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Abstract

Protein supplementation is a major nutritional practice
among professional and amateur team-sport athletes repre-
senting a market of $5 billion in the USA alone. This prac-
tice, however, may not be supported by evidence-based sci-
ence. Our objective as to present a thorough review of lit-
erature investigating the effects of protein supplementation
on performance recovery and exercise-induced muscle
damage following team-sport activity. PubMed-derived,
full English language articles investigating the effects of
protein-based supplementation/feeding on skeletal muscle
performance, muscle damage and inflammatory status dur-
ing recovery following team-sport activity were included.
Studies investigated professional or amateur team-sport
athletes participating in regular training and competition as
well as examining the impact of protein supplementation
on performance, muscle damage/soreness and inflamma-
tory markers after team-sport activity. Finally, ten articles
(150 participants) met the inclusion criteria. Experimental
designs were evaluated for confounders. All protocols em-
ploying team-sport activity increased systemic muscle
damage indicators and inflammatory markers and deterio-
rated performance during recovery. Protein-based supple-
mentation attenuated the rise in muscle damage markers
and enhanced performance recovery in six (60% of the
studies included) and three (30% of the studies included)
out of 10 studies, respectively. In contrast, immunity and
muscle soreness remained unaffected by protein ingestion,
independent of dosage and distribution pattern. In conclu-
sion, there are limited and inconsistent data showing that
protein supplementation may enhance performance recov-
ery following team-sport activity despite an attenuation of
indirect markers of muscle damage. Interpretation of re-
sults is limited by small sample sizes, high variability in
tested supplements, participants’ training level, length of
recovery periods, absence of direct measurement of myo-
fibrillar disruption, protein turnover and protein metabo-
lism, and lack of dietary monitoring during experimenta-
tion.
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Introduction

Team sports, such as soccer, basketball, rugby, and hand-
ball, are intermittent-type activities characterized by a high
number of repetitive high-intensity efforts interspersed
with low-intensity actions or rest (Mohr et al., 2003; Nara-
zaki et al., 2009; Povoas et al., 2017). For instance, most
team sports matches include 150-400 high-intensity move-
ment patterns mostly consisting of running, sprinting,
jumping, acceleration, deceleration, changes of direction
and various sport-specific actions such as tackling, shuf-
fling and throwing (Mohr et al., 2003; Narazaki et al.,
2009; Povoas et al., 2017). All these actions though, incor-
porate a strong eccentric component associated with exer-
cise-induced muscle damage (EIMD) that results in an
acute inflammatory response and performance deteriora-
tion for as long as 24-72 h (Ispirlidis et al., 2008; Fatouros
et al., 2010; Chatzinikolaou et al., 2014a; 2014b; Dra-
ganidis et al., 2015; Mohr et al., 2016).

Characteristically, muscle damage induced by
match-play results in marked deterioration of strength
(concentric and eccentric force of knee flexors and exten-
sors), lower limb muscle power (jumping, speed, agility),
and repeated sprint ability (Ispirlidis et al., 2008; Fatouros
et al., 2010; Chatzinikolaou et al., 2014a; 2014b; Dra-
ganidis et al., 2015; Mohr et al., 2016). This performance
deterioration is accompanied by a rise in delayed onset of
muscle soreness (DOMS), immune system activation, in-
flammatory response and EIMD markers such as creatine
kinase activity (CK) and C-reactive protein (CRP), pro-in-
flammatory cytokines, adhesion molecules and oxidative
stress markers (Ispirlidis et al., 2008; Fatouros et al., 2010;
Chatzinikolaou et al., 2014a; 2014b; Draganidis et al.,
2015; Mohr et al., 2016). However, professional athletes in
these sports follow a congested match schedule of three
matches/week and daily practices (> 50 matches annually)
that allows them only a 3- or 4-day recovery period be-
tween successive matches. Research indicates that this
time may be inadequate to restore normal homeostasis re-
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sulting in prolonged performance deterioration and in-
creased likelihood for occurrence of musculoskeletal inju-
ries (Ekstand et al., 2004; Montgomery et al., 2008; Dupont
et al., 2010). Therefore, increased attention has been fo-
cused on recovery strategies able to treat symptoms of
EIMD and to restore muscles’ function. These strategies
are applied as either lifestyle (e.g., sleep), exercise (e.g.,
active recovery), physiological (e.g., cooling, massage,
compression), nutritional [e.g. protein supplements, carbo-
hydrate (CHO) feeding], or pharmacological interventions
(e.g. anti-inflammatory medications) aiming to blunt the
inflammatory response, enhance muscle regeneration and
thus overall performance recovery (Minett and Costello,
2015).

Amongst nutritional strategies, protein supplements
are widely used by athletes and physically active individu-
als to increase their muscle mass and enhance post-exercise
recovery and performance, representing up to 70% of the
sport supplement industry (5 billion dollars) (Petroczi and
Naughton, 2008; Pasiakos et al., 2013; Draganidis et al.,
2017). These consumers have been convinced that protein
supplements will offset EIMD, facilitate skeletal muscle
repair and contribute to an upregulated glycogen re-synthe-
sis when co-administered with CHO during recovery
(Pasiakos et al., 2014). Indeed, numerous studies have ad-
dressed this proof of concept (Cockburn et al., 2008; 2010;
2013; Cooke et al., 2010; Shenoy et al., 2016) providing
evidence that protein-based supplementation following
acute damaging exercise protocols, attenuates the decrease
in muscle performance, mitigates the rise in DOMS and
muscle damage markers such as CK, myoglobin (Mb) and
lactate dehydrogenase, and enhances muscle regeneration
and remodeling process by increasing the proliferation of
satellite cells (Farup et al., 2014) during recovery. This pro-
tein-mediated effect is primarily attributed to the fact that
protein supplementation during recovery increases the rate
of muscle protein synthesis (Lunn et al., 2012; Breen et al.,
2011) and as such facilitates muscle repair and remodeling
(Breen et al., 2011) and accelerates performance recovery
(Saunders, 2007). In the absence of protein or insufficient
feeding following damaging exercise, EIMD accelerates
muscle protein turnover by upregulating both its synthesis
and degradation (Draganidis et al., 2017; Pitkanen et al.,
2003), however, degradation increases over synthesis
thereby resulting in a negative protein balance (Koopman
et al., 2005).

An earlier systematic review on the effects of pro-
tein supplementation on recovery from endurance exercise
concluded that protein supplements may promote protein
synthesis acutely but no meaningful improvement in EIMD
and performance recovery has been observed (Pasiakos et
al., 2014). Team sports, on the other hand, such as soccer,
basketball, and handball are probably the most popular
sports worldwide attracting the largest number of profes-
sional and amateur participants and have a unique activity
profile which is associated with a specific pattern of EIMD
and recovery distinguishing them from other athletic activ-
ities such as running, biking, resistance training etc. (Ispir-
lidis et al., 2008; Fatouros et al., 2010; Chatzinikolaou et
al., 2014a; 2014b; Draganidis et al., 2015; Mohr et al.,
2016). However, a systematic review of the available

evidence that supports or refutes the use of protein supple-
ments as a post-match recovery strategy in these sports is
lacking. Therefore, this paper reviews all available investi-
gations that examined the effects of protein-based supple-
mentation on EIMD markers and performance restoration
following team sport activity.

Methods

The Preferred Reporting Items for Systematic Reviews and
Meta-analysis (PRISMA) guidelines were applied for this
review.

Search strategy

To review whether protein supplementation affects recov-
ery following team sport match or training activity, a
search was performed with no date restriction up to 2018
in PubMed to identify relevant peer-reviewed articles.
Key-terms were grouped and searched within the article ti-
tle, abstract, and keywords using the conjunctions ‘OR’
and ‘AND’. The terms that were used in the search were:
“Protein”, “exercise-induced muscle damage”, “exercise-
induced inflammation”, “recovery”, “redox status”, “gluta-
thione”, “casein’, “cysteine”, “whey protein”, “soy pro-
tein”, “team sports”, “soccer”, “basketball”, and “team
handball”. Reviews previously published were also
screened for similar headings and key-words. Search was
limited to articles published in the English language and
studies that utilized protein supplementation/feeding dur-
ing recovery following match-play. References of these ar-
ticles were also searched to find potential relevant articles.

Study selection, inclusion and exclusion

Articles were included if: 1) they involved healthy, non-
smoking adults (18-40 years) classified as professional,
semi-professional or amateur athletes (training experience
>2 years) who did not consume performance-enhancing
supplements and medications; 2) athletes participated in >3
training sessions/week and played at least one match/week;
3) participants had a baseline dietary protein consumption
of >0.8 g/kg/day; 4) examined the effects of protein sup-
plementation on >1 muscle damage, inflammatory, and
performance markers following match and/or training ac-
tivity for >2 h of recovery; 5) used a single- or double-
blind, repeated measures design; 6) protein supplementa-
tion was utilized before and/or immediately after match or
training activity and throughout recovery; and 6) examined
the effects of either protein supplementation/feeding alone
or in combination with CHO supplementation. Articles
were excluded if they: 1) involved animals, youth (<18
years) or adults >40 years, and non-team sport athletes 2)
allowed participation to smokers; 3) used dietary manipu-
lation (unclear supplement or dietary protocol); 5) articles
were not accessible (no full text); 6) measurement of
study’s outcomes was based on questionnaires; 7) the in-
tervention did not contain acute match-play or organized
training or simulated play (training studies were not in-
cluded); 8) the article did not contain original data (e.g.,
review). Articles were evaluated in detail, i.e. investigators
searched for potential confounders, methodological flaws
and issues that could have affected their dependent
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variables (e.g. supplements’ energy content, dietary moni-
toring, participants’ conditioning level etc.). Two inde-
pendent reviewers (AP, DD), screened all abstracts and se-
lected those for full-text evaluation. Discrepancies were re-
solved through a consensus process with a third independ-
ent reviewer (KG). After consensus on the primary selec-
tion, two researchers (AP and DD) evaluated the full-text
articles to determine if these studies could be included in
the review. When there was doubt, a third independent re-
viewer was involved to discuss discrepancies (KG).

Data extraction and management

The following data were extracted from the selected stud-
ies: study design, participants’ characteristics, the type of
exercise or training in which the participants were submit-
ted (match, simulated match, training), the type of protein
supplement, performance indicators, and EIMD, oxidative
stress, inflammatory and metabolic markers.

Assessment of methodological quality

The reviewers used the Cochrane Collaboration Tool
(CCT) to characterize the quality of the selected studies as
low, high or unclear risk of bias or applicability (Tables 1
and 2) (Higgins et al., 2011). A study that satisfied all cri-
teria for low risk it was rated with an A. A study that

satisfied all criteria for high risk it was rated with a C. A
study that satisfied all criteria for unclear it was rated with
a D. Studies with mixed criteria were rated with a B.

Results

The flowchart of the search is presented in Figure 1. In to-
tal, 69 abstracts were screened for eligibility. A total of 44
abstracts were excluded (63.7%), mostly because the study
population did not participate in team sports or the exercise
protocol did not resemble a team sport (88.6%). Further-
more, five abstracts did not contain original data (11.4%).
The full-text examination of the 25 remaining articles ex-
cluded 15 (60%) more studies (three studies were not ac-
cessible, three studies examined another type of exercise,
two studies did not use protein supplementation for recov-
ery, three studies did not include team sports, one study did
not contain original data, one investigation utilized ques-
tionnaires, and four studies did not use an acute exercise
protocol). Consequently, ten studies were analyzed for this
systematic review (Arent et al., 2010; Betts et al., 2009;
Cockburn et al., 2013; Gentle et al., 2014; Gilson et al.,
2010; Gunnarsson et al., 2013; Highton et al., 2013;
Naclerio et al., 2015; 2014; Poulios et al., 2018).

Records identified
through database
searching (n =69)

PubMed (n=69)

Additional records
identified through
other sources (n=0)

\

/

Records after duplicates
removed (n=0)

l

Records screened 5 Records excluded
(n=69) (n=44)
Full-text articles Full-text articles
assessed for eligibility |—>| excluded, with reasons
(n=25) (n=15)
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Included ] [ Eligibility ] [ Screening ] [[dentiﬁcation]

Studies included in
qualitative synthesis (n

e —

Figure 1. The PRISMA flow chart for systematic reviews.
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Table 1. The Cochrane risk of bias tool for quality assessment as it was implemented in the selected studies.

q Blinding of partici- Selective Other

Sequence Allocation Incomplete
Study q pants, personnel and outcome sources of

generation concealment outcome data " A

outcome assessors reporting bias

Arent et al., 2010 ? + + ? ? +
Betts et al., 2009 ? ? ? I I ?
Cockburn et al., 2013 ? ? ? + + ?
Gentle et al., 2014 ? 4 4 - ? ?
Gilson et al., 2010 + + - + ? +
Gunnarson et al., 2013 - - ? ? - s
Highton et al., 2013 + ? + + + ?
Naclerio et al., 2015 ? ? ? i ? -
Naclerio et al., 2014 - ? ? + ? ?
Poulios et al. 2018 ? ? = + + ?

+: Low risk of bias, - : High risk of bias, ? : unclear risk of bias.

Quality of the studies

The individual risk of bias in each domain for the reviewed
studies are presented in Tables 1 and 2. As indicated, none
of the studies was characterized as a “low risk of bias” in
all key domains. In contrary, five studies (50%) were clas-
sified as at “high risk of bias’” and five studies (50%) were
classified as at “unclear risk of bias” in at least one key
domain.

Table 2. Summary of risk of bias of the selected studies.

Risk of Bias Summarized (%)

Low High Unclear

Risk Risk Risk
Sequence Generation 22,2 22,2 55,6
Allocation Concealment 33,3 0 66,7
Blinding of participants, 333 1.1 55.6
personnel & outcome assessors
Incomplete outcome data 66,7 11,1 22,2
Selective outcome reporting 33,3 11,1 55,6
Other sources of bias 22,2 11,1 66,7

Intervention characteristics

Ten studies were identified in total after a thorough litera-
ture search of which seven (70%) utilized a randomized,
repeated-measures crossover design and three (30%) used
a blinded, two-arm parallel design (Table 3). A placebo-
control was included only in four out of the ten studies
while five studies utilized CHO as a comparator supple-
ment and one study compared semi-skimmed milk with
water. Doses and administration schemes varied consider-
ably among the reviewed investigations (Table 4). Six out
of ten studies (60%) examined the efficacy of protein in-
take on team-sport related performance as well as on mus-
cle damage and inflammatory markers by applying re-
peated doses of protein during exercise and the subsequent
recovery period. Two studies (20%) employed a more pro-
longed protein supplementation protocol. The effective-
ness of a single-dose, protein-based supplementation either
before or immediately after acute exercise bouts was inves-
tigated by two studies (20%) (Table 3). Supplementation
strategies included exclusively oral administration; four
studies dealt with concurrent administration of protein and
CHO, either in the form of a supplement or as a daily diet,
two dealt with protein-CHO multi-ingredients, two with
milk supplementation (semi-skimmed milk and low-fat
chocolate milk), one with a protein-enriched nutraceutical
blend and one study included high protein versus high
carbohydrate. The reported amount of protein ingested per

intervention ranged from 0.7 g to 1 g/kg body mass, 29 g
to 164 g and 28 g/day to 236 g/day when single dose, re-
peated doses (during exercise and the subsequent recovery
period) and long-term supplementation was applied, re-
spectively. Dairy proteins were the predominant source ad-
ministered in these studies (90%). Another study provided
1,750 mg of branched-chain amino acids (BCAA) as a
nutraceutical blend (Table 4).

The effectiveness of protein-based supplementation
on performance recovery was examined following inter-
mittent running protocols in four studies (40%). The re-
maining six studies applied a variety of sports events and
exercise testing protocols. The exercise intensity is ade-
quately described in most studies. Continuous heart rate
monitoring was applied in four studies, two studies utilized
global positioning system (GPS) to record activity profile
whereas three studies measured metabolites such as blood
lactate and cortisol, before, during and after the event (Ta-
ble 3).

The reported time-frame in which dependent varia-
bles were measured includes mainly baseline (pre-inter-
vention) and repeated post-exercise time-points up to 168
h of recovery (immediately to 168 h post-exercise) when
short-term interventions were applied (80%). However,
three of these studies also reported measurements during
the exercise protocol.

Changes in performance, muscle damage and in-
flammatory markers were predominantly investigated in
these studies while one study also examined muscle glyco-
gen resynthesis (Table 3). CK activity, Mb and DOMS
were most often measured (90%) to assess skeletal muscle
damage. Inflammatory markers were assessed in four stud-
ies. Various oxidative stress markers were investigated in
two studies (Table 3).

Participant characteristics

In the ten studies included for review, a total number of 150
male participants (range 9-22) were recruited with mean
age and body mass index (BMI) of 22.8 years (range 19.5-
26) and 24.02 kg-m? (range 23.5-24.4), respectively (Ta-
ble 5). Seven studies (70%) recruited highly trained ath-
letes and most participants were athletes (121 soccer play-
ers, 10 basketball players, 2 rugby players, 11 not defined).
Data on VO>max and daily dietary intake are provided only
in five studies and therefore only indicative means can be
extracted. Accordingly, the mean (range) of VO,max level
was 55.8 ml'kg!-min! (49.8 — 61). Participants’ daily
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dietary intake was recorded in all studies through dietary
recalls over a 2-7 day period prior to their first trial, accord-
ing to which the dietary plan prior to subsequent trials was
designed. However, only five studies provided data regard-
ing the participants’ daily macronutrient intake. Based on

Table 3. Intervention characteristics of the selected studies.

that, the average daily consumption of CHO, protein, fat
and energy was 340.0£61.8 g, 108.0+13.1g,78+ 154 g
and 2,387.7 + 218.4 kcals, respectively, for participants in-
volved in five studies. The main results of the studies were
summarized in Table 6.

Muscle Inflammatory
Stud Desien Type of Supplementation Diet Measurement Performance damage & oxidative
y g exercise test pp control Time-points markers g stress
markers
markers
Blinded, Grafled Resurgex 3-day dietary Befo.r ¢ & after Lactate threshold, 8-isoprostane,
maximal Plus® vs . treadmill test, at the ; -
Arent et al., placebo- dmill lori recall, prior beginning & end VO2max, time to CK lipid
2010 controlled treadmill test to Isocaloric to trials eemning cv e exhaustion hydroperoxide
exhaustion placebo of preseason
. . . . 2-day dietary
Surleg:;:,zggd’ 90?11;12;1;@_ recall, prior to At baseline and Peak isometric  Myoglobin IL-6, IL10,
Betts et al., MEeASUTes intermittent CHO vs tr%als & 1-day 4h, 24h, 48h forques flexors CK, LDH. IL-1 receptor
2L crossover  shuttle-runnin, CEOHAND ey eel ¢ llodh & extensors cortisol antagonist,
& post exercise after exercise CRP, WBC
Unilateral
]f;ltif:é ( 6k:eet: gefg(igss Semi-skimmed Diet recorded At baselineand ~ CMV jump height, Passive &
p 1 Ps, milk throughout 24h, 48h and 72h reactive strength active N/A
Cockburn et  measures 1.05 rad/s™, 90-s . . .
N vs water the study post-exercise index, 15-m sprint, DOMS, CK,
al., 2013 parallel rest) on isokinetic . .
dynamometer agility, LIST myoglobin
87-min . At baseline, .
. basketball ~CHO meal vs et record.ed during as well as  Free throw Pass1ye &
Gentle etal., Randomized 24 hours prior . o active N/A
2014 Cross-over game CIRIOARD) to the first trial 0 i ot success, sprint time, DOMS, CK
stimulation meal 24h post-exercise jump height §
4-day soccer .
L . Diet recorded .
T training period, CHO vs . ~ Atbaseline, day 2 e Muscle
Gilson et al., Double b_hnd, with increased Low-fat during t.h? 4 and day 4 post-ITD MVC’.T d?“ test, soreness, CK, N/A
randomized L ... day training .7 . vertical jump .
2010 CrOSS-OVer training chocolate milk eriod training period myoglobin,
duration P
Two-grou NG (B At baseline and 15 CK, myoglobin
Gunnarsson group - competitive high carbohy- Recorded over . » Myos ’
repeated e ) min, 24h and 48h af- N/A muscle glycogen N/A
etal.,, 2013 soccer match  drate-high  48h post-match .
measures Cralichn chg ter the match resynthesis
. . . . Distance covered,
Highton et Double-blind, Modified LIST  CHO vs 2-day dietary At baseline, during maximal speed &
randomized recall, prior to and immediately af- ) N/A N/A
al., 2013 CHO+PRO . average running
Cross-over trials ter LIST .
speed during LIST
Double-blind, 90-min inter- PLA vs CHO 3-dav dieta At baseline
Naclerio et single group mittent vs CHO+PRO y aietary . ’ Total sprint time, CK,
. . recall, prior immediately post, lh o . IL-6
al., 2014 repeated repeated sprint multi- to trials  and 24h post-exercise 15-m sprint time ~ myoglobin
measures test ingredient P
Dorléblgz;g(lind, 90-min inter- PLAvs CHO =3 4. qiciary At baseline, immedi IL-6, Neutro-
Naclerio et p mittent re-  vs CHO+PRO > 02 CIetary ’ " Time for 90-min  Myoglobin, phil, Lym-
measures, coun- . . recall, prior to  ately post, 1h and .
al., 2015 ter-balanced peated sprint multi- trials 24h post-cxercise RS, 15-m sprint test CK, phocytes,
’ (IRS) test ingredient Monocyte
crossover
. L bgsellne, 10-m sprint(s), 30-m
immediately post, sprint (s), CMJ (cm)
Two-trial Dict recorded  24h, 48h,72h PP &b -6
Randomized, (2 weeks), Milk Protein  Prior to each post -1% match, 24h, tren tthf’S' WBC
. repeated- 2 soccer  Smooth (PRO) trial (RMR,  48h, 72h post- 2™ streng : ’
paiceley measures matches & vsisoenergetic REE) 7-day  match for blood LVCRERIELES, LsiHl CK, izl
Lo 2 Crossover, 4 practices placebo dietary recall At baseline dlsgricli;n?}llﬁ;:;i 2o DOl TgéAHR%i;(C: ’
double-blind /week (maltodextrin)  during both ~ 24h, 48h post -1 speed (k;11/h) ?
trials match, 24h, 48h, 72h P .
L I Acceleratl_ons,
Decelerations

performance testing

CK: Creatine kinase, LDH: Lactate dehydrogenase, CHO: Carbohydrate, PRO: Protein, DOMS: Delayed onset of muscle soreness, LIST: Loughborough Intermittent
Shuttle Test, HR: Heart rate, RPE: Ratings of perceived exertion, MVC: Maximal voluntary contraction, PLA: Placebo, RMR: Resting Metabolic Rate, TDEE: Total
Daily Energy Expenditure, KE: Knee extensors, KF: Knee Flexors, WBC: White blood, cells, GSH: Reduced glutathione, TBARS: Thiobarbituric acid reactive sub-
stances, PC: Protein carbonyls, TAC: Total antioxidant capacity, GPS: global positioning system.
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Table 4. Description of protein and their comparator supplements - dosages and administration schemes of the selected studies.

Study Protein Supplement Comparator Supplement Administration scheme
Resurgex Plus®
75 mg CoQ10, 500 U SOD/Gliadin, 1,750 mg Twice daily (morning:
Arent ornithine ketoglutarate, 300 mg L-Carnitine , Isocaloric equivalent 10:00 — 11:00 and
etal, 2010 100 mg nucleotides, 750 mg d-ribose, 500 mg L- q evening: 19:00 —20:00)
glutamine, 100 mg beta glucans, 12.5 mg fruit over a 20-day period

polyphenols, and 1,750 mg BCAA.
Protein — Carbohydrate mixture

Total volume: 5.5 + 0.5 L (relative to BM) Carbohydrate Before exercise (1 x 7.0
Total energy: 10 975 + 972 kJ (CHO: 492 + 44g, Total volume: 5.5+ 0.5 L ml/kg”' BM), during
. PRO: 164 + 15g); Concentration: 9% sucrose (relative to BM) exercise (5 x 2.6 ml/ !(g'l
et al.. 2009 (1.2 g/lkg! BM/h!) & 3% whey protein isolate Total energy: 8231 + 729 kJ (CHO: BM) and post-exercise
N (0.4 g/kg™! BM/h!). Amino acid profile: 20% glu- 492 + 44¢) (8 x 6.7 ml/ kg! BM,
tamine, 11% leucine, 10% asparagine, 9% lysine, Concentration: 9% sucrose every 30min over a
7% proline, 6% threonine, 6% isoleucine, 5% (1.2 g/kg™! BM/h) 4-hour recovery period).
valine, 5% alanine, 21% other amino acids.
Cockburn Semi-skimmed m ilk . Water A single dose immedi-
etal., 2013 Total volume: 500 ml; Composition: Whey protein, Total volume: 500 ml ately post exercise
N casein carbohydrate (lactose) & fat (1.7%). ) )
Protein — Carbohydrate meal Carbohydrate meal
Meal composition (for a 75 kg individual): Energy: Meal composition (for a 75 kg individ-
Gentle 611 kcals, CP&O: 75g (1g/kg’! BM), Protein: 75g ual): Et}lergy: 635 kcgls, CHO: 150g 90 minutes before the
etal. 2014 (llg/kg BM), Fat: 2.6g, Fibre: 1g. (Zg/kg BM), Ifrotem: 6g., Fat: Zg, e
’ Food items: 2 slices white bread, 40g Jam, Fibre: 1g. Food items: 2 slices white
76g whey protein drink, 190 ml sports drink bread, 60g Jam, 1290 ml sports drink
(Powerade isotonic), 1100ml water. (Powerade isotonic).
Low-fat chocolate milk Carbohydrate A single dose (672 ml),
Gilson Total volume/serving: 672 ml Total volume/serving: 672 ml; once a day (following
etal., 2010 Macronutrient content/serving: CHO: 84g, Macronutrient content/serving: CHO:  training session) over a
PRO: 28g, Fat: 7g — 504 kcal in total. 122g, PRO: Og, Fat: 2g — 504 kcal in total. 4-day period.
AL ERIC: Diets consisted of
High protein-carbohydrate diet Diet composition over the first 24h: breakfast. lunch and
Gunnarsson Diet composition over the first 24h: 775 +£26 g 392+ 48 g CHO, 123 + 12 g PRO and dinner su£)plemente d
etal., 2013 CHO, 229 + 8 g PRO (whey) and 39 + 1 g fat. 72 + 8 g fat. with snacks over a 48-

Diet composition over the subsequent 24h: 797 + 23 Diet composition over the subsequent
g CHO, 236 + 7 g PRO (whey) and 40 + 1 g fat. 24h: 378 + 57 g CHO, 120 + 17 g PRO
and 91 + 16 g fat.

Carbohydrate
Mean ingestion rate: 70.2 + 11.1 g/h’!
CHO (maltodextrin & dextrose)

hour period following
a soccer match.

Before (1 x Sml/kg!
at -15min) and during
exercise (5 x 2.5ml/kg™!
every 15 min)

Protein — Carbohydrate mixture
Highton Mean ingestion rate: 52.7 + 8.35 g/h’' CHO
etal,, 2013  (maltodextrin & dextrose) and 17.6 + 2.8 g/h’' PRO
(whey protein isolate).

Carbohydrate
Protein-carbohydrate-based multi-ingredient Total volume: 1 L; Macronutrient con-
Total volume: 1 L tent/500 ml: CHO: 139 g Before (1x125ml),
Naclerio Macronutrient content/1L: CHO: 106 g (maltodextrin) — 530 kcals in total. during exercise
etal., 2014 (maltodextrin & dextrose), PRO: 29 g (whey Placebo (3x125ml) and 20 min
protein), Fat: 2.4 g, Glutamine: 10g, L-carnitine-L- Total volume: 1 L; A low kcal post-exercise (1x500ml)
tartrate: 3g — 560 kcals in total. beverage (20.97 kcal/500ml) with
identical color and flavor.
Protein-carbohydrate-based multi-ingredient Carbohydrate
Total volume: 1 L Total volume: 1 L; Macronutrient con-
Macronutrient content/1L: CHO: 106 g tent/500 ml: CHO: 139 g (maltodextrin)  Before (1x125ml),
Naclerio (maltodextrin & dextrose), PRO: 29 g (whey pro- — 530 keals in total. during exercise
etal., 2015 tein), Fat: 2.4 g, Glutamine: 10g, Placebo (3x125ml) and 20 min

L-carnitine-L-tartrate: 3g — 560 kcals in total. ~ Total volume: 1 L; A low kcal beverage post-exercise (1x500ml)
(20.97 kcal/500ml) with identical color
and flavor.

Milk Protein Smooth (80% casein, 20% whey)
Match days: Total amount PRO: 80g/day80% casein

& 20% whey); Composition of 25 g Supplement  Isoenergetic placebo (maltodextrin)
(80% casein & 20% whey)/4.7 g carbohydrate/1.6 g Match days: Total amount: 1.37g car-

Match day: 25 g after
game, 30 g at +3h post

olicn fat/~133 kcals), 30 g (80% casein & 20% whey)/5.6 bohydrate/kg BM T, 25 G o INwos
etal., 2018 .. game (PRO or PLA)
g carbohydrate/1.9 g fat/~160 kcals), and 25g Training Days: Total amount: 0.31g .. ]
Training days: Total amount PRO: Composition of carbohydrate/kg BM Lyttt aty: A3 (A0
£ days. : P y & or PLA) with breakfast

20 g Supplement (80% casein & 20%
whey)/3.75 g carbohydrate/0.25 g fat/~97 kcals)
BCAA: Branched chain amino acids, BM: Body mass, CHO: Carbohydrate, PRO: Protein.
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Table 5. Population characteristics of the selected studies.
Study n Age Sex Training Training level  Type of sport BMI Body fat VO2max Daily dietary
(years) age (kg/m?) (%) (ml/kg/min) intake
Arentetal., 22 19.5£1.5 Male N/A Division I Soccer players 24.4 N/A 49.844.1 N/A
2010 college team
Betts et al., 17 26+5 Male N/A  Highly trained  Cyclists (n=8), N/A N/A 61+5 9992+3077 kJ
2009 Team sport 53+13% CHO
players(n=9) 32+10% Fat
15+5% PRO
Cockburnet 14 24+4  Male N/A Semi- Soccer players 239 N/A N/A N/A
al., 2013 professional
Gentleetal, 10 22+2 Male N/A Well-trained Basketball players  24.4  9.5+2.7 N/A N/A
2014
Gilsonetal., 13 19.540.3 Male N/A NCAA Soccer players 23.5 N/A N/A N/A
2010 Division I
Gunnarsson 19 24+1 Male N/A First & second  Soccer players 243 N/A 58.4+1.4 N/A
etal., 2013 division in Denmark
Highton et 9 234+1.8 Male N/A University-  Soccer players (n=7) 24.0 N/A 52.543.8 2086+279 kcal
al., 2013 Standard rugby players (n=2) 282.5+67 g CHO
athletes 55.3+17 g Fat
114.84+32 g PRO
Naclerio et 10 25+3.8 Male N/A  Recreationally Team sports 24.0 N/A N/A 31.2+1.6 kcal/kg
al., 2014 active 4.2+0.18 g CHO/kg
1. +0.20 g PRO/kg
1.04+0.15 g Fat/kg
Naclerio et 16 24+37 Male N/A Amateur Soccer players 23.7 N/A N/A 33.5+1.3 kcal/kg
al. 2015 5.51+0.21 g CHO/kg
1.4 0.26 g PRO/kg
1.15+0.16 g Fat/kg
Poulios ets 20 20.6+1.1 Male N/A Semi- Soccer players 24.0 99+22 57.7+34 Game days
al. 2018 professional 6.7 g CHO/kg
1.3 g PRO/kg
Training days
5.1 g CHO/kg
1.2 g PRO/kg

BMI, body mass index; VOzmax, maximal oxygen consumption; N/A, not applicable; CHO, carbohydrates; PRO, protein.

Discussion

Effects of protein-based supplementation

Nine out of ten studies included in the present systematic
analysis investigated supplements that were a mixture of
protein with CHO (Betts et al., 2009; Gentle et al., 2014;
Gunnarsson et al., 2013; Highton et al., 2013), milk (Cock-
burn et al., 2013; Gilson et al., 2010) or multi-ingredients
enriched with either BCAA (Arent et al., 2010) or protein
(Naclerio et al., 2014; 2015), while only in one study it was
administered a protein supplement consisted of protein
alone (Milk protein smooth, 80% casein — 20% whey pro-
tein) (Poulios et al., 2018). Therefore, the interpretation of
results and outcomes in the present analysis is based on
protein-based supplements rather than pure protein supple-
mentation per se. Furthermore, in all reported studies the
participants’ dietary intake the participants’ was recorded
for 1-7 days prior to the main experimental procedure and
subsequently they were asked to follow the same dietary
habits throughout the intervention in an attempt to secure
that participants had a similar macronutrient intake during
all trials and the wash-out periods between the experi-
mental trials (Arent et al., 2010; Betts et al., 2009; Cock-
burn et al., 2013; Gentle et al., 2014; Gilson et al., 2010;
Highton et al., 2013; Naclerio et al., 2014; 2015; Poulios et
al., 2018). Thus, it can be conceptualized that the reported
effects are attributable to the protein-based supplements

per se.

The exercise protocols applied in the reviewed stud-
ies resulted in significantly elevated systemic indices of
muscle damage and inflammation, increased muscle sore-
ness and performance deterioration, lasting 48-72 h during
recovery, similarly to what previously reported for team
sport match plays (Ispirlidis et al., 2008; Fatouros et al.,
2010; Chatzinikolaou et al., 2014a; 2014b; Draganidis et
al., 2015; Mohr et al., 2016). Protein-based supplementa-
tion often, but not always, reduced plasma CK (Arent et al.,
2010; Gentle et al., 2014; Gilson et al., 2010; Naclerio et
al., 2015) and Mb (Gunnarsson et al., 2013; Naclerio et al.,
2014) responses, whereas, no beneficial effect was ob-
served on immunity and muscle soreness. In terms of per-
formance recovery, there is no clear evidence for the effec-
tiveness of protein-based supplements due to mixed results
reported by the reviewed studies.

The only notable effects of protein-based supple-
mentation were related to the attenuation of the rise in sys-
temic CK (in 40% of the studies included) and Mb (in 30%
of the studies included) concentration after either acute ex-
ercise testing or prolonged training periods that do not co-
incide though with changes in performance or DOMS.
Studies that examined changes in EIMD, DOMS and mus-
cle function in response to acute supplementation follow-
ing exercise testing are highly variable in terms of
protein dose and administration scheme, type, duration and
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Table 6. The main results of the studies that examined the effects of protein supplementation on recovery Kinetics in team sports.

Study Type of Supplementation Muscle damage  Inflammatory markers Muscle Performance
exercise test markers /oxidative markers soreness markers
Arent et al., Graded “.“a’“mal Resu.r gex qus® Resurgex < PLA: Resurgex < PLA: Resurgex = PIfA
treadmill test vs isocaloric O VO2max, VLT & time-
2010 . 1 CK 1 8-isoprostane & LPO .
to exhaustion placebo to-exhaustion
+ =
CHO + WP = CHO + WP
CHO: 1 IL-6
2 i @it eHo: 1 ¢k CLELDSLE= CHO+WP CHO + WP = CHO: Peak
Betts et al., intensity CHO vs CHO + WP = CHO: 1 IL-10 _ isometric force-
2009 intermittent CHO+PRO CHO: 1 Myoglobin CHO + WP = CHO: CHO
shuttle-running _ 1 1IL-1 receptor antagonist
CHO + WP =
CHO: 1 LDH CHOSN S
CHO: 1 CRP
Unilateral knee
flexions (6 sets x o SSM = Water: CK SSM SSM_= Water: CM jump height
Cockburnet 10 reps, 1.05 Semi-skimmed SSM = Water: My-  coee _ SSM = Water: Reactive strength
al., 2013 rad/s™!, 90-s rest)  milk vs water ors VY SSM < Water (tendency): 110-
. oglobin Water S
on isokinetic m & 15-m sprint time
dynamometer
CHO+PRO > CHO: Free
. throw success
Gentle et al., baskizl;:l‘l‘“ sme CHOmealvs — CHO+PRO< CHO+PRO CHO+PRO < CHO
2014 s timulatiot% test CHO+PRO meal CHO: 1 CK CHO (tendency): Mean sprint time
CHO+PRO = CHO:
Jump height
4-day soccer LCM = CHO : My- LCM LCM =CHO
Gilson et al., training period, CHO vs Low-fat oglobin, = T-drill, Vertical jump, isometric
2010 with increased  chocolate milk LCM < CHO: 1 CK CHO quadriceps force MVC) &
training duration (at 4d) fatigue ratings
Normal diet vs WP CLID=
Gunnarsson A competitive hieh carbohvdrate NDiet: T CK (at 24h)
etal., 2013 soccer match h% h oro teﬁ; die t- WP + CHO< T/ 77
Eip NDiet: 1 Myoglobin
WP + CHO = CHO:
Distance covered
. . CHO vs
Highton et Modified LIST CHO+PRO e WP + CHO = CHO:
al., 2013 Maximal speed
WP + CHO <CHO:
1 Average speed
90-min WPCM < CHO & WPCM = CHO = PL:
. . PLA vs CHO PL: 1 CK (at 24h) _ _ e
Naclerio et Intermittent WPCM =CHO=PL: Total sprint time
. vs CHO+PRO  WPCM (tendency) ~ — ~ .~ ' - z Cor .
al., 2014 repeated sprint L. . IL-6 WPCM = CHO =PL:
multi-ingredient & CHO <PL: 1 .
test . 15-m sprint time
myoglobin (at 1h)
WPCM = CHO = WPCM=CHO =PL: [ IL-6 WPCM = CHO = PL:
PLA vs CHO PL: 1 CK (at 24h) CHO <NW}:CN£“1& PL: 1 Total sprint time
Naclerio et 90-min WPCM & CHO < ouropt WPCM = CHO = PL:
vs CHO+PRO . CHO<WPCM & PL: 1 -—--- . .
al., 2015 IRS test multi-ingredient PL: 1 myoglobin Monocyte Time IRS+15-m sprint
(at 1h) WPCM = CHO = PL: Lym- WPCM < CHO & PL:
phocytes Perception of fatigue
PRO=PL: {TBARS PRO=PL: 110-m sprint, 130-m
(G1-D2,G2-D1), PRO_pL: SPrint(GI-D1, G1-D2, G1-D3,
PRO=PL: 1 CK PL: 1TBARS(G1-D1, DO_MS' G2-D1, G2-D2, G2-D3),
Two-trial Milk Protein PRO=PLA: G1-D3,G2-D2), IGI DI PRO=PLA:|CMIJ(G1-D1, G1-D2,
Poulios etal. 2 Weeks), Smooth (PRO) ~ tWBC(Post Gl-  PRO=PL: {PC(GI-DI,  'J/"0o°  GI-D3, G2-D1, G2-D2, G2-D3)
2018 v 2 soccer Vs isoenergetic Post G2) G1-D2, G1-D3, G2-D1), Gl-D3’ PRO<PL: |KF eccentric
matches & 4 placebo PRO=PL: PL: 1PC(G2-D3) G2-D1, strength(4h post G2), PRO<PL:
practices/week  (maltodextrin) tGranulocyte PRO=PL |GSH(GI-DI, > .’ IKE concentric strength,
(Post G1-Post G2) G1-D2, G1-D3), G2—D33 PRO<PL: |High-intensity run-

PRO>PL :1GSH(G2-D1),

ning(G2 75-90 min vs.

PRO=PL: 1TAC 0-15 min), PL: |HR, |TD

PL, placebo; LPO, lipid hydroperoxides; VOomax, maximal oxygen consumption; Vyr, velocity at lactate threshold; CHO, carbohydrates; PRO, protein; WP, whey
protein; CK, creatine kinase activity; LDH, lactate dehydrogenase activity; IL, interleukin; CRP, C reactive protein; s, seconds; d, days; SSM, semi-skimmed milk;
LCM, low-fat chocolate milk; CM, counter-movement; MVC, maximal voluntary contraction; NDiet, normal diet; 1, increase; WPCM, whey protein carbohydrate
multi-ingredient supplement; IRS, intermittent repeated sprint, G, Game; WBC, White blood cells; TBARS, thiobarbituric acid; PC, Protein carbonyls; GSH:

Glutathione; KF, Knee Flexors; KE, Knee Extensors; TD, Total Distance.
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intensity of exercise testing, participants’ competitive level
as well as time-frame of post-exercise measurements (Ta-
bles 3-5). Therefore, there is a discrepancy among findings
and no clear evidence to support a relationship between
changes in muscle damage, DOMS and recovery of perfor-
mance with protein-based supplementation.

More specifically, protein consumption has pro-
vided inconsistent results regarding changes in plasma CK
and exercise performance in team sports athletes of similar
training level (Betts et al., 2009; Gentle et al., 2014), even
when they received identical supplements (placebo vs
CHO vs CHO + Whey protein multi-ingredient) and per-
formed the same exercise protocol (Naclerio et al., 2014;
2015), suggesting that neither the participants’ training
level nor the exercise intensity are key determinants of the
responses to protein supplementation.

Furthermore, despite previous reports stating that
the ergogenic effects induced by protein ingestion may oc-
cur only when participants are characterized by negative
nitrogen balance (Lunn et al., 2012; Nelson et al., 2012),
Cockburn et al. (2013) did not observe different responses
of muscle damage blood markers and performance related-
measurements (jump height, reactive strength, sprint time)
to unilateral knee flexions on isokinetic dynamometer with
consumption of protein in the form of semi-skimmed milk
compared with water. When extended protein-based sup-
plementation periods were applied during training periods
with increased intensity and/or duration, it resulted in pro-
foundly smaller increase in resting plasma CK (by 36% to
114%) (Arent et al., 2010; Gilson et al., 2010), but once
again this reduced response did not coincide with either ac-
celerated recovery or attenuated deterioration of skeletal
muscle performance and soreness.

Taken together, the attenuated response of plasma
CK observed in some studies with protein supplementation
do not coincide with attenuation of the rise in Mb, and is
independent to participants’ training level and nitrogen bal-
ance, the characteristics of the event (i.e. type, duration and
intensity of the exercise protocol or sport) and the amount
of protein consumed. Moreover, it appears to have minimal
effect on team-sport related performance recovery, since it
is not combined with reduced DOMS and enhanced perfor-
mance measures.

It is well-documented that protein ingestion during
recovery from damaging exercise mitigates the elevation
of muscle damage, inflammatory and oxidative stress
markers and attenuates muscle performance deterioration
(Cockburn et al., 2013; Howatson et al., 2012; Rowlands
etal., 2008; Cooke et al., 2010; Hansen et al., 2015; Shenoy
etal., 2016). The increased availability of amino acids, par-
ticularly BCAA, provided by protein intake stimulates
muscle protein synthesis (Moore et al., 2009; Areta et al.,
2013; Holm et al., 2017) through activation of intracellular
signaling proteins involved in the mammalian target of ra-
pamycin (mTOR) signaling cascade and its downstream
translational regulators and potentially activation of satel-
lite cells (Areta et al., 2013; Kimball et al., 2002). There-
fore, the establishment of a more anabolic environment
within skeletal muscle concomitant with attenuated protein
degradation (Ferguson-Stegall et al., 2011) and accelerated

satellite cell proliferation (Farup et al., 2014) is the pre-
dominant mechanism through which protein ingestion en-
hances tissue repair and remodeling following EIMD.

In addition, protein and BCAA supplementation
provide sulphur-containing amino acids that act as precur-
sors for GSH synthesis and as such may prevent redox sta-
tus disturbances, mitigate inflammatory and oxidative
stress responses and enhance muscle recovery (Cruzat et
al., 2014). In line with this, one of the two studies in this
review that examined oxidative stress markers reported a
significantly smaller increase of 8-isoprostane and LPO
concomitant with attenuated rise in CK, in response to
maximal exercise, following a 20-day protein/antioxidant
supplementation (Arent et al., 2010). The second study
simulated one-week in-season microcycle with two games
performed three days apart, where attenuated rise in
TBARS and PC, and decline in GSH, throughout recovery
after the first game and for one day after the second game,
was observed (Poulios et al., 2018).

Three of the ten studies included for review investi-
gated also the effect of combined protein-CHO supplemen-
tation on inflammatory markers; however, they failed to
observe any interaction. By contrast, previous studies re-
ported reduced inflammatory responses with protein inges-
tion compared to control treatments after damaging exer-
cise in well-trained athletes (Shenoy et al., 2016; Nelson et
al., 2013). Still, studies investigating muscle responses are
currently limited in scientific literature.

Evidence statement—Protein supplementation to facil-
itate recovery in team sports

There are good qualities but limited and inconsistent data
to provide evidence that protein supplementation before,
during or following team sport events or training promotes
performance restoration. Evidence category B. There are
limited and inconsistent quality data to support the hypoth-
esis that protein supplementation in team sport athletes
may attenuate muscle soreness and reduce markers of mus-
cle damage after events. Evidence category B. There are
limited, good quality data to demonstrate that protein sup-
plementation may attenuate inflammatory responses fol-
lowing events in team sport athletes. Evidence category B.
Consequently, the limited and inconsistent available data
regardless of whether protein supplementation may attenu-
ate EIMD and enhance performance recovery or not, do not
allow us to provide guidelines for protein supplementation
in team sport athletes.

Limitations of the reviewed studies

Most of the studies reviewed in the present systematic anal-
ysis used crossover, repeated-measures experimental de-
sign with adequate intervals between treatments to elimi-
nate any trial-order effects (Betts et al., 2009; Gentle et al.,
2014; Gilson et al., 2010; Highton et al., 2013; Naclerio et
al.,2014; 2015; Poulios et al., 2018). However, the number
of participants recruited often (Betts et al., 2009; Gilson et
al., 2010; Naclerio et al., 2014; Poulios et al., 2018), but
not always (Arent et al., 2010; Cockburn et al., 2013; Gen-
tle et al., 2014; Gunnarsson et al., 2013; Highton et al.,
2013; Naclerio et al., 2015) was justified according to a
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preliminary power analysis. In fact, several studies con-
ducted with small sample sizes, increasing the risk for a
statistical type II error. Moreover, participants varied con-
siderably among studies in terms of their training level, in-
cluding amateur or recreationally active athletes (Highton
et al., 2013; Naclerio et al., 2014; 2015) to highly-trained
players participating in first or second division (Betts et al.,
2009; Gunnarsson et al., 2013). Therefore, caution is re-
quired when interpreting the results of these studies and in-
corporating the conclusions drawn to team sports daily
practice.

The control of daily macronutrient intake, particu-
larly protein and CHO ingestion, is crucial in clinical stud-
ies aimed at examining differences between nutritional
treatments/interventions. Almost all reviewed studies
asked participants to record their habitual diet over a 2-4
day period; however, only five studies provide data regard-
ing the participants’ average daily energy and macronutri-
ent consumption (Betts et al., 2009; Highton et al., 2013;
Naclerio et al., 2014; 2015; Poulios et al., 2018). In addi-
tion, many studies in which recovery periods lasted 24 to
168 h, reported that diet was not controlled during recov-
ery, though it was recorded before intervention (Betts et al.,
2009; Gentle et al., 2014; Highton et al., 2013; Naclerio et
al., 2014; 2015). Inter-individual variability in daily nutri-
ent intake throughout recovery is critical when compari-
sons across different nutritional interventions are made.

Nine out of ten protein supplements under investi-
gation were a combination of CHO-protein (Betts et al.,
2009; Gentle et al., 2014; Gunnarsson et al., 2013; Highton
et al., 2013), milk (Cockburn et al., 2013; Gilson et al.,
2010) or multi-ingredients enriched with BCAA (Arent et
al., 2010) or protein (Naclerio et al., 2014; 2015) rather
than protein alone. Obviously, it is unknown whether the
effects observed after treatment with these supplements,
are attributed to the protein fraction per se, to other ingre-
dients or to the combination of the included fractions. Milk
protein concentrate was used only in one study (Poulios et
al., 2018). Furthermore, many studies used only CHO as
the control treatment (Betts et al., 2009; Gentle et al., 2014;
Gilson et al., 2010; Gunnarsson et al., 2013; Highton et al.,
2013; Poulios et al., 2018) instead of including also a pla-
cebo supplement, so that we would be able to determine if
the effects are due to the protein content per se, the addition
of CHO or just due to increased energy availability.

Another limitation is that most of the reviewed stud-
ies in this systematic analysis used either a short recovery
period (up to 24 h) (Gentle et al., 2014; Naclerio et al.,
2014; 2015) or performed measurements only immediately
after the exercise testing (Arent et al., 2010; Highton et al.,
2013). Considering that following team-sport events mus-
cle damage and inflammatory responses as well as perfor-
mance deterioration are peaked between 24 and 48 h and
may remain significantly increased or decreased compared
to baseline for as long as 72 h (Ispirlidis et al., 2008; Fatou-
ros et al., 2010; Chatzinikolaou et al., 2014a; 2014b; Dra-
ganidis et al., 2015; Mohr et al., 2016), these studies may
have failed to detect significant changes due to very short
recovery periods applied.

Moreover, methodological approaches in these
studies are based on indirect markers of skeletal muscle

damage (i.e. plasma CK, Mb, LDH, DOMS) and perfor-
mance evaluation while direct measurements of protein
metabolism within skeletal muscle (i.e. intracellular pro-
tein signaling, gene expression, stable isotope labelling,
degree of structural damage) is lacking. Although exercise-
induced skeletal muscle damage is characterized by in-
creased leakage of muscle proteins, such as CK, Mb and
LDH into the circulation (Clarkson and Hubal, 2002;
Proske and Morgan, 2001; Fatouros and Jamurtas, 2016),
it has been reported that systemic levels of these enzymes
are poorly correlated with muscle function impairments
following damaging exercise (Pasiakos et al., 2014; Mar-
garitis et al., 1999). Thus, muscle recovery cannot be eval-
uated by only measuring levels of indirect markers of the
damage to contractile proteins. Studies providing direct ev-
idence at muscular level, potential by EM-analysis are
highly warranted in relation to recovery and protein sup-
plementation.

Another limitation of the reviewed studies is that
only two of them tested muscle function through isokinetic
measures of peak torque and maximal voluntary contrac-
tion. In contrast to other performance measurements such
as sprint time, jump height or agility time, evaluation of
maximal voluntary contraction and isometric torque as
well as testing joint range of motion have been character-
ized as the most valid markers of muscle trauma (Warren
et al., 1999). Given that recovery kinetics of knee flexor
and extensor strength following a team-sport event demon-
strate strength, limb and velocity specificity (Draganidis et
al., 2015), isokinetic evaluation of extensor and flexor at
multiple velocities in both dominant and non-dominant
limb is required to perform a more reliable and quantitative
evaluation of muscle function.

Finally, as in all supplementation studies, there is a
risk of publication bias in the literature, since studies with
negative finding may be published to a lesser degree than
studies with positive finding. However, we have no data to
support this statement.

Future research

The small number of available investigations provides in-
consistent data regarding the effectiveness of protein-based
supplements or diets on performance, EIMD and inflam-
matory markers during recovery in team sport athletes, de-
spite a tendency noted for reduced systemic CK or Mb re-
sponses. This inconsistency may be primary attributed to
the variability observed among studies in terms of protein
supplements/diets tested, the control supplements utilized,
the exercise testing protocols applied and participants’
training level. The markers used to evaluate EIMD in these
investigations, though traditional and reliable measure-
ment tools (Warren et al., 1999), represent indirect markers
of the damage to contractile muscle fractions and may not
be correlated with changes in muscle function (Clarkson et
al., 1992). Also, the lack of advanced measurements, such
as intracellular signaling, muscle damage rating, gene ex-
pression and isotopic labelling, to assess changes in muscle
protein synthesis and breakdown is a major limitation of
the reviewed studies. Therefore, it is evident that future re-
search designs should incorporate measurements of muscle
protein synthesis and breakdown to provide evidence on
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the interaction between changes in muscle protein turnover
and skeletal muscle healing process following EIMD and
protein ingestion in team sport athletes. Ideally, protein
turnover measurements should be combined with intracel-
lular signaling and mRNA assessment to define the molec-
ular mechanisms mediating this interaction.

Moreover, considering that different protein
sources (plant vs dairy vs blends) that differentially affect
anabolic and catabolic processes in skeletal muscle due to
variations in digestion and absorption kinetics and in amino
acid profile (Tang et al., 2009; Burd et al., 2012), studies
that compare the effectiveness of plant versus animal-
based protein supplements should be conducted. Other
studies, based on the work by Moore et al. (2012) and Areta
et al. (2013) might focus on the timing and distribution pat-
tern of protein intake during recovery from team sport
events, especially during in-season microcycles in which
athletes must participate in two or three matches and daily
practices in-between. The restrictive recovery period (only
3-4 days) between successive matches along with large
physiological stress and fatigue appearing during and after
matches, predispose athletes to increased inflammatory re-
sponses and performance deterioration (Mohr et al., 2016)
as well as to increased risk of musculoskeletal injuries (Ek-
stand et al., 2004; Montgomery et al., 2008; Dupont et al.,
2010). Thus, protein-based supplementation during periods
characterized by consecutive matches should be further in-
vestigated as a possible strategy to alleviate muscle dam-
age and inflammation and to enhance recovery of perfor-
mance. Finally, adding other nutrients with possible anti-
inflammatory properties such as omega-3 fatty acids to
protein-based supplementation may decrease the inflam-
matory response to exercise and attenuate muscle soreness
(Black et al., 2018).

Conclusion

This systematic review explores the available evidence that
underline the effectiveness of protein-based supplementa-
tion in enhancing performance recovery and attenuating
muscle damage and inflammatory responses in team sport
athletes. Although protein ingestion resulted in reduced
systemic CK and Mb responses in some studies, these
changes were not accompanied by performance enhance-
ment and therefore are of limited importance. The relative
small number of studies that fulfilled the criteria and were
included for review in combination with high variability in
protein supplements/diets, control supplements, exercise
testing protocols, participants’ training levels and length of
recovery periods studied, do not allow us to draw a clear
conclusion that either supports or refutes the use of protein
as a nutritional strategy to enhance performance recovery
in team sports. Clearly, this topic warrants further investi-
gation and future research exploring whether alteration in
muscle protein turnover induced by protein ingestion is
able to affect recovery of muscle function, is required.
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Key points

e Protein supplements facilitate muscle repair and miti-
gate muscle damage markers during recovery.

e Protein supplementation attenuate inflammatory re-
sponses, however it is not combined with enhanced
performance measures

e The lack of direct markers to determine EIMD, makes
it clear that future researches should incorporate mus-
cle protein synthesis and breakdown measurements.
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