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Abstract

Purpose Volleyball demands high physical performance including agility, speed, endurance and muscular strength. As
volleyball players explore methods to achieve efficiency in these areas, nutritional supplementation has been considered a
valuable adjunct to accomplish this goal. This systematic review aimed to comprehensively explore the effects of different
dietary supplementation strategies on the training adaptations, antioxidant status and performance of volleyball players.
Methods A search was conducted in PubMed, Web of Science, Cochrane, Google Scholar, and EbscoHost on 28th July 2023
and updated on 12th May 2024. Studies were included if the participants were volleyball players, taking a dietary supple-
ment and evaluated sports-related outcomes. The risk of bias was assessed using Cochrane's revised risk of bias tool, RoB2.
Results The review included 19 trials investigating supplements such as branched-chain amino acids (BCAA), creatine,
N-acetylcysteine (NAC), hydroxy-methyl-butyrate (HMB), grape seed extract (GSE), nitrate, caffeine, iron and magnesium.
Outcomes including vertical jump (VJ) height, endurance, oxidative stress, cell damage, muscle strength, and anaerobic and
aerobic capacity were considered. Caffeine supplementation improved VJ height and agility while creatine, BCAA, HMB
and mineral supplementation may improve anaerobic performance and muscle strength without a clear positive effect on VJ
height, subject to a limited number of studies on each supplement. Creatine and BCAA effects were inconsistent concerning
muscle damage.

Conclusions Among the investigated supplements, caffeine showed the most promising data to enhance physical perfor-
mance and agility. NAC and GSE could improve antioxidant status. More research is needed to assess other supplements’
effectiveness in volleyball players.
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Introduction

Volleyball is a highly demanding sport that requires a unique
combination of agility, speed, explosive power, muscular
strength, coordination and endurance [15]. A regular training
session includes muscular strength exercises such as squats,
lunges, plyometric drills, cardiovascular training (running,
shuttle sprints), skill (serving, passing, setting, spiking) and
tactical drills development while a typical match consists of
two teams aiming to score points and defend against incom-
ing attacks in a best-of-five set format that may extend to
several hours in a professional level [49]. For volleyball
players, maximizing their performance and maintaining
physical fitness is critical to compete at the highest level.

Although evidence suggests that volleyball matches
increase inflammation and muscle damage to a lesser extent
than other sports such as soccer and basketball [53], volley-
ball players have reported an increase in general stress, lack
of energy, sport-specific stress (disturbed breaks, emotional
exhaustion and injury scores), and a decrease in indicators
of general recuperation including success, social recovery,
physical recovery, self-efficacy and self-regulation [5]. This
self-perception was accompanied by an increase in blood
creatine kinase (CK), a marker of muscle damage, during
the initial phases of the competitive season [5], while other
studies report a decrease in antioxidant enzymes (catalase,
glutathione reductase, and plasma total sulthydryl groups)
in the middle of the competitive season in both female and
male volleyball players [8, 18], which could suggest a weak-
ened antioxidant defence system.
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While high-quality training sessions are necessary to
optimise adaptations and performance, nutrition helps
facilitate these adaptations and therefore competition
performance [9]. Nutrition, and dietary supplements, play
a key role in optimising volleyball players' performance
[48]. Athletes should consume carbohydrates and fats for
energy but also aim for a balance between energy expendi-
ture and energy intake to ensure stable weight [9]. Athletes
and fitness enthusiasts often turn to dietary supplements to
enhance exercise performance and overall health; popular
supplements include creatine, amino acids, beta-hydroxy-
betamethylbutyrate (HMB), vitamins and minerals,
omega-3 fatty acids, ginseng, and caffeine [9].

Supplements such as creatine are known for their
role in rapid energy production during intense activi-
ties, potentially aiding recovery between high-intensity
exercise bouts [54], while branched-chain amino acids
(BCAAs), including leucine, isoleucine, and valine, are
essential amino acids that may support muscle growth,
exercise endurance and muscle protein preservation
[47]. Some studies suggest BCAA supplementation may
reduce fatigue, improve endurance and enhance lean body
mass gains when combined with resistance training [43],
although evidence supporting these findings is limited.
Essential minerals such as iron, magnesium and zinc are
typically included in a well-balanced diet and are known
for their role in oxygen transportation, bone health, muscu-
lar function, cardiovascular well-being and several physi-
ological processes [6, 16, 24, 33, 59]. Deficiencies can
result from specific dietary choices and digestive disorders
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and some individuals may include them as dietary supple-
ments [38].

Caffeine is a popular ergogenic aid that can boost alert-
ness, wakefulness, and perceived energy levels [28]. Athletes
often use caffeine as an ergogenic supplement to enhance
endurance, strength, and concentration [28, 55]. However,
caffeine may have adverse effects, abrupt cessation can lead
to withdrawal symptoms like headaches and fatigue while
consuming caffeine close to bedtime can disrupt sleep [4]. In
some individuals, it may temporarily elevate heart rate and
blood pressure [4]. Excessive consumption can also result
in agitation, restlessness, stomach pain, and a rapid heart
rate, and in extreme cases, caffeine overdose can have severe
health consequences [4].

Collectively, there is evidence to suggest that volleyball
is a physically demanding sport and therefore players may
benefit from the use of dietary supplements to support train-
ing adaptations and performance. To date, however, there
has been no attempt to systematically evaluate the effects of
common dietary supplements on markers of training adapta-
tion, performance and recovery. Therefore, this comprehen-
sive systematic review aimed to examine the effects of differ-
ent dietary supplementation strategies on volleyball players.
Specifically, this study included studies that measured the
effects of minerals, amino acids, caffeine, (poly)phenols
and other antioxidants during training and competition on
markers of training adaptations, exercise performance, and
exercise recovery. The findings of this systematic review
will help sports nutritionists, specifically those working
with volleyball players, to utilise the use of different dietary
supplements.

Method

The systematic review was conducted based on the recom-
mendations of The Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) [44]. The protocol
of this systematic review was registered at the Open Science
Framework (https://doi.org/10.17605/OSF.IO/SRDYV).

Literature Search

A systematic database search of PubMed, Google Scholar,
Cochrane, EBSCOhost, and Web of Science for randomized
controlled trials examining the effects of dietary supple-
mentation during endurance training on aerobic capacity,
body composition, and exercise performance in volleyball
players was conducted on 28th July 2023 and updated on
12nd May 2024. The search strategy was based on: (“supple-
ment*” OR “dietary supplement™®” OR “sport supplement*”
OR “protein” OR “whey protein” OR “soy protein” OR
“amino acids” OR “n-acetylcysteine” or “branched-chain

amino acids” OR “BCAAs” OR “hydroxymethylbutyrate”
OR “HMB” OR “creatine” OR “arginine” OR “citrulline
malate” OR “caffeine” OR “polyphenols” OR “antioxidant™
OR “fruit” OR “minerals” OR “iron” OR “magnesium” OR
“vitamin” OR “coenzyme Q10 OR “probiotic” OR “prebi-
otic”) AND (“volleyball”). The full research algorithm used
for different databases is provided in the Supplementary File.

Study Selection

We included randomized controlled trials both crossover and
parallel designed, that included volleyball players without
known disease; and examined the efficacy of nutritional sup-
plementation (minerals, amino acids, amino acid derivatives,
caffeine, beetroot, (poly)phenols, and other antioxidants)
during exercise training with an endurance training compo-
nent; compared supplementation with control, including no
supplement or placebo (e.g., non-nutritional supplement, or
carbohydrate) and provided quantitative measurements of
direct or indirect biomarkers or indicators of at least one of
the following: aerobic capacity, anaerobic capacity, vertical
jump height, muscle strength, muscle damage and inflam-
mation and oxidant-antioxidant status. Exercise training had
to be administered under identical conditions in each treat-
ment comparison arm. Exclusion criteria included: multiple
studies utilizing the same study sample, in which only one
was included in the analysis unless additional information
regarding study outcomes was provided; articles unavailable
in English or Spanish; and retracted studies.

Data Extraction

Four reviewers independently selected studies from elec-
tronic databases and applied eligibility criteria (R.H., D.S.,
M.L., E.S.). After selected studies were pooled and dupli-
cates were deleted, all authors checked decisions taken by
the rest of the team, and disagreements were discussed with
a fifth author (J.C.) if a solution or agreement was not possi-
ble. Extracted variables include population (n), age (mean),
females (n), males (n), intervention group (n), type of inter-
vention, dose, control group (n), and placebo specifications.
Physical performance was primarily assessed by measuring
vertical jump height (spike jump, block jump, countermove-
ment jump), flight time, peak force during the concentric
phase, peak power, the velocity at peak power, peak dis-
placement, velocity and acceleration, and sprint capacity
were included when available.

Biomarkers of muscle damage were measured as at least
one of the following: serum creatine kinase (CK), lactate
dehydrogenase (LDH), lactic acid, ammonia and perceived
muscle soreness. Muscle strength was assessed by measur-
ing hand grip force, squat strength or peak leg muscle power
during the jump. To estimate oxidative/antioxidative status,
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one or more of the following variables were extracted:
plasma glutathione (GSH), superoxide dismutase, catalase,
malondialdehyde (MDA), total antioxidant capacity (TAC),
nitric oxide (NO), lipid peroxidation, carbonyl levels, DNA
damage index and sulthydryl groups.

P-values from statistical tests were also extracted and
are presented in the results section. Actual P-values are
presented where possible, but thresholds (e.g., P>0.05 or
P <0.05) are presented when the actual P-values were not
presented.

Risk of Bias Assessment

Four reviewers (R.H., D.S., M.L. and E.S.) independently
assessed the risk of bias within the included studies using
Cochrane's revised risk of bias tool, RoB2 [56]. A fifth
reviewer arbitrated when consensus was not found (J.C.).
RoB 2 tool formulary includes preliminary considerations,
signalling questions and five domains plus overall risk: (1)
bias arising from randomization, (2) bias due to deviations
from intended interventions, (3) bias due to missing out-
come data, (4) bias in the measurement of the outcome,
and (5) bias in the selection of reported result. Judgement
options for each domain were "Low risk", "Some concerns"
and "High risk". The decision to assign a level of risk was
based on the RoB 2 algorithms, classifying the study as "low
risk" when all domains were low risk, and "some concerns"
or "high risk" when at least one domain was considered as
such, for each case. For crossover studies, RoB 2 tool for
crossover studies was used, which includes an additional
domain (Domain “S”: bias resulting from the period and
carry-over effect). results were printed through the web app
robvis [39].

Results
Study Selection

The review identified 513 records by searching five data-
bases. After removing duplicates, non-English or Spanish,
and retracted studies, 151 articles were reviewed by four
reviewers (R.H., D.S., M.L. and E.S.), 25 articles were
sought for retrieval two were excluded: one was not avail-
able in full-text format, and the other did not have full-text
in English or Spanish. Two eligible articles were identified
by manual search. 23 articles were assessed for eligibility,
of which four were excluded: two studies were not exclu-
sively in volleyball players; one evaluated vitamin D in the
regular diet rather than supplementation; and one study
was excluded because the units of measurement for their
outcomes were not specified. A total of 21 articles met the
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inclusion criteria and were included in the qualitative syn-
thesis of the present systematic review (Fig. 1).

Characteristics of the Included Studies

The included studies were classified per type of dietary sup-
plementation being evaluated, resulting in three categories:
amino acids, minerals and plant-based supplements (caf-
feine, nitrates, (poly)phenols and other antioxidants). Some
studies investigated more than one supplement and more
than one outcome of interest. A total of seven parallel ran-
domized controlled trials evaluated supplementation with
different amino acids and derivatives including creatine
(n=4)[1, 10, 31, 32], branched-chain amino acids (BCAA;
n=2) [1, 35], hydroxy-methyl-butyrate (n=1) [48] and
n-acetylcysteine (NAC) (n=1) [12]. One study evaluated
both creatine and BCAA supplementation in different groups
compared to a placebo [1]. Eight crossover randomized con-
trolled trials in total were conducted to assess the effects of
caffeine supplementation [13, 19, 30, 45, 46, 62]. Each study
examined the impact of caffeine supplementation compared
to a placebo. Four studies (crossover =2; parallel =2) evalu-
ated supplementation with other plant-based supplements,
including grape seed extract (n=1) [57], grape juice (n=1)
[37], Phlebodium decumanum with coenzyme Q-10 (n=1)
[20], and beetroot juice (n=1) [25]. Two studies evaluated
the effects of mineral supplementation, including magne-
sium [51], and iron [40]. Detailed information about each
included study can be found in Tables 1, 2, 3 and 4.

General Findings
Minerals

One study evaluated supplementation with magnesium
(350 mg/day), reporting increased countermovement jump
(CG=40.6+4.2 cm vs. EG=42.5+5.4 cm), and counter-
movement jump with arm swing (CG=48.5+4.8 cm vs.
EG=50.7+7.2 cm), and significant decreases in lactate pro-
duction in the experimental group (P <0.05) [51]. Iron sup-
plementation (325 mg/day) during the competitive season
increased haemoglobin concentration, transferrin saturation
index, serum iron, and serum ferritin compared to a con-
trol group, and increased performance for the clean and jerk
(CG:+5.1%+20.9% vs. EG: +29.0% +21.3%), power clean
(CG: — 5.8%+30.3% vs. EG: +44.6% + 56.6%), and total
mean strength (CG: +10.9% +3.2% vs. EG: +26.2% + 3.6%)
in the experimental group (all P <0.05) [40]. In summary,
these findings suggest mineral supplementation has a posi-
tive effect on enhancing strength, countermovement jump,
clean and jerk, and power clean.
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Fig.1 Preferred Reporting
Items for Systematic Reviews
and Meta-Analyses (PRISMA)
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Amino acids and their derivatives

Six studies assessed the impact of different amino acids or
amino acid derivatives (BCAAs, creatine, HMB and NAC)
on vertical jump performance, and markers of training adap-
tation [1, 10, 31, 32, 35, 48] while one study evaluated anti-
oxidant status (Table 2) [12]. In a study involving 12 male
volleyball players, supplementation with creatine monohy-
drate powder in doses of 20 g/day (4 days), 10 g/day (2
days) and 5 g/day (22 days), improved repeated jump height
by 1.9% compared to placebo, without affecting fatigue
index (P =0.33), however, 1 RM spike jump height was
not significantly different from the placebo group (P =0.93)
[32]. Similarly, supplementation with 20 g of creatine (6
days) improved mean jump power (CG: 5.0 £ 0.8 W/kg vs.
EG: 5.6 £0.1 W/kg) and endurance compared to baseline
performance and placebo (P <0.05) [31].

In another study, supplementation with, 0.3 g/kg/day of
creatine and 1.2 g/kg/day of carbohydrate (loading phase,
7 d), and then 0.1 g/kg/day and 1.5 g/kg/day of carbohy-
drates (maintenance phase, 4 days), increased plasma cre-
atine kinase concentration compared to placebo (P <0.001).
Jump height decreased after the injury protocol in the cre-
atine group (P <0.022) and returned to baseline after 24 h
(P=0.238), while the placebo group reported a significant
increase in jump height after 72 h (P =0.008); nevertheless,
both jump height and power output were similar for creatine
and placebo groups (P=0.849; P=0.731, respectively). Pain
perception at 24, 48 and 72 h after muscle damage induc-
tion was significantly lower in creatine compared to placebo
(P=0.001; P<0.001; P=0.011, respectively) [10].

One study compared both supplementation with BCAA
(12 g/day) and creatine-ginseng (0.99 g/kg/day creatine and
4.5 g/day ginseng) with placebo for 14 days and evaluated

@ Springer
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Table 3 (continued)

18

exercise-induced muscle damage by measuring serum cre-
atine kinase and lactate dehydrogenase and squat strength
before and after testing. There was a significant increase in
lactate dehydrogenase in the placebo group (563.75 +166.49
U/L) compared to both intervention groups (BCAA group:
142.17 +£25.72 U/L; creatine group: 199.17 +81.04 U/L)
(P=0.008) and muscle strength recovery was superior
in both groups 48 h after testing compared to placebo
(P=0.02) [1].

In another study, BCAA (7 g, three times per week) did
not affect jump height compared to baseline or placebo
from pre-test measurements to 50 h post-supplementation
(P> 0.05) [35]. Supplementation with hydroxy-methyl-
butyrate (3 g/day for 7 weeks) to a group of both females
(n=14) and males (n=15) significantly increased strength
in the bench press (CG: 1.19+0.39 kg/kg BW vs. EG:
1.34+0.40 kg/kg BW) and leg press (CG: 2.57 +0.67 kg/
kg BW vs. EG: 2.81 +0.60 kg/kg BW), and aerobic capacity
(peak power and mean power) (CG: 8.7 +0.9 kg BW vs. EG:
9.7+ 1.0 kg BW) compared to placebo (P <0.05). Supple-
mentation did not affect vertical jump, anaerobic capacity,
and fatigue index during anaerobic exercise (P> 0.05) [48].

Supplementation with NAC (1200 mg/day, 7 day)
increased serum total glutathione compared to placebo
in a study evaluating muscle damage and oxidative stress
biomarkers: glutathione peroxidase (GPx), superoxide dis-
mutase (SOD), reduced glutathione (GSH3), ferric reduc-
ing antioxidant power (FRAP4), thiobarbituric acid reactive
substances (TBARS), lipid hydroperoxide (LOOH), creatine
kinase (CK), lactate dehydrogenase (LDH), alanine transam-
inase (ALT) and aspartate aminotransferase (AST) in 20
male professional volleyball players [12]. Higher GPx (CG:
3.2+0.3 vs. 2.840.3; EG: 3.0£0.2 vs. 2.8 + 0.4 U/mg of
protein) and SOD (CG: 1.8 +0.1 vs. 1.4+0.1; EG: 1.6+0.2
vs. 1.4 +0.2 U/mg of protein) concentrations were observed
in post-session 1 than in post-session 2 for both groups. Pro-
tein carbonyls were lower in the NAC group compared to
placebo. Alternatively, a time effect was found for TBARS,
with lower values reported in pre-session 1 than in pre-ses-
sion 2 (P <0.05). No significant changes were found in the
other markers measured (P> 0.05) [12].

In summary, while some studies showed similar results
in jump height and power between groups, and no effects
on vertical jump, anaerobic capacity, and fatigue index dur-
ing anaerobic exercise; overall, amino acid supplementation
seems to have improved strength (as measured by repeated
jump height, mean jump power, bench press, and leg press)
and increased aerobic capacity and endurance. Additionally,
pain perception was significantly lower in some experimen-
tal groups compared to the placebo. Notably, in some stud-
ies, there was a significant increase in lactate dehydrogenase
in the placebo group, while both intervention groups showed
superior muscle strength recovery. On the other hand, NAC
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supplementation was found to increase serum total glu-

o = E
%Dg‘) g 3 Q;: tathione levels and showed lower levels of protein carbonyls
) 3 § ,%g _ E in the NAC group compared to the placebo.
2133252 | 3
IR R Antioxidants and Nitrates
S|l 5w 8 E| O
|EE€58a| 2
X (< ~ Z Four studies investigated the impact of different plant-
o 3 based dietary supplements, grape seed extract, grape seed
2 % 8 © juice, P. decumanum combined with coenzyme Q-10 and
g s é g beetroot juice on markers of oxidative/antioxidant status,
§ § g e 3 muscle damage and physical performance (Table 3) [20,
g % k=] g 8 25, 37, 57]. One randomized clinical trial evaluated the
A la T 7 g‘ effects of grape seed extract (GSE) supplementation (600
7 | S" mg/day) on biomarkers of oxidative stress in a group of
g i 2 40 female volleyball athletes [57]. There was a significant
% 55: g % rise in plasma glutathione (GSH) level (changes from base-
3 | = g B line in the GSE group: +265.5 +344.2 vs. in the placebo
% %ﬂ = é group: +2.2 +378.2 umol/L, P=0.02), as well as a signifi-
%’ = < 2 cant decrease in the MDA level (— 1.4+2.0vs. —0.2+1.2
o S pmol/L, P=0.01). Supplementation with GSE had no sig-
% % nificant effects on creatine phosphokinase (CPK), TAC, NO,
E 2 % plasma glucose, and lipid concentrations.
-é‘ &;’ E A crossover study assessed the effects of supplementa-
« e g tion with grape juice (GJ) for 2 weeks on markers of oxida-
g 2 tive stress, inflammation, CK, muscle strength, and muscle
K 2~ power in 12 male volleyball players. The sample was divided
E " g g into an experimental group (400 mL of grape juice) and a
§ %‘) g 2 placebo group [400 mL of (poly)phenol-free beverage]. In
o |5 % E g0 the GJ condition, there was a significant reduction in lipid
O |= = =l peroxidation (MDA Levels) by 50% (P <0.05), as well as
° . g 2 a decrease in carbonyl levels by 19% (P <0.01) and DNA
'aa:E) ébg N E g damage by ~ 15% (P <0.05). However, the activity of sulf-
§ 2 § & g hydryl groups and antioxidant enzymes (SOD and CAT) did
2 7 % _;ij & % not change (P> 0.05) and muscle strength (hand grip test)
E’,é E 9 3 &;:‘3 remained unaffected. A 4% increase (P <0.001) in verti-
Q5258 8 S cal jump was also reported. In the placebo condition, there
% S was an increase in IL-4 by 14% (P=0.03) and CK by 31%
tloss = g = (P <0.01), which was not observed in the GJ group [37].
% é ) 13 % ] g Supplementation with P. decumanum and coenzyme
= (a2 It g g E § Q-10 for 4 weeks improved the basal endocrine-metabolic
’% o § éngni’\ﬁ < B and immunological profile of 30 male professional vol-
E E B3 <D % 3 leyball players. The sample was divided into an experi-
o < %‘ mental group 1 (EG1, 1.6 g of P. decumanum), an experi-
EA SR mental group 2 (EG2, 1.6 g of P. decumanum and 120 mg
u; g g % of coenzyme Q-10) and a control group [37]. There was
é S B 2 a significant decrease (P <0.05) in cortisol, interleukin 6,
B[~ E g- lactic acid, and ammonia compared to their pre-interven-
=1 § 2, tion levels. However, when comparing the results across
ElE|= 3 g the groups, supplementation (EG1 and EG2) reported a
g § % g g S greater decrease (P <0.05) in the biomarkers compared to
i’ E < & g g placebo. Furthermore, the group that received both supple-
2 ,5» % N 5 %—" ments (GE2) experienced significantly (P <0.05) lower IL-6
Cl3 e~ ] and lactate levels in the post-test compared to other groups.
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After evaluating the pre-test—post-test intragroup difference
using the Wilcoxon test, it was observed that the training
program decreased basal levels of cortisol, IL-6, lactic acid,
and ammonium levels, independently of the supplements
(P<0.05) [20].

Supplementation with beetroot juice (BRJ; 200 mL/
day) for 2 days after high-load training in female volley-
ball athletes decreased thigh swelling and perceived muscle
soreness (estimated with a visual analogue scale; P <0.05).
However, beetroot juice supplementation did not change
pressure pain threshold or vertical jump height, when com-
pared to placebo (P> 0.05) [25].

In summary, findings reveal compelling evidence sup-
porting the efficacy of GJ supplementation in elevating
plasma GSH levels and reducing lipid peroxidation, as evi-
denced by decreased malondialdehyde levels. However, no
significant effects were observed on CPK, TAC, NO, plasma
glucose, and lipid concentrations. Furthermore, supplemen-
tation with P. decumanum and coenzyme Q-10 was associ-
ated with a significant reduction in cortisol, IL-6, lactic acid,
and ammonia levels. Additionally, beetroot juice supplemen-
tation demonstrated a notable decrease in thigh swelling.

Caffeine

Eight studies evaluated the impact of caffeine supplemen-
tation on the physical performance of volleyball players
(Table 4) [13, 19, 30, 41, 45, 46, 52, 62]. Supplementa-
tion with anhydrous caffeine-containing capsules (5 mg/
kg, 60 min before training) in ten male volleyball players
increased countermovement jump performance by improv-
ing flight time, peak force during concentric phase, peak
power, velocity at peak power, force developed at peak
power and peak displacement, velocity and acceleration with
a P-value of (P <0.05) [62].

Similarly, a study followed the correlation of low-dose
(3 mg/kg, 60 min before training; Group 1), high-dose
(6 mg/kg, 60 min before training; Group 2) caffeine cap-
sules and placebo with handgrip force, vertical jump, upper
body explosive power, attack skill, service skill and agil-
ity in male volleyball players. Both low-dose (MD =2.26,
P <0.05,95% CI [1.22-3.31]) and high-dose (MD=2.8,
P=0.001, 95% CI [1.11-4.48]) caffeine capsules improved
attacking skills when compared to placebo. High-dose caf-
feine capsules increased vertical height and serving skills
when compared to lower dose and placebo (MD =3.33,
P <0.05, 95CI [1.93-4.72]; MD =4.26, P <0.05, 95% CI
[3.01-5.52], respectively) [41]

Caffeine-containing energy drinks were assessed
in two studies [13, 45]. Energy drinks containing caf-
feine in a dose of 3 mg/kg ingested 60 min before train-
ing increased jump height (CG: 31.1 +4.3 cm vs. EG:
32.7+4.2 cm) (spike, block, squat and countermovement

@ Springer

variations) as well as hand grip force in both right (CG:
404 +88 N vs. EG: 439 + 66 N) and left (CG: 391 +70 N
vs. EG: 420+ 72 N), maximal velocity of the ball (CG:
73 +£9 vs. EG: 75 + 10 km/h), and peak leg muscle power
during jumping (P <0.05) [13]. A decrease in time to
complete the agility test was reported in both studies. In
one study, game performance was superior in a simulated
game (positive game actions increased, negative game
actions decreased) compared to placebo (P <0.001) [45].

Supplementation with caffeine powder in a maltodex-
trin-based beverage (5 mg/kg, 60 min before training)
in a cohort of eight female volleyball players resulted in
increased vertical jump height [F (1.7)=5.97, P=0.04,
n*=0.46] and handgrip force in the dominant hand [F
(2.14)=9.56, P=0.004, n*=0.65] when compared to
placebo. No significant difference was observed in the
agility #-test [52].

The impact of caffeinated chewing gum (~3.4 to ~6.4
mg/kg, 15 min before training) was evaluated in two
studies [19, 30]. Attack jump height was increased (CG:
46.3+7.6 cm vs. EG: 47.5+6.9 cm) [19] as well as
the attack's accuracy (CG: 15 +4 points vs. EG: 18 +3
points) (P <0.05), in one study [30], but no changes were
observed in block jump, countermovement jump, squat
jump, sprint time, time to complete agility ¢-test nor over-
all performance during a simulated game (P > 0.05) [19,
30]. Caffeinated gel (1.39 mg/kg) administered immedi-
ately before training in eight female volleyball players did
not significantly increase vertical jump height, agility or
sprint capacity (P > 0.05) compared to placebo [46].

In summary, these findings suggest caffeine supple-
mentation have a positive effect on vertical jump height,
agility as defined by time to complete an agility ¢-test and
attacking skills. The magnitude of these correlations is
stronger in studies giving doses of ~3 mg/kg and higher.

Risk of Bias in Studies

The risk of bias analysis concluded that 81% (17/21) of
the studies had an overall low risk (Fig. 2). Bias arising
from the randomization process and deviations from the
intended intervention represented the main concern in 4
studies [1, 16, 17, 46], as they did not specify the pro-
cess of randomization, or the study was not double-blind.
Bias due to missing outcome data and in the selection of
reported results was low for all the studies. One study
[17] was classified as high risk of bias due to concerns in
measurements of the outcome, specific units of measure-
ment in all quantitative results were not provided, hence
the findings could not be interpreted and compared to
other studies.
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Discussion

The main findings of this review are that supplementation
with some dietary supplements enhanced markers of per-
formance and recovery in volleyball players, but the overall
number of studies for each supplement was small. The sum-
mary of the effect of different supplements on volleyball
players is illustrated in Fig. 3. The most studied supple-
ments were creatine and caffeine. The effects of creatine and
BCAA were inconsistent, but caffeine consumption before
training and volleyball matches improved aspects of physical
performance, muscular strength and agility in most studies.
There was also evidence that NAC and grape seed extract
consumption modulated antioxidant status and reduced
oxidative stress markers post-exercise, while beetroot juice
reduced muscle soreness. Individual studies also suggested
some benefits for various outcomes after iron, magnesium
and HMB supplementation. However, due to the limited
number of studies on these supplements, definitive conclu-
sions on their effectiveness cannot be drawn. Collectively,
this review suggests that some dietary supplements, notably
caffeine, could support performance in volleyball players,
but the limited number of studies for most supplements lim-
its the applicability of the findings.

Minerals

Some studies suggest that certain mineral supplements
have an ergogenic effect on athlete performance [40, 51].
However, studies examining the effects of mineral supple-
ments on performance in volleyball players were scarce. In
a study, 4 weeks of magnesium supplementation improved
countermovement jump height but did not affect aerobic and
anaerobic performance [51]. The mechanisms to explain the
improvements in CMJ performance in this study were not
clear. In addition, 11 weeks of iron supplementation pre-
vented a decline in the haematological parameters (haemo-
globin, transferrin saturation index, serum iron, and serum
ferritin) and increased total mean strength in female vol-
leyball athletes [40]. Collectively, our review suggests that
iron may increase muscle strength, and magnesium supple-
mentation may improve jump height, but only one study was
available for each supplement, limiting the translation of the
findings.

Amino acids and their derivatives

The current systematic review evaluated eight studies evalu-
ating different types of amino acid supplements and their
impact on different parameters of physical performance in
volleyball players [1, 10, 12, 31, 32, 35, 48]. Overall, these

studies showed that amino acids and amino acid derivatives
may have a positive impact on the physical performance of
volleyball players, with different grades of impact for each
outcome.

Mechanistically, studies suggest that exercise coupled
with adequate amino acid intake can influence skeletal mus-
cle protein synthesis and thus the development and main-
tenance of lean muscle mass, which, in turn, can enhance
muscle strength and power [15, 34]. The findings from the
included studies suggest that supplementation with creatine,
BCAA and HMB does not increase vertical jump height
capacity compared to baseline, but increases vertical jump
endurance, anaerobic performance, and upper and lower
limb strength [1, 10, 32, 35]. Supplementation with a high
dosage of BCAA (12 g/day, 18 days) attenuated the decrease
in squat strength 48 h after strength testing compared to
placebo It has been suggested that BCAAs may facilitate
post-exercise recovery by reducing muscle discomfort and
accelerating muscle tissue repair and development [47], but
this effect was not consistently shown in the studies [35].

HMB is a compound that results from the metabolism
of the essential amino acid leucine and is frequently used
as a nutritional supplement among athletes [43]. We only
found one study with this supplement in volleyball play-
ers, which evaluated the impact of 3 g/day of HMB during
a 7-week supplementation period with a sample including
both males (n=15) and females (n=14). They reported a
significant increase in anaerobic performance determined by
peak power output and mean power output during a run-up
test in a cycle ergometer. It also led to an increase in fat-free
mass (FFM) compared to placebo and an increase in bench
press and leg press strength as well. The mechanisms to
explain these effects are not clear though, a rodent study
suggested that HMB can reduce protein breakdown [21], but
evidence in humans is lacking. Many studies have found no
performance or body composition benefits of HMB intake
and generally do not suggest HMB is an efficacious ergo-
genic aid [27, 58].

In addition to their role in protein synthesis, some amino
acids act as precursors of compounds with antioxidant prop-
erties. Intense and demanding exercise can produce exces-
sive free radicals, which can contribute to oxidative stress
and cellular damage [12]. Supplementation with specific
amino acids or compounds with antioxidant effects can help
counteract the adverse effects of oxidative stress by increas-
ing the body's antioxidant capacity. NAC is an antioxidant
that can attenuate fatigue during prolonged exercise, possi-
bly by helping to maintain antioxidant capacity and therefore
muscle force production [2, 12]. This is particularly relevant
for volleyball players, as oxidative stress can affect recovery
and contribute to muscle fatigue [2].

One study administered NAC for 7 days, which increased
serum glutathione compared to placebo [12]. However, it is
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Fig.2 Assessment of bias of the
randomized studies: a Traffic
light plot for parallel designed
RCTs, b traffic light plot for
cross-over designed RCTs, ¢
summary plot
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difficult to determine if this effect was due to an upregulation
of antioxidants, or greater oxidative stress. Similarly, a study
demonstrates that pretreatment with vitamin E (300 mg/day),
vitamin C (200 mg/day), zinc gluconate (45 mg/day) and
selenium (100 pg/day) for six weeks in female volleyball
athletes prevents depletion of total plasma antioxidant poten-
tial and protein oxidation accompanying exercise, measured
by estimating serum levels of MDA [36]. Although protein
carbonyls were greater in the placebo group than in the NAC
group, indicating that oxidative stress was lowered by NAC,
TBARS were higher in both the NAC and placebo groups
after pre-session 1, indicating that lipid oxidation s increased
between the first and second sessions in both groups [12].
This is consistent with a previous systematic review that
showed NAC significantly reduced MDA levels, especially
with higher doses (>1000 mg/day and longer duration of
intake for more than 4 weeks [29].

Antioxidants and Nitrates

(Poly)phenols, chemical compounds with antioxidant capac-
ity, help defend against oxidative stress caused by excess
ROS production [7, 37, 61]. Foods like grapes that contain
high levels of (poly)phenols help prevent the oxidation of
essential molecules such as proteins and DNA [7, 37]. Fur-
thermore, the effects of (poly)phenols may be due to a com-
bination of several different mechanisms, including modula-
tion of the expression of endogenous antioxidant systems,
direct scavenging of free radicals, and promotion of DNA
repair [3, 14, 57].

Administration of 600 mg/day of grape seed extract
increased plasma GSH, decreased MDA and prevented an
increase in CK levels in female volleyball players after 8
weeks of supplementation [57]. However, the training load
imposed on the athletes during the 8 weeks was not speci-
fied in the study. Another study found that consumption
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of 400 mL of grape juice for 14 days decreased indicators
of oxidative stress and lipid damage, presenting a signifi-
cant decrease of 50% in MDA levels [37]. Grape juice also
decreased DNA damage, and presented lower carbonyl lev-
els, indicating less protein damage [37]. The mechanisms to
explain these effects are not entirely clear, but grapes are rich
in flavonoids, which have antioxidant and anti-inflammatory
effects [50]. Thus, it is possible that the (poly)phenol-rich
grape-based supplements in these studies attenuated oxida-
tive stress in these athletes.

Co-supplementation with P. decumanum and coenzyme
Q-10 (Ubiquinone) during a 4-week training program (5
days a week, 3 h per session) decreased serum cortisol, inter-
leukin-6, lactic acid and ammonia concentrations groups
[20]. Supplementation with both coenzyme Q-10 and P.
decumanum showed a greater decrease in post-test IL-6 and
lactic acid levels compared to the other groups [20]. The
effects of P. decumanum are likely due to its (poly)phenol
constituents, which have been shown to decrease exercise-
induced oxidative stress and decrease inflammatory markers
[14].

Nitrate-rich foods have been studied for their impact
on oxygen consumption and recent studies suggest they
enhance exercise performance by modulating mitochondrial
ATP synthesis, increasing the efficiency of muscle contrac-
tions and oxidative phosphorylation [42]. In this systematic
review, we found only one study examining the effects of
nitrate-rich beetroot juice in volleyball players, and they
reported reduced thigh swelling and perceived muscle sore-
ness in athletes [[25]. Several previous studies have shown
that beetroot juice may attenuate markers of muscle dam-
age following exercise [29], likely owing to the betalain
compounds, which have antioxidant and anti-inflammatory
effects [11].

Caffeine

The current evidence suggests that the intake of caffeine-
containing dietary supplements has a positive impact on vol-
leyball players' performance. Caffeine is an adenosine recep-
tor antagonist, thus stimulating the central nervous system,
increasing alertness and reducing effort perception during
exercise [28, 55]—such effects may enhance high-intensity
exercise performance [23]. In this review, we found that sup-
plementation with caffeine increased vertical jump height,
peak power, and velocity at peak power in volleyball players
[13, 19, 30, 45, 62]. It also increased agility, determined by
a decrease in the time to complete the agility 7-test [13, 45].

The aforesaid beneficial effects of caffeine were observed
in females [19, 45], males [13, 62], and mixed-sex studies
[30]. However, these effects were not observed in a study
using a low dose of caffeine (1.39 mg/kg); where vertical
jump height, agility and sprint capacity were unchanged
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compared to placebo [46]. However, the absence of effects
may not only be solely related to the dose, but also due to
the form of delivery (caffeinated gel) compared to the energy
drinks and caffeinated chewing gum used in other studies.
Furthermore, beneficial performance effects were more
evident in studies evaluating caffeine-containing energy
drinks [13, 45] and caffeine capsules [62] compared to stud-
ies evaluating caffeinated chewing gum [19, 30], despite of
chewing gum containing high doses of caffeine [30] and
evidence suggesting quicker absorption through oral mucosa
of caffeine delivered via chewing gum [60], the inclusion of
other substances in energy drinks besides of caffeine may
exert as aconfusing bias for this specific scenario. Timing
of intake before training may also impact physical perfor-
mance. In the studies reporting positive effects of caffeine
on physical performance, supplements were ingested 15 to
60 min before training [13, 19, 30, 45, 62] instead of imme-
diately before training [46]. Caffeine is rapidly absorbed
in humans,however, it takes between 15 to 120 min after
ingestion to reach peak plasma concentrations, depending
on gastric emptying time and the presence of other dietary
constituents [26]. Collectively, the beneficial effects reported
in most studies suggest that caffeine supplementation may
enhance performance in volleyball athletes.

Current limitations

Certain limitations need to be acknowledged. Firstly, the
findings of this review are based on results from a limited
number of articles, that measured a wide range of dietary
supplements and outcomes. Thus, the results for any indi-
vidual supplements and their effects on specific markers of
performance or recovery should be interpreted cautiously.
The included studies also had limitations that affect the
conclusions that can be drawn from this review. Dietary
control and/or habitual dietary intake were not reported
by all of the included studies; some included counsel-
ling by dietitians or nutritionists [1, 19, 35], and others
included self-reporting by participants [12, 48, 62]. One
study on supplementation with creatine did not explicitly
disclaim information about diet control or food record-
ing of the participants [31]. Thus, it is possible that the
players' habitual dietary intake influenced the findings in
some of the included studies. Additionally, many studies
provided limited information on any exercise controls in
the studies. Many of the studies had low sample sizes and
were not likely adequately powered to detect smaller sta-
tistically significant effects. Many of the outcomes in the
included studies may also not reflect the condition/state
being examined,for example, oxidative stress markers such
as TBARS and TAC are unspecific and not recommended
[22]. We decided to report these indicators since we only
included one study about the effects of N-acetylcysteine
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on cellular damage and oxidative stress. Finally, in some
instances, studies provided limited information on the con-
tent of the interventions and their bioavailability, espe-
cially for (poly)phenol supplements.

Conclusions

In conclusion, several different dietary supplements have
been examined for their potential to improve performance
recovery in volleyball players. Caffeine and creatine were
the most studied supplements, and both found potential
benefits on markers of exercise performance, albeit the
results were more inconsistent for creatine. There was
also evidence from individual studies that NAC, HMB,
BCAA, iron, beetroot juice and (poly)phenol-rich sup-
plements could modulate performance or other markers,
but the limited number of studies precludes any defini-
tive recommendations. Future studies should examine
whether the aforesaid supplements could enhance markers
of exercise performance and recovery in volleyball players,
where possible in randomised controlled trials that include
adequate dietary controls, sufficient sample sizes, and the
gold-standard measures for the outcomes of interest.
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