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ABSTRACT
The health, fitness and other advantages of youth sports
participation are well recognised. However, there are
considerable challenges for all stakeholders involved—
especially youth athletes—in trying to maintain inclusive,
sustainable and enjoyable participation and success for all
levels of individual athletic achievement. In an effort to
advance a more unified, evidence-informed approach to
youth athlete development, the IOC critically evaluated
the current state of science and practice of youth athlete
development and presented recommendations for
developing healthy, resilient and capable youth athletes,
while providing opportunities for all levels of sport
participation and success. The IOC further challenges all
youth and other sport governing bodies to embrace and
implement these recommended guiding principles.

INTRODUCTION
The goal is clear: Develop healthy, capable and
resilient young athletes, while attaining widespread,
inclusive, sustainable and enjoyable participation
and success for all levels of individual athletic
achievement. Yet, this is a considerable challenge
for all stakeholders in youth sports—parents,
coaches, administrators, sport governing bodies
and, especially, youth athletes.
The process begins with a subjective assessment

of potential talent, followed by a structured pro-
gramme of training in a specific sport. However, the
limited success of talent identification and athlete
development programmes is not surprising, as the
model of athlete development is built on an indi-
vidually unique and constantly changing base,
including the demands of normal physical growth,
biological maturation and behavioural development,
and their interactions.1 2 Athletic development is
also multidimensional and difficult to assess in
youth, and the trajectories from the novice to elite
levels can vary greatly among athletes. Adding to the
complexity, the demands of specific sports are super-
imposed on this dynamic integrated scheme.
Moreover, the development of sport-specific skills,
motivation and behaviours in an integrated learning
culture is not well characterised; and, given the
selectivity and exclusivity of sport, it is the choice
athletes who generally receive the most attention in
research. Accordingly, less is known about those
who are systematically excluded (cut), who drop out
(voluntarily withdraw) or are injured, along with

contributing factors such as overuse, overtraining
and burnout.
There is also an urgent need to extend our views

of youth athlete development to include the ‘culture’
of specific sports and youth sports in general, includ-
ing the underlying philosophy for developing youth
athletes, the systems of specific sports and interac-
tions between athletes, coaching styles and practices,
the effects on youth athletes from parental expecta-
tions and the view of youth athletes as commodities,
which is often intrusive with a fine line between
objectivity and sensationalism.
In an effort to advance a more unified, evidence-

informed approach to youth athlete development,
the IOC convened a consensus meeting of experts
in the field in November 2014. The group was
charged with two tasks:
1. Highlight key considerations and challenges in

competitive youth sport, and critically evaluate
the current state of science and practice of
youth athlete development;

2. Create guidelines for a sustainable model to
develop healthy, resilient and capable youth ath-
letes, while providing opportunities for all
levels of sport participation and success.

MATURATION
Assessment of biological maturity
status and timing
Biological maturation is an ongoing process that
begins prenatally and continues through approxi-
mately the first two decades of postnatal life.
Outcomes of the underlying biological processes
are observed, assessed and/or measured to provide
an indication of maturity status (ie, the status of
the youngster at the time of observation), com-
monly specified by skeletal age (SA) and secondary
sex characteristics. Maturity timing refers to the
chronological ages when specific maturational
events occur, frequently assessed by age at peak
height velocity (PHV) and age at menarche. For
accuracy, both require longitudinal data that span
adolescence, as recalled age at menarche has error
associated with memory and a tendency for report-
ing in whole years.2–6

SA is the most useful estimate of maturity status
and can be used from childhood into late adoles-
cence.2 7 It can also be used with current body
height and/or mid-parent height to predict mature
height, which is of interest in some sports. Radiation
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exposure with hand-wrist radiographs is minimal; although,
expert interpretation is required. SA and fusion of the distal
radius based on MRI are periodically used for chronological age
verification, especially in some male youth sport competitions.7–9

Given the maturity-related gradient in selection favouring early
maturing males in many sports, the likelihood of false negatives is
increased.7 Ethnic variation in skeletal maturation is also a related
consideration.2 7 As such, SA and fusion of the distal radius
should not be used for age verification purposes in sport.

Secondary sex characteristics (breasts, genitalia, pubic hair)
are useful only during the pubertal interval. Assessments indi-
cate stage of puberty at the time of observation, but provide no
information on age at entry into and duration of a stage.
Moreover, for some, assessment of secondary sex characteristics
can be invasive; and accuracy of assessment can be significantly
discordant among physicians, and between physicians and youth
in self-assessments.10 11

Percentage of predicted mature (adult) height at the time of
observation provides an estimate of maturity status.12 The
method has moderate concordance with classifications of matur-
ity status, based on SA in youth American football and soccer
players.13 14 Predicted time before PHV (maturity offset) and, in
turn, predicted age at PHV provide an estimate of maturity
timing.15 However, validation studies indicate several limita-
tions.16–18 Predicted offset and age at PHV increase with
chronological age at prediction; predicted ages at PHV have a
reduced range of variation (SDs ∼0.5 year); and predicted age at
PHV is affected by actual age at PHV in both sexes, and age at
menarche. Also, height prediction equations are available pri-
marily for European ancestry, which limits their global applic-
ability. Maturity offset was suggested as a categorical variable,
pre-PHV or post-PHV;15 as such, it is most useful close to the
time of actual age at PHV in average (on time) maturing boys
within a narrow age range, 13.00–14.99 years, which limits its
utility with elite male athletes who tend to be early maturing.7

The trend is more variable in girls, as the protocol overestimates
age at PHV more than in boys. Ethnic variation in sitting height
and estimated leg length is also a confounder in the prediction
equations. Moreover, identification of the ethnicity of youth is
not permitted in some countries.19

Physiological and performance changes across maturation
Muscle metabolism
Muscle biopsy studies indicate that resting muscle ATP concen-
tration is invariant with age; but phosphocreatine (PCr) and
glycogen concentrations increase with age, at least in boys aged
11–15 years. Glycogen depletion with exercise is greater in
older boys and is reflected by increased muscle lactate accumula-
tion with age. Children and adolescents accumulate less blood
lactate than adults during exhaustive exercise, and there is a
negative relationship between the percentage of peak VO2 at the
lactate threshold and age. However, sex and/or maturation
effects on blood lactate accumulation remain to be proven.20 21

Sparse data indicate enhanced oxidative enzyme activity in chil-
dren and adolescents compared with adults and lower glycolytic
enzyme activity in pre-pubertal children than in adolescents or
adults; though, differences in glycolytic enzyme activity between
adolescents and adults are less clear.21–23

During submaximal exercise, children’s enhanced ability to
oxidise lipids, and therefore spare glycogen, means that they are
well-equipped for long-term moderate intensity exercise. Young
people have higher rates of exogenous carbohydrate oxidation
than adults; but, the optimal carbohydrate supplementation to
sustain endurance performance during youth is unknown.24 25

Muscle strength
The development of muscle strength is dependent on a combin-
ation of muscular, neural and biomechanical factors. Strength
increases with few sex differences in a relatively linear manner
through childhood. During puberty, however, sex differences
emerge with boys demonstrating accelerated increases in
strength, while girls continue to develop at a similar rate as
during pre-puberty. Sex differences in strength are both
muscle-group and muscle-action specific; but, on average, by
late puberty, there is a sex difference in the expression of
strength of ∼50%.26 27

Aerobic and anaerobic fitness/performance
There is an almost linear increase in boys’ peak VO2 from 8 to
18 years, with a similar but less consistent trend in girls’ values,
which tend to plateau in the mid-teens. Peak VO2 increases by
∼80% in girls and by ∼150% in boys from 8 to 16 years of age,
with the sex difference increasing from ∼10% at age 10 to
∼35% by age 16 years. Increasing muscle mass is the dominant
influence on peak VO2 during adolescence; but, maturation has
a significant positive effect on peak VO2, independent of age
and body size and composition.28 The time constant of the
exponential rise in the pulmonary (p) VO2 kinetic response to
exercise above the lactate threshold increases with age from
childhood through adolescence. The pVO2 slow component
also increases with age. Pulmonary VO2 kinetics studies provide
compelling evidence that, at the onset of exercise above the
lactate threshold, children and adolescents have an enhanced
potential for oxidative metabolism compared with adults.29

In the absence of intra-muscular data, research on anaerobic
performance has focused on the assessment of external cycling
peak power output (CPP), using variants of the Wingate anaer-
obic test. There is an almost linear increase in CPP in both sexes
from ∼7 to 12 years and then a more marked increase in boys’
CPP through to young adulthood. Girls often outscore boys
until ∼12 years of age, due to their more advanced maturation;
but, by age 17 years, the sex difference in CPP is ∼50%.30

There is an asynchronous increase in anaerobic and aerobic per-
formance with age and maturation. From ages 12 to 17 years,
girls increase their CPP by ∼65% compared with boys, who
experience a ∼120% increase in CPP. Both sexes experience a
more marked improvement in CPP than in peak VO2 during
maturation, with peak VO2 increasing by ∼70% and ∼25%,
respectively, in boys and girls aged from 12 to 17 years.31 32

Fatigue resistance and recovery
Resistance to fatigue and recovery from high-intensity intermit-
tent exercise undergo a gradual decline from childhood to adult-
hood in males. In females, the adult profile appears to be
established by mid-puberty. The distinction has been attributed
to children having more rapid cardiorespiratory recovery
kinetics, enhanced oxidative activity, faster PCr re-synthesis, dif-
ferent motor unit recruitment, better acid–base regulation and
lower production and/or more efficient removal of metabolic
by-products, than adults.33 34

Responses to exercise training
Evidence-based IOC recommendations for muscle strength, and
aerobic and anaerobic training programmes are documented.35

Pre-pubertal children benefit from resistance training; but, the
trainability of muscle strength increases with age. There is a
minor sex-effect during pre-puberty, which increases with age
and maturation. It is, however, unclear which maturational
changes account for the enhanced strength trainability of boys.
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There is no compelling evidence to suggest that, after adjusting
for initial fitness, aerobic or anaerobic responses to training are
related to sex, age or maturation during youth.36–38

Sleep
Several hormonal and neurological changes occur during
puberty, affecting the homoeostatic and circadian regulation of
sleep.39–41 Adolescents have later bedtimes and wake times,42

with a recommended optimal level of sleep of 8.5–9.5 h.43

However, international trends indicate a prevalence of insuffi-
cient sleep among adolescents,44 often prompted by early
school-start times, academic demands, social activities and
events, caffeine consumption and screen-time at night.43 45 46

For youth athletes, the training and competition schedule
further exacerbates the deficiency of sleep,47–50 with preliminary
evidence indicating an increased likelihood of injury with insuf-
ficient sleep.51 Given the potential consequences of insufficient
sleep on health, behaviour, attention, and learning and athletic
performance, interventions (eg, tailored training and even
perhaps schooling schedules) to support adequate sleep in youth
athletes should be implemented.40 52

Growth, maturation and performance on the field
Sport performance during youth is underpinned by a range of
physical and physiological variables that are governed by the
timing and tempo of growth and maturation. Youth sport,
however, is highly selective,53 54 with a maturity-associated selec-
tion/exclusion process commonly occurring during the interval
of puberty and the adolescent growth spurt, which covers the
period between 9 and 15 years of age.7 55–58 Sport performance
progressively improves with growth and maturation, and appro-
priate aerobic, anaerobic and resistance training further enhance
performance; but there is asynchronous development through
childhood and adolescence into young adulthood. Thus, initial
selection, long-term athletic/sport performance prediction and
optimal athlete development remain a challenge. Research has
developed a sound scientific foundation to inform decision-
making; but those involved in youth athlete development must
nurture talented individuals, and appreciate that both positive
and negative changes in performance might be more related to
biological clocks than to coaching and training.

CHALLENGES TO HEALTH, WELL-BEING AND
PERFORMANCE
Specialisation
Children are increasingly specialising in a sport at an early age,
beyond the customary early specialisation seen in gymnastics,
swimming, diving and figure skating. Various factors account for
this contemporary phenomenon, including investment by the
myriad stakeholders involved in sports, as well as incentives for
Olympic and other athletic success. This has led to the develop-
ment of talent identification and development schemes, aimed
to identify and guide youth athletes towards professional sports,
and/or Olympic achievement. The result has been an increase in
competitiveness and professionalisation within youth sport
itself, intensified and expanded physical training and increased
competition volume and frequency with insufficient allocation
of time for rest and recovery. One consequence is an ongoing
escalation in sport-related injuries and health problems at all
levels of youth sports,59–62 including overuse injury, overtraining
and burnout.

In contrast to premature emphasis on a single sport, research
suggests that youth should avoid early sport specialisation, as
diverse athletic exposure and sport sampling enhance motor

development and athletic capacity, reduce injury risk and
increase the opportunity for a child to discover the sport(s) that
he/she will enjoy and possibly excel at.61 63–66 Numerous suc-
cessful elite athletes participated in several sports before specia-
lising.54 60 61 63 67–69 However, the message would be
reinforced with more definitive evidence indicating that children
who participate in a variety of sports and specialise only after
reaching the age of puberty, for example, tend to be more con-
sistent performers, have fewer injuries and adhere to sports play
longer than those who specialise early.59 66

Injury and health concerns of systematic
training and competition
Musculoskeletal injury
The competitive careers of youth athletes across all sports are
too often temporarily halted or permanently derailed by
overuse injuries that are the consequence of disproportionate
training and repetitive homogenous loads, hastened and exacer-
bated by insufficient rest and recovery.70 71 This scenario is
notably pervasive with youth athletes transitioning too rapidly
to higher levels of training and competition demands during
adolescence.60 70 However, certain aspects of growth (eg, linear
rate) and maturation may predispose some youth athletes to spe-
cific injuries involving the immature spine (eg, spondylolysis,
spondylolisthesis), joint surfaces (osteochondritis dissecans)
and traction apophysitis (eg, Osgood-Schlatter disease, Sever’s
disease).60 72–75 Because of potential growth disturbances, injur-
ies to epiphyseal growth centres are of particular concern.

Growth and sexual maturation
There has been a long-standing concern that extensive high
intensity sports training can alter growth rates; however, results
from cross-sectional and longitudinal studies do not support this
speculation.2 56 57 76 The short stature of youth athletes in artis-
tic gymnastics is often cited in the context of potential negative
effects of training. Nevertheless, current consensus is that
regular gymnastics training does not attenuate pubertal growth
and maturation or compromise adult stature.58 Youth gymnasts
of both sexes have the growth and maturity characteristics of
short, normal late-maturing children with short parents.58 It
should also be noted that youth figure skaters and divers also,
on average, present with shorter statures, though not as short as
gymnasts. Likewise, evidence indicates no effects of systematic
training and competition during childhood and adolescence on
the sexual maturation of either sex. Although menarche occurs,
on average, at a later age among participants in some
sports,55 57 77 close scrutiny of the data indicates overlap with
the normal range of variability in the general population.78 79

Cardiac
Despite the well-documented benefits of regular physical activity
in promoting cardiac health,80 81 unsuspected cardiovascular
disease represents the most common cause of sudden death in
competitive youth athletes.82 Accordingly, careful assessment to
rule out hypertension, congenital heart disease, dysrhythmia,
heart murmur or structural/acquired heart disease, is impera-
tive.83 However, the utility of pre-participation cardiovascular
screening in reducing the (already very low) prevalence of
sudden cardiac death (SCD) remains contentious,84 85 and there
is no consensus for screening youth athletes. While there has
been some evidence indicating features of the ‘athlete’s heart’
with pre-pubertal children involved in intensive endurance train-
ing, these structural changes are mild and may simply represent
adaptive responses versus pathological conditions.86–89
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However, given the nature and grave consequences of potential
negative cardiac adaptations and dysfunctions, closer longitu-
dinal study of the cardiac characteristics and health profiles of
youth training at elite levels is recommended.

Injury rates and prevention strategies
Injury rates in youth sport
An estimated injury incidence proportion in athletes aged 11–-
18 years has been reported as 35 injuries/100 youth annually
requiring medical attention.90 91 Lower extremity injury and
concussion accounted for over 60% and 15% of the overall
injury burden, respectively.90 91 The highest sport-specific injury
incidence rates for boys are in ice hockey, rugby, basketball,
football (soccer) and American football, along with wrestling,
running and snowboarding. For girls, the highest injury inci-
dence rates are in basketball, football, ice hockey, gymnastics,
field hockey and running.92 93 The combination of high
sport-specific participation rates in those sports with high injury
rates leads to the highest burden of injury in youth sport.

Injury prevention in youth sport
It is impossible to eliminate all injury in youth sport; however,
injury prevention strategies can reduce the frequency and sever-
ity of injuries. Multifaceted neuromuscular training and pro-
grammes focused on intrinsic factors such as strength,
endurance and proprioception/balance, have been shown to
reduce injury incidence in youth football, handball, basketball
and multisport by between 28% and 80%,94–106 with specific
efficacy in reducing lower extremity, knee and ankle
injuries.94 96 100 101 104 107 108

Prevention strategies have also been developed to address
extrinsic risk factors via the use of protective equipment (eg,
ankle bracing and taping,109 mouth and wrist guards,110 111 and
helmets112), and implementing rules and regulations.113 114

Unfortunately, without policies to enforce the implementation of
prevention strategies, the uptake may not be optimal.94 97 Rule
changes in some sports have often not been rigorously evaluated;
however, meta-analysis and cohort evidence demonstrate that
policy allowing body checking in youth ice hockey increases the
risk of injury and concussion twofold to fourfold,114 115 which
has led to national policy changes in Canada and the USA.

Effective and sustainable implementation of injury prevention
research into practice is context-specific (eg, sport, age, level and
organisational structure).116 117 There are also evident deficiencies
in coach, athlete and parent knowledge and behaviours regarding
injury prevention programmes in youth sport populations, despite
the evidence to support their implementation.118–120 Accordingly,
there is a need to focus on effective evidence-informed injury pre-
vention strategies in all youth sports, with special attention to
sports with a high risk of injury and a paucity of research (eg,
rugby, field hockey, football, volleyball, field hockey, running,
lacrosse, gymnastics, martial arts, tennis and wrestling).

Chronic and acute clinical health conditions
While many clinical health conditions (CHCs) are not compat-
ible with high-level sports participation, numerous youth athletes
with asthma, attention deficit-hyperactivity disorder, insulin-
dependent diabetes, iron deficiency or certain orthopaedic mal-
formations train and compete. However, special considerations
for youth athletes with these and other CHCs are essential to
ascertain and optimise well-being and minimise the risk of
injury.83 A break in training and competition is often therapeutic-
ally essential, and ultimately more beneficial to the athlete, than
trying to maintain the usual routine and consequently inhibit

recovery of an injury or acute illness. The responsible physician
must assure that individual-specific health-related risks from
training and competing are minimised, including proper instruc-
tion for the athlete, parents and coaches, especially regarding
detection and management of potential life-threating conditions,
such as seizures in epilepsy,121 hypoglycaemia in insulin-
dependent diabetes,122 123 or SCD.124

Prior to sport participation, as part of the pre-participation
examination, the following should be considered for any athlete
with a CHC: (1) evidence-based diagnosis, severity and progres-
sion of the CHC; (2) CHC burden to the athlete; (3) potential
performance limitations by the CHC or its treatment; (4) health
risks for the athlete from the CHC or its treatment and (5) appli-
cation for a Therapeutic Use Exemption for the treatment of the
CHC, if required by WADA. Antidoping rules generally do not
pose a major problem for the elite young athlete with a CHC, so
long as team physicians are knowledgeable of the Therapeutic
Use Exemption programme of the World Anti-Doping Code.125

Over-reporting or overdiagnosis is sometimes motivated by a
medical treatment having a purported potential of performance
enhancement, as in asthma or attention-deficit hyperactivity dis-
order;126 127 although performance-enhancing effects at thera-
peutic doses are often unremarkable.128 129 Moreover, at the
elite level, athletes need to meet strict diagnostic criteria, so over-
diagnosis is less likely.

Psychological overload from excessive demands and
expectations
Psychological stress can have both training and straining effects
on the individual.130 Psychological overload, however, occurs
when the level of stress becomes excessive, no longer affecting a
positive response. Youth athletes are increasingly being exposed
to inappropriate and unrealistic demands and expectations, and
consequent psychological overload (self or coach/parent
induced).54 60 How youth athletes perceive and cope with these
stressors is neither predictable nor benign,131 with athlete
burnout and subsequent related drop-out from sport being a
recognised part of competitive youth sport.132 Use of
performance-based field criteria (eg, resting cortisol levels and
Profile of Mood test) may facilitate early detection of youth at
risk of burnout.133 There is also the potential for developing
maladaptive perfectionistic tendencies, prompted by elevated
parental expectations and criticism.134

Widespread (often unrecognised) depressive disorder is espe-
cially prevalent in adolescent girls,135 and the psychosocial
stress of an unhealthy youth sports environment or an injury
could exacerbate the risk and levels of depression and
anxiety.135 136 Providing youth athletes with specific coping
skills through mental training seems promising,137 and goal
setting can have a positive effect in reducing fear of failure
among young elite athletes.138 Coping effectiveness specific to
the competitive level and the demands of the sport can also be
directly related to athletic achievement.139 140 Potential interac-
tions between sport-related stressors and those associated with
normal adolescence must also be recognised and addressed.

Coaching education should emphasise the importance of cre-
ating autonomy-supportive, mastery-oriented sporting climates
that result in less stress and more intrinsic motivation,141 142

which is especially important in elite youth sport where the
pressure to perform is often overwhelming and can even
increase the risk of injury.143 144 By focusing on a mastery devel-
opmental climate, a positive (sporting) community can
evolve.145 Parent supporting involvement is also important in
mitigating dysfunctional and/or destructive responses. Indeed,
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parents reportedly welcome advice on how to become a better
sporting parent;146 147 although implementation is a challenge.

Safeguarding the youth athlete from abuse in sport
While sexual abuse and harassment in sport is one of the more
concerning threats to children,148 other forms of relational abuse
have also been identified involving emotional and physical abuse,
including forced physical exertion.149 The scope of threats to the
youth athlete, however, extend beyond relational abuse to include
organisational threats, such as systems that promote over-
training,150 the endorsement of abusive hazing rituals151 and the
utilisation of selection procedures that promote eating disorders
or competing with an injury.152 Medical mismanagement is
another organisational threat for the child athlete. In particular,
the excessive and often systematic use of analgesic medication by
team physicians in elite youth football is reported.153 As indicated
in selected study settings and populations, almost 25% of youth
athletes have admitted to misuse of their prescribed medication
(pain, stimulant, sleep, antianxiety),154 and 13–68% have admit-
ted to anabolic androgenic steroid abuse in the sport context.155

Insufficient medical coverage during training and competition, by
relying on insufficiently trained coaches to manage medical issues,
is another recognised threat to youth athletes.156

The prevalence of various forms of abuse, associated risk
factors and consequences for the athlete need to be more
closely examined. Moreover, an organisational approach beyond
the perpetrator and the victim is essential to reveal how the
culture of an organisation can facilitate or prevent abuse. There
is also a need for research exploring the efficacy and effective-
ness of specific strategies that can protect and promote the well-
being of youth athletes.

Nutrition: energy and nutrient needs and dietary
supplements
Owing to metabolic variability within and between indivi-
duals,157 and methodological difficulties in estimating energy
intake and expenditure,158 it is difficult to define the precise
energy requirements of youth athletes. Carbohydrate needs and
fat intake should be in accordance with established guidelines,159

and youth athletes do not need protein supplements to meet ele-
vated protein needs, as these can be readily met by appropriate
and well-timed eating patterns.159 As many youth athletes are at
risk of low vitamin D status, correction of insufficiency through
supplementation may be necessary to ensure optimal bone health
and mitigate injury risk.159 160 Dietary iron intake (particularly
for girls) should be consistent with the Reference Daily Intake,
with only medically warranted supplementation.159 Increased
calcium intake, especially in adolescent female athletes, is often
needed to meet the recommendation of 1300 mg daily. Not sur-
prisingly, poor nutrition knowledge among elite coaches161 and
adolescent athletes162 has been reported.

Supplement use (including energy drinks) and muscle-
enhancing behaviours (eg, excess protein intake) are common,
especially among male adolescents.163 164 Factors influencing
supplement use include pressure to perform, physical ideals and
availability of dietary supplements targeting youth athletes.
However, it is recognisably considered inappropriate and
unacceptable to encourage dietary supplements for performance
enhancement with youth athletes.159 165 166 Athletes who take
supplements are also at risk of violating antidoping rules.167

Eating disorders in adolescent athletes
Weight and body composition are crucial performance variables
in some sports. Unfortunately, in an attempt to conform to

various self-imposed expectations, demands from others or
competition regulations that might be ill-suited to their
physique, many youth athletes develop the Female Athlete
Triad,168 recently termed ‘Relative Energy Deficiency in Sport’
(RED-S),169 with or without disordered eating (DE) or eating
disorders (EDs). The prevalence of DE is high in competitive
youth sports, with the peak onset of EDs170 coinciding with
sport specialisation and increases in demanding competition.
A high prevalence of EDs exists in male (3%) and female (14%)
elite adolescent athletes, compared to non-athletic male (0%)
and female (5%) controls.171 DE and an ED can lead to adverse
short-term and long-term effects on health and performance.172

The pathogenesis of EDs is multifactorial. Cultural, individ-
ual, family and genetic/biochemical factors are involved,173–175

in addition to sport-specific factors, such as dieting to enhance
performance, personality factors (such as perfectionism, obses-
siveness), pressure to lose weight, frequent weight cycling, pre-
mature sport-specific training, overtraining, recurrent and
non-healing injuries, inappropriate coaching and parental behav-
iour, and regulations in some sports.172 The potentially grave
health consequences related to RED-S and EDs underscores the
importance of early screening, during the annual Periodic
Health Examination.169 176 The diagnosis of RED-S and an ED,
however, is challenging, as symptomatology can be subtle.
Athletes in judged, weight category and endurance sports are
particularly at risk, so that early detection is crucial to prevent
long-term health consequences and to improve performance.
Investigation and treatment should be initiated when an athlete
presents with unexpected weight loss, lack of normal growth
and development, recurrent injuries and/or illnesses, mood
changes and/or unexpected decreased performance.169

Very few studies have examined EDs prevention in youth ath-
letes. However, a recent randomised controlled trial demon-
strated that it is possible to prevent new cases of EDs and
associated symptoms in adolescent female elite athletes.161

Environmental challenges
All stressful environmental conditions, including heat and
humidity, cold and altitude, can pose particular health and per-
formance challenges for youth athletes.177 With the cold, ele-
vated metabolic heat production from physical exertion, and
behavioural and physiological responses acting to minimise
exposure and preserve body temperature, are generally sufficient
to mitigate cold-related health risk during sport; although,
inhalation of cold air during sport can have adverse health
effects for asthmatic and healthy athletes. Moreover, cold accli-
matisation efforts provide little, if any, practical advantage in
terms of preserving normal body temperature. With respect to
altitude, youth athletic events are held at elevations that pose
little-to-no health risks. While even modest altitudes can affect
sport performance, any decrement in performance is subject to
a high degree of sport- and event-specific variation, with influ-
encing factors often being mutually offsetting. Arriving at alti-
tude in advance of competing (∼3–5 days) is sufficient for
altitude acclimatisation; though, it is not advisable for youth to
train at altitude or use passive exposure to hypoxia.

Training or conditioning for, or playing, sports effectively and
safely in the heat, is distinctly challenging, especially when par-
ticipating multiple times on the same day.178 Notably, the health,
safety and performance challenges from sweat-prompted body
water and exchangeable sodium losses can be increasingly greater
as youth athletes grow, physically develop and mature.179

Anticholinergic drugs or other medications that affect hydration
or thermoregulation (eg, a dopamine reuptake inhibitor to treat
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attention-deficit/hyperactivity disorder or enhance perform-
ance126 or diuretics), or current or recent illness (especially
involving vomiting, diarrhoea and/or fever), can also contribute
to decreased exercise-heat tolerance and increased exertional
heat illness risk. However, with sufficient preparation (including
progressive heat acclimatisation), ample hydration, appropriate
modification of known contributing risk factors and close moni-
toring, thermal and cardiovascular strain can be minimised, and
exertional heat illness is usually preventable.180–183

YOUTH ATHLETIC DEVELOPMENT
Athlete development frameworks
Despite a predominance of popular frameworks, gaps in the
youth athletic development pathway prevail.184–187 At the initial
sports participation stage, inappropriate guidance and develop-
mental activities contribute to compromised fundamental skill
acquisition, injury, burnout, dropout and unrealised talent
potential of youth athletes.185 187–190 Furthermore, individual
athletic performance and achievement is based on a complemen-
tary, and sport-specific, mix of athletic attributes and skills (tech-
nical, perceptual, neurocognitive, psycho-social and physical)
that are, in turn, altered by environmental, system and chance
factors.68 184 191–194 Because of this complexity and low rate of
conversion from youth sport to elite sport success, development
frameworks should be inclusive in considering the complement
of sports participation, as well as pre-elite and high-performance
elements. Athlete development frameworks should also be holis-
tic in embracing the multidimensional nature of athlete develop-
ment, and predicated on recognised ‘best practice’ for each
developmental phase, rather than age-related prescription based
on physical and maturational factors, and flexible to embrace
the inherent complexity and non-linearity of athlete develop-
ment.185 187 195–197

An effective integrated approach to athlete development high-
lights the changing elements of the personal, social and physical
features of different activities in sport throughout develop-
ment.185 187 196 When overall youth development and skill
acquisition are considered as integrated, many personal and
environmental factors interact to affect sport involvement. In
this integrated approach, the activities of youth in sport become
the developmental environment that incorporates specific social
relationships and physical features of the setting. The develop-
mental activities of youth in sport can be categorised along two
continuums: first, the social structure of the activity (adult-led
to youth-led) and second, the personal value the activity pro-
vides to the participants (extrinsic to intrinsic).198 When com-
bined, these two continuums form a matrix in which the
different activities of youth sport can be located, resulting in an
integrated learning approach. Accordingly, the different activ-
ities of this integrated approach offer unique interactions, learn-
ing opportunities and potential for growth. A diversity of sport
activities during childhood allows young athletes to experience a
range of opportunities and then select (or be selected to) a spe-
cific path of more targeted training activities during adolescence
and young adulthood. Empirical evidence shows that a diversity
of activities (including variations of play and practice) in early
development is an indicator of continued involvement in more
intense activities later in life, elite performance and continued
participation in sport.199

Talent identification and development
The search for talent in sport at relatively young ages is far more
prevalent and systematised than in the past. Formal talent identi-
fication programmes can be traced to the former socialist East

European countries, often labelled as ‘scientific selection’.200

However, success of these systems predicated on physical para-
meters and juvenile levels of performance has been
limited.53 54 201–205

Effective sport talent identification and development in youth
for achieving elite performance remains a fundamental challenge
for sports institutions, with the allocation of limited resources for
the uncertain probability of future international sporting achieve-
ment. However, sport is extremely selective; and the probability of
elite success is highly unlikely for most. Moreover, accurate talent
identification and appropriate athletic development of potentially
gifted youth athletes is far too complex to be distilled into a singu-
lar, universally accepted process, especially since this is greatly
dependent on country, culture and context. The difficulties in
effectively utilising valid performance measures (eg, physiological,
cognitive, functional motor, psychosocial etc), as well as the inter-
actions from unknown influencing variables, further complicate a
very complex task.206 Elite athletic success is also vulnerable to
deviations in sport focus, as well as the impact of normal behav-
ioural development and interactions with adults, which can alter
the sport-life balance. Not surprisingly, therefore, there exists an
apparent disconnect with discordant results between advocated
talent development systems and the evidence of actual
outcomes.66 205 207

The efficacy of early talent identification predicated solely on
physical factors and juvenile levels of athletic performance in
predicting future elite sport performance is confounded by mat-
urational factors, which often exclude late developers in demon-
strated athletic capacity and sport skill.208 209 Moreover, when
children or adolescents are grouped by age, older individuals
generally outperform younger ones. Research specific to elite
athletes from multiple sports and in different countries repeat-
edly revealed that sampling of sport during childhood is not
detrimental to adult elite levels of sport achievement in sports
where peak performance is achieved during adulthood.63 190

Data specific to professional German football players affirm that
a more inclusive, long-term approach to athlete development,
involving recurrent selection and de-selection of athletes, could
address the uncertainty involved in and shortcomings of early
talent identification.202

Success at the elite level of sport performance stems from a
combination of factors that vary based on the sociocultural and
politicoeconomic context of a country. Intrinsic (eg, body height
and rate of maturation, aptitude, adaptation to training, motiv-
ation, psychological skills) as well as extrinsic (eg, environment,
access and opportunity, athlete development pathway, coaches,
family, educators) factors work in synchrony to determine an
athlete’s success in sport, with the interactions between heritable
characteristics and environments thought to be the primary
determining factors.210

Coaching education and effectiveness
Coaches of youth athletes play a pivotal role in determining
whether sport systems provide opportunities for peak athlete
performance, promote lifelong participation and shape personal
development. Therefore, coach education and mentoring to
develop coach competencies should be a priority of sport orga-
nisations. Contemporary coaching theory211 indicates that coach
effectiveness should be driven by an understanding that (1)
coaching knowledge is multidimensional, (2) there are key
athlete assets and several related athlete outcomes and (3) that
effective coaching is influenced by the coaching context. It is
also essential that coaches understand physical growth,
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biological maturation and behavioural development, as they
affect performance and injury risk.

Coaches’ knowledge
Although a major component of coaching effectiveness resides in
one’s ability to teach sport-specific skills, coaching effectiveness
is also reflected in the ability to create and maintain
relationships with others, and the ability to learn from one’s own
practice.212–214 Therefore, coaches’ effectiveness encapsulates
coaches’ ability to access and use a combination of professional
knowledge (eg, sport-specific content, paediatric exercise science,
injury prevention and pedagogical knowledge), interpersonal
knowledge (eg, relationships with athletes, parents and local com-
munity) and intrapersonal knowledge (eg, reflection and
introspection).

Athletes’ assets and outcomes
The four Cs—Competence, Confidence, Connection and
Character—is a set of athletes’ assets that should become
the focal point of coaching practice.211 It is the coaches’
responsibility to establish positive training and competitive
environments, and to create relationships that focus on indi-
vidual athletes’ needs in addition to the long-term objectives
of performance, participation and personal develop-
ment.215 216 Repeated positive developmental experiences
in sport that result from regular engagement in fun and
challenging activities that focus on athletes’ four Cs are
known to have long-term positive effects on performance
and participation.217–219

Coaching contexts
The Developmental Model of Sport Participation65 66 was
used220 to propose a typology of four different categories of
coaches, based on contrasting competitive demands (ie, perform-
ance vs participation) and for developmental level (eg, age or
maturation). The four categories include participation coaches
for (1) children and (2) adolescents and adults; and performance
coaches for (3) young adolescents and (4) older adolescents and
adults. This and other similar typologies identify appropriate and
differing criteria and expectations for coaching effectiveness.

Coaching effectiveness definition
The integration of these three components (coaches’ knowledge,
athletes’ assets and outcomes and coaching contexts) led to a
definition of coaching effectiveness:

The consistent application of integrated professional, interper-

sonal and intrapersonal knowledge to improve athletes’ compe-

tence, confidence, connection and character in specific coaching

contexts.211

Accordingly, coaches across the continuum of youth athletic
progression require a unique mix of professional, interpersonal
and intrapersonal knowledge to effectively cultivate athletes’
competence, confidence, connection and character (4 Cs).
Although all effective coaches require a high level of profes-
sional, interpersonal and intrapersonal knowledge, there will be
great variation between each context as to the nature of the
knowledge and strategies required to appropriately nurture ath-
letes’ assets respective to their developmental and competitive
levels. Ultimately, this definition of coaching effectiveness pro-
vides the foundation to develop coaching education pro-
grammes specifically emphasising sport-specific coaching
knowledge, a coach’s ability to maintain high-quality relation-
ships with athletes and coaching peers, and reflection on

personal experiences. Coaches who are able to improve their
athletes’ four Cs are making an enormous contribution to the
development of sport and society.

Developing fitness, athleticism and a functional foundation
Despite a compelling body of scientific evidence that supports
regular participation in age-related strength and conditioning
activities,27 221 222 secular declines in measures of muscular
strength, fundamental movement skills and neuromuscular
fitness in the general population of youth have been
reported.223–227 The observed regressions in muscular fitness
may be, in part, due to worldwide reductions in frequent varied
exposure to moderate-to-vigorous intensity physical activity in
school-age youth.228 229 Participation in organised sports,
however, does not ensure a suitable level of integrated strength,
neuromuscular fitness and other essential characteristics (eg, bio-
motor abilities, including coordination and balance) to
adequately meet the physical and functional demands of sport
consistent with elite, and sustainable, athletic performance. In
contrast, sports participation with appropriate preparatory
strength and fitness conditioning decreases the risk of sports-
related injuries, and enhances the likelihood of achieving and
sustaining an enjoyable, high level of performance.230–232

Muscular fitness and effective movement skills serve as the
foundation for achieving optimal and sustainable long-term ath-
letic performance; accordingly, a suitable emphasis on develop-
ing muscular strength, power, speed and agility of young
athletes with appropriate age-related interventions is essen-
tial.233 234 Early exposure to strength and conditioning can
improve markers of health, enhance physical performance, and
reduce injury risk in children and adolescents.27 231 235 Indeed,
the IOC encourages early identification of individual deficits in
physical fitness in young athletes and the qualified prescription
of training programmes specifically designed to address individ-
ual limitations.236

To optimise training adaptations and manage fatigue, youth
conditioning should be considered a long-term process that
involves the sensible integration of different training methods
and the periodic manipulation of programme variables (eg,
training intensity and volume) over time, while providing
regular opportunities for rest and recovery. Integrative neuro-
muscular training is specifically designed to improve essential
athletic elements for sport, and foster positive skill development
with the intent to make organised youth sports more engaging,
enjoyable and safe for all youth athletes.237 238 Extensive evi-
dence suggests that young athletes who are not exposed to this
type of strength and conditioning early on in their athletic
careers will inevitably need to address neuromuscular deficien-
cies to enhance athletic development or in rehabilitation follow-
ing an injury.94 97 104 239 The desired result encompasses having
sufficient physical capacities of balance, coordination, flexibility,
agility, strength, power, endurance, variable speed and the
ability to read (through various senses and experiences), inte-
grate and interpret a wide range of athletic scenarios and chal-
lenging situations, and respond efficiently and effectively with
confidence, anticipation and optimal decision-making.

Physiological monitoring and sport-specific performance
testing
A rationale for the assessment and monitoring of youth athletes
might include purportedly identifying talent, predicting future
performance, determining strengths and weaknesses, informing
the selection process, evaluating the effectiveness of training
programmes, monitoring current health and performance,

Bergeron MF, et al. Br J Sports Med 2015;49:843–851. doi:10.1136/bjsports-2015-094962 7 of 14

Consensus statement

group.bmj.com on June 18, 2015 - Published by http://bjsm.bmj.com/Downloaded from 



motivating the athlete, enhancing the athlete’s (and coach’s)
understanding of the demands of the sport, and improving
present and future performance.240 241 The sport physiologist,
as a member of the athlete-integrated science and medical
support team (psychology, biomechanics, medicine, nutrition
and physiotherapy) works collaboratively to choose appropriate
testing, and to interpret and communicate test results and their
application to performance to the coach and athlete. Those who
work with youth athletes (coaches, physiologists, physicians, die-
ticians, etc) should also be knowledgeable of methods for asses-
sing and interpreting the growth and maturity status of youth
athletes.

Ethics of testing youth athletes
The ethics of non-therapeutic testing of minors are well-
documented.242 243 Sport physiologists should also be aware of
power differentials and coercion in the recruitment process, as
it is unlikely that a youth athlete will refuse to participate if the
coach gives proxy permission on his/her behalf. To protect all
parties, written informed consent (or parental/guardian consent
and child assent for children <18 years) should be obtained fol-
lowing an explanation, appropriate to the athlete’s level of com-
prehension, of the purpose, procedures and potential benefits
and risks of the tests. It is advisable that a contract clearly out-
lining the role the sport physiologist is signed by all parties.

Testing youth athletes
Clear rationales and guidelines for the physiological assessment
and interpretation of, for example, young people’s body com-
position,244 muscle strength,245 aerobic fitness20 and anaerobic
performance246 are well-documented. A body of knowledge on
assessing the kinetic responses to rapid changes in exercise
intensity is also emerging.247 As well, the interpretation of exer-
cise testing data in relation to body size has been comprehen-
sively addressed.248 To be effective, physiological testing of
youth athletes should be as sport-specific as possible. Several
well-documented sport-specific tests for adult athletes249 can be
applied to youth athletes. A number of sport-specific field tests
designed for youth athletes have recently emerged; but, more
research is required to establish their effectiveness.250–252

The precise influence of a change in a laboratory or field test
outcome on sport performance during youth is unknown. A
single change in a physiological variable may have little effect
on subsequent performance, as it is often an accumulation of
related changes that enhance performance. Moreover, it may
take several years of training for some factors related to per-
formance (eg, running economy) to significantly improve, and
this is compounded during youth by the asynchronous develop-
ment of aspects of physiology (eg, the interplay of anaerobic
and aerobic metabolism). Although laboratory testing provides a
gold standard for physiological variables and enables close
control over extraneous factors, sport-specific field tests have
greater specificity and ecological validity. Laboratory and field
tests can both play valuable roles in monitoring progress, and
the balance of use and frequency is best made on a
sport-by-sport basis.

IOC RECOMMENDATIONS FOR YOUTH ATHLETIC
DEVELOPMENT
While the field of youth athletic development has advanced con-
siderably, new research and validated practical solutions to
effectively improve current practices are of paramount import-
ance. There is also an urgency to address the ‘culture’ of specific
sports and youth sports in general, which have become

disproportionately both adult and media centred. The much
maligned ‘specialisation’ in youth sports is a related recognised
concern that also needs to be addressed appropriately and realis-
tically. Appropriate diversity and variability of athletic exposure
within a single sport, while supporting sufficient learning of
foundational skills and sport-specific technique and biomechan-
ics to minimise injury risk and optimise performance, along
with consistent adequate rest and recovery and a balanced
emphasis on other priorities (eg, family and school, life skills
and social development), can be acceptable and healthy, so long
as the youth athlete is enjoying and benefitting fully from the
experience.

While recognising the broad challenges, and lack of sufficient
sport-specific and athletic development stage-specific data, evi-
dence-informed best practices should be emphasised to minimise
illness and injury risk, enhance well-being and promote sustain-
able, enjoyable, long-term athletic development, performance
and success in all youth athletes. To this end, the IOC authors
recommend these guiding principles:
General principles
▸ Youth athlete development is contingent on an individually

unique and constantly changing base of normal physical
growth, biological maturation and behavioural development,
and therefore it must be considered individually.

▸ Allow for a wider definition of sport success, as indicated by
healthy, meaningful and varied life-forming experiences,
which is centred on the whole athlete and development of
the person.

▸ Adopt viable, evidence-informed and inclusive frameworks
of athlete development that are flexible (using ‘best practice’
for each developmental level), while embracing individual
athlete progression and appropriately responding to the ath-
lete’s perspective and needs.

▸ Commit to the psychological development of resilient
and adaptable athletes characterised by mental capability
and robustness, high self-regulation and enduring personal
excellence qualities—that is, upholding the ideals of
Olympism.

▸ Encourage children to participate in a variety of different
unstructured (ie, deliberate play) and structured age-appropri-
ate sport-related activities and settings, to develop a wide range
of athletic and social skills and attributes that will encourage
sustained sport participation and enjoyment.

▸ Make a commitment to promote safety, health and respect
for the rules, other athletes and the game, while adopting
specific policies and procedures to avert harassment and
abuse.

▸ Across the entire athletic development pathway, assist each
athlete in effectively managing sport-life balance to be better
prepared for life after sport.

Coaching
▸ Provide a challenging and enjoyable sporting climate that focuses

on each athlete’s personal assets and mastery orientation.
▸ Coaching practices should be informed by research-based

developmental guidelines that promote flexibility and innov-
ation, while accommodating individual skills and athletic
development trajectories.

▸ Coaching should be context-specific (eg, participation vs per-
formance focus) and aligned with individual athletic
readiness.

▸ Coaching education programmes should assist coaches in
establishing meaningful relationships that enrich the personal
assets of their athletes and foster their own intrapersonal and
interpersonal skills (eg, reflection and communicative skills).
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▸ Coaches should seek interdisciplinary support and guidance
in managing a youth athlete’s athletic development, fitness
and health, and mental and social challenges and needs.

Conditioning, testing and injury prevention
▸ Encourage regular participation in varied strength and condi-

tioning programmes that are suitably age based, quality tech-
nique driven, safe and enjoyable.

▸ Design youth athlete development programmes comprising
diversity and variability of athletic exposure, to mitigate the
risk of overuse injuries and other health problems prompted
by inappropriate training and competition that exceed safe
load thresholds, while providing sufficient and regular rest
and recovery, to encourage positive adaptations and progres-
sive athletic development.

▸ Maintain an ethical approach to, and effectively translate,
laboratory and field testing to optimise youth sports partici-
pation and performance.

▸ Develop, implement and continue to evaluate knowledge
translation strategies and resources that will enhance injury
prevention and promote health in youth athletes, such as the
Get Set—Train Smarter injury prevention app developed by
the IOC for the 2014 Youth Olympic Games.253

▸ Promote evidence-informed injury prevention programmes,
protective equipment legislation and rule changes that are
context specific, adaptable and consistent with maintaining
the integrity of the sport and participation goals.

▸ Strictly adhere to a “No youth athlete should compete—or
train or practice in a way that loads the affected injured area,
interfering with or delaying recovery—when in pain or not
completely rehabilitated and recovered from an illness or
injury”.

Nutrition, hydration and exertional heat illness
▸ Dietary education for young athletes should emphasise

optimal eating patterns to support health, normal growth
and sport participation demands, with emphasis on a
balanced intake of nutrient-dense carbohydrates, high-quality
protein and sufficient dietary calcium, vitamin D and iron.

▸ Youth athletes and their support personnel should be edu-
cated on the risks associated with dietary supplements and
energy drinks.

▸ Emphasise and mitigate the risks of sport-related EDs, DE
and RED-S, by raising awareness through education, improv-
ing screening and treatment, and implementing applicable
rule modifications.

▸ Education and training on exertional heat illness risks and
effective prevention and risk-reduction strategies (including
practical preparation, offsetting measures and management
and immediate response protocols) and policies should be
regularly provided and emphasised to youth athletes, coaches
and staff, and others overseeing or assisting with children
and adolescents participating in outdoor sports.

▸ A written emergency action plan and effective response pro-
tocols should be in place and practiced ahead of time with
trained personnel, as well as readily available facilities on-site
for managing and treating all forms of exertional heat illness
and other medical emergencies, for all youth athletic activ-
ities, especially in the heat.

Sport and sports medicine governing bodies and organisations
▸ Sport and sports medicine governing bodies and organisa-

tions should protect the health and well-being of youth in
sport by providing ongoing education, and fully implement-
ing and monitoring practical, and effective, athlete safeguard-
ing policies and procedures in all youth athlete
programming.254–256

▸ Youth athlete selection and talent development philosophies
should be based on the physiological, perceptual, cognitive
and tactical demands of the sport, and a long-term, individu-
ally variable developmental context.

▸ Diversification and variability of athletic exposure between
and within sports should be encouraged and promoted.

▸ Competition formats and settings should be age and skill
appropriate, while allowing for sufficient rest and recovery
time between multiple same-day contests.

A CALL TO ACTION
We challenge all youth and other sport governing bodies to
emphasise awareness, education and implementation of these
IOC recommendations and to support the promotion of
evidence-informed perspectives to coaches, the athlete entou-
rage, medical providers and administrators involved in youth
sports to ensure an enjoyable, safe, healthy and sustainable
experience for all participants.

Author affiliations
1Youth Sports of the Americas, Birmingham, Alabama, USA
2Lemak Sports Medicine, Birmingham, Alabama, USA
3Department of Family Medicine, Michael G DeGroote School of Medicine,
McMaster University, Hamilton, Ontario, Canada
4IOC Medical Commission—Games Group
5Children’s Health and Exercise Research Centre, St Luke’s Campus, University of
Exeter, Exeter, UK
6Physical Education & Sports Science, National Institute of Education, Nanyang
Technological University, Singapore
7Queen’s University, School of Kinesiology and Health Studies, Kingston, Ontario,
Canada
8Alberta Children’s Hospital Research Institute for Child and Maternal Health
Pediatrics and Community Health Sciences, University of Calgary, Calgary, Alberta,
Canada
9Department of Health & Exercise Science, The College of New Jersey, Ewing, New
Jersey, USA
10Hallway Consulting, Los Olivos, California, USA
11Institut für Epidemiologie, Biostatistik und Prävention, Gruppe Children, Physical
Activity and Health (CHIPAH), Universität Zürich, Switzerland
12International Gymnastics Federation (FIG), Paris, France
13University of Texas at Austin, Austin, Texas, USA
14Tarleton State University, Stephenville, Texas, USA
15Department of Coaching and Psychology, Norwegian School of Sport Sciences,
Oslo, Norway
16International Basketball Federation (FIBA), Switzerland
17Medical & Scientific Department, International Olympic Committee, Lausanne,
Switzerland
18Department of Sports Medicine, Norwegian School of Sports Sciences, Oslo,
Norway
19Department of Public & Occupational Health and EMGO+ Institute, VU University
Medical Center Amsterdam, Amsterdam, The Netherlands
20School of Human Movement and Nutrition Sciences, University of Queensland,
Brisbane, Australia
21Division of Exercise Science and Sports Medicine, Department of Human Biology,
University of Cape Town, Cape Town, South Africa
22Athlete Pathways and Development, Australian Institute of Sport, Bruce, Australia
23Orthopaedic Center, Ullevaal University Hospital, Oslo, Norway

Acknowledgements The group acknowledges the contribution and support of
IOC Medical and Scientific Director, Richard Budgett, during the IOC Youth Athletic
Development Consensus Meeting.

Contributors MFB and MM made substantial contributions to overall and detailed
conception, planning, design and coordination of the paper, drafting and critically
revising the manuscript, and approval of the final version to be published. NA, MC,
JC, CAE, AF, SK, RMM, AMP, TS, JS-B, WvM and JRW made substantial
contributions to drafting and critically revising the manuscript. GH, ML and AS
contributed to conceptual and content development. LE made a substantial
contribution to overseeing manuscript development and overall final approval of the
final version to be published.

Competing interests None declared.

Provenance and peer review Not commissioned; internally peer reviewed.

Bergeron MF, et al. Br J Sports Med 2015;49:843–851. doi:10.1136/bjsports-2015-094962 9 of 14

Consensus statement

group.bmj.com on June 18, 2015 - Published by http://bjsm.bmj.com/Downloaded from 



REFERENCES
1 Engebretsen L, Steffen K, Bahr R, et al. The International Olympic Committee

Consensus statement on age determination in high-level young athletes. Br J
Sports Med 2010;44:476–84.

2 Malina RM, Bouchard C, Bar-Or O. Growth, maturation, and physical activity. 2nd
edn. Champaign, IL: Human Kinetics, 2004.

3 Beunen G. Biological age in pediatric exercise research. In: Bar-Or O, ed. In
advances in pediatric sport sciences. Champaign, IL: Human Kinetics, 1989:1–39.

4 Beunen G, Malina RM. Growth and biologic maturation: relevance to athletic
performance. In: Hebestreit H, Bar-Or O, eds. The young athlete. Malden, MA:
Blackwell Publishing, 2008:3–17.

5 Beunen GP, Rogol AD, Malina RM. Indicators of biological maturation and secular
changes in biological maturation. Food Nutr Bull 2006;27:S244–56.

6 Malina RM, Beunen G. Growth and maturation: methods of monitoring. In:
Hebestreit H, Bar-Or O, eds. The young athlete. Malden, MA: Blackwell
Publishing, 2008:430–42.

7 Malina RM. Skeletal age and age verification in youth sport. Sports Med
2011;41:925–47.

8 Dvorak J, George J, Junge A, et al. Application of MRI of the wrist for age
determination in international U-17 soccer competitions. Br J Sports Med
2007;41:497–500.

9 Dvorak J, George J, Junge A, et al. Age determination by magnetic resonance
imaging of the wrist in adolescent male football players. Br J Sports Med
2007;41:45–52.

10 Slough JM, Hennrikus W, Chang Y. Reliability of Tanner staging performed by
orthopedic sports medicine surgeons. Med Sci Sports Exerc 2013;45:1229–34.

11 Taylor SJC, Whincup PH, Hindmarsh PC, et al. Performance of a new pubertal
self-assessment questionnaire: a preliminary study. Paediatr Perinat Epidemiol
2001;15:88–94.

12 Roche AF, Tyleshevski F, Rogers E. Non-invasive measurement of physical maturity
in children. Res Q Exerc Sport 1983;54:364–71.

13 Malina RM, Coelho ESMJ, Figueiredo AJ, et al. Interrelationships among invasive
and non-invasive indicators of biological maturation in adolescent male soccer
players. J Sports Sci 2012;30:1705–17.

14 Malina RM, Dompier TP, Powell JW, et al. Validation of a noninvasive maturity
estimate relative to skeletal age in youth football players. Clin J Sport Med
2007;17:362–8.

15 Mirwald RL, Baxter-Jones AD, Bailey DA, et al. An assessment of maturity from
anthropometric measurements. Med Sci Sports Exerc 2002;34:689–94.

16 Malina RM, Claessens AL, Van Aken K, et al. Maturity offset in gymnasts:
application of a prediction equation. Med Sci Sports Exerc 2006;38:1342–7.

17 Malina RM, Koziel SM. Validation of maturity offset in a longitudinal sample of
Polish boys. J Sports Sci 2014;32:424–37.

18 Malina RM, Koziel SM. Validation of maturity offset in a longitudinal sample of
Polish girls. J Sports Sci 2014;32:1374–82.

19 Malina RM. Ethnicity and biological maturation in sports medicine research. Scand
J Med Sci Sports 2009;19:1–2.

20 Armstrong N, Welsman JR. Assessment: aerobic fitness. In: Armstrong N, Van
Mechelen W, eds. Paediatric exercise science and medicine. 2nd edn. Oxford:
Oxford University Press, 2008:97–108.

21 Eriksson BO. Muscle metabolism in children—a review. Acta Paediatr Scand Suppl
1980;283:20–8.

22 Berg A, Keul J. Biochemical changes during exercise in children. In: Malina RM,
ed. Young athletes. Champaign, IL: Human Kinetics, 1988:61–78.

23 Haralambie G. Enzyme activities in skeletal muscle of 13–15 years old
adolescents. Bull Eur Physiopathol Respir 1982;18:65–74.

24 Riddell MC. The endocrine response and substrate utilization during exercise in
children and adolescents. J Appl Physiol (1985) 2008;105:725–33.

25 Aucouturier J, Baker JS, Duche P. Fat and carbohydrate metabolism during
submaximal exercise in children. Sports Med 2008;38:213–38.

26 De Ste Croix MBA. Muscle strength. In: Armstrong N, Van Mechelen W, eds.
Paediatric exercise science and medicine. 2nd edn. Oxford: Oxford University Press,
2008:199–226.

27 Lloyd RS, Faigenbaum AD, Stone MH, et al. Position statement on youth resistance
training: the 2014 International Consensus. Br J Sports Med 2014;48:498–505.

28 Armstrong N, McManus AM, Welsman JR. Development: aerobic fitness. In:
Armstrong N, Van Mechelen W, eds. Paediatric exercise science and medicine. 2nd
edn. Oxford: Oxford University Press, 2008:269–82.

29 Armstrong N, Barker AR. Oxygen uptake kinetics in children and adolescents:
a review. Pediatr Exerc Sci 2009;21:130–47.

30 Van Praagh E, Dore E. Short-term muscle power during growth and maturation.
Sports Med 2002;32:701–28.

31 Armstrong N, Welsman JR. Peak oxygen uptake in relation to growth and
maturation in 11- to 17-year-old humans. Eur J Appl Physiol 2001;85:546–51.

32 Armstrong N, Welsman JR, Chia MY. Short-term power output in relation to
growth and maturation. Br J Sports Med 2001;35:118–24.

33 Falk B, Dotan R. Child-adult differences in the recovery from high-intensity
exercise. Exerc Sport Sci Rev 2006;34:107–12.

34 Ratel S, Duche P, Williams CA. Muscle fatigue during high-intensity exercise in
children. Sports Med 2006;36:1031–65.

35 Mountjoy M, Armstrong N, Bizzini L, et al. IOC consensus statement: “training the
elite child athlete”. Br J Sports Med 2008;42:163–4.

36 Armstrong N, Barker AR. Endurance training and elite young athletes. Med Sport
Sci 2011;56:59–83.

37 Behringer M, Vom Heede A, Yue Z, et al. Effects of resistance training in children
and adolescents: a meta-analysis. Pediatrics 2010;126:e1199–210.

38 McNarry M, Jones A. The influence of training status on the aerobic and anaerobic
responses to exercise in children: a review. Eur J Sport Sci 2014;14(Suppl 1):
S57–68.

39 Campbell IG, Higgins LM, Trinidad JM, et al. The increase in longitudinally
measured sleepiness across adolescence is related to the maturational decline in
low-frequency EEG power. Sleep 2007;30:1677–87.

40 Darchia N, Cervena K. The journey through the world of adolescent sleep.
Rev Neurosci 2014;25:585–604.

41 Hagenauer MH, Perryman JI, Lee TM, et al. Adolescent changes in the
homeostatic and circadian regulation of sleep. Dev Neurosci 2009;31:276–84.

42 Crowley SJ, Acebo C, Carskadon MA. Sleep, circadian rhythms, and delayed phase
in adolescence. Sleep Med 2007;8:602–12.

43 Adolescent Sleep Working Group, Committee on Adolescence, Council on School
Health. School start times for adolescents. Pediatrics 2014;134:642–9.

44 Gradisar M, Gardner G, Dohnt H. Recent worldwide sleep patterns and problems
during adolescence: a review and meta-analysis of age, region, and sleep.
Sleep Med 2011;12:110–18.

45 Falbe J, Davison KK, Franckle RL, et al. Sleep duration, restfulness, and screens in
the sleep environment. Pediatrics 2015;135:e367–75.

46 Owens J, Adolescent Sleep Working Group; Committee on Adolescence.
Insufficient sleep in adolescents and young adults: an update on causes and
consequences. Pediatrics 2014;134:e921–32.

47 Lastella M, Roach GD, Halson SL, et al. Sleep/wake behaviours of elite athletes
from individual and team sports. Eur J Sport Sci 2015;15:94–100.

48 Reyner LA, Horne JA. Sleep restriction and serving accuracy in performance tennis
players, and effects of caffeine. Physiol Behav 2013;120:93–6.

49 Sargent C, Lastella M, Halson SL, et al. The impact of training schedules on the
sleep and fatigue of elite athletes. Chronobiol Int 2014;31:1160–8.

50 Suppiah HT, Low CY, Chia M. Effects of sports training on sleep characteristics of
Asian adolescent athletes. Bio Rhythm Res 2015;46:523–36.

51 Milewski MD, Skaggs DL, Bishop GA, et al. Chronic lack of sleep is associated
with increased sports injuries in adolescent athletes. J Pediatr Orthop
2014;34:129–33.

52 Carskadon MA. Sleep and circadian rhythms in children and adolescents: relevance
for athletic performance of young people. Clin Sports Med 2005;24:319–28, x.

53 Malina RM. Children and adolescents in the sport culture: the overwhelming
majority to the select few. J Exerc Sci Fitness 2009;7:S1–10.

54 Malina RM. Early sport specialization: roots, effectiveness, risks. Curr Sports Med
Rep 2010;9:364–71.

55 Malina RM. Menarche in athletes: a synthesis and hypothesis. Ann Hum Biol
1983;10:1–24.

56 Malina RM. Physical growth and biological maturation of young athletes. Exerc
Sport Sci Rev 1994;22:389–433.

57 Malina RM. The young athlete: biological growth and maturation in a biocultural
context. In: Smoll FL, Smith RE, eds. Children and youth in sports: a
biopsychosocial perspective. 2nd edn. Dubuque, IA: Kendall Hunt, 2002:
261–92.

58 Malina RM, Baxter-Jones AD, Armstrong N, et al. Role of intensive training in the
growth and maturation of artistic gymnasts. Sports Med 2013;43:783–802.

59 Bridge MW, Toms MR. The specialising or sampling debate: a retrospective
analysis of adolescent sports participation in the UK. J Sports Sci 2013;31:87–96.

60 DiFiori JP, Benjamin HJ, Brenner JS, et al. Overuse injuries and burnout in youth
sports: a position statement from the American Medical Society for Sports
Medicine. Br J Sports Med 2014;48:287–8.

61 Jayanthi N, Pinkham C, Dugas L, et al. Sports specialization in young athletes:
evidence-based recommendations. Sports Health 2013;5:251–7.

62 Jayanthi NA, LaBella CR, Fischer D, et al. Sports-specialized intensive training and
the risk of injury in young athletes: a clinical case-control study. Am J Sports Med
2015;43:794–801.

63 Gullich A, Emrich E. Considering long-term sustainability in the development of
world class success. Eur J Sport Sci 2014;14(Suppl 1):S383–97.

64 Mostafavifar AM, Best TM, Myer GD. Early sport specialisation, does it lead to
long-term problems? Br J Sports Med 2013;47:1060–1.

65 Côté J. The influence of the family in the development of talent in sport. Sport
Psychol 1999;13:395–417.

66 Côté J, Abernethy B. A developmental approach to sport expertise. In: Murphy S,
ed. The Oxford handbook of sport and performance psychology. New York, NY:
Oxford University Press, 2012:435–47.

67 Côté J, Hancock DJ. Evidence-based policies for youth sport programmes. Int J
Sport Policy Polit 2014. 10.1080/19406940.2014.919338

10 of 14 Bergeron MF, et al. Br J Sports Med 2015;49:843–851. doi:10.1136/bjsports-2015-094962

Consensus statement

group.bmj.com on June 18, 2015 - Published by http://bjsm.bmj.com/Downloaded from 



68 Gulbin JP, Oldenziel K, Weissensteiner JR, et al. A look through the rear vision
mirror: developmental experiences and insights of high performance athletes.
Talent Dev Excell 2010;2:149–64.

69 Gullich A. Many roads lead to Rome—developmental paths to Olympic gold in
men’s field hockey. Eur J Sport Sci 2014;14:763–71.

70 Bahr R. Demise of the fittest: are we destroying our biggest talents? Br J Sports
Med 2014;48:1265–7.

71 Dye SF. The pathophysiology of patellofemoral pain: a tissue homeostasis
perspective. Clin Orthop Relat Res 2005;(436):100–10.

72 Collard DC, Verhagen EA, Chin APMJ, et al. Acute physical activity and sports
injuries in children. Appl Physiol Nutr Metab 2008;33:393–401.

73 Micheli LJ. Overuse injuries in children’s sports: the growth factor. Orthop Clin
North Am 1983;14:337–60.

74 Verhagen EALM, van Mechelen W. Epidemiology of pediatric sports-related
injuries. In: Hebestreit H, Bar-Or O, eds. The young athlete. Blackwell Publishing,
2007;143-50.

75 Verhagen EALM, van Mechelen W, Baxter-Jones ABG, et al. Etiology and
prevention of injuries in youth competition contact sports. In: Mechelen W. van,
Armstrong N, eds. Paediatric exercise science and medicine. 2nd edn. Oxford:
Oxford University Press, 2008:577–88.

76 Malina RM, Pena Reyes ME, Eisenmann JC, et al. Height, mass and skeletal
maturity of elite Portuguese soccer players aged 11–16 years. J Sports Sci
2000;18:685–93.

77 Geithner CA, Woynarowska B, Malina RM. The adolescent spurt and sexual
maturation in girls active and not active in sport. Ann Hum Biol 1998;25:415–23.

78 Clapp JF 3rd, Little KD. The interaction between regular exercise and selected
aspects of women’s health. Am J Obstet Gynecol 1995;173:2–9.

79 Loucks AB, Vaitukaitis J, Cameron JL, et al. The reproductive system and exercise
in women. Med Sci Sports Exerc 1992;24:S288–93.

80 Mountjoy M, Andersen LB, Armstrong N, et al. International Olympic Committee
consensus statement on the health and fitness of young people through physical
activity and sport. Br J Sports Med 2011;45:839–48.

81 Strong WB, Malina RM, Blimkie CJ, et al. Evidence based physical activity for
school-age youth. J Pediatr 2005;146:732–7.

82 Maron BJ, Thompson PD, Ackerman MJ, et al. Recommendations and
considerations related to preparticipation screening for cardiovascular abnormalities
in competitive athletes: 2007 update: a scientific statement from the American
Heart Association Council on Nutrition, Physical Activity, and Metabolism:
endorsed by the American College of Cardiology Foundation. Circulation
2007;115:1643–455.

83 Rice SG, Council on Sports Medicine and Fitness. Medical conditions affecting
sports participation. Pediatrics 2008;121:841–8.

84 Asif IM, Price D, Harmon KG, et al. The psychological impact of cardiovascular
screening in young athletes: perspectives across age, race, and gender. Clin J Sport
Med 2015. doi: 10.1097/jsm.0000000000000180.

85 Roberts WO, Asplund CA, O’Connor FG, et al. Cardiac preparticipation screening
for the young athlete: why the routine use of ECG is not necessary.
J Electrocardiol 2015;48:311–15.

86 Rowland TW, Delaney BC, Siconolfi SF. ‘Athlete’s heart’ in prepubertal children.
Pediatrics 1987;79:800–4.

87 Rowland TW, Unnithan VB, MacFarlane NG, et al. Clinical manifestations of the
‘athlete’s heart’ in prepubertal male runners. Int J Sports Med 1994;15:515–19.

88 Ayabakan C, Akalin F, Mengutay S, et al. Athlete’s heart in prepubertal male
swimmers. Cardiol Young 2006;16:61–6.

89 Triposkiadis F, Ghiokas S, Skoularigis I, et al. Cardiac adaptation to intensive
training in prepubertal swimmers. Eur J Clin Invest 2002;32:16–23.

90 Emery CA, Tyreman H. Sport participation, sport injury, risk factors and sport
safety practices in Calgary and area junior high schools. Paediatr Child Health
2009;14:439–44.

91 Emery CA, Meeuwisse WH, McAllister JR. Survey of sport participation and sport
injury in Calgary and area high schools. Clin J Sport Med 2006;16:20–6.

92 Caine D, Maffulli N, Caine C. Epidemiology of injury in child and adolescent
sports: injury rates, risk factors, and prevention. Clin Sports Med 2008;27:19–56.

93 Schiff MA, Caine DJ, O’Halloran R. Injury prevention in sports. Am J Lifestyle
Manag 2010;4:42–64.

94 Emery CA, Rose MS, McAllister JR, et al. A prevention strategy to reduce the
incidence of injury in high school basketball: a cluster randomized controlled trial.
Clin J Sport Med 2007;17:17–24.

95 Collard DM, Verhagen EM, Chinapaw MM, et al. Effectiveness of a school-based
physical activity injury prevention program: a cluster randomized controlled trial.
Arch Pediatr Adolesc Med 2010;164:145–50.

96 Emery CA, Cassidy JD, Klassen TP, et al. Effectiveness of a home-based
balance-training program in reducing sports-related injuries among healthy
adolescents: a cluster randomized controlled trial. CMAJ 2005;172:749–54.

97 Emery CA, Meeuwisse WH. The effectiveness of a neuromuscular prevention
strategy to reduce injuries in youth soccer: a cluster-randomised controlled trial.
Br J Sports Med 2010;44:555–62.

98 LaBella CR, Huxford MR, Grissom J, et al. Effect of neuromuscular warm-up on
injuries in female soccer and basketball athletes in urban public high schools:
cluster randomized controlled trial. Arch Pediatr Adolesc Med 2011;165:1033–40.

99 Mickel TJ, Bottoni CR, Tsuji G, et al. Prophylactic bracing versus taping for the
prevention of ankle sprains in high school athletes: a prospective, randomized trial.
J Foot Ankle Surg 2006;45:360–5.

100 Olsen OE, Myklebust G, Engebretsen L, et al. Exercises to prevent lower limb
injuries in youth sports: cluster randomised controlled trial. BMJ 2005;330:449.

101 Soligard T, Myklebust G, Steffen K, et al. Comprehensive warm-up programme to
prevent injuries in young female footballers: cluster randomised controlled trial.
BMJ 2008;337:a2469.

102 Steffen K, Meeuwisse WH, Romiti M, et al. Evaluation of how different
implementation strategies of an injury prevention programme (FIFA 11+) impact
team adherence and injury risk in Canadian female youth football players:
a cluster-randomised trial. Br J Sports Med 2013;47:480–7.

103 Steffen K, Myklebust G, Olsen OE, et al. Preventing injuries in female youth
football—a cluster-randomized controlled trial. Scand J Med Sci Sports
2008;18:605–14.

104 Walden M, Atroshi I, Magnusson H, et al. Prevention of acute knee injuries in
adolescent female football players: cluster randomised controlled trial. BMJ
2012;344:e3042.

105 Wedderkopp N, Kaltoft M, Holm R, et al. Comparison of two intervention
programmes in young female players in European handball—with and without
ankle disc. Scand J Med Sci Sports 2003;13:371–5.

106 Wedderkopp N, Kaltoft M, Lundgaard B, et al. Prevention of injuries in young
female players in European team handball. A prospective intervention study. Scand
J Med Sci Sports 1999;9:41–7.

107 Rossler R, Donath L, Verhagen E, et al. Exercise-based injury prevention in child
and adolescent sport: a systematic review and meta-analysis. Sports Med
2014;44:1733–48.

108 Lauersen JB, Bertelsen DM, Andersen LB. The effectiveness of exercise
interventions to prevent sports injuries: a systematic review and meta-analysis of
randomised controlled trials. Br J Sports Med 2014;48:871–7.

109 Dizon JMR, Reyes JJB. A systematic review on the effectiveness of external ankle
supports in the prevention of inversion ankle sprains among elite and recreational
players. J Sci Med Sport 2010;13:309–17.

110 Benson BW, Rose MS, Meeuwisse WH. The impact of face shield use on
concussions in ice hockey: a multivariate analysis. Br J Sports Med
2002;36:27–32.

111 Russell K, Hagel B, Francescutti LH. The effect of wrist guards on wrist and arm
injuries among snowboarders: a systematic review. Clin J Sport Med
2007;17:145–50.

112 Russell K, Christie J, Hagel BE. The effect of helmets on the risk of head and neck
injuries among skiers and snowboarders: a meta-analysis. CMAJ
2010;182:333–40.

113 Bjorneboe J, Bahr R, Dvorak J, et al. Lower incidence of arm-to-head contact
incidents with stricter interpretation of the Laws of the Game in Norwegian male
professional football. Br J Sports Med 2013;47:508–14.

114 Emery CA, Kang J, Shrier I, et al. Risk of injury associated with body checking
among youth ice hockey players. JAMA 2010;303:2265–72.

115 Emery CA, Hagel B, Decloe M, et al. Risk factors for injury and severe injury in
youth ice hockey: a systematic review of the literature. Inj Prev 2010;16:113–18.

116 Finch CF, Donaldson A. A sports setting matrix for understanding the
implementation context for community sport. Br J Sports Med 2010;44:973–8.

117 Verhagen EALM, van Stralen MM, van Mechelen W. Behaviour, the key factor for
sports injury prevention. Sports Med 2010;40:899–906.

118 Orr B, Brown C, Hemsing J, et al. Female soccer knee injury: observed knowledge
gaps in injury prevention among players/parents/coaches and current evidence (the
KNOW study). Scand J Med Sci Sports 2013;23:271–80.

119 Owoeye OBA, Akinbo SRA, Olawale OA, et al. Injury prevention in football:
knowledge and behaviour of players and availability of medical care in a Nigerian
youth football league. S Afr J Sports Med 2013;25:77-80.

120 Twomey D, Finch C, Roediger E, et al. Preventing lower limb injuries: is the latest
evidence being translated into the football field? J Sci Med Sport 2009;12:452–6.

121 Howard GM, Radloff M, Sevier TL. Epilepsy and sports participation. Curr Sports
Med Rep 2004;3:15–19.

122 Frier BM. Hypoglycaemia in diabetes mellitus: epidemiology and clinical
implications. Nat Rev Endocrinol 2014;10:711–22.

123 Galassetti P, Riddell MC. Exercise and type 1 diabetes (T1DM). Compr Physiol
2013;3:1309–36.

124 Asif IM, Rao AL, Drezner JA. Sudden cardiac death in young athletes: what is the
role of screening? Curr Opin Cardiol 2013;28:55–62.

125 The World Anti-Doping Code: THE 2014 PROHIBITED LIST INTERNATIONAL
STANDARD. https://wada-main-prod.s3.amazonaws.com/resources/files/
WADA-Revised-2014-Prohibited-List-EN.PDF, accessed 22 Nov 2014.

126 Roelands B, Hasegawa H, Watson P, et al. The effects of acute dopamine reuptake
inhibition on performance. Med Sci Sports Exerc 2008;40:879–85.

Bergeron MF, et al. Br J Sports Med 2015;49:843–851. doi:10.1136/bjsports-2015-094962 11 of 14

Consensus statement

group.bmj.com on June 18, 2015 - Published by http://bjsm.bmj.com/Downloaded from 



127 Langdeau JB, Boulet LP. Is asthma over- or under-diagnosed in athletes? Respir
Med 2003;97:109–14.

128 Decorte N, Verges S, Flore P, et al. Effects of acute salbutamol inhalation on
quadriceps force and fatigability. Med Sci Sports Exerc 2008;40:1220–7.

129 Zorgati H, Prieur F, Vergniaud T, et al. Ergogenic and metabolic effects of oral
glucocorticoid intake during repeated bouts of high-intensity exercise. Steroids
2014;86:10–5.

130 Ursin H, Eriksen HR. The cognitive activation theory of stress.
Psychoneuroendocrinology 2004;29:567–92.

131 Crocker PRE, Hoar SD, McDonough MH, et al. Emotional experience in youth
sport. In: Weiss MR, ed. Developmental sport and exercise psychology: a lifespan
perspective. Morgantown, WV: Fitness Information Technology, 2004:197–221.

132 Dubuc NG, Schinke RJ, Eys MA, et al. Experiences of burnout among adolescent
female gymnasts: three case studies. J Clin Sport Psychol 2010;4:1–18.

133 Schmikli SL, Brink MS, de Vries WR, et al. Can we detect non-functional
overreaching in young elite soccer players and middle-long distance runners using
field performance tests? Br J Sports Med 2011;45:631–6.

134 Appleton PR, Hill AP. Perfectionism and athlete burnout in junior elite athletes: the
mediating role of motivation regulations. J Clin Sport Psychol 2012;6:129–45.

135 Thapar A, Collishaw S, Pine DS, et al. Depression in adolescence. Lancet
2012;379:1056–67.

136 Gulliver A, Griffiths KM, Mackinnon A, et al. The mental health of Australian elite
athletes. J Sci Med Sport 2015;18:255–61.

137 Sharp L-A, Woodcock C, Holland MJG, et al. A qualitative evaluation of the
effectiveness of a mental skills training program for youth athletes. Sport Psychol
2013;27:219–32.

138 Wikman JM, Stelter R, Melzer M, et al. Effects of goal setting on fear of failure in
young elite athletes. Int J Sport Exerc Psychol 2014;12:185–205.

139 Nicholls AR, Holt NL, Polman RCJ, et al. Stress and coping among international
adolescent golfers. J Appl Sport Psychol 2005;17:333–40.

140 Nicholls AR, Polman RCJ. Stressors, coping, and coping effectiveness among
players from the England Under-18 Rugby Union Team. J Sport Behav
2007;30:199–218.

141 Watson JC II, Connole I, Kadushin P. Developing young athletes: a sport
psychology based approach to coaching youth sports. J Sport Psychol Action
2011;2:113–22.

142 Smith RE, Smoll FL, Cumming SP. Effects of a motivational climate intervention for
coaches on young athletes’ sport performance anxiety. J Sport Exerc Psychol
2007;29:39–59.

143 Le Bars H, Gernigon C, Ninot G. Personal and contextual determinants of elite
young athletes’ persistence or dropping out over time. Scand J Med Sci Sports
2009;19:274–85.

144 Steffen K, Pensgaard AM, Bahr R. Self-reported psychological characteristics as risk
factors for injuries in female youth football. Scan J Med Sci Sports 2009;19:442–51.

145 Warner S, Dixon MA. Understanding sense of community from the athlete’s
perspective. J Sport Manag 2011;25:257–71.

146 Knight CJ, Holt NL. Strategies used and assistance required to facilitate children’s
involvement in tennis: parents’ perspectives. Sport Psychol 2013;27:281–91.

147 Lauer L, Gould D, Roman N, et al. How parents influence junior tennis players’
development: qualitative narratives. J Clin Sport Psychol 2010;4:69–92.

148 Brackenridge CH, Kirby S. Playing safe: assessing the risk of sexual abuse to elite
child athletes. Int Rev Sociol Sport 1997;32:407–18.

149 Kerr G. Physical and emotional abuse of elite child athletes: the case of forced
physical exertion. In: Brackenridge CH, Rhind D, eds. Elite child athlete welfare:
international perspectives. London: Brunel University Press, 2010:41–50.

150 Lloyd RS, Oliver JL, Faigenbaum AD, et al. Chronological age vs. biological
maturation: implications for exercise programming in youth. J Strength Cond Res
2014;28:1454–64.

151 Kirby SL, Wintrup G. Hazing and initiation: sexual harassment and abuse issues.
J Sex Aggression 2002;8:41–60.

152 Kavanagh EJ, Jones I. #cyberviolence: developing a typology for understanding
virtual maltreatment in sport. In: Rhind D, Brackenridge C, eds. Researching and
Enhancing Athlete Welfare. London: Brunel University Press, 2014:34–43.

153 Tscholl P, Feddermann N, Junge A, et al. The use and abuse of painkillers in
international soccer: data from 6 FIFA tournaments for female and youth players.
Am J Sports Med 2009;37:260–5.

154 McCabe SE, West BT, Cranford JA, et al. Medical misuse of controlled medications
among adolescents. Arch Pediatr Adolesc Med 2011;165:729–35.

155 Jalilian F, Allahverdipour H, Moeini B, et al. Effectiveness of anabolic steroid
preventative intervention among gym users: applying theory of planned behaviour.
Health Promot Perspect 2011;1:32–40.

156 Cross PS, Karges JR, Horkey MA, et al. Management of acute sports injuries and
medical conditions by South Dakota high school head coaches: assessment via
case scenarios. S D Med 2012;65:97–9, 101–5, 7.

157 Petrie HJ, Stover EA, Horswill CA. Nutritional concerns for the child and adolescent
competitor. Nutrition 2004;20:620–31.

158 Burke LM, Cox GR, Culmmings NK, et al. Guidelines for daily carbohydrate intake:
do athletes achieve them? Sports Med 2001;31:267–99.

159 Desbrow B, McCormack J, Burke LM, et al. Sports dietitians Australia position
statement: sports nutrition for the adolescent athlete. Int J Sport Nutr Exerc Metab
2014;24:570–84.

160 Pyne DB, Verhagen EA, Mountjoy M. Nutrition, illness, and injury in aquatic
sports. Int J Sport Nutr Exerc Metab 2014;24:460–9.

161 Martinsen M, Bahr R, Borresen R, et al. Preventing eating disorders among young
elite athletes: a randomized controlled trial. Med Sci Sports Exerc
2014;46:435–47.

162 Spendlove JK, Heaney SE, Gifford JA, et al. Evaluation of general nutrition
knowledge in elite Australian athletes. Br J Nutr 2012;107:1871–80.

163 Eisenberg ME, Wall M, Neumark-Sztainer D. Muscle-enhancing behaviors among
adolescent girls and boys. Pediatrics 2012;130:1019–26.

164 Yager Z, O’Dea JA. Relationships between body image, nutritional supplement
use, and attitudes towards doping in sport among adolescent boys: implications
for prevention programs. J Int Soc Sports Nutr 2014;11:13.

165 International Olympic Committee. Hungry for gold. The Healthy Body Image,
2010. http://www.olympic.org/hbi (accessed 22 Mar 2015).

166 Meyer F, O’Connor H, Shirreffs SM, et al. Nutrition for the young athlete. J Sports
Sci 2007;25(Suppl 1):S73–82.

167 Diehl K, Thiel A, Zipfel S, et al. Elite adolescent athletes’ use of dietary
supplements: characteristics, opinions, and sources of supply and information. Int J
Sport Nutr Exerc Metab 2012;22:165–74.

168 Nattiv A, Loucks AB, Manore MM, et al. American College of Sports Medicine
position stand. The female athlete triad. Med Sci Sports Exerc 2007;39:
1867–82.

169 Mountjoy M, Sundgot-Borgen J, Burke L, et al. The IOC consensus statement:
beyond the Female Athlete Triad—Relative Energy Deficiency in Sport (RED-S).
Br J Sports Med 2014;48:491–7.

170 Campbell K, Peebles R. Eating disorders in children and adolescents: state of the
art review. Pediatrics 2014;134:582–92.

171 Martinsen M, Sundgot-Borgen J. Higher prevalence of eating disorders
among adolescent elite athletes than controls. Med Sci Sports Exerc
2013;45:1188–97.

172 Sundgot-Borgen J, Meyer NL, Lohman TG, et al. How to minimise the health risks
to athletes who compete in weight-sensitive sports review and position statement
on behalf of the Ad Hoc Research Working Group on Body Composition, Health
and Performance, under the auspices of the IOC Medical Commission. Br J Sports
Med 2013;47:1012–22.

173 Hinney A, Volckmar AL. Genetics of eating disorders. Curr Psychiatry Rep
2013;15:423–32.

174 Rosenvinge JH, Pettersen G. Epidemiology of eating disorders part II: an update
with a special reference to the DSM-5. Adv Eat Disord Theory Res Pract 2015;
3:198–220.

175 Trace SE, Baker JH, Penas-Lledo E, et al. The genetics of eating disorders. Annu
Rev Clin Psychol 2013;9:589–620.

176 De Souza MJ, Nattiv A, Joy E, et al. 2014 Female Athlete Triad Coalition
Consensus Statement on Treatment and Return to Play of the Female Athlete
Triad: 1st International Conference held in San Francisco, California, May 2012
and 2nd International Conference held in Indianapolis, Indiana, May 2013.
Br J Sports Med 2014;48:289.

177 Bergeron MF, Bahr R, Bartsch P, et al. International Olympic Committee consensus
statement on thermoregulatory and altitude challenges for high-level athletes.
Br J Sports Med 2012;46:770–9.

178 Bergeron MF. Youth sports in the heat: recovery and scheduling considerations for
tournament play. Sports Med 2009;39:513–22.

179 Bergeron MF. Training and competing in the heat in youth sports: no sweat?
Br J Sports Med 2015;49:837–9.

180 Bergeron MF. Muscle cramps during exercise: is it fatigue or electrolyte deficit?
Curr Sports Med Rep 2008;7:S50–5.

181 Bergeron MF. Reducing sports heat illness risk. Pediatr Rev 2013;34:270–9.
182 Bergeron MF, Devore C, Rice SG. American Academy of Pediatrics Council on

Sports Medicine and Fitness and Council on School Health. Policy statement—
climatic heat stress and exercising children and adolescents. Pediatrics 2011;128:
e741–7.

183 Meyer F, Volterman KA, Timmons BW, et al. Fluid balance and dehydration in the
young athlete: assessment considerations and effects on health and performance.
Am J Lifestyle Med 2012;6:489–501.

184 Bailey R, Collins D, Ford P, et al. Participant development in sport: an academic
literature review (Commissioned report for Sports Coach UK). Leeds: Sports Coach
UK, 2010.

185 Gulbin JP, Weissensteiner J. Functional sport expertise systems. In: Farrow D, Baker
J, MacMahon C, eds. Developing sport expertise—researchers and coaches put
theory into practice. 2nd edn. London: Routledge, 2013:45–67.

186 Tucker R, Collins M. What makes champions? A review of the relative contribution
of genes and training to sporting success. Br J Sports Med 2012;46:555–61.

187 Gulbin JP, Croser MJ, Morley EJ, et al. An integrated framework for the
optimisation of sport and athlete development: a practitioner approach. J Sports
Sci 2013;31:1319–31.

12 of 14 Bergeron MF, et al. Br J Sports Med 2015;49:843–851. doi:10.1136/bjsports-2015-094962

Consensus statement

group.bmj.com on June 18, 2015 - Published by http://bjsm.bmj.com/Downloaded from 



188 Fraser-Thomas J, Côté J, Deakin J. Examining adolescent sport dropout and
prolonged engagement from a developmental perspective. J Appl Sport Psychol
2008;20:318–33.

189 Wall M, Côté J. Developmental activities that lead to dropout and investment in
sport. Phys Educ Sport Pedagogy 2007;12:77–87.

190 Côté J, Lidor R, Hackfort D. ISSP Position Stand: to sample or to specialise? Seven
postulates about youth sport activities that lead to continued participation and
elite performance. Int J Sport Exerc Psychol 2009;7:7–17.

191 Elferink-Gemser MT, Visscher C, Lemmink KA, et al. Multidimensional performance
characteristics and standard of performance in talented youth field hockey players:
a longitudinal study. J Sports Sci 2007;25:481–9.

192 Simonton DK. Talent development as a multidimensional, multiplicative, and
dynamic process. Curr Dir Psychol Sci 2001;10:39–43.

193 Weissensteiner JR, Abernethy B, Farrow D. Towards the development of a
conceptual model of batting expertise in cricket: a grounded theory approach.
J Appl Psychol 2009;21:276–92.

194 Weissensteiner JR, Abernethy B, Farrow D, et al. The development of anticipation:
a cross-sectional examination of the practice experiences contributing to skill in
cricket batting. J Sport Exerc Psychol 2008;30:663–84.

195 Bullock N, Gulbin JP, Martin DT, et al. Talent identification and deliberate
programming in skeleton: ice novice to Winter Olympian in 14 months. J Sports
Sci 2009;27:397–404.

196 Côté J, Erickson K. Athlete development. In: Schinke RJ, McGannon KR, Smith B,
eds. Routledge International Handbook of Sport Psychology. London: Routledge
(in press).

197 Gulbin JP, Weissensteiner JR, Oldenziel K, et al. Patterns of performance
development in elite athletes. Eur J Sport Sci 2013;13:605–14.

198 Côté J, Erickson K, Abernethy B. Practice and play in sport development. In: Côté
J, Lidor R, eds. Condition of children’s talent development in sport. Morgantown,
WV: Fitness Information Technology, 2013:9–20.

199 Côté J, Vierimaa M. The developmental model of sport participation: 15 years
after its first conceptualization. Sci Sports 2014;29:S63–S9.

200 Bompa T. Talent identification. Sports science periodical on research and
technology in sport, physical testing G1. Ottawa: Coaching Association of Canada,
1985.

201 Barreiros A, Côté J, Fonseca AM. From early to adult sport success: analysing
athletes’ progression in national squads. Eur J Sport Sci 2014;14(Suppl 1):
S178–82.

202 Gullich A. Selection, de-selection and progression in German football talent
promotion. Eur J Sport Sci 2014;14:530–7.

203 Güllich A, Emrich E, Schwank B. Evaluation of the support of young athletes in the
elite sport system. German Olympic Sports Confederation. http://www.
forumelitesport.org/files/3_(GER)_A_Guillich_Evaluation_Support_System.pdf,
accessed 25 Feb 2009.

204 Ljach W. Kinderhochleistungssport in Rußland (high performance sport in
childhood in Russia). Leistungssport 1997;27:37–40.

205 Vaeyens R, Gullich A, Warr CR, et al. Talent identification and promotion
programmes of Olympic athletes. J Sports Sci 2009;27:1367–80.

206 Breitbach S, Tug S, Simon P. Conventional and genetic talent identification in
sports: will recent developments trace talent? Sports Med 2014;44:1489–503.

207 Macnamara A, Collins D. Comment on “Talent identification and promotion
programmes of Olympic athletes”. J Sports Sci 2011;29:1353–6.

208 Cobley S, Baker J, Wattie N, et al. Annual age-grouping and athlete development:
a meta-analytical review of relative age effects in sport. Sports Med
2009;39:235–56.

209 McCarthy N, Collins D. Initial identification & selection bias versus the eventual
confirmation of talent: evidence for the benefits of a rocky road? J Sports Sci
2014;32:1604–10.

210 Baker J, Horton S. A review of primary and secondary influences on sport
expertise. High Ability Studies 2004;15:211–28.

211 Côté J, Gilbert WD. An integrative definition of coaching effectiveness and
expertise. Int J Sports Sci Coaching 2009;4:307–23.

212 Becker A. It’s not what they do, it’s how they do it: athlete experiences of great
coaching. Int J Sports Sci Coaching 2009;4:93–119.

213 Gilbert W, Trudel P. Learning to coach through experience: Reflection in model
youth sport coaches. J Teach Phys Educ 2001;21:16–34.

214 Jowett S. Interdependence analysis and the 3+1 C’s in the coach-athlete
relationship. In: Jowett S, Lavallee D, eds. Social psychology in sport. Champaign,
IL: Human Kinetics, 2007:15–28.

215 Côté J, Bruner M, Erickson K, et al. Athletes development and coaching. In: Lyle J,
Cushion C, eds. Sport coaching: professionalism and practice. Oxford, UK: Elsevier,
2010:63–79.

216 Vierimaa M, Erickson K, Côté J, et al. Positive youth development: a measurement
framework for sport. Int J Sports Sci Coach 2012;7:601–14.

217 Erickson K, Côté J, Hollenstein T, et al. Examining coach-athlete interactions using
state space grids: an observational analysis in competitive youth sport. Psychol
Sport Exerc 2011;12:645–54.

218 Turnnidge J, Côté J, Hollenstein T, et al. A direct observation of the dynamic
content and structure of coach-athlete interactions in a model sport program.
J Appl Sport Psychol 2014;26:225–40.

219 Turnnidge J, Vierimaa M, Côté J. An in-depth investigation of a model sport
program for athletes with a physical disability. Psychology 2012;3:1131–41.

220 Côté J, Young B, Duffy P, et al. Towards a definition of excellence in sport
coaching. Int J Coaching Sci 2007;1:3–17.

221 Faigenbaum A, Myer G. Resistance training among young athletes: safety, efficacy
and injury prevention effects. Br J Sports Med 2010;44:56–63.

222 Behringer M, Vom Heede A, Matthews M, et al. Effects of strength training on
motor performance skills in children and adolescents: a meta-analysis. Pediatr
Exerc Sci 2011;23:186–206.

223 Cohen D, Voss C, Taylor M, et al. Ten-year secular changes in muscular fitness in
English children. Acta Paediatrica 2011;100:e175–7.

224 Runhaar J, Collard DC, Singh A, et al. Motor fitness in Dutch youth: differences
over a 26-year period (1980–2006). J Sci Med Sport 2010;13:323–8.

225 Moliner-Urdiales D, Ruiz J, Ortega FB, et al. Secular trends in health-related
physical fitness in Spanish adolescents: the AVENA and HELENA studies. J Sci Med
Sport 2010;13:584–8.

226 Hardy L, Barnett L, Espinel P, et al. Thirteen-year trends in child and adolescent
fundamental movement skills: 1997–2010. Med Sci Sports Exerc
2013;45:1965–70.

227 Albon H, Hamlin M, Ross J. Secular trends and distributional changes in health
and fitness performance variables of 10–14-year-old children in New Zealand
between 1991 and 2003. Br J Sports Med 2010;44:263–9.

228 Tremblay M, Gray C, Akinroye K, et al. Physical activity of children: a global
matrix of grades comparing 15 countries. J Phys Act Health 2014;11:
S113–25.

229 Hallal P, Andersen L, Bull F, et al. Global physical activity levels: surveillance
progress, pitfalls, and prospects. Lancet 2012;380:247–57.

230 Carter C, Micheli L. Training the child athlete: physical fitness, health and injury.
Br J Sports Med 2011;45:880–5.

231 Myer G, Sugimoto D, Thomas S, et al. The influence of age on the effectiveness of
neuromuscular training to reduce anterior cruciate ligament injuries in female
athletes: a meta analysis. Am J Sports Med 2013;41:203–15.

232 Difiori J, Benjamin H, Brenner J, et al. Overuse injuries and burnout in youth
sports: a position statement from the American Medical Society for Sports
Medicine. Clin Sports Med 2014;24:3–20.

233 Lloyd R, Oliver J. The youth physical development model: a new approach to
long-term athletic development. Strength Cond 2012;34:61–72.

234 Faigenbaum A, Lloyd R, Myer G. Youth resistance training: past practices, new
perspectives and future directions. Pediatr Exerc Sci 2013;25:591–604.

235 Smith J, Eather N, Morgan P, et al. The health benefits of muscular fitness for
children and adolescents: a systematic review and meta-analysis. Sports Med
2014;44:1209–23.

236 Mountjoy M, Armstrong N, Bizzini L, et al. IOC concensus statement: training the
elite young athlete. Clin J Sports Med 2008;18:122–3.

237 Myer G, Faigenbaum A, Chu D, et al. Integrative training for children and
adolescents: techniques and practices for reducing sports-related injuries and
enhancing athletic performance. Physician Sports Med 2011;39:74–84.

238 Bukowsky M, Faigenbaum A, Myer G. FUNdamental Integrative Training (FIT) for
physical education. J Phys Educ Recreation Dance 2014;85:23–30.

239 Hägglund M, Atroshi I, Wagner P, et al. Superior compliance with a
neuromuscular training programme is associated with fewer ACL injuries and fewer
acute knee injuries in female adolescent football players: secondary analysis of an
RCT. Br J Sports Med 2013;47:974–9.

240 Barker AR, Armstrong N. Exercise testing elite young athletes. Med Sport Sci
2011;56:106–25.

241 Winter EM, Bromley PD, Davison R, et al. Rationale. In: Winter EM, Jones AM,
Davison RC, et al., eds. Sport and exercise physiology testing guidelines volume
1 sport testing. London: Routledge, 2007:7–10.

242 Oliver S. Ethics and physiological testing. In: Winter EM, Jones AM, Davison RC,
et al., eds. Sport and exercise physiology testing guidelines volume 1 sport testing.
London: Routledge, 2007:30–7.

243 Winter EM, Cobb M. Ethics in paediatric research. In: Armstrong N, Van Mechelen
W, eds. Paediatric exercise science and medicine. 2nd edn. Oxford: Oxford
University Press, 2008:3–12.

244 Lohman TG, Going SB, Herrin BR. Body composition assessment in the young
athlete. In: Hebestreit HU, Bar-Or O, eds. The young athlete. Oxford: Blackwell,
2008:415–29.

245 Farpour-Lambert NJ, Blimkie CJR. Assessment: muscle strength. In: Armstrong N,
Van Mechelen W, eds. Paediatric exercise science and medicine. 2nd edn. Oxford:
Oxford University Press, 2008:38–53.

246 Van Praagh E. Testing anaerobic performance. In: Hebestreit HU, Bar-Or O, eds.
The young athlete. Oxford: Blackwell, 2008:453–68.

247 Fawkner SG, Armstrong N. Can we confidently study VO2 kinetics in young
people? J Sports Sci Med 2007;6:277–85.

Bergeron MF, et al. Br J Sports Med 2015;49:843–851. doi:10.1136/bjsports-2015-094962 13 of 14

Consensus statement

group.bmj.com on June 18, 2015 - Published by http://bjsm.bmj.com/Downloaded from 



248 Welsman J, Armstrong N. Scaling for size: relevance to understanding effects of
growth on performance. In: Hebestreit HU, Bar-Or O, eds. The young athlete.
Oxford: Blackwell, 2008:50–62.

249 Tanner RK, Gore CJ. Physiological tests for the elite athletes. 2nd edn.
Champaign, IL: Human Kinetics, 2013.

250 Chamari K, Hachana Y, Kaouech F, et al. Endurance training and testing with the
ball in young elite soccer players. Br J Sports Med 2005;39:24–8.

251 Oliver JL, Armstrong N, Williams CA. Reliability and validity of a soccer-specific test of
prolonged repeated-sprint ability. Int J Sports Physiol Perform 2007;2:137–49.

252 te Wierike SC, de Jong MC, Tromp EJ, et al. Development of repeated sprint
ability in talented youth basketball players. J Strength Cond Res 2014;28:928–34.

253 International Olympic Committee. Get set—train smarter. http://www.olympic.org/
news/make-sure-your-body-is-ready-for-exercise-with-get-set/235461, accessed 13
Feb 2015.

254 International Olympic Committee. Olympic Movement Medical Code: In force as
from 1 October 2009. http://www.olympic.org/PageFiles/61597/Olympic_
Movement_Medical_Code_eng.pdf, pp. 1–17, accessed 21 Mar 2015.

255 Ljungqvist A, Jenoure P, Engebretsen L, et al. The International Olympic
Committee (IOC) Consensus Statement on periodic health evaluation of elite
athletes March 2009. Br J Sports Med 2009;43:631–43.

256 Brackenridge C, Fasting K. IOC adopts consensus statement on “Sexual
Harassment & Abuse in Sport”. Int J Sport Exerc Psychol 2008;6:442–9.

14 of 14 Bergeron MF, et al. Br J Sports Med 2015;49:843–851. doi:10.1136/bjsports-2015-094962

Consensus statement

group.bmj.com on June 18, 2015 - Published by http://bjsm.bmj.com/Downloaded from 



statement on youth athletic development
International Olympic Committee consensus

Juanita R Weissensteiner and Lars Engebretsen
Torbjørn Soligard, Jorunn Sundgot-Borgen, Willem van Mechelen, 
Michel Léglise, Robert M Malina, Anne Marte Pensgaard, Alex Sanchez,
Côté, Carolyn A Emery, Avery Faigenbaum, Gary Hall, Jr, Susi Kriemler, 
Michael F Bergeron, Margo Mountjoy, Neil Armstrong, Michael Chia, Jean

doi: 10.1136/bjsports-2015-094962
2015 49: 843-851 Br J Sports Med 

 http://bjsm.bmj.com/content/49/13/843
Updated information and services can be found at: 

These include:

References
 #BIBLhttp://bjsm.bmj.com/content/49/13/843

This article cites 215 articles, 51 of which you can access for free at: 

service
Email alerting

box at the top right corner of the online article. 
Receive free email alerts when new articles cite this article. Sign up in the

Collections
Topic Articles on similar topics can be found in the following collections 

 (238)Editor's choice

Notes

http://group.bmj.com/group/rights-licensing/permissions
To request permissions go to:

http://journals.bmj.com/cgi/reprintform
To order reprints go to:

http://group.bmj.com/subscribe/
To subscribe to BMJ go to:

group.bmj.com on June 18, 2015 - Published by http://bjsm.bmj.com/Downloaded from 


	International Olympic Committee consensus statement on youth athletic development
	Abstract
	Introduction
	Maturation
	Assessment of biological maturity  status and timing
	Physiological and performance changes across maturation
	Muscle metabolism
	Muscle strength
	Aerobic and anaerobic fitness/performance
	Fatigue resistance and recovery
	Responses to exercise training
	Sleep

	Growth, maturation and performance on the field

	Challenges to health, well-being and performance
	Specialisation
	Injury and health concerns of systematic  training and competition
	Musculoskeletal injury
	Growth and sexual maturation
	Cardiac

	Injury rates and prevention strategies
	Injury rates in youth sport
	Injury prevention in youth sport

	Chronic and acute clinical health conditions
	Psychological overload from excessive demands and expectations
	Safeguarding the youth athlete from abuse in sport
	Nutrition: energy and nutrient needs and dietary supplements
	Eating disorders in adolescent athletes
	Environmental challenges

	Youth athletic development
	Athlete development frameworks
	Talent identification and development
	Coaching education and effectiveness
	Coaches’ knowledge
	Athletes’ assets and outcomes
	Coaching contexts
	Coaching effectiveness definition

	Developing fitness, athleticism and a functional foundation
	Physiological monitoring and sport-specific performance testing
	Ethics of testing youth athletes
	Testing youth athletes


	IOC recommendations for youth athletic development
	A call to action
	References


