.26) and CAF (1st time: 1.16 +
0.11; 2nd time: 0.94 + 0.22).

4. Discussion

The aim of the present study was to investigate the acute effect of caffeine supplementation on
physical performance and psychophysiological variables in official soccer matches. The main
hypothesis formulated was that acute caffeine supplementation would increase the players physical
performance. However, the results of the present study indicated that there was no statistically
significant difference for any of the mechanical or psychophysiological variables investigated.

We didn’t find other studies that investigated caffeine supplementation on elite official matches.
Were found only three studies that investigated the effects of caffeine supplementation on simulated
matches [7-9]. Del Coso et al. [7] had investigated the effect of caffeine in simulated matches (11-a-
side, in an artificial grass field, 2x40-minute halves, 15-minute interval), found that caffeine
significantly increased the total running distance (7352 + 881 meters in the placebo; 7782 + 878 meters
in the caffeine condition). Also in this study, caffeine supplementation significantly increased high-
intensity running distance (13.1 - 18.0 km/h), and the number of sprints (>18.0 km/h) (30 + 10 in
caffeine condition; 24 +8 in the placebo condition). However, the HRmean and HRmax were not
significantly affected. Lara et al. [8], using the same experimental design as the previous study, also
found a significant difference between placebo and caffeine supplementation in total running
distance (6.64 + 1.618 vs 7.08 + 1.501 m, respectively), in running distance at speeds above 18 km/h
(161 +99 vs 216 + 103 m, respectively), and in the number of sprints above 18 km/h (16 +9 vs 21 + 13,
respectively), however, the sample consisted of female athletes. Corroborating the results of the

doi:10.20944/preprints202301.0258.v1
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present study, Pettersen et al. [9] did not observe significant differences between caffeine and placebo
regarding total distance running (10.062 + 916 meters vs 9.854 + 901 meters), high intensity running
(>19.8 km/h; PLA: 557 + 178 m vs CAF: 642 + 240 m), sprint distance (>25.2 km/h; PLA: 109 + 58 m vs
CAF: 112 + 69 m) or acceleration/deceleration counts (>2m/s) PLA: 123 + 31 vs CAF: 126 + 24).

The possible explanation for the divergent results of these three previous studies may be related
to several factors such as the different forms of supplementation used in these studies, the intake of
energy drinks that, in addition to caffeine, contained other substances such as sodium bicarbonate
and taurine [7-9]. Furthermore, performance in the soccer game can be affected by numerous
variables, such as physical fitness [16,17], competitive level [18,19], artificial turf versus natural grass
[20,21], heat stress due to environment temperature [22,23], ball possession, and player/team
technical standard [24,25]. Soccer is an unforeseeable sport and so many variables are impossible to
control, therefore, they may still have influenced the results since the data collection was performed
in official matches. Other studies need to be carried out in complete and official matches to therefore
investigate the specific effects of caffeine on soccer performance. Furthermore, as the effects of
caffeine supplementation depend on individual responses, there may be both high and low responses
to different doses of this substance [26,27], even depending on the habitual consumption of this
substance [28]. As the mechanisms of action of caffeine are related to fatigue [4,5], its effects may be
evidenced in longer matches (extra time), or in atypical environments (heat or cold extreme and high
altitudes), which was not the case in the present study.

To the best of our knowledge and limitations, no studies were found that investigated the effect
of caffeine supplementation on HR and TRIMP in official matches, which limits our discussion.
However, for both variables there was a reduction in the second half when compared to the first half.
This corroborates with the specialized literature in team sports [29].

Regarding the RPE in matches, unlike other studies that in general use the Borg Scale [30], the
present study used the Training Intensity Subjective Rating Scale by Morandi et al. [15]. This scale
was used because the athletes were already familiar with it. The only study that presented the RPE
in collective matches was by Lara et al. [8], who found no significant difference between caffeine
supplementation and placebo. Taking into account the caffeine action mechanisms [4,31] it was
expected that this supplementation would decrease the RPE. However, the systematic review that
investigates this supplementation in team sports [32] most of studies corroborate the results found in
the present study.

Regarding the EI, this variable can be sensitive to detect changes in the training state of soccer
players [33]. This is because El is a variable that allows the simultaneous evaluation of external and
internal loads [34]. An example was presented by Suarez-Arrones et al. [33], who evaluated the EI for
elite soccer players during official matches in a European championship. The results of the study
showed a lower EI value in the second half of the match, compared to the first. Therefore, if any
difference was found in the efficiency index between caffeine supplementation and placebo, we could
speculate that either the player made less physiological effort to cover a greater distance, which
would increase the EI, or the opposite. However, in the present study, caffeine was not able to
influence the EL

5. Conclusions

Acute caffeine supplementation is not effective enough to increase the players physical
performance or to positively influence the psychophysiological variables in official soccer matches.
Finally, all these results should be carefully interpreted as there are some limitations in this study,
like the number of official matches analyzed and sample size. It is worth mentioning that more
studies on caffeine supplementation in official matches and competitions are needed.


https://doi.org/10.20944/preprints202301.0258.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 January 2023 doi:10.20944/preprints202301.0258.v1

Author Contributions: Conceptualization, RAD Silva, RO Idelfonso, BP Couto and MDM Drummond;
methodology, RAD Silva, RO Idelfonso, BP Couto and MDM Drummond; formal analysis, RAD Silva, RO
Idelfonso; data curation, RAD Silva, RO Idelfonso and MDM Drummond.; writing —original draft preparation,
RAD Silva, BP Couto and MDM Drummond; writing—review and editing, RAD Silva, BP Couto and MDM
Drummond; supervision, MDM Drummond; project administration, MDM Drummond. All authors have read
and agreed to the published version of the manuscript.

Funding: Not applicable.

Institutional Review Board Statement: This experimental study was a double-blind, randomized crossover
design approved by the Research Ethics Committee of the Federal University of Minas Gerais (protocol number
3.981.929).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the corresponding
author (RAD Silva) with an appropriate reason.

Acknowledgments: All soccer players volunteers, technical and medical department of Coimbra soccer club.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Silvaet al. Acute and residual soccer match-related fatigue: a systematic review and meta-analysis. Sports
Med. 2018, 48(3), 539-583. Doi: 10.1007/s40279-017-0798-8

2. Goulart et al. Fatigue and recovery time course after female soccer macthes: a systematic review and meta-
analysis. Sports Med. 2022, 8, 72. Doi: 10.1186/s40798-022-00466-3

3. Kerksick et al. ISSN exercise & sports nutrition review update: research & recommendations. J Int Soc
Sports Nutr. 2018, 15, 38. Doi: 10.1186/s12970-018-0242-y

4. Guest et al. international society of sports nutrition position stand: caffeine and exercise performance. ] Int
Soc Sports Nutr. 2021, 18(1), 1. Doi: 10.1186/s12970-020-00383-4

5. Souza et al. Risk or benefit? Side effects of caffeine supplementation in sport: a systematic review. Eur ]
Nutr. 2022, 61(8), 3823-3834. Doi: 10.1007/s00394-022-02874-3

6. Mielgo-Ayuso et al. Caffeine supplementation and physical performance, muscle damage and perception
of fatigue in soccer players: A systematic review. Nutrients. 2019, 11, 440. Doi: 10.3390/nu11020440

7.  Del Coso et al. Effects of a Caffeine-Containing Energy Drink on Simulated Soccer Performance. Plos One.
2012, 7(2), €31380. Doi: 10.1371/journal.pone.0031380

8. Lara et al. Caffeine-containing energy drink improves physical performance in female soccer
players. Amino Acids. 2014, 46(5), 1385-1392. Doi: 10.1007/s00726-014-1709-z

9.  Pettersen et al. Caffeine supplementation does not affect match activities and fatigue resistance during
match play in young football players. ] Sports Sci. 2014, 32(20), 1958-1965. Doi:
10.1080/02640414.2014.965189

10. Teixeira et al. Monitoring Accumulated Training and Match Load in Football: A Systematic Review. Int ]
Environ Res Public Health. 2021, 18(8), 3906. Doi: 10.3390/ijerph18083906

11. Akyildiz, Z,, Yildiz, Y., Clemente, F. The reliability and accuracy of Polar Team Pro GPS units. ] Sports Eng
Tech. 2020, 236(2), 1-7. Doi: 10.1177/1754337120976660

12. Barnes et al. The Evolution of Physical and Technical Performance Parameters in the English Premier
League. International Journal of Sports Med. 2014, 35(13), 1095-1100. Doi: 10.1055/s-0034-1375695

13. Silva, H,, Nakamura, F.Y., Beato, M., Marcelino, R. Acceleration and deceleration demand during training
sessions in football: a systematic review. Sci Med Footb. 2022, 1-16. Doi: 10.1080/24733938.2022.2090600

14. Edwards, Sally. The heart rate monitor book. Polar CIC: Fleet Fleet Press, 1992.

15. Morandi et al. Preliminary Validation of Mirrored Scales for Monitoring Professional Soccer Training
Sessions. ] Human Kinetics. 2020, 72(1), 265-278. Doi: 10.2478/hukin-2019-0112

16. Krustrup, P., Mohr, M., Ellingsgaard, H., Bangsbo, ]. Physical demands during elite female soccer game:
importante the training status. Med Sci Sports Exerc. 2005, 37(7), 1242-1248. Doi:
10.1249/01.mss.0000170062.73981.94

17.  Taylor et al. Activity Demands During Multi-Directional Team Sports: A Systematic Review. Sports Med.
2017, 47(12), 2533-2551. Doi: 10.1007/s40279-017-0772-5

18.  Mohr, M, Krustrup, P, and Bangsbo, J. Match performance of high-standard soccer players with special
reference to development of fatigue. ] Sports Sci. 2003, 21, 519-528. Doi: 10.1080/0264041031000071182

19. Vieira et al. Match running performance in young soccer players: a systematic review. Sports Med. 2019,
49(2), 289-318. Doi: 10.1007/s40279-018-01048-8


https://doi.org/10.20944/preprints202301.0258.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 January 2023 doi:10.20944/preprints202301.0258.v1

20. Anderson, H., Ekblom, B., Krustrup, P. Elite football on artificial turf versus natural grass: movement
patterns, technical standards, and player impressions. ] Sports Sci. 2008, 26(2), 113-122. Doi:
10.1080/02640410701422076

21. Sanchez-Sanchez et al. Influence of the artificial turf certification on physical performance and muscle
damage in football players. Sci Rep. 2021, 11(1), 8625. Doi: 10.1038/s41598-021-88192-w

22.  Mohr, M. e Krustrup, P. Heat stress impairs repeated jump ability after competitive elite soccer games. J
Strength Cond Res. 2013, 27(3), 683-689. Doi: 10.1097/JSC.0b013e31825¢3266

23. Draper et al. Do environmental temperatures and altitudes affect physical outputs of elite football athletes
in match conditions? A systematic review of the 'real world' studies. Sci Med Footb. 2022, 1, 12. Doi:
10.1080/24733938.2022.2033823

24. Bradley et al. Match performance and physical capacity of players in the top three competitive standards
of English professional soccer. Hum Mov Sci. 2013, 32(4), 808-821. Doi: 10.1016/j.humov.2013.06.002

25. Wang, S.H,, Qin, Y, Jia, Y., Igor, K.E. A systematic review about the performance indicators related to ball
possession. PloS One. 2022, 17(3), €0265540. Doi: 10.1371/journal. pone.0265540

26. Apostolidis et al. Caffeine supplementation: Ergogenic in both high and low caffeine responders. Int J
Sports Physiol Perform. 2019, 14, 650-657. Doi: 10.1123/ijspp.2018-0238

27. Ellis, M., Noon, M., Myers, T., and Clarke, N. Low doses of caffeine: Enhancement of physical performance
in elite adolescent male soccer players. Int ] Sports Physiol Perform. 2019, 14, 569-575. Doi:
10.1123/ijspp.2018-0536

28. Filip, A., Wilk, M., Krzysztofik, M. and Del Coso, J. Inconsistency in the Ergogenic effect of Caffeine in
Athletes Who Regularly Consume Caffeine: Is It Due to the Disparity in the Criteria That Defines Habitual
Caffeine Intake? Nutrients. 2020, 12(4), 1087-1092. Doi: 10.3390/nu12041087

29. McLaren et al. The Relationships Between Internal and External Measures of Training Load and Intensity
in Team Sports: A Meta-Analysis. Sports Med. 2018, 48(3), 641-658. Doi: 10.1007/s40279-017-0830-z

30. Borg, G.A.V. Borg's perceived exertion and pain scales. Ed. Champaign IL: Hum Kinetics. 1998.

31. Del Coso et al. Prevalence of caffeine use in elite athletes following its removal from the World Anti-Doping
Agency list of banned substances. Appl Physiol Nutr Metab. 2011, 36(4), 555-561. Doi: 10.1139/h11-052

32. Salinero, J.J., Lara, B., Del Coso, J. Effects of acute ingestion of caffeine on team sports performance: a
systematic review and meta-analysis. Research in Sports Med. 2018, 27(2), 238-256. Doi:
10.1080/15438627.2018.1552146

33. Suarez-Arrones et al. Match-play activity profile in professional soccer players during official games and
the relationship between external and internal load. ] Sports Med Phys Fitness. 2015, 55(12), 1417-1422.

34. Lima-Alves et al. The relationship between internal and external loads as a tool to monitor physical fitness
status of team sport athletes: a systematic review. Bio Sport. 2022, 39(3), 629-638. Doi:
10.5114/biolsport.2022.107021

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or
products referred to in the content.


https://doi.org/10.20944/preprints202301.0258.v1

