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Relative Energy Deficiency in Sports (RED S) 

• “Impaired physiological functioning status caused by relative energy 

deficiency in athletes causing all kinds of metabolic, functional and 

performance anomalies” - IOC 2014 (1)

• Athletes in leaner sports have higher risk (up to 80-100%) (3)(6)(8)(9)

• 32.98% of college athletic trainers have heard of RED-S (12)

• Intake of < 30 kcal/ kg could start to show some metabolic adaptations

• Recommended intake >45 kcal/kg in females and >40 kcal /kg in men. 
(3)(14)(15)(16)(17)(18) 

• In 65% of athletes that spend more time in an energy deficit below 400kcal 

present adaptation in basal metabolic rate (18) 
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Hematological Low iron levels decrease metabolic efficiency increasing energy requirements during rest and exercise, affecting bone 
metabolism, contributing to an hypoxic state(13) (27) Impairs aerobic power negatively (28)(29)

Endocrine Alters the normal release of hypothalamic-pituitary axis hormones, thyroid function (euthyroid sick syndrome 
specifically has been well reported in females) and leptin secretion(10) (3)

At 30 kcal/kg 40% of females became amenorrheic and males had low testosterone levels; these athletes had 
significantly lower sex hormones, T3 concentrations and 4.5 times greater incidence of bone injuries (15) (3) More 
research is needed on the pathologic changes in the hypothalamic -pituitary-thyroid axis (10)

Metabolic Energy preserving mechanisms such as diminishing reproductive and thyroid function (3)

There is a relation between LEA and endothelial dysfunction, lipid profile and gastrointestinal alterations (3)

Bone health MECHANIC: The strength remodeling and bone structure is a dynamic equilibrium between mechanical load and rest 
and recovery, without it it will suffer an overuse or traumatic injury. (20)

HORMONAL: Hypoestrogenism suppress osteoclast activity (10) After endurance training testosterone concentrations 
fall and exacerbated by LEA looses its inhibitory effect on bone resorption (22) Lower levels of Vit D increase the 
change of injury, muscle function and immunity, and it has a synergistic role with testosterone when related to lower 
BMD in lumbar spine in cyclists (22)

STRESS FRACTUES: Risk factors: Low testosterone, BMI <17.5 kg/m2, <85% of expected body weight, >10% of weight 
loss in 1 month (3)

Effects of Low Energy Availability (LEA)- Montjuy 2014



Growth & 
development

By 18 years of age 90% of peak bone mass must be achieved to avoid added fracture risk later in life and promote 
optimal bone health, more research is needed to better understand growth complications related to LEA (13)(30)(31)

Psychological Higher Ineffectiveness, Asceticism, Impulse Regulation, and Social Insecurity subscales, on the EDI-2, Awareness, 
and Impulse Regulation scores, anxiety, depression, compulsive disorders, efficacy, introspective, conscience, 
impulse control , eating disorders (3)(5)

Immunological Lower levels of secretory immunoglobulin A with higher incidence of upper respiratory tract and gastrointestinal 
infections (26)

Cardiovascular Amenorrheic athletes have impaired flow mediated dilation associated to atherosclerosis, this hypo estrogenic 
state is comparable to postmenopausal women concerning coronary vascular disease (elevated LDL, triglycerides 
and cholesterol) and endothelial dysfunction (10)(12)

Negative relationship between testosterone and cardiovascular disease has been described while associated with 
reduce myocardial function (31)

Reproductive
Function

Female: It suppresses pulsatile GnRH secretion, which impairs the release of the gonadotropins, FSH and LH further 
reducing production of estradiol in the ovaries. (10)

Male: Exercise-Hypo gonadal Male Condition (EHMC) is low or low normal testosterone with an inappropriately low 
luteinizing hormone (secondary hypogonadism)(10) Excessive training load suppresses the HPA therefore suppressing 
LH and testosterone, self-reported libido and sexual drive; all not necessarily related to energy deficit (3)(10)

Gastrointestinal Alterations described with concomitant eating disorders, altered sphincter function, delayed gastric emptying, 
constipation and increased intestinal transit time (13) (32)



Screening for LEA and  RED –S 
• 7.4% of international olympic federations have prevention, guidelines, activities or screening 

programs for RED-S (33)

• Care must be specially taken in sports that emphasize leanness before competition, calorie 

restriction, eating disorders, menstrual disorders and stress injuries (3) (15)

• Athletes have the same right to human dignity, physical and psychological well being, health and 

safety(3)(7)(11)

• LEA affects performance by, increasing recovery period, decreasing training response, impairing 

judgment, decreasing coordination and concentration, irritability, depression, decreasing 

endurance; premature reduction in physical, mental and psychological capabilities, muscle mass 

and function(13)(39)

• Needs an interdisciplinary team of sports psychologist, nutritionist, trainers and team physicians 
(3)(14)

• Careful timing of energy and fuel availability around training is important to combat metabolic 

stress (41) 

• Pondered weight gain (5-10%) increasing by >360kcal/day and decreasing training load by one 

day could reestablish adequate reproductive and endothelial function, BMD and balance the 

hormone and adaptive response in 1.5-2.6 months (14)



TOOLS

• Complete history: delayed menarche (>15 years), oligo or

amenorrhea ( >35 days or >90 days), stress fractures or bone

stress reaction, frequent viral infections must be obtained. (32)

• Abnormal scores in at least 2 questionnaires classifies an athlete

as “at risk” or suffering of LEA (39)

Questionnaires

• BEDA-Q (Brief Eating Disorder in Athletes Questionnaire) (38)

• ESP (Eating Disorder Screen for Primary Care)(39)(44)

• SR(Self-reported current or past history of eating disorder).(38)

• REDS-CAT (Relative Energy Deficiency Syndrome - Clinical Assessment Tool) (3)(13)(46)

• LEAF-Q (Low energy availability in females questionnaire) (3)(44)(45)

• LEAM-Q (Low Energy Availability in Male Athletes Questionnaire LEAM-Q) (3)(13)(46) 



Measurements

• Vit D: adequate >90 nmol/L) (22)

• Iron profile bianually as screening and 

quarterly in at risk individuals Ferritin >25 μ 

g/L Hb >115g/L Transferrin >16% (28)

• Fasting blood glucose < 4 mmol/L

• Endocrine function (luteinizing hormone, 

follicle-stimulating hormone, and estradiol) 

according to the phase of the cycle: T3 < 3.5 

pmol/L LDL > 3.0 mmol/L, fasting insulin < 20 

pmol/L

Laboratory parameters

• Lean body mass (fat free mass + essential

fat). (10)

• Resting metabolic rate ≤29 kcal/kg 

FFM (10)(28)

• BP <90/60mmHg + EKG looking for

bradycardia out of proportion (28)

• BMI <17.5 kg/m2, weight (<85% expected

body weight or 10% weight loss/ month),

• Tanner staging,

• Bone stress injury history. (28)



Addressing the problem

• Identify the primary source of the LEA (14)

A) Unintentional low intake or eating disorder

B) Intentional weight loss with / without eating 

disorder

• Nutritional Sports nutritionist will asses each 

athlete to fit their needs (3)(13) (14)(40)(41)

• Reestablish basal energy needs

• Vitamin D, iron, zinc and Vit K, calcium

• BMI >18 kg/m2 or 90% of expected 

body weight

• Caloric intake 2,000kcal/day, 20-30% 

surplus 45 kcal/kg FFM

• Protein intake 1.6-2.4g/kg/day (3)

• 25-hydroxy vitamin D levels >30 ng/mL.

Supplementation with 600–800 IU (13) (22)

• Calcium: Daily intake 1000 mg/day for 

men and women 19–50 years, and 

1300 mg/ day for children and 

adolescents aged 9–18 years (13)After 

training prioritize high calcium meal 

such as milk based drinks to try to 

diminish bone resorption post-

training. (40)



• DXA scan 

LEA or history of stress fracture <6 months) normal > − 1.0 g/cm2 (40)(10) (28)

• Cognitive behavioral therapy(13)

If the energy availability does not improve, athletic activity must be 

suspended and asses if retiring the athlete from the competitive environment 

is needed (13)

• Skeletal loading exercises

Higher impact protocols increase cortical thickness, higher BMD at hip and 

lumbar spine in low impact athletes (40)(49)(30)

Progressive 9 months countermovement jumping program(30)

Countermovement jump

• 3 months: 20 jumps with bodyweight 3/ day 3/ week

• 3 months: 20 jumps with 2kg extra 4/ day 3/ week

• 3 months: 20 jumps with 5kg extra 4/ day 4/ week



PHARMACOLOGICAL TREATMENT 

• 1 year non-pharmacological 

• Hormonal therapy  no clear benefit a lot of 

information missing in this population.(14) (51) 

• Consider with osteoporosis in DXA scan (14)  *
FDA has not 

approved the use of bisphosphonates or denosumab in athletes. 

• Consider if Z score < -2 + stress fracture (14)

Hormonal  therapy

• No clear benefit 

• Oral contraceptives don't increase BMD or reduce risk of stress (3)

• Gynecologist could evaluate estradiol and cyclical progesterone in 

patients 16-21 years old to support BMD peak and also in patients 

with anorexia nervosa Recombinant parathyroid hormone is being 

studied for athletes with very low BMD + delayed fracture healing 

(closed physis) (14)(51) 



References 
• 1 .- Mountjoy, M.; Sundgot-Borgen, J.; Burke, L.; Carter, S.; Constantini, N.; Lebrun, C.; Meyer, N.; Sherman, R.; Steffen, K.; Budgett, R.; Ljungqvist, A. (2014). The IOC consensus statement: beyond the Female Athlete Triad--Relative

Energy Deficiency in Sport (RED-S). British Journal of Sports Medicine, 48(7), 491–497. doi:10.1136/bjsports-2014-093502

• 2.- Loucks, A. B., Kiens, B., & Wright, H. H. (2011). Energy availability in athletes. Journal of Sports Sciences, 29(sup1), S7–S15. doi:10.1080/02640414.2011.588958

• 3.- Melin, A. K., Heikura, I. A., Tenforde, A., & Mountjoy, M. (2019). Energy Availability in Athletics: Health, Performance and Physique. International Journal of Sport Nutrition and Exercise Metabolism, 1–35. doi:10.1123/ijsnem.2018-

0201

• 4.- Rickenlund, Anette; Eriksson, Maria J.; Schenck-Gustafsson, Karin; Hirschberg, Angelica Lindén (2005). Amenorrhea in Female Athletes Is Associated with Endothelial Dysfunction and Unfavorable Lipid Profile. The Journal of 

Clinical Endocrinology & Metabolism, 90(3), 1354–1359. doi:10.1210/jc.2004-1286

• 5.- Monica Bomba; Alessandro Gambera; Luisa Bonini; Maria Peroni; Francesca Neri; Pasquale Scagliola; Renata Nacinovich (2007). Endocrine profiles and neuropsychologic correlates of functional hypothalamic amenorrhea in 

adolescents. , 87(4), 0–885. doi:10.1016/j.fertnstert.2006.09.011

• 6.- Marsha D Marcus; Tammy L Loucks; Sarah L Berga (2001). Psychological correlates of functional hypothalamic amenorrhea. , 76(2), 310–316. doi:10.1016/s0015-0282(01)01921-5

• 7.- “IOC Olympic Movement Medical Code.” Olympic World Library , International Olympic Committee, 31 Mar. 2016, https://stillmed.olympic.org/media/Document%20Library/OlympicOrg/IOC/Who-We-Are/Commissions/Medical-and-

Scientific-Commission/Olympic-Movement-Medical-Code-31-03-2016.pdf.

• 8.- MARTINSEN, MARIANNE; SUNDGOT-BORGEN, JORUNN (2013). Higher Prevalence of Eating Disorders among Adolescent Elite Athletes than Controls. Medicine & Science in Sports & Exercise, 45(6), 1188–1197. 

doi:10.1249/mss.0b013e318281a939

• 9.- Prevalence of Eating Disorders in Elite Athletes Is Higher Than in the General Population

• Sundgot-Borgen, Jorunn; Torstveit, Monica Klungland (2004). Prevalence of Eating Disorders in Elite Athletes Is Higher Than in the General Population. Clinical Journal of Sport Medicine, 14(1), 25–32. doi:10.1097/00042752-

200401000-00005

• 10.- Dave, S. C., & Fisher, M. (2022). Relative energy deficiency in sport (RED - S). Current problems in pediatric and adolescent health care, 52(8), 101242. https://doi.org/10.1016/j.cppeds.2022.101242

• 11.- “Female Recreational Exercisers at Risk of Low Energy Availability”

• Slater, Joanne; McLay-Cooke, Rebecca; Brown, Rachel; Black, Katherine (2016). Female Recreational Exercisers at Risk of Low Energy Availability. International Journal of Sport Nutrition and Exercise Metabolism, (), 1–18. 

doi:10.1123/ijsnem.2015-0245

• 12.- Kroshus, Emily; DeFreese, J. D.; Kerr, Zachary Y. (2017). Collegiate Athletic Trainers' Knowledge of the Female Athlete Triad and Relative Energy Deficiency in Sport. Journal of Athletic Training, (), 1062-6050-52.11.29–. 

doi:10.4085/1062-6050-52.11.29

• 13.- Mountjoy, Margo (2018). International Olympic Committee (IOC) Consensus Statement on Relative Energy Deficiency in Sport (RED-S): 2018 Update. International Journal of Sport Nutrition and Exercise Metabolism, (), 1–19. 

doi:10.1123/ijsnem.2018-0136

• 14.- De Souza MJ, Nattiv A, Joy E, et al2014 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 2013British Journal of Sports Medicine 2014;48:289.

• 15.- Heikura, Ida A.; Uusitalo, Arja L. T.; Stellingwerff, Trent; Bergland, Dan; Mero, Antti A.; Burke, Louise M. (2017). Low Energy Availability is Difficult to Assess But Outcomes Have Large Impact on Bone Injury Rates in Elite Distance

Athletes. International Journal of Sport Nutrition and Exercise Metabolism, (), 1–30. doi:10.1123/ijsnem.2017-0313

• D.; Sale, Craig (2017). Effects of reduced energy availability on bone metabolism in women and men. Bone, (), S8756328217303137–. doi:10.1016/j.bone.2017.08.019

• 17.- : Barrack MT, Fredericson M, Tenforde AS, et al. Br J Sports Med 2017;51:200–205

• 18.- Torstveit, M. K., Fahrenholtz, I., Stenqvist, T. B., Sylta, Ø., & Melin, A. (2018). Within-Day Energy Deficiency and Metabolic Perturbation in Male Endurance Athletes. International journal of sport nutrition and exercise metabolism, 

28(4), 419–427. https://doi.org/10.1123/ijsnem.2017-0337

•

12



References
• 19.- Tornberg, Åsa B; Melin, Anna; Manderson Koivula, Fiona; Johansson, Anders; Skouby, Sven; Faber, Jens; Sjödin, Anders (2017). Reduced Neuromuscular Performance in Amenorrheic Elite Endurance Athletes. 

Medicine & Science in Sports & Exercise, (), 1–. doi:10.1249/mss.0000000000001383

• 20.- Hart NH, Nimphius S, Rantalainen T, Ireland A, Siafarikas A, Newton RU. Mechanical basis of bone strength: influence of bone material, bone structure and muscle action. J Musculoskelet Neuronal Interact. 2017 

Sep 1;17(3):114-139. PMID: 28860414; PMCID: PMC5601257.

• 21.- Harley, Jamie A; Hind, Karen; OʼHara, John P (2011). Three-Compartment Body Composition Changes in elite Rugby League Players During a Super League Season, Measured by Dual-Energy X-ray

Absorptiometry. Journal of Strength and Conditioning Research, 25(4), 1024–1029. doi:10.1519/jsc.0b013e3181cc21fb

• 22.- Keay N, Francis G, Hind K. Low energy availability assessed by a sport-specific questionnaire and clinical interview indicative of bone health, endocrine profile and cycling performance in competitive male

cyclists. BMJ Open Sport & Exercise Medicine 2018;4:e000424. doi:10.1136/ bmjsem-2018-000424

• 23.- Barrack, M. T., Fredericson, M., Tenforde, A. S., & Nattiv, A. (2017). Evidence of a cumulative effect for risk factors predicting low bone mass among male adolescent athletes. British journal of sports medicine, 

51(3), 200–205. https://doi.org/10.1136/bjsports-2016-096698

• 24.- Nicholas Tam, Jordan Santos-Concejero, Ross Tucker, Robert P. Lamberts & Lisa K. Micklesfield (2017): Bone health in elite Kenyan runners, Journal of Sports Sciences, DOI: 10.1080/02640414.2017.1313998

• 25.- ANDREOLI, ANGELA; MONTELEONE, MAURIZIO; VAN LOAN, MARTA; PROMENZIO, LUIGI; TARANTINO, UMBERTO; DE LORENZO, ANTONINO (2001). Effects of different sports on bone density and 

muscle mass in highly trained athletes. Medicine and Science in Sports and Exercise, (), 507–511. doi:10.1097/00005768-200104000-00001

• 26.- Shimizu, K., Suzuki, N., Nakamura, M., Aizawa, K., Imai, T., Suzuki, S., Eda, N., Hanaoka, Y., Nakao, K., Suzuki, N., Mesaki, N., Kono, I., & Akama, T. (2012). Mucosal immune function comparison between

amenorrheic and eumenorrheic distance runners. Journal of strength and conditioning research, 26(5), 1402–1406. https://doi.org/10.1519/JSC.0b013e31822e7a6c

• 27.-Petkus, D. L., Murray-Kolb, L. E., & De Souza, M. J. (2017). The Unexplored Crossroads of the Female Athlete Triad and Iron Deficiency: A Narrative Review. Sports Medicine, 47(9), 1721–1737. 

doi:10.1007/s40279-017-0706-2

• 28.- Sim, M., Garvican-Lewis, L. A., Cox, G. R., Govus, A., McKay, A. K. A., Stellingwerff, T., & Peeling, P. (2019). Iron considerations for the athlete: a narrative review. European Journal of Applied Physiology, 

119(7), 1463–1478. doi:10.1007/s00421-019-04157-y

• 29.- Peeling, P., Blee, T., Goodman, C., Dawson, B., Claydon, G., Beilby, J., & Prins, A. (2007). Effect of iron injections on aerobic-exercise performance of iron-depleted female athletes. International journal of sport 

nutrition and exercise metabolism, 17(3), 221–231. https://doi.org/10.1123/ijsnem.17.3.221

• 30.- Vlachopoulos D, Barker AR, Ubago-Guisado E, Williams CA, Gracia-Marco L. A 9-Month Jumping Intervention to Improve Bone Geometry in Adolescent Male Athletes. Med Sci Sports Exerc. 2018 

Dec;50(12):2544-2554. doi: 10.1249/MSS.0000000000001719. PMID: 30067592.

• 31.- Dipla, Konstantina; Kraemer, Robert R.; Constantini, Naama W.; Hackney, Anthony C. (2020). Relative energy deficiency in sports (RED-S): elucidation of endocrine changes affecting the health of males and 

females. Hormones, (), –. doi:10.1007/s42000-020-00214-w

• 32.- Norris, M. L., Harrison, M. E., Isserlin, L., Robinson, A., Feder, S., & Sampson, M. (2016). Gastrointestinal complications associated with anorexia nervosa: A systematic review. The International journal of eating

disorders, 49(3), 216–237. https://doi.org/10.1002/eat.22462

• 33.- Mountjoy, M., Costa, A., Budgett, R., Dvorak, J., Engebretsen, L., Miller, S., … Carr, J. (2017). Health promotion through sport: international sport federations’ priorities, actions and opportunities. British Journal of 

Sports Medicine, 52(1), 54–60. doi:10.1136/bjsports-2017-097900

• 34.- Silva, M.-R. G.; Paiva, T. (2015). Poor precompetitive sleep habits, nutrients’ deficiencies, inappropriate body composition and athletic performance in elite gymnasts. European Journal of Sport Science, (), 1–10. 

doi:10.1080/17461391.2015.1103316

• 35.- Dr Mary Jane De Souza, Brian E. Miller (1997). The Effect of Endurance Training on Reproductive Function in Male Runners. , 23(6), 357–374. doi:10.2165/00007256-199723060-00003

• 36.- Mitchell, Deborah M.; Tuck, Padrig; Ackerman, Kathryn E.; Cano Sokoloff, Natalia; Woolley, Ryan; Slattery, Meghan; Lee, Hang; Bouxsein, Mary L.; Misra, Madhusmita (2015). Altered trabecular bone

morphology in adolescent and young adult athletes with menstrual dysfunction. Bone, 81(), 24–30. doi:10.1016/j.bone.2015.06.021



References
• 37.- Silva, M.-R. G.; Paiva, T. (2015). Poor precompetitive sleep habits, nutrients’ deficiencies, inappropriate body composition and athletic performance in elite gymnasts. European Journal of 

Sport Science, (), 1–10. doi:10.1080/17461391.2015.1103316

• 38.- Sim, A., Burns, S.F. Review: questionnaires as measures for low energy availability (LEA) and relative energy deficiency in sport (RED-S) in athletes. J Eat Disord 9, 41 (2021). 

https://doi.org/10.1186/s40337-021-00396-7

• 39,.- Ackerman, K. E., Holtzman, B., Cooper, K. M., Flynn, E. F., Bruinvels, G., Tenforde, A. S., Popp, K. L., Simpkin, A. J., & Parziale, A. L. (2019). Low energy availability surrogates correlate

with health and performance consequences of Relative Energy Deficiency in Sport. British journal of sports medicine, 53(10), 628–633. https://doi.org/10.1136/bjsports-2017-098958

• 40.-Keay N, Francis G, Entwistle I, Hind K. Clinical evaluation of education relating to nutrition and skeletal loading in competitive male road cyclists at risk of relative energy deficiency in sports

(RED-S): 6-month randomised controlled trial. BMJ Open Sport Exerc. Med. 2019, 5, e000523.

• 41.- Fahrenholtz, I. L., Sjödin, A., Benardot, D., Tornberg, Å. B., Skouby, S., Faber, J., Sundgot-Borgen, J. K., & Melin, A. K. (2018). Within-day energy deficiency and reproductive function in 

female endurance athletes. Scandinavian journal of medicine & science in sports, 28(3), 1139–1146. https://doi.org/10.1111/sms.13030

• 42.- Burke, L. M., Ross, M. L., Garvican-Lewis, L. A., Welvaert, M., Heikura, I. A., Forbes, S. G., Mirtschin, J. G., Cato, L. E., Strobel, N., Sharma, A. P., & Hawley, J. A. (2017). Low

carbohydrate, high fat diet impairs exercise economy and negates the performance benefit from intensified training in elite race walkers. The Journal of physiology, 595(9), 2785–2807. 

https://doi.org/10.1113/JP273230

• 43.- MARTINSEN, MARIANNE; HOLME, INGAR; PENSGAARD, ANNE MARTE; TORSTVEIT, MONICA KLUNGLAND; SUNDGOT-BORGEN, JORUNN (2014). The Development of the Brief

Eating Disorder in Athletes Questionnaire. Medicine & Science in Sports & Exercise, 46(8), 1666–1675. doi:10.1249/mss.0000000000000276

• 44.- Mary-Anne Cotton; Christopher Ball; Paul Robinson (2003). Four simple questions can help screen for eating disorders. , 18(1), 53–56. doi:10.1046/j.1525-1497.2003.20374.x

• 45.- Melin, A.; Tornberg, A. B.; Skouby, S.; Faber, J.; Ritz, C.; Sjodin, A.; Sundgot-Borgen, J. (2014). The LEAF questionnaire: a screening tool for the identification of female athletes at risk for

the female athlete triad. British Journal of Sports Medicine, 48(7), 540–545. doi:10.1136/bjsports-2013-093240

• 46.- Lundy, B., Torstveit, M. K., Stenqvist, T. B., Burke, L. M., Garthe, I., Slater, G. J., Ritz, C., & Melin, A. K. (2022). Screening for Low Energy Availability in Male Athletes: Attempted

Validation of LEAM-Q. Nutrients, 14(9), 1873. https://doi.org/10.3390/nu14091873

• 47.- Nana, Alisa; Slater, Gary J.; Stewart, Arthur D.; Burke, Louise M. (2015). Methodology Review: Using Dual-Energy X-Ray Absorptiometry (DXA) for the Assessment of Body Composition

in Athletes and Active People. International Journal of Sport Nutrition and Exercise Metabolism, 25(2), 198–215. doi:10.1123/ijsnem.2013-0228

• 48.- Trexler, E.T., Smith-Ryan, A.E. & Norton, L.E. Metabolic adaptation to weight loss: implications for the athlete. J Int Soc Sports Nutr 11, 7 (2014). https://doi.org/10.1186/1550-2783-11-7

• 49.- Hutson, M.J., O’Donnell, E., Brooke-Wavell, K. et al. Effects of Low Energy Availability on Bone Health in Endurance Athletes and High-Impact Exercise as A Potential Countermeasure: A 

Narrative Review. Sports Med 51, 391–403 (2021). https://doi.org/10.1007/s40279-020-01396-4

• 50.- Logue, Danielle M.; Madigan, Sharon M.; Melin, Anna; Delahunt, Eamonn; Heinen, Mirjam; Donnell, Sarah-Jane Mc; Corish, Clare A. (2020). Low Energy Availability in Athletes 2020: An

Updated Narrative Review of Prevalence, Risk, Within-Day Energy Balance, Knowledge, and Impact on Sports Performance. Nutrients, 12(3), 835–. doi:10.3390/nu12030835

• 51.- Tenforde, Adam S; Nattiv, Aurelia; Ackerman, Kathryn; Barrack, Michelle T; Fredericson, Michael (2016). Optimising bone health in the young male athlete. British Journal of Sports

Medicine, (), bjsports-2016-097000–. doi:10.1136/bjsports-2016-097000 


