
Please cite the Published Version

Bangsbo, Jens , Hostrup, Morten , Hellsten, Ylva, Hansen, Mette, Melin, Anna, Kjær, Michael,
Burr, Jamie F., Engebretsen, Lars, Egan, Brendan , Hackney, Anthony C. , Chambers, Toby
L., Jones, Andrew M., Pitsiladis, Yannis, Magnusson, Peter , Petersen, Jesper, Deshmukh,
Atul S., Calbet, Jose A. L. , Elliott-Sale, Kirsty J , Joyner, Mike, Andersen, Jesper L., Chris-
tensen, Peter M. , Dünweber, Michael R. , Rømer, Tue , Wickham, Kate A. , Jessen,
Søren K. , Kissow, Jessen, Jeppesen, Jan S. and Moesgaard, Lukas (2025) Consensus
Statements—Optimizing Performance of the Elite Athlete. Scandinavian Journal of Medicine and
Science in Sports, 35 (8). e70112 ISSN 0905-7188

DOI: https://doi.org/10.1111/sms.70112

Publisher: Wiley

Version: Published Version

Downloaded from: https://e-space.mmu.ac.uk/641931/

Usage rights: Creative Commons: Attribution-Noncommercial-No Deriva-
tive Works 4.0

Additional Information: This is an open access article published in Scandinavian Journal of
Medicine and Science in Sports, by Wiley.

Data Access Statement: The data that support the findings of this study are available on request
from the corresponding author. The data are not publicly available due to privacy or ethical restric-
tions.

Enquiries:
If you have questions about this document, contact openresearch@mmu.ac.uk. Please in-
clude the URL of the record in e-space. If you believe that your, or a third party’s rights have
been compromised through this document please see our Take Down policy (available from
https://www.mmu.ac.uk/library/using-the-library/policies-and-guidelines)

https://orcid.org/0000-0003-1305-9274
https://orcid.org/0000-0002-6201-2483
https://orcid.org/0000-0001-8327-9016
https://orcid.org/0000-0002-7437-6225
https://orcid.org/0000-0002-4308-5484
https://orcid.org/0000-0002-9215-6234
https://orcid.org/0000-0003-1122-5099
https://orcid.org/0000-0002-8277-6093
https://orcid.org/0000-0002-7135-7643
https://orcid.org/0000-0002-3037-9344
https://orcid.org/0000-0002-2702-6695
https://orcid.org/0000-0002-7461-1264
https://orcid.org/0000-0002-1210-0282
https://orcid.org/0000-0002-6501-322X
https://doi.org/10.1111/sms.70112
https://e-space.mmu.ac.uk/641931/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:openresearch@mmu.ac.uk
https://www.mmu.ac.uk/library/using-the-library/policies-and-guidelines


1 of 10Scandinavian Journal of Medicine & Science in Sports, 2025; 35:e70112
https://doi.org/10.1111/sms.70112

Scandinavian Journal of Medicine & Science in Sports

REVIEW OPEN ACCESS

Consensus Statements—Optimizing Performance of the 
Elite Athlete
Jens Bangsbo1   |  Morten Hostrup1   |  Ylva Hellsten1  |  Mette Hansen2  |  Anna Melin3  |  Michael Kjær4  |  Jamie F. Burr5  |  
Lars Engebretsen6,7  |  Brendan Egan8,9   |  Anthony C. Hackney10   |  Toby L. Chambers11  |  Andrew M. Jones12  |  
Yannis Pitsiladis13  |  Peter Magnusson4   |  Jesper Petersen4  |  Atul S. Deshmukh14  |  Jose A. L. Calbet15,16,17   |  
Kirsty Elliott-Sale18   |  Mike Joyner19  |  Jesper L. Andersen4  |  Peter M. Christensen20   |  Michael R. Dünweber20   |  
Tue Rømer20,21   |  Kate A. Wickham1   |  Søren K. Jessen1   |  Julie Kissow1  |  Jan S. Jeppesen1   |  Lukas Moesgaard1

1Department of Nutrition, Exercise and Sports, University of Copenhagen, Copenhagen, Denmark  |  2Department of Public Health, Aarhus University, 
Aarhus, Denmark  |  3Department of Sport Science, Linnaeus University, Växjö, Sweden  |  4Institute of Sports Medicine, Copenhagen University Hospital 
– Bispebjerg, and Department of Clinical Medicine, University of Copenhagen, Copenhagen, Denmark  |  5Department of Human Health and Nutritional 
Science, University of Guelph, Guelph, Ontario, Canada  |  6Orthopedic Clinic, University of Oslo, Oslo, Norway  |  7International Olympic Committee, 
Lausanne, Switzerland  |  8School of Health and Human Performance, Dublin City University, Dublin, Ireland  |  9Florida Institute for Human and Machine 
Cognition, Pensacola, Florida, USA  |  10University of North Carolina, Chapel Hill, North Carolina, USA  |  11Molecular Muscle Mass Regulation Laboratory, 
University of Arkansas, Fayetteville, Arkansas, USA  |  12Department of Public Health and Sport Sciences, University of Exeter, Exeter, UK  |  13Department 
of Sport, Physical Education and Health, Hong Kong Baptist University, Hong Kong, Hong Kong  |  14Novo Nordisk Foundation Center for Basic Metabolic 
Research, University of Copenhagen, Copenhagen, Denmark  |  15Department of Physical Education and Research Institute of Biomedical and Health 
Sciences, University of Las Palmas de Gran Canaria, Las Palmas de Gran Canaria, Spain  |  16Department of Physical Performance, Norwegian School 
of Sport Sciences, Oslo, Norway  |  17School of Kinesiology, University of British Columbia, Vancouver, British Columbia, Canada  |  18Manchester 
Metropolitan University, Manchester, UK  |  19Department of Anesthesiology & Perioperative Medicine, Mayo Clinic Rochester, Rochester, Minnesota, 
USA  |  20Team Danmark (Danish Elite Sports Organization), Copenhagen, Denmark  |  21Department of Biomedical Sciences, University of Copenhagen, 
Copenhagen, Denmark

Correspondence: Jens Bangsbo (jbangsbo@nexs.ku.dk)

Received: 24 January 2025  |  Revised: 7 July 2025  |  Accepted: 22 July 2025

Funding: The authors received no specific funding for this work.

ABSTRACT
The International Consensus Conference “Optimising Performance of the Elite Athlete,” held in November 2024, brought 
together 29 scientists, some coaches, and athletes to establish evidence-based consensus statements aimed at enhancing elite 
athletic performance and health. The conference addressed critical themes including training strategies, nutrition, female 
athlete considerations, injury management, and emerging technologies. Key conclusions emphasize individualized, sport-
specific approaches to training and nutrition, integrating concurrent training modalities to improve endurance, resilience, 
and efficiency. Nutrition strategies highlight the importance of tailored energy and macronutrient periodization, recognition 
of low energy availability risks, and cautious use of dietary supplements. Special attention was directed to female athletes, 
advocating for improved monitoring of menstrual cycles and hormonal status, while acknowledging current knowledge gaps 
in hormonal influences on performance and injury risk. Injury prevention remains a challenge, with tendon overuse and 
Achilles tendon ruptures significantly impacting athlete careers; rehabilitation should rely on criteria-based progression 
and multidisciplinary input. Emerging technologies, including wearable sensors and multi-omics analyses, hold promise for 
personalized training and nutrition but require further validation in elite contexts. Despite robust consensus, the panel iden-
tified substantial research gaps, particularly regarding female athletes, longitudinal training effects, and efficacy of novel 
interventions. This consensus provides a practical, scientifically grounded framework to optimize elite athlete performance 
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and health, while underscoring the need for continued research to address outstanding questions and promote inclusive 
evidence-based practices.

1   |   Introduction

From the 4th to 7th of November 2024, the Department of 
Nutrition, Exercise, and Sports, University of Copenhagen 
and Team Denmark, hosted the International Consensus 
Conference “Optimising performance of the elite athlete”. 
Twenty-nine leading scientists, together with some few top 
athletes and coaches attended the conference, which was fi-
nancially supported by the Novo Nordisk Foundation and 
Team Denmark. The conference produced several evidence-
based conclusions. These are presented as consensus state-
ments, followed by identified research gaps and practical 
recommendations for elite athletes, coaches, and healthcare 
professionals to enhance performance and promote health. 
That said, many of the recommendations also apply to athletes 
aspiring to reach the top level. The consensus statements were 
developed from the available evidence-based science, both 
from the laboratory and real-world settings, and not based on 
dogma. However, it is acknowledged that the evidence avail-
able on elite athletes is spare and will likely remain difficult 
to study due to the limited accessibility and numbers of such 
individuals who can participate in research [1]. These points 
highlight the improbability of future research employing the 
most rigorous original study designs, such as randomized 
controlled trials, which are essential for establishing defini-
tive cause-and-effect relationships [2]. It is important to ac-
knowledge that most available evidence is based on males, 
highlighting the need for more research on female athletes, 
particularly in topics wherein between-sex differences of  
athletes influence training adaptations and performance 
outcomes.

The conference sought to evolve evidence-based statements 
and recommendations to aid the elite athlete and build upon 
prior well-established principles from leading sports agen-
cies (e.g., the International Olympic Committee) [3–5]. The 
themes covered were “Training strategies to optimise perfor-
mance”, “Nutrition strategies for performance augmentation 
in athletes”, “The female athlete”, “Load, injuries and return-
to-competition”, and “New technologies”. The publication 
of these statements will be followed by a special issue of the 
Scandinavian Journal of Medicine and Science in Sports, where 
reviews [6–14] provide an in-depth understanding of the top-
ics presented in the consensus statements.

In framing the statements, the panel prioritized human-
focused research. Sex-specific factors were only addressed 
when there was a strong mechanistic rationale to justify their 
inclusion.

Overarching themes from the conference deliberations were 
how critical it is for elite athletes to:

•	 “train and test for the demands of their sport”,

•	 “fuel for the demands of their sport”,

•	 “recognize and implement an individualized approach”,

•	 “understand the importance of education as a primary 
tool to facilitate trainability, performance and athlete 
health”.

The panel consisted of clinicians, sports scientists, coaches, 
athletes, and practitioners from around the world, with a 
broad spectrum of expertise grounded in their experiences, 
scientific research, and well-acknowledged contributions to 
the understanding of human performance and health in ath-
letes. The consensus was based on full agreement among all 
the participants and obtained through an iterative process that 
began with presentations of the state-of-the-art in each do-
main, followed by plenary and group discussions. Ultimately, 
consensus conference participants reached agreement on the 
19 items within the consensus statements. Each statement was 
discussed in detail, and once consensus was reached, its prac-
tical application was explored, followed by an identification of 
areas requiring further research.

A key goal of the panel was to convey information in clear, 
concise, and practical language. Nonetheless, throughout this 
document, and specifically within the consensus statements 
themselves, some technical terminology and language are uti-
lized. As such, a table of operational definitions (see Table 1) 
is provided to aid the reader so a complete understanding of 
meaning can be conveyed.

2   |   Training Strategies to Optimize Performance

2.1   |   Statement 1

The primary determinants of endurance performance are max-
imum oxygen uptake (V̇O2 max), a sustainable fraction of VO2 
max for a given distance, and movement efficiency or economy 
[7]. These factors operate together to establish the speed that 
can be maintained at a given oxygen uptake (V̇O2). In addition, 
there is an anaerobic energy component that contributes to per-
formance, particularly in a sprint finish [15].

2.1.1   |   Recommendations

To optimize the above factors, contemporary training ap-
proaches should incorporate a sufficiently high volume of 
moderate-intensity training, and in particular, targeted heavy 
to severe intensity interval training that exceeds race pace (e.g., 
speed endurance training and speed training).

2.1.2   |   Need for Further Research

While many studies examine these outcomes in sub-elite 
or aspiring athletes, data on top-tier athletes, particularly  
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regarding longitudinal performance-limiting factors, are 
scarce.

2.2   |   Statement 2

Physiological resilience (referred to as “durability” in some liter-
ature) has emerged as a fourth dimension contributing to endur-
ance performance and refers to the capacity to withstand or recover 
from functional decline during a prolonged “single” exercise stress 

(i.e., a marathon or a 1-day classic in cycling). Resilient athletes 
more effectively maintain their sustainable fraction of VO2-max and 
movement economy during competition [7].

2.2.1   |   Recommendations

Resilience should be considered an essential component in the 
performance optimization of endurance athletes by implement-
ing appropriate training and nutrition strategies.

TABLE 1    |    Operational definitions of select terms and language utilized.

Term/Phrase Definition

Adaptive low energy 
availability (LEA)

Exposure to a short-term reduction in energy availability that is associated 
with mild and quickly reversible changes in body systems with minimal 

(or no) impact on long-term health, well-being, or performance.

Aerobic high-
intensity training

Training that comprises intervals with a duration from 15-s up to 8 min, usually in a 1:1 or 
2:1 work: rest ratio, at an intensity where the heart rate reaches > 90% of maximum.

Body composition Describes and quantifies various elements, e.g., fat mass and muscle mass, within the human body.

Concurrent training Training referring to programmes that in the same session or on the same day combine 
various training modalities, e.g., aerobic, anaerobic, and resistance (strength) training.

Iron blood profiling Profiling of iron status based on select biomarkers in blood, including 
transferrin saturation, ferritin, and hemoglobin.

Low Energy 
Availability (LEA)

Inadequate energy to support the functions required by the body to maintain optimal 
health and performance. Occurs as a continuum between scenarios in which effects 
are benign (Adaptive LEA) and others in which there are substantial and potentially 

long-term impairments of health and performance (problematic LEA).

Menstrual Cycle 
Symptoms

Physical, emotional, and behavioral changes that women either perceive or experience 
during the different phases of the menstrual cycle. Symptoms vary widely between 

individuals and can change throughout a person's reproductive years. They are most 
commonly associated with premenstrual syndrome (PMS) and premenstrual dysphoric 

disorder (PMDD), but they can also occur during ovulation or menstruation.

Menstrual Cycle 
Tracking

Monitoring and recording various aspects of the menstrual cycle over time. 
Typically involves tracking dates of menstruation and associated symptoms, 

as well as changes in physical, emotional, and behavioral patterns.

Multi-disciplinary 
team

Group of professionals from different disciplines who work together 
collaboratively to deliver comprehensive care or solutions.

Omics Omics encompasses fields that study biological molecules on a large scale to understand the 
structure, function, and dynamics of living systems. Key areas include genomics (DNA), 

transcriptomics (RNA), proteomics (proteins), metabolomics (metabolites), and epigenomics 
(epigenetic modifications). Omics approaches are crucial for systems biology and for enabling 

applications in precision medicine, disease diagnosis, drug discovery, and evolutionary studies.

Problematic LEA Persistent disruption of body systems due to exposure to LEA. Often presents with signs and 
symptoms and represents a maladaptive response. The characteristics of problematic LEA 

exposure (e.g., duration, magnitude, frequency) varies according to the individual.

Speed endurance 
training

Training that comprises repeated intense efforts (higher than that eliciting maximum oxygen uptake), 
typically lasting 20 s to 1 min, interspersed with recovery intervals of either short (maintenance 

training, 1:1–3 work: rest ratio) or long (production training, 1:5 work: rest ratio) duration.

Physiological profile A physiological profile is a comprehensive assessment of an individual's physical 
and biological traits influencing health, fitness, and performance, which enables 
tailored interventions to optimize performance, reduce injury risks, and enhance 

recovery, supporting long-term athletic development and peak outcomes.
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2.2.2   |   Need for Further Research

Studies should optimize protocols to reliably assess physiolog-
ical resilience across different athlete cohorts and explore the 
mechanisms that determine resilience to find the most effective 
ways to enhance resilience.

2.3   |   Statement 3

Concurrent training strategies, such as incorporating resistance, 
speed endurance, speed, and plyometric training, are important 
to optimize endurance performance [7, 8, 16]. The effect includes 
enhancement of high-intensity parameters (e.g., starting and 
finishing sprints, surges) and movement economy or efficiency. 
Engaging in various training modalities on the same day does not 
diminish the effectiveness of each individual modality [17].

2.3.1   |   Recommendations

Training paradigms for endurance athletes should consider 
the addition of resistance, speed endurance, speed, or plyomet-
ric exercises routinely to enhance the above parameters. The 
combination of training modalities can be performed in several 
ways. Nevertheless, concurrent training prescriptions should be 
specified on an athlete-by-athlete basis to optimize individual 
performance based on factors such as training backgrounds, ex-
perience, and tolerability.

2.3.2   |   Need for Further Research

Future directions in the field should aim to determine optimized 
concurrent training paradigms for elite athletes.

3   |   Nutrition Strategies for Performance 
Augmentation in Athletes

3.1   |   Statement 4

The amount, composition, and timing of food and fluid intake 
impact the health and performance of athletes by altering fuel 
stores and utilization during training and competition, as well 
as influencing the incidence of illness and injury, time course 
of recovery, and magnitude of adaptation [18, 19]. Nutrition re-
quirements for energy, macronutrients, fluids, and micronutri-
ents supporting training, competition, and recovery are broadly 
understood and provide a foundation for developing tailored and 
individualized nutrition strategies [9, 18, 19].

3.1.1   |   Recommendations

Athletes should engage with an appropriately qualified physi-
ologist, sports dietitian, or nutritionist, either individually or 
within a multidisciplinary support team. An assessment of di-
etary intake and nutrient status is an appropriate starting point, 
and could be supported by assessments of nutrition knowledge, 

capability, motivation, beliefs, preferences, and cultural fac-
tors [20, 21]. Individualized plans that are aligned with general 
sports nutrition guidelines should consider contextual factors, 
including the athlete's physiological profile, training demands, 
seasonal objectives, and environmental challenges [21]. This 
holistic approach ensures appropriate recommendations for 
optimal energy availability and nutrient intake tailored to each 
athlete's unique circumstances. Athletes and coaches should be 
aware that low energy availability (LEA) may have adverse ef-
fects on performance, injury risk, and health [11, 22] (see also 
Section 3.3 and Section 4.5).

3.1.2   |   Need for Further Research

Nutrition strategies for augmenting performance in elite 
athletes are likely to be optimized if they are tailored to the 
demands of specific sports, to varying levels of intensity and 
volume of exercise training, and to the specific physiolog-
ical profile of a given athlete [21]. There remain knowledge 
gaps in providing specific guidelines in many sports. The 
current understanding of the role of energy and nutrient in-
takes during off-season training and recovery periods remains 
under-researched.

3.2   |   Statement 5

Energy and macronutrient intakes can be periodised through 
targeted strategies that address the changing needs of the ath-
lete attributed to different goals and demands within training 
sessions, blocks, and across the phases of a season (e.g., prepa-
ration and competition) [21, 23]. A periodised approach to nu-
trition can enhance the performance in, and adaptations to, 
individual exercise sessions or periodic training plans [21, 23].

3.2.1   |   Recommendations

Athletes should scale the energy, carbohydrate, and fluid in-
take before, during, and after training to the demands and in 
accordance with the purpose of the training phase concerned. 
Likewise, scaling the carbohydrate and fluid intake around 
competition to the demands and needs of competition is consid-
ered a relevant aspect of performance optimization [24, 25]. The 
latter applies primarily to weight-bearing disciplines.

3.2.2   |   Need for Further Research

The effects of long-term periodized macronutrient intake on 
health and performance should be examined.

3.3   |   Statement 6

Weight loss induced by low energy availability does not always 
improve performance and may have negative effects on energy 
and protein metabolism, training adaptations, and performance 
[11, 26, 27].
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3.3.1   |   Recommendations

Athletes should follow an individualized and sports-specific ap-
proach for potential weight management supported by the mul-
tidisciplinary health and performance team including sports 
medicine, nutrition, psychology, and scientific personnel, for ex-
ample, by using the 8-step best practice guidelines by Mathisen 
et al. [26].

3.3.2   |   Need for Further Research

High-quality studies are needed to investigate the interaction 
between low energy and carbohydrate availability, the timing of 
nutrient intake in relation to training sessions, the impact of re-
peated periods of low energy availability, and the dose–response 
of energy availability levels and the duration of the LEA period 
on athlete' health, adaptation to training, and performance. 
Furthermore, more research is needed to elucidate the time 
frame and strategies needed for recovery after periods of low en-
ergy availability, in respect to re-establishing optimal physical 
function.

3.4   |   Statement 7

There is widespread interest from athletes in the use of dietary 
supplements. These supplements can be used to prevent declines 
in health or performance in the case of addressing a nutrient de-
ficiency, or as a specific ergogenic aid to improve performance, 
but few dietary supplements have been consistently demon-
strated to be effective as an ergogenic aid [28, 29].

3.4.1   |   Recommendations

A thorough risk–benefit analysis is essential, weighing the po-
tential advantages against the risks to health, performance, rep-
utation, and risk of a positive doping test due to illegal substances 
added on purpose or through contamination in production [30]. 
Deficiencies should be objectively assessed and addressed by a 
qualified practitioner [20]. The selection and use of ergogenic 
aids should be evidence-based and in line with published guide-
lines on safety and efficacy, including anti-doping violations 
[28]. The readers can refer to the extensive list of potentially 
relevant supplements listed in a recent IOC statement [28] with 
supplements such as creatine and caffeine having a strong evi-
dence base to improve performance [31–35], although more re-
cent meta-analysis data do not support the benefit of nitrate in 
elite endurance athletes [36].

3.4.2   |   Need for Further Research

The combined or interactive effects of the use of dietary sup-
plements are currently not well described. Whether the rec-
ommended dosing of supplements from existing research can 
differ when applied to elite athletes across different sports is 
unknown.

3.5   |   Statement 8

While there is a large body of evidence in the domain of sports 
nutrition, there is a scarcity of field-based studies on elite ath-
letes, and it is unlikely that randomized controlled trials can be 
performed on adequate numbers of elite athletes [37].

3.5.1   |   Recommendations

Athletes and coaches should prioritize nutrition strategies 
tested in both laboratory- and field-based settings when avail-
able. Established nutrition strategies should serve as starting 
points, but individualized trial-and-error approaches should 
be employed to optimize responses for the individual ath-
lete based on tolerability, acceptability, and benefit to health 
and performance [9, 37]. In doing so, athletes may ensure 
that strategies are feasible and effective in practice ahead of 
competition.

3.5.2   |   Need for Further Research

There is a need for rigorous field-based data collection with 
strong ecological validity to evaluate laboratory-based find-
ings for translation into real-world scenarios, which may also 
include well-controlled case studies of elite athletes in training 
and competition.

4   |   The Female Athlete

4.1   |   Statement 9

Monitoring menstrual cycles, hormonal contraceptive use, and 
other relevant ovarian hormone events (e.g., menopause and 
pregnancy) is recommended for elite female athletes. Ovarian 
hormone profiles must be established using valid methodolog-
ical approaches as described by Janse de Jonge et  al. [38] or 
Elliott-Sale et al. [39].

4.1.1   |   Recommendations

Currently available menstrual cycle tracking apps to deter-
mine menstrual cycle phases for guiding training, perfor-
mance, or nutrition decisions are not evidence-based and are 
not recommended for use. Use instead subjective, for example, 
own experiences, and objective measurements, such as blood 
samples or clinical assessment, to establish menstrual cycle 
phases.

4.1.2   |   Need for Further Research

Development of objective biological-based and validated mon-
itoring and tracking options for female athletes is warranted. 
Such development should involve research in both laboratory 
and field-based settings.
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4.2   |   Statement 10

To date, there is insufficient high-quality evidence to show if and 
how menstrual cycle hormonal fluctuations influence training ad-
aptations, phase-based nutrition recommendations, athletic per-
formance, or injury risk [40]. However, for some female athletes, 
menstrual cycle symptoms may influence their perceived or actual 
ability to exercise train, fuel, recover, or perform athletically [41].

4.2.1   |   Recommendations

Female athletes should take an individual approach and com-
municate any impactful menstrual cycle symptoms to an ap-
propriate medical professional for diagnosis and treatment, 
and other relevant sports personnel for consideration relative to 
modifications in training and competition.

4.2.2   |   Need for Further Research

Future studies should focus on how best to identify and treat 
menstrual cycle symptoms. In addition, further high-quality stud-
ies should be conducted on the effects of fluctuations in ovarian 
hormones across menstrual cycles. Individual data should be pre-
sented and considered rather than only group, mean responses.

4.3   |   Statement 11

The effects of hormonal contraception vary depending on gen-
eration, type, and dose. At present, there is insufficient high-
quality evidence from randomized controlled trials to show if 
and how hormonal contraception influences athletic perfor-
mance, muscle recovery or strength, cardiovascular function, 
adaptations to exercise training, and injury risk [42, 43].

4.3.1   |   Recommendations

Hormonal contraceptive use should be discussed in the first in-
stance with an appropriate medical professional. Until more ev-
idence is available, the use of hormonal contraception should be 
considered in relation to birth control and other evidence-based 
medical considerations, rather than in relation to aspects related 
to sports performance.

4.3.2   |   Need for Further Research

Future studies must consider the specific generation, type, and 
dose of hormonal contraception employed within the study. 
In addition, high-quality studies should focus on the physi-
ological and psychological responses to the use of hormonal 
contraceptives.

4.4   |   Statement 12

Female athletes should be aware that heavy menstrual bleeding, 
restricted or vegan diets, and high training volume increase the 

risk of iron deficiency, with or without anemia, with potential 
implications for health and performance [44, 45].

4.4.1   |   Recommendations

Profiling iron status using key blood biomarkers, including 
transferrin saturation, ferritin, and hemoglobin, should be 
undertaken at least once a year following best practice guide-
lines [46], in addition to real-time communication with the 
sports personnel about factors affecting iron status, such as 
altitude training, major dietary changes, or disordered eating 
behavior.

4.4.2   |   Need for Further Research

Optimal supplementation practices and dosing protocols for 
female athletes to prevent and treat iron deficiency need to be 
further explored.

4.5   |   Statement 13

Female athletes and coaches should be specifically aware that 
problematic LEA may have adverse effects on performance, in-
jury risk, and health [47, 48].

4.5.1   |   Recommendations

Athletes, coaches, and the health-performance team must be 
vigilant for signs and symptoms of problematic LEA, such as 
lack of training adaptation, irregular or loss of menstruation, 
and disordered eating behavior.

4.5.2   |   Need for Further Research

More research is needed to develop and evaluate effective pre-
vention initiatives and treatment plans to elucidate the time 
frame and strategies needed for recovery of signs and symptoms 
of problematic LEA in female athletes.

5   |   Load, Injuries and Return-To-Competition

5.1   |   Statement 14

Injuries in elite athletes are frequent and despite efforts to avoid 
these through prevention programs, no marked reduction in 
the numbers of injuries can be observed over the last 15+ years 
[49, 50]. Even though there is a high number of acute injuries, 
the number of overuse injuries also represents a substantial bur-
den on the athletes.

5.1.1   |   Recommendations

Establishing national registration of sports-specific injuries 
in elite athletes and the causes thereof should be encouraged. 
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Elite sports organizations should facilitate an injury registration 
set-up for early detection and intervention of injury, illness, and 
mental health issues.

5.1.2   |   Need for Further Research

Despite evidence-based documentation of injury-preventive 
interventions, there is limited knowledge on the degree of 
true implementation and elite-athlete compliance to these 
interventions.

5.2   |   Statement 15

Tendon overuse injuries can be long-lasting (years) and a 
frequent reason for the termination of athletic careers [51]. 
Subjective feelings of tendon stiffness, palpatory soreness, and 
swelling of the tendon are early phenomena for tendon overuse 
in both recreational and elite athletes. The shorter the duration 
of the tendon overuse injury has lasted, the faster the pain-free 
return to sport.

5.2.1   |   Recommendations

Early signs of tendon overuse injury should be taken seriously and 
should result in an overall lowering of the training volume with a 
special focus on reducing the loading of the specific tendon.

5.2.2   |   Need for Further Research

The scientific community lacks the ability to determine early 
tendon changes that can be used to monitor how much train-
ing the athlete can tolerate to perform without worsening of the 
overuse injury. It is unknown what magnitude of loading can 
be tolerated during rehabilitation of tendon overuse injury, and 
a test to support the decision on return to full participation in 
sports should be developed.

5.3   |   Statement 16

Rupture of the Achilles tendon causes a significant number of 
elite athletes to fail to return to their prior level [52, 53]. Healing 
of the Achilles tendon requires substantial time (~1 year) and 
a long period without participating in the specific sport [54]. 
Current treatment of Achilles tendon rupture has demonstrated 
that both surgical and non-surgical treatment leads to elonga-
tion of the tendon, a permanent shortening, loss of muscle vol-
ume, weakening of the triceps surae muscle, and an incomplete 
return of function.

5.3.1   |   Recommendations

Efforts should be undertaken to avoid undue Achilles tendon 
elongation in the early phase of rehabilitation.

5.3.2   |   Need for Further Research

Different surgical treatment techniques and rehabilitation pro-
grams should be investigated to avoid tendon elongation, loss of 
muscle volume, and to improve the return of full function.

5.4   |   Statement 17

The rehabilitation process is dependent upon criteria-based 
rather than time-based progression. Several tests and factors 
have been shown to correlate with a successful return to sport, 
but despite efforts to identify factors that can predict return to 
sport, no specific factors or tests can stand alone in the decision-
making on return to sport [13, 55].

5.4.1   |   Recommendations

The decision on when to return to sports for the elite athlete is 
a shared decision between the athlete, the clinicians, and the 
coach. This includes the use of clinical tests, para-clinical objec-
tive measures, and sports-specific tests.

5.4.2   |   Need for Further Research

Specific clinical and sport-specific field tests to predict the time 
to return to sport, as well as the risk of re-injury, are lacking. 
The tests should consider the characteristics and fatigability of 
the specific sport and relate to baseline testing.

5.5   |   New Technologies

5.5.1   |   Statement 18

New technologies can be exploited to uncover subtleties pertain-
ing to athletic performance. Integrating DNA, RNA, protein, 
and metabolite data (e.g., omics and artificial intelligence (AI)) 
[56–60] with physiological measures may reveal drivers of ath-
letic phenotypes and enable the optimization of performance, 
training, and recovery strategies [14, 61, 62].

5.5.2   |   Recommendations

Inter-disciplinary efforts should be encouraged to collect, store, 
and analyze biological samples (e.g., saliva, urine, sweat, and feces) 
that are practically obtainable in athletes under various controlled 
conditions to facilitate the discovery of potential biomarkers of fa-
tigue, overreaching, stress, performance level, and health.

5.5.3   |   Need for Further Research

While omics and AI continue to advance the biomedical re-
search field, their potential utility remains to be established 
within sport contexts.
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5.6   |   Statement 19

Technological innovations are likely to enable the develop-
ment of personalized training and nutrition strategies in the 
next decades through emerging technologies. Examples in-
clude utilizing wearable sensors and real-time monitoring to 
enable precise measurement of individual responses in the 
field and utilizing multi-omics approaches. Combined, these 
innovations may allow for better tailoring of training and nu-
trition strategies across the varying demands of training and 
competition [9].

5.6.1   |   Recommendations

Intra- and inter-individual variations in response to nutrition 
and exercise training interventions are well established but 
are yet to be translated into actionable strategies for athletes. 
Advancements in innovative technologies may be used to de-
velop personalized training and nutrition strategies, while rec-
ognizing that much of this field is in its infancy.

5.6.2   |   Need for Further Research

A shift towards personalized training and nutrition could im-
prove the health and performance of athletes, though the impact 
remains to be fully measured. New wearables and affordable 
omics technologies will require validation through traditional 
laboratory-based experimentation, as well as being supported by 
bioinformatics and AI to incorporate the processing and inter-
pretation of big data.

6   |   Perspectives

Key recommendations from the consensus conference empha-
sized the importance of tailored training strategies to optimize 
endurance, resilience, and performance efficiency through 
balanced and specialized exercise regimens. Nutrition guid-
ance stressed individualized dietary plans aligned with ath-
letic demands, while addressing challenges like low energy 
availability and dietary supplement risks. Special attention 
was given to female athletes, calling for improved menstrual 
cycle tracking, hormonal impact research, and protocols for 
addressing iron deficiency. The conference also underscored 
injury prevention and rehabilitation, advocating for early 
detection, individualized care, and collaborative decision-
making for return-to-sport protocols. Despite advancements, 
gaps remain in understanding injury mechanisms and ef-
fective interventions. Technological innovations such as 
wearable sensors and “omics” technologies were discussed 
as potential tools to personalize training, nutrition, perfor-
mance, and recovery. However, further research is needed to 
validate these approaches in real-world elite settings. Overall, 
the conference provided a comprehensive roadmap for opti-
mizing elite athlete health and performance, with a call for 
more inclusive, high-quality research, particularly on female 
athletes, and longitudinal training effects.
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