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Abstract. - OBJECTIVE: It was hypothe-
sized that activity exercise at professional lev-
els could lead to an increase in metabolic lev-
els and a decrease in performance parameters.
These trends are explained by physical activity
as a cellular stressor.

SUBJECTS AND METHODS: We used an al-
gorithm, Laboratory Index which evaluates sal-
ivary cortisol, CK and d-ROMs, collected pre-
viously from elite Italian soccer players, com-
pared to InStat Index. The last one estimates an-
alytically the athlete’s performance in soccer
pitch, applying the Heath Maps.

RESULTS: A good agreement between the two
Index was obtained, especially for two players,
who showed an ideal combined trend.

CONCLUSIONS: We would investigate the
clinical and activity profile of soccer players
with the aim of providing information for the de-
velopment of training strategies. Also, the per-
formances, during training and match time, are
an objective evaluation of the athlete’s physi-
cal preparation. As a consequence, the combi-
nation of two Index could be used for a new ap-
proach to the sports world.
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Introduction

Physical exercise strongly affects human me-
tabolism and causes biochemical changes. This
is reflected in the results of laboratory analyses
of changes in serum parameters, which indicate
degrees of fatigue. The many faces of different
types of training and the variety of physiological
reactions of trainees explain why sport medicine
is still looking for a perfect way to monitor the
effects of training'.

Muscle metabolism parameters, like creatine
kinase (CK), derivates of reactive oxygen me-
tabolites (d-ROMs) and salivary cortisol, are
usually increased after exercise. Creatine ki-
nase (CK) is an enzyme present mainly in skel-
etal muscle and heart muscle. An elevated cre-
atine kinase value may be due to heterogeneous
causes, including muscle fatigue following in-
tense sports training. CK is a dimeric globular
protein consisting of two subunits with a molec-
ular mass of 43 kDa. It buffers cellular ATP and
ADP concentrations by catalysing the revers-
ible exchange of high-energy phosphate bonds
between phosphocreatine and ADP produced
during contraction?. The serum level of skeletal
muscle enzymes is a marker of the functional
status of muscle tissue and varies widely in
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both pathological and physiological conditions.
An increase in these enzymes may represent an
index of cellular necrosis and tissue damage fol-
lowing acute and chronic muscle injuries. The
study of CK in sports medicine allows to obtain
information on the state of the muscle. High
levels of serum CK in apparently healthy sub-
jects may be correlated with physical training
status. However, if these levels persist at rest,
it may be a sign of subclinical muscle disease,
which training loads may evidence through the
onset of symptoms, such as profound fatigue’.
D-ROMS reactive oxygen metabolites (ROS)
evaluate oxidative stress by measuring the dif-
ferent species of oxygen reactive radicals, or
free radicals. The ROM level increases fol-
lowing muscle exercise, compared to baseline
values measured at rest: it could indicate a
pathological condition, poor recovery capacity
after intense effort or inadequate training. ROS
production plays a key role in regulating signals
required for muscle adaptation in response to
exercise. Oxidative stress is a condition that oc-
curs when ROS generation gets over the antiox-
idant system which may lead to oxidizing cel-
lular components®. In particular, some studies™*
have recently focused on the role of oxidative
stress in sport. In fact, it is well established that
muscle contractions during exercise lead to ele-
vated levels of ROS in skeletal muscle’. On the
other hand, experimental evidence supports that
moderate and regular physical exercise reduces
ROS. Paradoxically, accumulating evidence for
the past few years has shown that higher muscle
contraction during exercise leads to in-creased
ROS production’. Salivary cortisol is a hormone
produced by the adrenal glands on the pulse of
the brain and is the first indicator of physiolog-
ical stress, but a high value is also associated
with muscle fatigue due to excessive training
(overtraining). High performance athletes are
constantly facing different situations involving
mental and physical stress. Both promote the
same physiological response, which results in
hypothalamic pituitary-adrenal (HPA) axis ac-
tivation. The physiology of the HPA axis ensues
when a stimulus perceived by the hypothalamus
induces the secretion of corticotropin-releasing
hormone (CRH), that in turn, causes the pitu-
itary gland to secrete adrenocorticotropic hor-
mone (ACTH), which stimulates the secretion
of glucocorticoids (corticosteroids in animals
and cortisol in humans) in the cortex of the
ad-renal gland as an end-product of the HPA

axis. However, if the stress response is pro-
longed and chronic, the HPA axis can become
with inadequate cortisol responses to a certain
stimulus or at rest. Although physical exercise
is considered a stressor stimulus®.

However, the current literature®!' is mainly
focused on acute effects of one or two exer-
cise’s stressor parameters, although this does
not represent the typical situation. To overcome
this limitation and to provide new references for
athletes during continuous long term high-in-
tensity training, we have chosen professional
soccer team. This discipline contains high mus-
cular demand of different kinds (from locomo-
tor activity, change of directions, jumping, and
from contacts) and is characterized by frequent
competitions', with the possibility to monitor
stressor parameters in long time terms.

The aim of our study is to compare the Labo-
ratory Index (salivary cortisol, CK and d-ROMs)
with physical training in elite professional soccer
players. The Laboratory Index could be useful to
regulate the athletes training in order to achieve
better performances on the match time. Also, we
put in relationship the clinical algorithm Labo-
ratory Index and InStat Index values to evaluate
player’s performance and physical training, so as
could be a predictive tool for the athlete’s perfor-
mance.

Subjects and Methods

Participants

For this study, an Italian First Division team
was considered, with 11 professional soccer play-
ers. The athletes who participated in the study
were all male aged between 25 and 35 years old.
They were non-smokers and had no history of
metabolic syndrome or cardiovascular diseases.
They took no medication or supplements, which
may have impact on their body metabolism. Sad-
ly, we carried on the continuity of monitoring
biochemicals and athletics parameters with six
soccer players.

Unfortunately, the timing of biochemical anal-
ysers collection was not so frequent as the time of
periods of training, because of professional train-
ing of soccer players. However, each athlete was
tested once a month for three consecutive months.
Each test was two days after the match-day.
Blood samples were collected by capillary-punc-
ture in tubes, less invasive than venipuncture, for
serum and K2DTA tubes for plasma, meanwhile
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the salivary cortisol was collected by a non-in-
vasive method. The biological specimens were
analysed immediately.

The players were fully informed in advance
of any risks and discomfort associated with the
blood sampling procedures before giving their
written consent to participate. The study has been
carried out in accordance with the Helsinki Dec-
laration and approved by the Ethics Committee of
University Hospital of Tor Vergata, Rome, Italy
(Registration number R.S.41.17 on 22" Septem-
ber 2019).

Biochemical Analyses

In the d-ROMs Test (Diacron International
s.a.s., Italy), ROMs (hydroperoxides, ROOH, pri-
marily) of a biological sample, in presence of iron
can generate radicals, according to the Fenton’s
reaction. Such radicals, in turn, oxidize an al-
kyl-substituted aromatic amine thus transform-
ing them in a pink-coloured derivative, which is
photometrically quantified. Indeed, the intensity
of developed colour is directly proportional to
the concentration of ROMs, according to the
Lambert-Beer’s law. For more details, follows the
manufacturers’ instructions.

Salivette sampling devices (Sarstedt AG &
Co., Niimbrecht, Germany) were used for saliva
collections according to manufacturers’ recom-
mendation. The time of sample collection must
be considered when interpreting results due to the
cortisol secretion circadian rhythm.

Salivary cortisol kit (Elecsys Cortisol 11, Roche
Diagnostics, Germany) with competitive immu-
noenzimatyc colorimetric method was used for
quantitative determination of the concentration
of cortisol in saliva, according to manufacturers’
recommendation.

Creatine kinase (CK) was measured via cap-
illary blood samples using a test in vitro for
a quantitative determination (Roche Diagnostics,
Germany). The principle of test is based on a UV
determination of CK, measured by quantities of
NADPH. The photo-metrically measured rate of
reduction of NADP+ is directly proportional to
the CK activity. For optimum performance of the
assay, follow the directions given from manufac-
turers (Roche Diagnostics, Mannheim, Germany).

Match Analysis and Performance Analysis

Match Analysis is the attitude analyses which
describes the behavioural analysis in sport per-
formance by codifying the actions of individuals
or groups in specific terms useful for the prac-
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tice'? and consists of two components: Nota-
tional Analysis and Motion analysis. Notational
Analysis is identifying, booking and accurate
analysis of critical event happening during the
sport performance. It elaborates the team collabo-
ration and efficiency under a competitive attitude.
Motion Analysis objectively evaluates the sport/
motion features, without a qualitative score/vote.

Match analysis has been extensively used"
in soccer to evaluate player motions during the
game. Match-motion data, once obtained, are
extremely useful to the exercise and sport physi-
ologist for the implementation of proper training.

Instead, performance analysis is the process of
assessing performance in a sport and it consists
of tactical assessment, movement analysis, vid-
eo and statistical databasing and modelling and
coach and player data presentations'.

Our analysis was elaborated due to match anal-
ysis software, LongoMatch (https:/longomatch.
com/en/) and due to statistical online platform,
InStat (https:/InStatsport.com/football). Longo-
Match consents to analyse live sports competi-
tion and recorded competition, in a post-match
moment.

The parameter of InStat used in this study is
the InStat Index, which is an automatic algorithm
that considers a series of parameters as player’s
involvement in team’s performance, as outcome
of his actions, as level of the opponent and as lev-
el of the championship in which he plays.

The numerical value of the InStat Index is ob-
tained from an average of about 12 or 14 factors
multiplied each other, calculated during matches
in long-term periods.

Also, the final value obtained allow you to pre-
dict any possible performance drops of the ath-
lete, such as to change the intensity of his training
and his distribution during the match'.

Heat Maps

To make inferences about the frequenting of
specific zones of the soccer pitch, the playing sur-
face was divided into 14 zones and grouped into 8
sections. With dedicated software, it was possible
to calculate the distances covered by each player
within each of the 14 zones. Sections were then
ranked according to space covered in-side each
of them and then compared for statistical signif-
icance.

Laboratory Index
Our Laboratory Index was calculated by an al-
gorithm formula based on blood levels of CK and



Influence of Laboratory Index on match performance

d-ROMs and salivary levels of cortisol. To avoid
perturbation of circadian rhythm of cortisol, the
biological samples have been collected always in
the morning after two day from the day match.
Also, the algorithm was designed to adjust the
levels of cortisol between males and females,
anyhow it is not concern of the study.

Once all the biochemical data were analysed,
the algorithm process a score. The score, which
is from 0 to 10, investigates on athlete’s physical
stress levels. This score could predict the future
player’s performance. We associated scores with
a proper training, identifying the optimal one ath-
lete specific. We suggest from 0 to 2 low-intensity
training; from 3 to 4 a low-intensity training with
progressive workload recovery; from 5 to 6 a
light-effort training; from 7 to 10 routine training.

Statistical Analysis

The relationship between Laboratory Index
and InStat Index was evaluated by Spearman’s
coefficient correlation. A p-value lower than 0.05
was considered statistically significant.

Results

Our data shows a good correlation between the
InStat Index, as described in materials and meth-
ods, and the Laboratory Index.

We calculated the laboratory’s athletic vote for
three times after two days from the day match
and compared it with the InStat Index obtained.
In the three different times (Time 1, Time 2, Time
3) they show a significant Spearman’s coefficient
correlation of 0.82, 0.79, and 0.97 respectively
(Table I). The total correlation of the InStat Index
vs Laboratory Index was 0.68 with a significance
of p=0.002.

Figure 1 shows the data of the InStat Index
and of the Laboratory Index at different times of
6 professional soccer players. As we can see from
Figure 1, Laboratory Index correlates well with
the performance of each player, except for player
4 and player 6 in Time 2.

Player 2 and player 5 highlight an optimal
correlation between the two Index. We were not
able to calculate InStat Index because player 5
in Time3 remained on the bench for whole time
match due to low athlete’s physical performance
during the training. The Laboratory Index predict
the low performance, at Time2 the Laboratory
Index scored 3. In fact, Player 5 shows very low
athletic lab scores.

Finally, in Figure 2 we can see the Heat Maps
of player 2 and player 5. In soccer as in any other
sports discipline, they are used to evaluate the
frequency of the analysed events that occur in a
certain area. The Heat Maps are displayed in grey
tone and they allow us a visually player’s activity
during the match time. Player 2 shows a high fre-
quency of events at Time 1 and Time 3, instead
was observed a sharp decrease in the intensity
of activity at Time 2. Instead, player 5 reveals a
constantly decline of the athlete’s performance.

Discussion

As it known in literature, oxidative stress is
involved in many physiological (physical exer-
cise, intracellular signalling, immune responses
etc.) and it becomes pathological when there is
an imbalance between the production of reactive
oxygen species (ROS) and the ability of cells to
detoxify'®". Even in our study was observed that
physical exercise typically increases the produc-
tion of reactive oxygen species and free radicals,
in elite sport athletes. Also, we confirmed pre-
vious studies' about single bouts of strenuous
physical exercise are also harmful to trained indi-
viduals, such as soccer players®. Intense physical
exercise causes muscle injuries that lead to the
on-site recall and to the activation of neutrophils
and macrophages that produce additional ROS
in the hours following the effort. Furthermore,
the increased secretion of catecholamines in-
duced by physical activity also plays a role in the
generation of ROS"2. In particular, the eccen-
tric muscle contractions are those that cause the

Table I. Spearman’s coefficient correlation between Laboratory Index and InStat Index at three different times and for total data.

Time 1 Time 2 Time 3 Total
Spearman’s coefficient correlation
Laboratory Index vs. Stat Index 0,82 0,79 0,97 0,68
Significance level p=0,0458 p=0,049 »=0,0012 p=0,0020
95% Confidence Interval for Spearman’s coefficient  0,0243 to 0,980 -0,0482 to 0,976 0,752 to 0,997 0,310 to 0,870
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Figure 1. Relationship between InStat Index versus Laboratory Index in six elite players from Italian First Division at three
different times. The light-grey line indicates Laboratory Index; the dark-grey line indicates InStat Index.

greatest oxidative stress in skeletal muscle* . If
free radicals exceed the body’s ability to buffer
them, they negatively affect lipids, proteins and
DNA?, causing molecular damage and impaired
cellular function'®?*%. The production of ROS
and free radicals during exercise might have both
positive and negative physiological effects de-
pending on the antioxidant capacity and physical
effort?. Many eccentric muscle contractions are
performed during the soccer matches and those
contractions cause bursts of oxidative stress in
the skeletal muscle**?*. Souglis et al*’ analysed
the time course of oxidative stress, inflammation
and muscle damage markers for 5 days after a
soccer match in both male and female players and
they explored the differences between the roles
of: de-fenders, midfielders and attackers. They
demonstrated that male players had higher values
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than women for all oxidative, inflammatory and
muscle damage indices and they found that the
midfielders had the major laboratory abnormal-
ities. Both female and male players experienced
a significant level of muscle damage and inflam-
mation response.

Viana-Gomesa et al*® investigated the effects
of playing two soccer games during one week
with a temporal distance of 72 hours between
the games. They have monitored the markers of
oxidative stress, muscle and liver cell damage
and the results showed that all the values did not
return to the basal value before the second match
and some of them went further after the second
match?®.

However, in our study we evaluated in addition
to oxidative stress, detected as dROMs, other fac-
tors, CK and salivary cortisol, that induce physio-
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Figure 2. Heat Map of Player 2 and Player 5 at three different time. The intensity of grey tone is a measure of player’s activity
in the different of areas of the soccer pitch from light (Jow activity) to darkest (high activity).

logical stress, altering the athlete’s performance.
Moreover, our analysis was scattered in three
times, during the soccer match season, each time
after two days from day match.

The CK provides to supply ADP to the muscle
cells during the contraction, so it is a valuable
biomarker to monitor the muscle cellular fatigue.
Also, salivary cortisol is another biomarker to
evaluate cell stress®*2. It is released after HPA
axis activation in response to a stress situa-
tion. This biomarker could show HPA reactivity
and demonstrate several stress disorders, such as
overtraining syndrome®.

In professional athletes’ salivary cortisol is al-
ways higher than normal due to stressor stimulus

of physical exercise and to daytime. For this, our
algorithm au-to-evaluate the right score appropri-
ately to gender and collection time. In this way
diurnal variation, which may occur for cortisol
level and eventually in women oral contraception,
can be avoided. Anyhow, in our study we did not
need these adaptations because all the samples
have been collected in early morning, after two
days from match and from male players.

In our work we showed that biochemicals anom-
alies are associated with negative physiological ad-
aptations, that influence the player’s performance
during the training sessions or the match.

The clinical utility of biochemical screening
using multiple parameters is a valid tool to ob-
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tain objective and real results. We created an
algorithm that evaluates all these biochemical pa-
rameters simultaneously, providing a score from
1 to 10. Each score is associated with a proper
training session, detecting the optimal one, re-
lying on the physiological status of the player.
We called our algorithm Laboratory Index and
we compared it to InStat Index, which evaluate
the athlete’s performance in soccer pitch. In this
way, the player’s performance was an objective
evaluation and coach independent.

The results obtained show, in the major of
the analysed cases, a good agreement between
the two Index. Especially, in player 2 and play-
er 5 an optimal relationship is observed among
physiological and physical activity conditions.
Moreover, player 5 achieved low scores for both
Index in Time 2, pointing a low performance, al-
so high-lighted in the Heath Map, which all these
factors were led to a decrease in the physio-log-
ical status. As it shown, player 5 remained on
the bench for whole time match in Time 3. This
scenario was confirmed by Laboratory Index,
calculated after two days from match (Time 3)
with a score of 3.

Heath Maps of Player 2 and Player 5 performed
during the games at Time 2 revealed that these
players tended to be static in their playing mo-
tion; they remained in small portions of the foot-
ball pitch during the progress of a match. This is
a pleasant confirmation of what has been seen in
Laboratory Index.

Our algorithm seems to highlight the player’s
performance and to forecast physical preparation
level relying on clinical biomarkers. Indeed, it
could also suggest which athlete let pitch in, it
could avoid injuries to stressed players, it could
be a helpful tool to choose the optimal training
session and it could be used by coaches and ath-
letes to a professional or not professional activity.
For researchers and practitioners, being able to
access this information would provide a unique
format to assess team readiness or recovery sta-
tus between contests.

In a season long competition format, the abil-
ity to use Laboratory Index may be necessary to
identify players with the best performing athletic
status and biochemical profile in the match. This
would allow not only to improve the performanc-
es of the players and the results of the team, but
above all to safeguard the health of the players.
In fact, several studies have shown that an excess
of oxidative stress not only reduces the perfor-
mance of athletes but is correlated with a higher
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incidence of muscle injuries'®. However, further
investigation, with a large number of samples, is
required to demonstrate if the Laboratory Index
is a real predictive tool to indicate exercise pro-
to-cols and to expect athletic performance.

Conclusions

Overall, we have shown that our Laboratory
Index is an excellent tool for monitoring athletes’
performance, and it could be helpful to modify
their training based on physiological parameters.

Furthermore, our algorithm, Laboratory Index,
is also a useful tool combined to InStat Index.
The less invasive or non-invasive collecting is
practical and useful, a feature that makes Lab-
oratory Index the best option for athletes. The
combination of two Index is a valid alternative
approach for a new perception of sports medicine.
In this way, we could interpretate biochemicals
anomalies with negative physiological adapta-
tions, that influences the player’s performance
during the training sessions or the match.

The relationship between them can achieve
an objective picture of the athletes’ performance
based on monitored biochemical parameters.

Conflict of Interest
The Authors declare that they have no conflict of interests.

Acknowledgements
The authors would like to thank all laboratory technicians
of Lifebrain srl for their technical support.

Informed Consent Statement

Patient consent was waived due to the nature of the study as
the data presented here were collected during routine clin-
ical practice; there was no requirement for informed con-
sent.

References

1) Nowakowska A, Kostrzewa-Nowak D, Buryta R,
Nowak R. Blood biomarkers of recovery efficien-
cy in soccer players. Int J Environ Res Public
Health 2019; 16: 3279.

2) Noakes TD. Effect of exercise on serum enzyme
activities in humans. Sports Med 1987; 4. 245-
267.



Influence of Laboratory Index on match performance

5)

6)

7)

10)

11)

12)

13)

14)

15)

16)

17)

18)

Brancaccio P, Maffulli N, Limongelli FM. Creatine
kinase monitoring in sport medicine. Br Med Bull
2007; 81-82: 209-230.

Barbieri E, Sestili P. Reactive oxygen species
in skeletal muscle signaling. J Signal Transduct
2012; 2012: 982794.

Perrone MA, Capria G, Belfiore C, Salimei C,
Parrettini S, Fantozzi |, Nicoletti F, Donatucci B,
Salvati A, Romeo F, Bernardini S, De Lorenzo
A. Influence of physical activity and lifestyle on
nutritional status and cardiovascular prevention
of countryside school adolescents in ltaly. Med
Sport 2019; 72: 89-102.

Steinbacher P, Eckl P. Impact of oxidative stress
on exercising skeletal muscle. Biomolecules
2015; 5: 356-377.

Thirupathi A, Pinho RA. Effects of reactive oxy-
gen species and interplay of antioxidants during
physical exercise in skeletal muscles. J Physiol
Biochem 2018; 74: 359-367.

Cevada T, Vasques PE, Moraes H, Deslandes
A. Salivary cortisol levels in athletes and nonath-
letes: a systematic review. Horm Metab Res 2014;
46: 905-910.

Banfi G, Colombini A, Lombardi G, Lubkowska A.
Metabolic markers in sports medicine. Adv Clin
Chem 2012; 56: 1-54.

Fallon KE. The clinical utility of screening of bio-
chemical parameters in elite athletes: analysis of
100 cases. Br J Sports Med 2008; 42: 334-337.

Meyer T, Meister S. Routine blood parameters in
elite soccer players. Int J Sports Med 2011; 32:
875-881.

Castagna C, Abt G, D’Ottavio S. Relation be-
tween fitness tests and match performance in
elite Italian soccer referees. J Strength Cond Res
2002; 16: 231-235.

Castagna C, D’Ottavio S, Abt G. Activity profile of
young soccer players during actual match play. J
Strength Cond Res 2003; 17: 775-780.

O’Donoghue PG. Using technology to evaluate
game play for beginners and proficient players
that encompasses game-play evaluation. Res Q
Exerc Sport 2016; 87 Suppl 1: S6-S7.

Filetti C, Ruscello B, D’Ottavio S, Fanelli V. A
study of relationships among technical, tactical,
physical parameters and final outcomes in elite
soccer matches as analyzed by a semiautomat-
ic video tracking system. Percept Mot Skills 2017;
124: 601-620.

Pingitore A, Lima GP, Mastorci F, Quinones A,
lervasi G, Vassalle C. Exercise and oxidative
stress: potential effects of antioxidant dietary
strategies in sports. Nutrition 2015; 31: 916-922.
Valko M, Leibfritz D, Moncol J, Cronin MT, Mazur
M, Telser J. Free radicals and antioxidants in nor-
mal physiological functions and human disease.
Int J Biochem Cell Biol 2007; 39: 44-84.

Perrone MA, Donatucci B, Salvati A, Gualtieri P,
De Lorenzo A, Romeo F, Bernardini S. Inflamma-

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

tion, oxidative stress and gene expression: the
postprandial approach in professional soccer play-
ers to reduce the risk of muscle injuries and early
atherosclerosis. Med Sport 2019; 72: 234-243.

Azizbeigi K, Azarbayjani MA, Peeri M, Agha-aline-
jad H, Stannard S. The effect of progressive re-
sistance training on oxidative stress and antioxi-
dant enzyme activity in erythrocytes in untrained
men. Int J Sport Nutr Exerc Metab 2013; 23: 230-
238.

Donatucci B, Perrone M, Gianfelici A. An ancient
martial art: tai chi. Medicina dello Sport 2008; 71:
642-651.

Hadzovic-Dzuvo A, Valjevac A, Lepara O, Pjan-
ic S, Hadzimuratovic A, Mekic A. Oxidative stress
status in elite athletes engaged in different sport
disciplines. Bosn J Basic Med Sci 2014; 14: 56-
62.

Peternelj TT, Coombes JS. Antioxidant supple-
mentation during exercise training: beneficial or
detrimental? Sports Med 2011; 41: 1043-1069.

Akenhead R, Harley JA, Tweddle SP. Examining
the external training load of an english premier
league football team with special reference to ac-
celeration. J Strength Cond Res 2016; 30: 2424-
2432.

Bradley PS, Di Mascio M, Peart D, Olsen P, Shel-
don B. High-intensity activity profiles of elite soc-
cer players at different performance levels. J
Strength Cond Res 2010; 24: 2343-2351.

Kozakowska M, Pietraszek-Gremplewicz K, Joz-
kowicz A, Dulak J. The role of oxidative stress in
skeletal muscle injury and regeneration: focus
on antioxidant enzymes. J Muscle Res Cell Moatil
2015; 36: 377-393.

Kawamura T, Muraoka |. Exercise-induced oxi-
dative stress and the effects of antioxidant intake
from a physiological viewpoint. Antioxidants (Ba-
sel) 2018; 7.

Souglis A, Bogdanis GC, Chryssanthopoulos C,
Apostolidis N, Geladas ND. Time course of oxi-
dative stress, inflammation, and muscle damage
markers for 5 days after a soccer match: effects
of sex and playing position. J Strength Cond Res
2018; 32: 2045-2054.

Viana Gomes D, Santos Vigario P, Lima Piazera
BK, Pereira Costa F, Vaisman M, Salerno Pinto V.
Oxidative stress biomarkers after a single maxi-
mal test in blind and non-blind soccer players. J
Sports Med Phys Fitness 2019; 59: 267-273.

Ruano J, Lopez-Miranda J, de la Torre R, Delga-
do-Lista J, Fernandez J, Caballero J, Covas MI,
Jimenez Y, Perez-Martinez P, Marin C, Fuentes
F, Perez-dimenez F. Intake of phenol-rich virgin
olive oil improves the postprandial prothrombot-
ic profile in hypercholesterolemic patients. Am J
Clin Nutr 2007; 86: 341-346.

Romano L, Marchetti M, Gualtieri P, Di Renzo L,
Belcastro M, De Santis GL, Perrone MA, De Lo-
renzo A. Effects of a personalized VLCKD on
body composition and resting energy expendi-

3451



M. Pieri, M.A. Perrone, A. Imbrogno, F. Tomassetti, R. Colombo,et al

31)

ture in the reversal of diabetes to prevent compli-
cations. Nutrients 2019; 11: 1526.

Merra G, Gratteri S, De Lorenzo A, Barrucco S,
Perrone MA, Avolio E, Bernardini S, Marchet-
ti M, Di Renzo L. Effects of very-low-calorie diet
on body composition, metabolic state, and genes
expression: a randomized double-blind place-
bo-controlled trial. Eur Rev Med Pharmacol Sci
2017; 21: 329-345.

32)

33)

Pitti E, Petrella G, Di Marino S, Summa V, Perrone
M, D’Ottavio S, Bernardini A, Cicero DO. Salivary
metabolome and soccer match: challenges for
understanding exercise induced changes. Metab-
olites 2019; 9.

Caetano Junior PC, Castilho ML, Raniero L. Sal-
ivary cortisol responses and session ratings of
perceived exertion to a rugby match and fatigue
test. Percept Mot Skills 2017; 124: 649-661.





