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Nattiv A, et al. Med Sci Sports Exerc. 2007 Oct;39(10):1867-82.

Presenter
Presentation Notes
“The female athlete triad (Triad) refers to the interrelationships among energy availability, menstrual function, and bone mineral density, which may have clinical manifestations including eating disorders, functional hypothalamic amenorrhea, and osteoporosis. With proper nutrition, these same relationships promote robust health. Athletes are distributed along a spectrum between health and disease, and those at the pathological end may not exhibit all these clinical conditions simultaneously. 



Low energy availability appears to be the factor that impairs reproductive and skeletal health in the Triad, and it may be inadvertent, intentional, or psychopathological.” 





Prevalence of Components of Prevalence of Components of 
the Triadthe Triad

15 to 62% of female college athletes have 15 to 62% of female college athletes have 
disordered eating.disordered eating.

3.4 to 66% of female athletes are 3.4 to 66% of female athletes are 
amenorrheicamenorrheic..

2020--50% of female athletes have 50% of female athletes have osteopeniaosteopenia
using WHO criteria.using WHO criteria.

Presenter
Presentation Notes
EAT-26, Eating Attitudes Test-26; EDI, Eating Disorder Inventory; EDI-BD, Body dissatisfaction subscale of the EDI; EDI-2, Eating Disorder Inventory 2; EDE, Eating Disorder Examination.

Beals KA, Manore MM. 425 female collegiate athletes, EAT-26 and EDI-BD

Johnson C, et al. 1445 collegiate athletes (562 women) from 11 NCAA Division I Schools, EDI-2 and questionnaire developed by the authors using DSM-IV criteria

Sundgot-Borgen J. 522 Norwegian elite female athletes, EDI and in-depth interview developed by the author based on DSM III criteria

Sundgot-Borgen J, Torstveit MK. 660 Norwegian elite female athletes, stage 1: questionnaire developed by the authors, including subscales of the EDI, weight history, and self-reported history of eating disorders, stage 2: followed by a clinical interview using the EDE



Estrogen Replacement in 
Adult Amenorrheic Athletes

Common practice
– 92% of sports medicine specialists and family physicians 

supported OCP use to increase BMD*

Data limitations 
– Studies of efficacy of OCPs not definitive 

↑, no change, ↓ in BMD
– Often small 
– Many do not control for weight changes

Need for definitive studies assessing efficacy 
of estrogen in ↑

 
BMD 

*Haberland

 

CA, et al. Clin

 

J Sport Med 1995;5(4):246-50. 



SEEKING FEMALE ATHLETES 14-21 YEARS 
OLD NOT GETTING MENSES
*FOR A RESEARCH STUDY*

INCLUDES BONE DENSITY TESTING, 
NUTRITIONAL AND HORMONAL 

EVALUATION.
• 1 YEAR LONG STUDY

• 3-6 OUTPATIENT VISITS
• POSSIBLY 2 INPATIENT VISITS

• MEDICAL HISTORY AND QUESTIONNAIRE
• A NATURAL HORMONE MAY BE ADMINISTERED

UP TO $ 525/-

 

STIPEND
CALL DR. MADHU MISRA AT 617-724-5602

NEUROENDOCRINE UNIT

MASSACHUSETTS GENERAL HOSPITAL



Study Info
Clinical assessment (H/P) 
Labs: CBC, hormones, markers of bone 
formation and resorption
Bouchard activity record,  EDI-2, TFEQ, 
caloric intake 
Bone age x-ray 
BMD and Body composition (DXA) 
Bone microarchitecture (X-treme CT) 
Resting energy expenditure, VO2 max, 
handgrip strength



Amenorrheic athletes (n=21) vs. 
Eumenorrheic athletes (n=18) ages 12-18y



AA EA
Total Lean Mass Positively 

predicted:
1. LBMAD
2. Hip BMD
3. WB BMC/ht

Positively 
predicted:

1. Hip BMD
2. Hip BMD Z
3. WB BMC/ht
4. WB BMC/ht Z

Total Fat Mass *Not an independent 
predictor

Positively 
predicted:

1. LBMAD
2. LBMAD Z

Percent Trunk Fat Negatively 
predicted:

1. LBMAD
2. LBMAD Z
3. WB BMC/ht
4. WB BMC/ht Z

Negatively 
predicted:

1. LBMAD
2. LBMAD Z



Effects of transdermal estradiol (n=6) or no 
treatment (n=6) on BMD measures in girls with 

hypothalamic amenorrhea 14-18 years old over a 
12-month period

of transdermal estrogen or no therapy

-6

-4

-2

0

2

4

6

8

%
 c

ha
ng

e 
in

 lu
m

ba
r B

M
D

*

Estrogen 
patch

No treatment

of transdermal estrogen or no therapy
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Dose-response relationship 
between energy availability 

and LH pulsatility

Loucks AB and Thuma JR. J Clin Endocrinol Metab 2003;88(1):297-311.

Energy Availability (EA): Energy Availability (EA): 
Dietary energy intake Dietary energy intake 
(EI)(EI)-- Exercise energy Exercise energy 
expenditure (EEE) expenditure (EEE) 
normalized to fatnormalized to fat--free free 
mass (FFM): mass (FFM): EA= (EIEA= (EI-- 
EEE)/FFM EEE)/FFM 

Ex. Ex. EIEI= 2000 kcal/d, = 2000 kcal/d, 
EEEEEE= 600 kcal/d, = 600 kcal/d, FFMFFM= = 
51 kg51 kg

(2000(2000--600)/51 = 27.5 600)/51 = 27.5 
kcal/kg of FFM/dkcal/kg of FFM/d



Interrelationship of Interrelationship of 
Components of the TriadComponents of the Triad

Negative Energy Balance  Negative Energy Balance  →→ Disruption of Disruption of 
HypothalamicHypothalamic--PituitaryPituitary--Ovarian (HPO) axisOvarian (HPO) axis

Low energy availability alters levels of metabolic Low energy availability alters levels of metabolic 
hormones:hormones:
–– Increase in fasting PYY, Increase in fasting PYY, ghrelinghrelin, , cortisolcortisol, and GH , and GH 

concentrations in the Triadconcentrations in the Triad
–– Decrease in FSH, LH, Decrease in FSH, LH, estradiolestradiol, insulin, glucose, , insulin, glucose, 

insulininsulin--like growth factorlike growth factor--1 (IGF1 (IGF--1), 3,3,51), 3,3,5-- 
triiodothyronine (Ttriiodothyronine (T33 ) and ) and leptinleptin. . 

Russell M et al. Bone 2009;45(1): 104-9.

 

Cheung CC, et al. Endocrinology  1997;138(2):855-8.
Bradley SJ, et al. J Clin

 

Exper

 

Neuropsych

 

1997;19(1): 20-33.    Laughlin GA, Yen SCC. J Clin Endocrinol Metab 1997; 82(1):318-21. 
Burguera

 

B, et al.  Endocrinology  2001;142(8):3546-53.             Misra M, et al. Am J Physiol Endocrinol Metab 2005;289(2):E347-56. 



Interrelationship of Interrelationship of 
Components of the TriadComponents of the Triad

Estradiol
Progesterone
Cortisol
Growth Hormone
T3
IGF-1
PYY
PTH 
Calcium
Vitamin D
Calcitonin
Other Cytokines



AA

Enrolled

Needed Recruitment

EA

Enrolled

Needed Recruitment

HC

Enrolled

Needed Recruitment

Current Enrollment
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