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Abstract

Purpose As players in high performance youth soccer (HYPS) environments undergo large changes in growth and matura-
tion throughout the course of their development, they require specific nutritional intakes if they are to meet these demands.
The purpose of this review was to synthesise current nutritional research conducted within HYPS players.

Methods A systematic approach, following PRISMA guidelines, was employed to capture all articles related to nutrition
within HPYS using the databases MEDLINE and SPORTDiscus. Study quality and risk of bias were assessed using a Downs
and Black instrument. Observational and intervention studies which investigated an element of nutritional status, knowledge,
or intervention in academy aged players (U9 to U23s) within HPYS settings were included.

Results Fifty-three articles qualified assessing: current nutritional intake and energy balance (n=21); ergogenic aids/sup-
plements (n=13); hydration status (n=06); the influence of Ramadan fasting (n=4); Vitamin D status (n=4); female HPYS
players (n=3); nutrition knowledge (n=2). Outcomes demonstrate a large proportion of HPYS players exhibit insufficient
energy and carbohydrate intake, and a lack sufficient periodisation of nutrition to account for varying training/match loads.
Large variability in energy intake and expenditure exists between and within chronological age groups, indicating the
potential impact on growth and maturation. Female HPYS data is lacking but indicates similar trends to male counterparts.
Conclusion HYPS players do not currently meet their energy requirements however the impact of growth and maturation
is not fully understood. Furthermore, within this demographic future research is required into the barriers and enablers of
players achieving adequate energy intake.

Keywords Nutrition - Youth soccer - Nutritional intake - Supplements - Hydration

Introduction technical, tactical, physical, psychological, and social), with

the goal of producing first-team players [33, 56]. From a

The future of sport is determined by the development of
youth athletes with a large emphasis placed on talent path-
ways to release their potential [56]. Within the context of
soccer, developmental pathways are mapped by governing
bodies that begin at grassroot levels and progress towards
high-performance environments like academies. These envi-
ronments aim to develop players across a range of areas (i.e.,
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business viewpoint, one of the key aims is financial profit
[89] from selling players, therefore, the development of
home-grown players can provide advantages to the club from
a sporting performance and business perspective. This has
led to a greater emphasis on a multidisciplinary approach to
develop elite environments and seek out significant change
through marginal gains.

As players progress through an academy, training and
match-play demands are developed to coincide with their
development to avoid the risk of injury [11]. However,
emerging research indicates this may not always happen,
with individuals in the U18 age group actually displaying
higher training loads than their adult counterparts [46].
Additionally, while in academies, players undergo rapid
growth and maturational changes which result in physio-
logical, anatomical, and biological changes [45]. Therefore,
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players exhibit increased nutritional requirements to sup-
port the energy demands of growth and performance [66],
reinforcing the importance of evidence-informed nutritional
support within academy settings.

There is an abundance of research documenting the
importance of nutrition to optimise the performance and
health of adult professional football players [24]. However,
given youth athletes display differing energy requirements,
and have been shown to not adjust their nutrient intake or
food choices to support the demands of the training load or
different training sessions [79] it is impractical to simply
translate findings from adult populations. Since the shift
to a more ‘elite’ environment, there has been a growth of
research investigating nutritional strategies within HPYS
players and the subsequent employment of more nutrition
practitioners within this discipline. Thus, the aim of this
review was to systematically evaluate and synthesise the cur-
rent literature on nutrition within HPYS environments. Our
emphasis was to summarise current findings for researchers
and practitioners, while identifying gaps within the literature
to provide directions for future research.

Methods
Protocol

The study was conducted according to the PRISMA (Pre-
ferred Reporting Items for Systematic Reviews and Meta-
analyses) [72] guidelines for the identification, screening,
eligibility, and inclusion of articles.

Search Strategy and Eligibility Criteria

Online searches of MEDLINE and SPORTDiscus electronic
databases were performed in November 2020. Through the
use of Boolean search function, a combination of the terms
(“football” OR “soccer”) AND (“Academy” OR “Youth”
OR “adolescent” OR “young athlete”) AND (“Nutrition”
OR “energy expenditure” OR “energy Intake” OR “dietary”
OR “Nutritional”) were searched.

Inclusion criteria were: (a) original research (not abstract
or reviews); (b) assessed academy aged (U9 to U23) players
in a HPYS setting; (c) investigated an element of nutritional
status, knowledge, or intervention; and (d) available in Eng-
lish. Research on both genders was included. Studies inves-
tigating multiple sports were excluded from the analysis. A
comprehensive search of the references and citation track-
ing on Google Scholar was completed to identify further
appropriate literature, which the lead researcher screened
independently to assess adequacy for inclusion. The screen-
ing process removed articles at each stage that did not meet
the inclusion and exclusion criteria comprised of: removing
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duplicates; assessing the title; screening the abstract; and,
reviewing the full text.

Data Extraction and Analysis

Data extraction included study design, research aim, partici-
pant characteristics (i.e., gender, competitive level, and age),
main assessment methods, energy intake, energy expend-
iture, and main findings. Due to the heterogeneity of the
study design, data was not pooled together but analyzed in
a qualitatively descriptive method.

Quality Assessment

Two authors (first and last author) independently assessed
the methodological quality of each study using modified cri-
teria based upon the works of Downs and Black [30]. This
checklist was selected due to the ability to assess both ran-
domised and non-randomised studies, and has been shown
to have a high correlation with quality assessment scores
with the more commonly used PEDro scale [3]. Impor-
tantly, this tool has also been previously used within nutri-
tional literatures [102, 105]. As the current review included
both observational studies as well as controlled trials, two
adapted scales were devised. Of the original 27 criteria, only
those criteria which were relevant to the study designs were
applied. When assessing observational studies, criteria 1-3,
6,7,9-11, 16-18, 20, 21, 26, 27 were included, while con-
trolled trials had the additional criteria 4, 14, 15, 22-24.
A scoring system was applied where yes=1, no=0, and
unable to determine = 0, resulting in a maximum score of 19
and 24 for observational and controlled trials, respectively
[30]. A percentage score was calculated to allow for direct
comparison of methodological quality between all papers.
Any disagreements between the two authors were resolved
by consulting a third reviewer (third author).

Results

Initially, 560 studies where identified with an additional
seven from reference lists (see Fig. 1), Google Scholar cita-
tion tracking, and the author’s knowledge. Duplicates (96)
were removed, article titles and abstracts were screened and
this resulted in the exclusion of a further 370 studies. Of the
101 full texts evaluated, 53 were deemed to have met the
inclusion criteria and included in the final analysis.

Study Characteristics
Of the 53 included studies, there were 35 observational

designs and 18 control trials. The main themes produced by
the review investigated: (a) dietary intakes and expenditures
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Fig. 1 Flow chart of systematic search process

(21); (b) ergogenic aid/supplements (13); (c) hydration sta-
tus (6); (d) influence of Ramadan (4); (¢) Vitamin D (4); (f)
female studies (3); and (g) nutrition knowledge (2).

Quality Assessment [30]
Methodological quality assessment scores based upon the

adapted Downs and Black [30] scale ranged from 73.7%
to 100%. On average, the observational studies scored

90.2% (see Table 1), while the control trials were lower
at 88.8% (see Table 2). Since HPYS environments often
recruit players from aged 9 to 23, researchers deemed
studies must assess more than two different age groups in
order for the outcomes to be considered as representative
of the whole academy population. Therefore, only 7 stud-
ies scored ‘yes’ to this criterion (criterion 11). All studies
reported a hypothesis and stated the main outcomes to be
measured.
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Table 1 Observational studies

) . References Reporting External Internal validity Power Score (%)
quality rating validity

Criteria no. 123 6 7 9 10 11 16 17 18 20 21 26 27

[63] 1111110 O 1 1 1 1 1 0 5 84.2
[92] 1111110 1 1 1 1 1 1 0 5 94.7
[52] 1 111110 O 1 1 0 1 1 1 5 84.2
[73] 1 111110 O 1 1 1 1 1 1 5 89.5
[9] 1111111 0 1 1.0 1 1 1 5 89.5
[19] 1111110 O 1 1 1 1 1 1 5 89.5
[38] 1111110 1 1 1 1 1 1 1 5 94.7
[58] 1 111 111 O 1 1 1 1 1 1 5 94.7
[96] 1 111111 O 1 1 1 1 1 1 1 73.7
[58] 1 111111 O 1 1 1 1 1 1 5 78.9
[67] 1001100 O 11 1 1 1 1 5 89.5
[51] 1 111111 O 1 1 1 1 1 1 5 94.7
[97] 1 111110 O 1 1 1 1 1 1 5 89.5
[94] 1111111 0 1 1 1 1 1 1 5 94.7
[39] 1 111110 O 1 1 0 1 1 1 5 84.2
[43] 1111110 O 1 1 1 1 1 1 5 89.5
[26] 1111111 0 1 1 1 1 1 1 5 94.7
[40] 1111110 O 1 1 1 1 1 1 3 78.9
[50] 1 1 1 1 1 11 1 1 1 1 1 1 1 5 100
[86] 1111110 O 11 1 1 1 1 5 89.5
[14] 1111111 O 1 1 1 1 1 1 5 94.7
[15] 1111110 O 1 1 1 1 1 1 5 89.5
[48] 1111110 1 1 1 1 1 1 0 5 84.2
[7] 1111111 0 1 1 1 1 1 1 5 94.7
[35] 1 111111 0 1 1 1 1 1 1 5 94.7
[59] 1 001010 1 1 1.0 1 1 1 5 73.7
[75] 1111110 1 1 1 1 1 1 1 5 94.7
[41] 1111111 1 1 1 1 1 1 1 5 100
[74] 1111010 1 1 1 1 1 1 1 5 89.5
[13] 1111110 1 1 1 1 1 1 1 5 94.7
[21] 1111111 O 1 1 1 1 1 1 5 94.7
[22] 1111110 O 1 1 1 1 1 1 5 89.5
[45] 1111110 1 1 1 1 1 1 1 5 94.7
[46] 1111110 1 1 1 1 1 1 1 5 94.7
[80] 1 111110 1 1 1 1 1 1 1 5 94.7

Discussion

This review set out to systematically evaluate and synthesise
the current nutritional literature within HPYS environments.
Here, we summarise the current findings for researchers and
practitioners, while identifying gaps within the literature to
provide direction for future research in this field. As such,
this section critically discusses the current categories that
have been researched in HPYS, including: (a) dietary intakes
and expenditures; (b) ergogenic aids/supplements; (c) hydra-
tion status; (d) Vitamin D; (e) Ramadan fasting; (f) female
population; and (g) nutritional knowledge.

@ Springer

Dietary Intakes and Expenditures

As players undergo rapid changes in growth and matura-
tion coupled with increasing training and match-loads, can
result in extremely high energy requirements [46]. Insuf-
ficient energy intake (EI) has been shown to result in body
and muscle mass loss, injury, illness, increased prevalence
of overtraining, and severely impaired performance [61].
Furthermore, inadequate EI alongside increasing energy
requirements may lead to low energy availability (LEA) and
associated detriments [65]. Therefore, in an environment,
where the focus is development of players, ensuring players
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Table 2 Control trials quality rating

References Reporting External Internal validity Power  Score (%)
validity
Criteria no. 1 2 3 4 6 7 9 10 11 14 15 16 17 18 20 21 22 23 24 27
[83] 1 1 1 1 1 1 1 o o o0 o0 1 1 o0 1 1 1 1 O 5 75
[37] 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 5 95.8
[29] 1 1 1 1 1 1 1 o o0 1 1 1 1 1 1 1 1 1 1 5 91.7
[93] 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 5 95.9
[10] 1 1 1 1 1 1 1 o o 1 1 1 1 o0 1 1 1 1 1 5 87.5
[27] 1 1 1 1 1 1 1 o o 1 1 1 1 1 1 1 1 1 1 5 91.7
[55] 1 1 1 1 1 1 1 ! 0 1 1 1 1 1 1 1 1 1 1 5 95.8
[28] 1 1 1 1 1 1 1 ! 0 1 1 1 1 1 1 1 1 1 1 3 87.5
[2] 1 1.1 1 1 1 0 o o 1 o0 1 1 o0 1 1 1 O O 5 75
[47] 1 1.1 1 1 1 0 o o 1 1 1 1 1 1 1 1 1 1 4 87.5
[16] 1 1 1 1 1 1 1 $1 0o o o0 1 1 1 1 1 1 1 1 4 83.3
[53] 1 11 1 1 11 ! 0 1 1 1 1 1 1 1 1 1 1 5 95.8
[108] 1 1.1 1 1 1 1 o o 1 1 1 1 1 1 1 1 1 1 5 91.7
[54] 1 11 1 1 11 ! 0 1 1 1 1 1 1 1 1 1 0 5 91.7
[8] 1 11 1 1 0 1 1 0 o o0 1 1 1 1 1 1 O O 5 75
[90] 1 111 1 10 o o 1 1 1 1 1 1 1 1 1 1 5 95.8
[99] 1 1.1 1 1 11 ! 0 1 1 1 1 1 1 1 1 1 1 5 95.8
[100] 1 1 1 1 1 1 1 ! 0 1 1 1 1 1 1 1 1 O O 5 87.5

consume an adequate EI to support training and competi-
tion is vital for performance, growth, health, and successful
progression through the age groups.

Dietary practices of HPYS players are documented within
the literature (see Table 3). Studies assessing energy intakes
in single age groups across differing populations have found
El is inadequate in relation to estimated energy expenditure
(EE) [7, 14, 19, 52]. Findings displaying mean energy defi-
cits of up to — 890 + 734 kcal/day in Italian HYPS players
[19]. As HPYS environments span large age ranges, it’s hard
to understand the extent of the issues from assessing isolated
age groups. Therefore, studies have investigated multiple
age groups within the same academy setting to negate pos-
sible population differences [38, 46, 50, 74, 92]. Absolute
EI appears to be consistent within the same population irre-
spective of age between the U13s to U20s [48, 75, 92]. How-
ever, when expressed in relative terms to body weight (BW),
a reduction in overall EI is observed as players grow and
progress through age groups. Hannon et al. [46] displayed
a stepwise reduction in EI when expressed relative to BW
between U12/13 (68 + 8 kcal/kg/day), U15 (50 + 7 kcal/kg/
day), and U18 (44 + 7 kcal/kg/day) English Premier League
(EPL) academy players. Overall, it is apparent there are large
ranges in EI and EE between players of differing ages and
nationalities, as well as within players of the same chrono-
logical age, indicating the possible influence of chronologi-
cal age and body size on energy balance. As players progress

through age groups, they do not increase their EI sufficiently
to meet the increased energy requirements.

Current evidence suggests HPYS players do not periodise
their EI and CHO intake to match the demands of training
and competition [14]. Briggs et al. [14] assessed the EI and
EE across a competitive week (including a heavy, moder-
ate, and light/rest days and culminating in a match-day) in
English Ul4s. Weekly mean energy deficit of — 311 4397
kcals/day were reported. However, findings highlighted
heavy training and match days to pose the greatest risk to
overall energy balance, inducing larger energy deficits of
— 505 +539 kcal/day and — 544 +551 kcal/day, respec-
tively. Similar findings in U16 Portuguese players have been
reported [41], displaying larger energy deficits of — 1030
kcal/day and — 1009 kcal/day on heavy training and match
days respectively. Highlighting the need for players to adjust
EI to account for heavier training/competition loads. These
differences may potentially be explained by methodologi-
cal differences as Briggs et al. [14] accounted for the under
reporting by adjusting values via a corrective equation and
assessed EE via the use of accelerometry, a more sensitive
measure than the predictive equations used in the previous
literature [68]. Furthermore, between the U14 and U16 age
groups there can be large differences in maturational status
and training load [45, 46]. Therefore, although both studies
investigated heavy training and match days, the exact train-
ing loads and energy requirements may differ.

@ Springer
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Many of the aforementioned studies estimated EE
through predictive resting metabolic rate (RMR) equations
which have been shown to underestimate requirements in
this population [45]. Two studies measured EE through indi-
rect measures such as accelerometry and activity diaries [14,
94], which may still have a degree of inaccuracy. As RMR
has been shown to increase by approximately 400 kcal/
day between ages 12 and 16 years [45], it is important to
assess total EE through more accurate measures. Hannon
et al. [46] reported total EE values of 2859 + 265 kcal/day
(range: 2275-3903 kcal/day), 3029 +262 kcal/day (range:
2738-3726 kcal/day), and 3586 +487 kcal/day (range:
2542-5172 kcal/day), using indirect calorimetry and dou-
bly-labelled water for U12/13, U135, and U18 EPL players,
respectively. As with EI, large ranges are apparent within
age groups and there is considerable overlap, which may
be influenced by contextual factors such as playing position
and training load, as well as individual constraints includ-
ing growth and maturational differences. Unfortunately this
method does not allow identification of EE for individual
sessions or training days. Currently there are no studies
investigating the impact of differing training day loads
throughout an average training week on daily EE across the
full academy structure. Therefore, we cannot understand the
full impact of differing training sessions and matches on EE.

Few studies have assessed dietary habits and influences,
aiming to identify determinants of inadequate intakes of
HPYS players. Kog et al. [59] examined nutritional habits
of Turkish HPYS players, finding meal frequency and over-
all diet quality was low. Data was analysed in a unbalanced
proportion (e.g., Ul4s: n=13 vs. U18s: n=105). As out-
comes were presented as a summary of the whole sample,
it is difficult to distinguish whether these findings are appli-
cable to all age groups. The investigation of different menu
settings (i.e., a set menu vs. a buffet style setting), revealed
a higher carbohydrate (CHO) and caloric intake in the set
menu [38]. Both groups over consumed fat at the expense of
adequate CHO intake. The absence of a post-exercise meal
has also been identified in HPYS players by Hidalgo y Teran
Elizondo et al. [48], while food preference were observed
to have no influence on EI [51]. Iglesias-Gutiérrez et al.
[50] found a small correlation between playing position and
EI, along with an increase in CHO intake in positions that
required a higher aerobic energy cost. However, findings
may be irrelevant since no players met the recommended
guidelines.

Protein Intake
To the authors’ knowledge, only one research group has

assessed protein requirements of adolescent soccer players
[9]. Findings from nitrogen balance methodology in Ul4s

@ Springer

showed requirements of 1.4 g/kg/day which are higher
than recommend daily allowances but in-line with guide-
lines for adults athletes [87]. Therefore, it would appear all
studies investigating nutritional intakes within this review
demonstrated players met or exceeded their requirements.
Daily distribution of protein is also required to maximise
muscle protein synthesis (MPS) and promote recovery [1].
Naughton et al. [75] suggests EPL HPYS players do not
display an even distribution of protein intake throughout
the day, with protein intake greatest at dinner and higher at
lunch than breakfast. Furthermore, eating habits presented
may indicate protein deriving from sub-optimal leucine
sources and may limit MPS. U18 players protein intake
was higher at lunch and dinner than their younger counter-
parts. The disparity in protein intakes could potentially be
due to the U18s consuming more meals at the club where
staff have a greater control over food quality and options.
Currently there is no study investigating impacts of food
provision supplied by clubs on players protein intake.

Carbohydrate Intake

Findings of this review suggest HPYS players currently
consume between 5 and 7 g/kg/day CHO daily with the
majority currently around 5 g/kg/day; irrespective of age
or nationality. Although differences in fuel utilization
[104] and storage capacities [34], there are currently no
youth specific CHO guidelines. With current recommenda-
tions for adult soccer players ranging between 5 and 10 g/
kg/day [81], one may assume youth players are only just
meeting the lower end of requirements, and therefore, may
exhibit reduced recovery capabilities on heavier training
days, sub-optimal fueling strategies, and limited growth.
Players in EPL academies consumed inadequate daily
CHO, with values as low as 3.2 g/kg/day [75]. Of further
concern is the findings within the older age groups, show-
ing CHO intake relative to body mass (BM) decreases as
player age [46, 48, 75, 92].

Overall, players do not appear to be meeting their CHO
and energy requirements (particularly in older age groups),
thus practitioners need to implement effective interven-
tions to combat this. Briggs et al. [15] showed an intake
of pre-match breakfasts above existing CHO and calorie
guidelines did not induce any gut discomfort, thus identi-
fying one potential area in which daily CHO and EI can be
increased. Low CHO intakes within HPYS players, may be
influenced by a multitude of factors, including poor nutri-
tional knowledge. Further research is required in order
to fully understand the influences of dietary CHO intake.
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Micronutrients

Only one paper specifically aimed to assess micronutri-
ent intake [74]. Findings indicated U12/13, U15, and U18
players all met or exceeded the UK RNIs for the majority
of micronutrients, with just a few exceptions. U18s did not
meet their Calcium requirements, whilst both U15/16 s and
U18s consumed inadequate intakes of Potassium. Although
not the primary aim, some papers did record micronutri-
ent intake of HPYS players. In a Mexican population, only
Potassium and Vitamin D intake were below the recom-
mended values [48]. Garrido, Webster, and Chamorro [38]
also reported inadequate Calcium intakes in youth Spanish
players (mean age = 16 years). Conversely, in English play-
ers of the same age group, all micronutrient intakes were
sufficient [94]. In all studies micronutrient status was esti-
mated through food diaries, rather than direct physiological
assessment, and therefore may not be representative of true
micronutrient status due to the associated under reporting
synonymous with this method [64]. Future studies should
implement direct physiological measurements in order to
gain a more accurate reflection of micronutrient status.

Supplements/Ergogenic Aids
Carbohydrate

The largest proportion of goals are conceded during the lat-
ter stages of a football match [88], likely due to the onset of
fatigue. Physiologically, this may be due to a reduction in
muscle glycogen as this has been correlated with reduced
work rate [95]. It would also seem appropriate to assume
cognitive function and motor skill performance are reduced
simultaneously due to the need of a glucose supply to the
brain [31]. Therefore, CHO ingestion during competition
may improve performance and reduce the onset of fatigue.
Research has shown ~59 g/h CHO to reduce detriments to
soccer shooting performance even with blood glucose levels
still dropping at the 60-min in U18s [93]. Players consumed
the equivalent of 3.5 mL/kg via a 6% sports drink at 6 time-
points. During a competitive match, players have a reduced
opportunity to consume fluids and CHO, therefore, this feed-
ing strategy may not accurately replicate real world settings.
Subsequent research [90] in Scottish U18s showed improve-
ments to passing accuracy in both the early and latter stages,
passing speed in the later half, and post-match high intensity
running following the same absolute dose. However, it was
administered in higher concentrations allowing the need for
only two feeds (15 min prior to each half), replicating appli-
cable strategies for real world scenarios with no gut discom-
fort reported. Harper et al. [47] supported CHO imporving
performance in the later stages of matches in U16 players.
Prior to extra-time, players consumed 0.7 g/lkg CHO, which

resulted in increases in dribbling precision and skill perfor-
mance by 29% +20%.

CHO mouth-rinse has been reported to increase high
intensity performance (>75% VO,,,,,) [98]. As periods
of play within football exceed this exercise intensity, CHO
mouth-rinsing may provide a potential strategy to improve
competitive performance. Currently, the only existing study
in youth soccer found no observed improvements from rins-
ing a 6% maltodextrin solution [10]. The testing protocol
replicated a situation similar to the start of a match as players
were in a euglycemic state, however the majority of CHO
mouth-rinse studies present positive effects later in exercise
when participants typically experience hypoglycaemia [91].
Therefore, the benefits of a CHO mouth-rinse during soccer
matches cannot be ruled out and require further investiga-
tions in scenarios that replicated fatigue profile of a real-
world environments.

Current literature within HPYS, suggests CHO consump-
tion during competition may provide valuable performance
improvements. As the aforementioned research was per-
formed in conditions where players consumed at least one
standardised meal in-line with current nutritional guidelines,
the results may not replicate the true impact on current youth
players. Large percentages of youth players are currently not
meeting the CHO requirements throughout the training week
and prior to competition and therefore may begin matches
with already depleted glycogen stores and reduced fuel avail-
ability. Thus, the rationale for use of CHO during a match
may potentially be higher than their adult counterparts.

Creatine

Creatines (Cr) potentitial to increase strength, power, FFM,
and recovery is well documented within the literature mak-
ing it one of the most utilised ergogenic aids [60]. Its popu-
larity in soccer specifically, is due to its impact on training
adaptation and also the potential to provide substrate for
the anaerobic processes required [101] for high intensity
bouts in matches. A recent review by Mielgo-Ayso et al.
[71] showed Cr supplementation elicited positive effects on
physical performance related to anaerobic metabolism and
power in adult soccer players.

Within HPYS, Cr has been shown to increase total body
water [28], with similar performance benefits as their adult
counterparts. Yaiez-Silva et al. [108] showed a 5% and
4% greater increase in peak and mean power output in
Brazialian U18s following Cr supplementation compared
to the placebo counterparts (see Table 4). Total workload
of players, assessed via a Wingate test, also increased by
7%, although fatigue was similar between groups. Ostojic
et al. [83] showed similar performance benefits in Yugo-
slavian players following Cr supplementation, whereby
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Table 4 Overview of studies examining supplement/ergogenic aid use in HPYS players

References Population (Ethnicity Sample Supplement/Ergogenic ~ Protocol Main outcome
and Age) size (N) aid
[83] Yugoslavian 20 Creatine 3x10 g for 7 days 1 Soccer specific skill
16.6+1.9 years 1 Sprint-power
1 Vertical Jump
[27] Brazilian 25 Creatine 0.3 g/kg for 7 days 1 Sprint Performance
U20s-17.1 + 1.4 years No effect on oxidative
stress
[28] Brazilian 13 Creatine 0.3 g/kg for 7 days 1 TBW
U20s-18.2+0.8 years 1 BM
[108] Brazilian 19 Creatine 0.03 g/kg for 14 days 1 PPO
U18s- 17£0.5 years T MPO
1 Total Workload
[99] English 25 Creatine 0.3 g/kg for 7 days Mild | lung health in
17.4+ 1.6 years 5 g/day for 7 weeks asthmatic players
[93] English 15 CHO-electrolyte fluid 6% Sucrose solu- | fatigue induced reduc-
18 £ 1 years tion=~59 g/h tions to shooting
[10] Brazilian 12 CHO Mouth Rinse ~100 mL 6% maltodex- No observed improve-
Ul5s- 15.0+ 1.5 years trin solution ments
[47] English 8 CHO-electrolyte gel 46 g glucose and malto- 1 Blood glucose
16+ 1 years dextrin prior half time 1 Skill performance
No changes to physical
performance
[90] Scottish 18 CHO 500 mL 12% sucrose 1 Passing accuracy in
18+ 2 years and maltodextrin solu- early and late stages
tion=60 g 1 Passing speed during
later stages
No impact on gut comfort
[55] American 17 Caffeine 6 mg/kg 1 h pre 1 Faster reaction time of
14.1+£0.5 years (Tablet form) non-dominant foot
No sig diff to time trial
performance
[37] Brazilian 9 Glutamine 2.5 g glut/ 50 g CHO | Fatigue
18.4+1.1 years 30 min prior 1 Distance covered
1 Time to failure
[29] Serbian 32 Astaxanthin 4 mg for 90 days No improvements to oxi-
18.1+£0.7 years dative stress observed
2] Italian 26 L-Carnitine 3 mg or 4 mg 1 Antioxidant action fol-
18.42+0.5 years 1 h pre lowing 3 mg

CHO carbohydrate, PPO peak power output, MPO mean power output, BM body mass, TBW total body water

sprint, power, and vertical jump performance all increased
by 21.5%, 18.5%, and 12%, respectively.

Due to the high intensity bouts present within soccer,
training and competition can result in oxidative stress and
an increased inflammatory response. Cr has been sug-
gested to protect against this [5, 62], however, limited
research has been shown within human studies and more
specifically in soccer. Deminice et al. [27] showed in U18s
Cr may lead to benefits in sprint performance, as well
as inducing a protective effect against oxidative stress.
Results indicated a suppression of tumour necrosis factor
alpha (TNF-a), C-Reative protein (CRP) levels, and lactate
dehydrogenase (LDH) suggesting an anti-inflammatory
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effect. The dosing strategy of 0.3 g/kg/day for seven days
significantly increased Cr plasma levels.

Potential negative effects to lung inflammation, airway
remodeling, and airway hyperresponsiveness (AHR) have
been shown in an animal studies, suggesting creatine may
have deleterious effects in individuals with asthma [106].
Simpson et al. [99] investigated the impact of Cr on respira-
tory health in English U18s and U21s. Following an initial
loading period of 7 days (0.3 g/kg/day), 5 g was administered
for 7 weeks. No significant effects were observed to BM or
fat free mass, whilst those in the Cr group displayed mild
unfavourable respiratory health. This was more pronounced
in atopic players. Until further research is performed in this
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area, Cr supplementation should be carefully considered in
youth players displaying allergic or asthmatic conditions.
This review demonstrates there are currently no studies
investigating Cr supplementation in <U16s, thus imple-
mentation cannot be recommended to these age groups at
this time.

Caffeine

Caffeine has potential adverse effects to sleep, general toxic-
ity, cardiovascular function, bone status, and calcium bal-
ance (even with consumption of adequate calcium) [76].
Within the youth population use is often limited, although
some will consume it through coffee and energy drinks
[103]. The investigation of caffeine as an ergogenic aid in
HPYS is limited to one study [55], which found supplemen-
tation of 6 mg/kg of BM administered in pill form 1 h before
exercise produced a significant improvement in the reaction
time by 11% on the players non-dominant side. It is sug-
gested this may improve skill development and performance.
The findings of this study should be taken with caution when
applying it to the population in question (U15s). Although
some small benefits were observed, the required dose was on
the upper end of what has been found to be effective in older
counterparts (3—6 mg/kg), and thus require large quantities
for any ergogenic effect. Furthermore, ethical considerations
around use of caffeine in adolescents should be carefully
considered especially among younger age groups whom are
classed as highly sensitive [76]. Thus, the use of caffeine in
HPYS players should be implemented on an individual and
age-specific basis.

Antioxidant

Findings have reported up-regulated oxidative stress fol-
lowing soccer matches [57], which may potentially lead to
impaired recovery capabilities, increased delayed onset of
muscle soreness, and increased injury risk [23]. High train-
ing and competition loads can result in reduced antioxidant
expression [85], and since micronutrient intake may be lack-
ing in the current population [38, 74], antioxidant supple-
mentation may prove beneficial to recovery. Limited studies
have investigated the use of antioxidants with HPYS play-
ers. Astaxanthin, an antioxidant present in certain marine
animals and plants such as fish, shrimps, and algae, was
shown to have no real effect to recovery in HPYS players
following supplementation of 4 mg daily for 90 days showed
[29]. Conversely, acute L-carnitine supplementation in U20
players showed a strong antioxidant action at a 3 g dose [2].
This may potentially reduce associated muscle damage with
strenuous exercise, and therefore improve a player’s ability
to train and perform. Antioxidant supplementation should be
carefully considered as soccer-specific adaptations following

training are triggered by the inflammatory response and may
act as a defence for future exposure to elevations in oxidative
stress. Due to differing physiology and training load expo-
sures, the response to exercise may differ in the youth popu-
lation when compared to adult counterparts. Future studies
are encouraged to investigate the inflammatory response
produced following training and matches at the differing
stages of the academy to identify and understand whether
antioxidant supplementation is warranted.

Peptide Glutamine

Glutamine, an intermediate metabolite in the Krebs cycle,
acts in gluconeogenesis by saving phosphocreatine (CP)
deposits and glycogen in muscle fibres, thereby potentially
improving exercise tolerance [37]. However, evidence
is lacking supporting its benefits to soccer performance.
Favano et al. [37] suggested it may improve performance
when acutely administered with CHO (2.5 glutamine, 50 g
CHO). Reduced feelings of fatigue, increased distanced
covered (+ 3155 m), and greater time to volitional failure
(+15.6 +15.6 min) were all observed. It was also suggested
athletes who received glutamine and maltodextrin supple-
mentation presented a higher aerobic capacity for submaxi-
mal effort. Nevertheless, further investigation should look
into the chronic use during training and competition in a
larger sample size and across diverse age groups.

Hydration Status

Youth athletes display lower sweat rates than adults how-
ever, data suggests they can dehydrate to similar levels as
adults if no fluid is ingested [70]. Lower sweat rates, cou-
pled with higher metabolic cost of locomotion, can make
thermoregulation harder in children [36]. Thus, hydration is
key when since the onset of dehydration can result in greater
increases in core temperature [4].

Due to the adverse impact of heat on hydration status,
the majority of research in youth soccer has been performed
in tropical conditions (~30 °C and > 50% relative humid-
ity). Three studies investigating hydration in Brazilian U18s
[26, 43, 97] observed findings with varying outcomes;
however, all agreed fluid intake did not match fluid losses.
As expected, higher temperatures posed a greater risk to
hydration status even with an increased self-selected fluid
intake as sweat rate increased, with six of 20 players losing
more than 3 L [97]. Findings displayed an average BM loss
across three training days of — 1.21 +0.46 kg, equivalent to
dehydration of — 1.77% +0.70%. It is important to recognise
that although dehydration was less than the critical level
(— 2% BM loss) [32], in the present study, players arrived to
training in a hypo-hydrated state and thus may still exhibit
detriments to performance from smaller magnitudes of BM
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losses. In similar conditions, dehydration has been found
to occur during matches [26]. Weight loss varied widely
between players ranging from minimal (— 0.40 kg; — 0.59%)
to substantial (— 2.10 kg; — 3.15%) with mean values of
—1.08+0.55 kg (— 1.62% +0.78%).

Guttierres et al. [43] reported lower values of dehy-
dration (— 1.00+0.39 kg; — 1.35% +0.87% BM). Simi-
lar to the work of Silva et al., players attended the match
in a hypo-hydrated state, whereby ~45% of the play-
ers started the match with a moderate dehydration status
(USG=1.010-1.020 g/mL); ~50% of the players presented
a significant level of dehydration (USG=1.021-1.030 g/
mL); and ~ 5% presented a condition of serious dehydration
(USG > 1.030 g/mL) in the pre-match period. Therefore,
starting the match in a sub-optimal hydration status, and
even with an increased fluid intake that was in excess of
players sweat losses, ~65% of the players reached significant
dehydration levels, while ~ 17% presented a serious dehydra-
tion condition. Despite players perceiving conditions as a
warm environment, ~ 55% of the players finished the match
with either ‘no thirst’ or with a ‘slight degree of thirst’, indi-
cating thirst may not be an appropriate measure of hydration
status for HPYS players. This is in agreement with previous
findings that suggest the sensation of thirst typically lags
behind the fluid deficit [42].

The aforementioned studies investigated hydration sta-
tus during the period immediately prior to, during, and post
training and thus the outcomes may have been impacted by
acute hydration strategies. Phillips, Sykes, and Gibson [86]
assessed hydration using morning urine samples, which
mitigated the impact of acute fluid ingestion [82], in Euro-
pean environments across three training sessions of varying
conditions (12.9+0.7 °C; 8.9+0.3 °C; and 17.2 +0.1 °C).
Findings indicated the majority of European HPYS play-
ers appear hypo-hydrated at first in the morning, and sub-
sequently replaced approximately 71% of their sweat losses
during training, resulting in hypo-hydration of < — 1% BM.
These findings were supported by Ersoy et al. [35] who
found player’s voluntary hydration strategies in moderate
conditions only resulted in a mean dehydration of — 0.5%
BM. However, the authors believed that due to their young
age, players paid greater attention to consuming adequate
fluid because of the concern that the study would be an
assessment of their performance. Therefore, interventions
need to be implemented for pre-training and match hydra-
tion strategies in order to ensure players attend training and
matches in a euhydrated or hyper-hydrated state, with fur-
ther emphasis placed on ensuring adequate fluid intake in
hot conditions. Furthermore, tropical natives are typically
heat-acclimated and may present improved thermoregula-
tory responses in comparison non-tropical natives [17].
Therefore, the effect of more tropical conditions should be
investigated in HPYS players habituated to more temperate
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conditions in order to provide accurate recommendations
when exposed to these conditions through travel and sea-
sonal variation.

Vitamin D

Vitamin D is vital for bone health, immunological function,
cell differentiation, and muscle development and repair is
well-documented [84]. Large percentages of people display
low Vitamin D concentrations (<30 nmol/L), therefore, it
is common practice for sports teams to routinely supple-
ment all players during winter months. Prevalence of Vita-
min D deficiencies and potential performance benefits have
been investigated in HPYS. Russian youth soccer players
(mean age: 15.6 +2.4 years) were assessed in winter for
Vitamin D levels (25(OH)D). Those identified to be defi-
cient (<52.5 nmol/L) or insufficient (52.5-72.5 nmol/L)
were supplemented with 5000 IU per day for 60 days [8].
Vitamin D supplementation increased both groups to nor-
mal levels within 60 days, although effectiveness decreased
over time. As both groups (deficient and insufficient) were
treated with the same dose, the findings do not allow for
identification of a minimum effective dose. Skalska et al.
[100] found similar results in Polish U18s with supplemen-
tation (5000 IU per day) increasing serum 25(OH)D from
48.5+8.6 to 106.3 +26 nmol/L. However no significant dif-
ferences in performance were observed.

In contrast, a later study found Vitamin D (5000 IU)
supplementation during 8 weeks of high intensity interval
training increased serum 25(OH)D and improved aerobic
capacity by 7% more in the Vitamin D group versus the con-
trol group [54]. Therefore, it would appear supplementation
with 5000 IU per day of Vitamin D during winter months
may be beneficial to adolescent soccer players with reduced
sunlight exposure. Some individuals and ethnicities may
require varied dosage due to darker skin requiring greater
sunlight exposure to synthesise Vitamin D [107]. However,
even with this greater risk to Vitamin D deficiency, they may
exhibit lower risks to the associated negative effects to bone
health [20]. Therefore, where possible, baseline measure-
ment should be actioned to quantify the level of deficiency
before supplementation.

Influence of Ramadan

During Ramadan, Muslims abstain from consuming food
or liquid during daylight for 30 days. Given the well-doc-
umented influence that nutrient and fluid consumption pre,
during, and/or post-exercise can have on adaptation, recov-
ery, and performance in training and competition [18], it
is important to consider the influence of such events.
According to the Qur’an [44], an individual is not required
to observe the fast until they reach the age of maturity;
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although some individuals choose to observe from early
childhood and thus it is important to understand the impact
this may have on youths in a HPYS environment.

Maughan et al. [67] investigated the effect of Ramadan on
dietary intake and body composition in U18s, by observing
a fasting and non-fasting group. Those not observing the
fast increased their EI over the month, resulting in a 1.6 kg
weight gain, whereas the fasting group showed no signifi-
cant weight change. This increase may be attributed to a net
positive energy balance as a consequence of increased EI
in the non-fasting players, who consumed their regular diet
throughout the day while also joining the evening Ramadan
celebrations. Water and salt balance was also investigated
during the third week of fasting in this population [96]. No
substantial change in total body water was found. The fasting
group displayed a greater fluid deficit, even with a reduced
sweat rate (Fasting 1.41 L/h vs. Non-fasting 1.61 L/h), which
may impair performance in training whilst not impacting
overall hydration status across the day. The effect of fast-
ing appeared to have little effect on performance as, after
a short period adjusting at the start of the month, the play-
ers reverted to or superseded performance noting very lit-
tle change to perceived difficulty, mood, and alertness [58].
Meckel et al. [69] investigated a younger population (aged
14-16 years) who exhibited a small increase in of 228 kcals/
day while fasting; although no changes in BW occurred and
only a very small increase in sum of four skinfold meas-
urements was observed (+0.2 mm). Fasting appeared to
have a detrimental effect to performance with a reduction in
intense physical activity (— 30%), aerobic endurance (— 1%),
vertical jump (— 1.8%), and speed endurance performance
(— 5.3%). It appears Ramadan has a small influence on EI
and has the potential to influence performance despite player
perceptions being unaffected. Therefore, the timing and fre-
quency of meals and fluid intake could be a limiting fac-
tor, highlighting the need for players and support staff to be
aware of any impact upon training outputs.

Female Population

Female representation within existing sport science lit-
erature is significantly under reported [25]. Given females
have diverse physiology and differing requirements [49],
one should not simply transfer the results and recommenda-
tions for male soccer players across both genders. This is
even more apparent in the youth population, with females
on average reaching maturity approximately 2 years earlier
than their male counterparts [66]. Currently, there is a short-
age of scientific research investigating the nutritional status
of youth female soccer players. Of those studies that have
been undertaken, Gibson et al. [39] reported a mean daily
energy deficit of ~500 kcal/day in Canadian HPYS female
players between the ages of 14—17 years, showing a similar

trend to the earlier reporting findings in male athletes. Of
concern was one individual whom consumed a mean EI of
only ~ 1292 kcal/day. This would indicate a large energy defi-
cit and potentially low EA. This is supported by research that
also found inadequacies in EI, CHO, and protein intake in
female HPYS players [13]. With smaller mean daily energy
deficits (~ 141 kcal/day), yet over fifty percent of participants
exhibited LEA (< 30 kcal/kg lean BM). During both studies,
EE was estimated and thus may not be totally valid; although
due to the known detrimental effects of LEA to health [65],
further research needs to be performed in this population
to confirm these findings. Sub-optimal intakes of Vitamin
D and Calcium, as well as low serum Hydroxyvitamin-D,
were recorded further highlighting this population as a key
area to address.

Hydration status has also been assessed in the U15, U16,
and U18 female population during a training session [40].
Players experienced mild dehydration and low sodium losses
(48 + 12 mmol/L) in cool conditions (9.8 + 3.3 °C) and mean
sweat — 0.69 +0.54 L. However, there was a large individual
variability in fluid balance and sodium loss. Due to lack of
sweating only two of five sites measured produced sodium
loss data. Over the 90 min training session 63.6% consumed
less than 250 mL; however, only 12.1% of participants hit
the critical level of — 2% of the BM [32]. These results are
most likely due to mild conditions and athletes attending the
session in a hypo-hydrated state; therefore, future studies
should look to investigate hydration in female HPYS players
in more tropical conditions. In the meanwhile, female play-
ers should look to follow recommendations of 0.4-0.8 L/h
outlined by Holtzman and Ackerman [49].

Nutrition Knowledge

Nutrition knowledge is perceived as a key barrier to achiev-
ing appropriate nutritional intake therefore, it is common
practice within sporting environments to implement educa-
tion programmes [6]. However, research would suggest this
may not be the only influencing factor [73]. Through the
combination of a seven-day food diary, interview, and mul-
tiple choice knowledge questionnaires, it is apparent there is
a poor correlation between nutritional knowledge and appro-
priate EI, especially with regards to CHO intake. Indicat-
ing other barriers influence adequate nutrition and HPYS
players may require assistance with transferring knowledge
into practice. Conversely, Noronha et al. [80] found there
was a correlation between better nutritional knowledge and
the appropriate dietary intake of some key nutrients. One
of the main barriers was ‘lack of willpower’; however, as
nutrition knowledge was low some athletes may be unaware
they needed to improve their dietary intake. Specifically,
CHO intake (3.9 g/kg) was far below recommended values.
Both studies assessed nutritional knowledge via differing
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questionnaires, neither of which have been validated as an
appropriate measure of nutrition knowledge. It is clear fur-
ther research is required to investigate the influence of nutri-
tion knowledge and other barriers to adequate EI in order to
develop effective interventions.

Strengths and Limitations

One of the main strengths of this review is it is the first
review to present all current nutritional research performed
within HPYS players. However, this also posed a key limita-
tion as it was not feasible to pool data and perform a meta-
analysis due to the comprehensive array of research areas
investigated within this review. Furthermore, due to the lim-
ited amount of research in certain areas (e.g., caffeine; anti-
oxidants; and female HPYS players) it is difficult to draw
robust conclusions in these topic areas. The review was not
registered to PROSPERO and this acknowledged as a limi-
tation. Finally, it is acknowledged that the rapidly evolving
field of sports nutrition research within HPYS causes some
challenges when trying to capture the most contemporary
evidence. To the authors’ knowledge two papers have been
published since the time of our systematic search of the
literature [77, 78] therefore we recommend a subsequent
review to be completed within the next five years to explore
any future findings within this population.

Conclusion and Future Directions

This review demonstrates current HPYS players display high
inter-individual variability in EE and EI across and within all
chronological age groups within these environments, indi-
cating a potential impact of growth and maturation of play-
ers. Future studies should look to follow the developing con-
cept of ‘bio-banding’ within academy soccer [12] and assess
nutritional requirements and intakes based upon biological
age of players, to better consider the impact of growth and
maturation on energy requirements. Furthermore, to under-
stand whether nutritional periodisation is required, meth-
odology should be implemented that will allow distinction
of individual training sessions and daily EE. This will allow
understanding of which days pose key threats to players
achieving energy balance at each biological age group and
inform practitioners of the need to implement nutritional
interventions to periodise EI

As highlighted by this review, players display insuffi-
cient energy and CHO intakes across multiple chronologi-
cal age groups within HPYS environments however, the
key barriers and enablers to players achieving appropriate
intakes are not currently understood. Future studies should
assess the influences and barriers behind EI, availability
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of adequate nutrition provision, and eating habits across
the full academy pathway.

Findings in female HPYS players mirror their male
counterparts in consuming insufficient energy and CHO
intake. Even in the limited number of female-specific stud-
ies presented in this review, a large percentage of female
players exhibit LEA which is particularly concerning
given the detrimental health, growth and performance
issues associated with this [13]. Thus, further research is
required in this population, across multiple age groups, to
ensure appropriate interventions are implemented to mini-
mize the risk of LEA.

Practical Considerations

The practical considerations of this review suggest that
practitioners and coaches should:

e Implement strategies to promote more optimal dietary
behaviours to help ensure that HPYS players consume
sufficient energy intakes to meet their energy require-
ments.

e Aim to identify scenarios which pose a significant
threat to the energy demands of HPYS players (e.g.,
heavier training days; match-days; tournaments; fixture
congestion etc.) and encourage increased energy and
carbohydrate intakes around these periods.

e Seek to understand the various enablers and barriers to
achieving optimal dietary intake in HPYS players and
develop appropriate interventions where necessary.
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