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FEMALE ATHLETE TRIAD
• Recognized in late 80’s / early 90’s

• ACSM Consensus Statement – 1997

• Disordered Eating

• Amenorrhea

• Osteoporosis

• Updated position statement – 2007

• “low energy availability” with or 
without eating disorder 

• Female Athlete Triad Coalition Consensus 
Statement- 2014 /2018



RELATIVE ENERGY DEFICIT 
IN SPORT (RED-S)

International Olympic 
Committee- 2014/ 2018



RELATIVE ENERGY DEFICIT 
IN SPORT (RED-S)

• Affects performance 

• Result of insufficient caloric intake or 
excessive caloric expenditure



ENERGY AVAILABILITY

IN

OUT

Energy

Optimal Energy Availability for healthy physiologic 
function in women:  45 kcal/kg  fat free mass/day.
(<30 affects hypothalamic-pituitary axis)

EI- energy intake
EEE- energy expenditure with exercise
FFM- fat free mass







ENDOCRINE: 
THYROID

• Thyroid- “sick euthyroid” profile

• Low T3

• Variable T4 and TSH



ENDOCRINE:
APPETITE REGULATING 
HORMONES

• Decreased  

• Leptin 

• Oxytocin

• Increased  

• Ghrelin

*Markers of Energy Status



APPETITE REGULATING HORMONES 



ENDOCRINE: 
GROWTH HORMONE
IG-F

• Growth hormone- increased

• Muscle and bone anabolism

• CHO, protein, lipid metabolism

• Stimulated by ghrelin

• Mediated by IGF-1

• Fat and CHO metabolism are not

• IGF- 1- decreased

• Suggest GH resistance at level of liver



ENDOCRINE:
CORTISOL

• Cortisol  demonstrates a U shaped 
relationship between BMI and  
adiposity.

• Extremely over and under weight 
noted to have elevated cortisol levels

• Contributes to increased adiposity in 
overweight.

• Catabolic in underweight



ENDOCRINE:
HYPOTHALAMIC PITUITARY GONADAL AXIS
• Functional Hypothalamic Amenorrhea

• Energy Deficit

• Weight loss

• Exercise induced

• Suppression of the GnRH secretion

• Decreased gonadotropin pulsation

• Low/normal LH secretion

• Low estradiol

• FSH usually normal range

• *mimics pre-pubertal state



ENDOCRINE: 
HYPOTHALAMIC- PITUITARY-GONADAL AXIS

• Males



ENDOCRINE
BONE

• Endocrine organ and endocrine target

• Hormonal changes noted in women with 
amenorrhea have detrimental effects on the 
bone.

• HPA suppression

• Decreased leptin, insulin, IGF-1

• Increased cortisol



EATING DISORDERS/  ENERGY DEFICIT

• Anorexia

• Bulimia

• Binge/ Purge

• Eating disorder not otherwise specified

• Relative energy deficit







PHYSICAL 
EFFECTS OF 
EATING 
DISORDERS



AT RISK SPORTS 

• “Aesthetic”

• Cheer

• Gymnastics

• Figure skating

• Dance

• Weight classes

• Rowing

• Wrestling

• Endurance

• Running

• Cycling

• Anti-gravity 





IRON DEFICIENCY

• Direct and indirect contributor to energy 
deficiency

• Decreased appetite

• Impaired metabolic efficiency

• Increased energy expenditure

• Dysregulation of growth hormone/ IGF 1 axis

(Ferritin level < 20)



IRON DEFICIENCY

• Poor dietary intake

• Mechanical hemolysis

• Intestinal bleeding

• Sweating

• Menses



IRON DEFICIENCY

• Signs and Symptoms

• Nausea

• Frequent infection

• Pale appearance

• Shortness of breath during exercise

• Decreased performance

• Fatigue

• Weakness

• Lack of energy

• Exhaustion



IRON DEFICIENCY

• NCAA Division I athletes (2002-2014):

• n- 2749 

• Collected ferritin and Hgb

• N- 1059 females

• Iron deficiency- 30.9% 

• Iron deficiency anemia- 2.2%

• N- 411 males

• Iron deficiency- 2.9%

• Iron deficiency anemia- 1.2%

Parks RB, Scott JH, Brooks MA; Med Sci Sports Exerc. 2017 Aug; 49(8): 1711-1715



VITAMIN D DEFICIENCY

• Skeletal muscle repair

• Skeletal muscle function ?

• Immune function

• Role in regulating activation of immune cells

• Immunomodulatory effect on T/B lymphocytes in 
acquired immunity

• Helps dampen excessive inflammation/ tissue 
damage

*General/ athletic/ military

Correlation between low vitamin D and increased URI’s 

• Bone health



VITAMIN D DEFICIENCY

• Correlated with: 

• Increased risk of stress fractures

• Higher incident of muscle strains of lower 
extremity

• Increased frequency of URI’s 

• Supplementation resulted in increased vertical 
jump



VITAMIN D DEFICIENCY/ INSUFFICIENCY

• 36- 57 % of general population

• 56 % of athletes

• Meta analysis of 2313 athletes 

• 23 studies

• Forrest K.Y., Stuhldreher W.L. Prevalence and 
correlates of vitamin D deficiency in US 
adults. Nutr. Res. 2011;31:48–54. doi: 
10.1016/j.nutres.2010.12.001



Athlete

Physician

ATC

Dietician

Psychologist

Coach

Family/Friends

TREATMENT TEAM



SIGNS AND SYMPTOMS



DIAGNOSIS: MEDICAL HISTORY

• Constitutional symptoms: fatigue, 
weakness, insomnia, etc

• Infections-: recurrent URI’s

• GI issues: constipation, diarrhea

• Hair loss, cold intolerance 

• Menstrual history

• Libido

• Stress fractures or recurrent MSK 
injuries

• Mental health issues: depression, 
anxiety, moody, change in 
behavior



DIAGNOSIS:  SPORTS HISTORY

• Type of Sport- ? High risk sport

• Level- recreational vs highly 
competitive

• Training program- training hours, 
phase, changes

• Performance status- ? decreased



DIAGNOSIS:  NUTRITION/ DIET

• Eating pattern

• Amounts

• Food avoidance

• Weighing habits

• Weight changes

• Weight goals

>45 kcal/kg fat free mass per day- optimal energy availability



DIAGNOSIS: PHYSICAL EXAM

• Height, Weight: low BMI

• Heart Rate: bradycardia

• Blood pressure:  low BP or orthostatic 
hypotension

• Eating disorder clues:

• Dry skin, thinning hair, parotid gland 
enlargement, dental caries, callous on knuckles, 
red eyes.



DIAGNOSIS:  BLOOD TEST

• CBC

• Comprehensive Metabolic Panel

• Iron studies

• Vitamin D

• B12

• Folic acid

• Lipid profile

• Amylase

• Cortisol

• IGF- I, GH

• Thyroid profile

• Reproductive sex hormones sex hormones

• Leptin, Ghrelin



DIAGNOSIS:  ECG

• Sinus bradycardia

• Low voltage

• Prolonged QT

• Arrhythmias



DIAGNOSIS:  OTHER TESTS

• Resting Metabolic Rate (RMR)

• Bone Density  (DEXA)

• Body Fat Composition



DIAGNOSIS- DIFFERENTIAL

• Amenorrhea  of other etiologies

• Stress fractures 

• GI issues

• Viral illness

• Insomnia

• Vitamin/ mineral deficiencies

• Anemia

• Insomnia

• Mental conditions

• Training errors



TREATMENT: GOAL

• Achieve optimal energy 
availability for health and 
performance

• Allow training and 
performance at a safe an 
appropriate level



TREATMENT CONTRACT

• Include treatment team members.

• Required appointments with treatment 
team at designated intervals.

• Daily meal plans.

• Adapted training plan.

• If underweight: weight gain 
expectations with designated time 
frame. 

• Regular weigh-in  schedule. 



TREATMENT: ATHLETE’S ROLE

• How have you been feeling?

• How well do you sleep?

• What is your energy level like?

• How many stress fractures/ injuries have you had?

• How often do you get sick?

• How much training have you missed from 
injury/illness?

• How have your race times / performance been? 

• How’s your mood? Libido? 

• Are you aware that amenorrhea leads to increased 
risk of stress fractures?

,



TREATMENT

Correct Energy Deficit!









RETURN TO PLAY





RETURN TO PLAY



TREATMENT

• Ongoing monitoring is 
necessary!



PREVENTION

• Priority for sports medicine 
professionals, sports organizations, 
coaches, athletes, parents.

• Education

• Recognition

• Change



RESOURCES

• #TrainBrave
• Raise awareness about RED-S

• Forum for coaches and athletes

• Source of information

• United Kingdom

• Runyourcycle.com
• Female athletes, parents and coaches


