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FEMALE ATHLETE TRIAD

Recognized in late 80’s / early 90’s
ACSM Consensus Statement — 1997
e Disordered Eating
* Amenorrhea
* (Osteoporosis
Updated position statement — 2007

* “low energy availability” with or
without eating disorder

Female Athlete Triad Coalition Consensus
Statement- 2014 /2018

Disordered Eating

Amenorrhea Osteoporosis

Low Enerqy Avallabllity/Disordered Eating

emale N
Athlete
Triad

Bone Loss/Osteoporosis Menstrual
Disturbances/Amenorrhea




Gastro- Menstrual
intestinal Function

Cardio-

RELATIVE ENERGY DEFICIT vascular
IN SPORT (RED-S)

International Olympic
Committee- 2014/ 2018

Metabolic




Decreased
endurance
performance®

RELATIVE ENERGY DEFICIT
IN SPORT (RED-S)

» Affects performance

e Result of insufficient caloric intake or
excessive caloric expenditure

Decreased
concentration




ENERGY AVAILABILITY

El (keal) EEE (kcal)

Energy
Availability (EA)

FFM (kg)

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

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




* Consumes 1,854 Calories
Expends 885 calories (2 hour training)

Football

57kgs Consumes 2,239 Calones
15yrs Z hours Expends 885 calories (2 hour training)

Moderate Energy Availability: 30KCal /KG / FM

“May be tolerated for short perods such 3 3 wel comtructed waght 0w grogram
Football

* Consumes 3,066 Calones

2 howrs * Expends E8S calories (2 hour training)
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ENDOCRINE:
THYROID

Thyroid- “sick euthyroid” profile

Low T3
Variable T4 and TSH

Thyroid hormones

Brain development \ 7 Heart rate

,/'//K X K\“w - -
d DV
=" Breathing
)

Body weight

‘ Metabolism

temperature of glucose

Bone health and _
muscle contractions Menstrual cycle




The hormones that control our hunger

ENDOCRINE: Examples of hormones that control the hypothalamic neurons and the
APPETITE REGULATING effect they have on hunger:
HORMONES Pancreas: Lower small bowel:
® Amylin e Peptide YY
® Insulin e Glucagon-Like Peptide 1 (GLP-1)
S Etreased ® Pancreatic polypeptide (PP) e Oxyntomodulin
> inhibit hunger ' B o Uroguanilin
* Leptin P\ - / > inhibit hunger
*  Oxytocin . ‘
Upper small bowel:
* Increased » Cholecystokinin (CCK) JAS | ,
i > inhibit hunger ' ) Fat cells:

e Leptin
> inhibits hunger

*Markers of Energy Status

Colon: 2O Stomach:
* Insulin-like Peptide 5 (ILP-5) SSesliihe &8 e Ghrelin
> stimulates hunger > stimulates hunger

O theconversation.com



APPETITE REGULATING HORMONES

Helps regulate the synthesis
of thyroid hormones

Activation of

|mmune \ T /

cells
*— ( EPT >
\a
Regulate appetite.
Control of metabolism
and energy homeostasns

Decreases
glucose-stimulated
insulin secretion

~

Increased
heart rate

pressure

Regulate
bone mass

e

Regulating the
menstrual cycle

e
-

Regulation of energy
expenditure

Inhibition of apoptosis and
regulation of cell proliferatio
and differentiation

s

Regulation of appetite and
energy homeostasis

Muscle
‘» Blood glucose ;—il.

* Insulin
Pancreas .

Food

Regulation of glucose
etabolism

Regulation of vascular tone
in heart and vasculature

pon
)%

-

Influences on gonadal axis

Regulation of insulin secretion




ENDOCRINE:
GROWTH HORMONE
1G-F

e 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

Decrease in adipose tissue

N

=

Increase in bone growth

JiL
A\
/ .%

Increase in muscle mass




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

THE CONSEQUENCES OF
A CATABOLIC STATE

Loss of
muscle mass

Low
energy levels

Reduced ability
to handle stress

& DiLam

Loss of
subcutaneous fat

_ Exercise
intolerance

Cachexia, or

. catabolic wasting




ENDOCRINE:
HYPOTHALAMIC PITUITARY GONADAL AXIS

Female HPG Axis
* Functional Hypothalamic Amenorrhea

Energy Deficit /)’;‘“?
5
*  Weight loss 47 Hypothalamus
@
Exercise induced i
* Suppression of the GnRH secretion Anterior
pituitary

Decreased gonadotropin pulsation
Low/normal LH secretion

Low estradiol

FSH usually normal range

*mimics pre-pubertal state

\ A




ENDOCRINE:
HYPOTHALAMIC- PITUITARY-GONADAL AXIS

e Males
Exercise
Training

g e Hypogonadism B

DYSFUNCTION ADAPTATION
Overtraining/Red-S — Triad/Weight Loss Exercise Hypogonadal Male Condition




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
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| Peak bone mass Decreasing

bone mass
with age

Bone loss due
to menopause
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EATING DISORDERS/ ENERGY DEFICIT

e Anorexia
* Bulimia

* Binge/ Purge

* Eating disorder not otherwise specified

* Relative energy deficit

EATING DISORDERS IN ATHLETES



J

'| TABLE. Summary of eating disorder diagnostic criteria

Diagnosis

Anorexia

Bulimia nervosa

Binge eating
disorder?

Major criteria

Significantly low body weight, significant weight and
shape concerns

Recurrent binge eating and compensatory behaviors
(eg, purging, laxative use); significant wieght and
shape concerns

Recurrent binge eating; at least 3 of 5 additional
criteria related to binge eating (eg, eating large
amounts when not physically hungry, eating alone
due to embarrassment); significant distress

2Binge eating disorder is specified as a diagnosis only in DSM-5; in ICD-10 a person
meeting the criteria would have a diagnosis of “other eating disorder.”




Eating Disorder

Symptoms

Anorexia Nervosa

W Eating in secret, avoiding eating with other people
W Loss of or disturbed menses for women

W Decreased libido in men

W Fainting/dizziness

Bulimia Nervosa

W Calluses on knuckles and discoloured/stained teeth (from
induced vomiting)

W Dislike eating with others or in public
W Disappearing to bathroom after eating
W New food diets (eg. cutting out entire food groups)

Binge Eating Disorder

W Eating even when full
W Eating alone or in secret
W Fluctuations in weight (both up and down)




Low body
temperature

Bruising Cj

Low metabolic rate/
cold intolerance

PHYSICAL
EFFECTS OF
EATING
DISORDERS

Anorexia Nervosa

Hair loss
Fainting/fatigue
Loss of heart tissue
Lanugo

Little subcutaneous
fat

Loss of menstrual
periods

Low bone mass

Muscle tears/stress
fractures

Hypertension
High cholesterol
Osteoarthritis

Fatty liver disease

Bulimia Nervosa

Swollen salivary
glands
Iron-deficiency

anemia Irritation of the

esophagus
Blood potassium

imbalance Stomach

Irregular heart rate uicers

Dental decay

Constipation

Atherosclerosis
Type 2 diabetes
Some types of cancer

Sleep apnea

Binge-Eating Disorder




AT RISK SPORTS

*  “Aesthetic”
* Cheer
* Gymnastics
*  Figure skating
* Dance

* Weight classes

* Rowing
*  Wrestling
* Endurance (o was
WuBr*nAnELn
* Running g lf.: 1::: l:: x: lﬁ). m
* Cycling

* Anti-gravity




PREVALENCE OF EATING DISORDERS IN ELITE ATHLETES
IS HIGHER THAN IN THE GENERAL POPULATION

1259 elite Norwegian athletes (687 F; 572 M;) and 1203 PREVALENCE OF EATING DISORDERS:
age-matched controls from the general population ELITE ATHLETES ONLY, BY SPORT TYPE

(629 F, 574 M) were screened for eating disorders

B Females

OVERALL PREVALENCE OF EATING DISORDERS: 50%

ELITE ATHLETES vs. NON-ATHLETES 40%

- 20.0% F I =

% : I Females =

9.0% | 3.0% B Males
B | 10%
0.5% - 2L
=~ - 0%
Non-athletes Athletes ; o) @

Prevalence of eating disorders was:

b
Lo
N o s
x -

n Higher in female athletes than in male athletes

n Higher in athletes than in non-athletes

orBogen.J ondTorstvet MK MORE INFO:
Higher in those competing in leanness & weight- _ -___:T_ :fiisug;r..u:.d by Adam Virgile
dependent sports than in other sport types ' Sl

[ =




) MYFOODDATA

Top 10 Foods Highest in Iron

18mg of Iron = 100% of the Daily Value (%DV)

IRON DEFICIENCY - 250 s

109% DV (19.6mg) B 52% DV (9.3mg)
per 3/4 cup . 8 per 60z steak

113 calories T 456 calories

3 shellfish (Oysters) 4] Dried Fruit (Apricots)
* Direct and indirect contributor to energy - 43% DV (7 8mo) Sl 42 DV (7.5mg)
d efl Cie n Cy 139 calories N o | A: . | 381 calories
* Decreased a ppetite 5 Large White Beans 6 Spinach
* Impaired metabolic efficiency / “‘b. Ry 27% DV (6.6m) a:’;' ) 260V Gamo)

* Increased energy expenditure 249 celores Ly eones

* Dysregulation of growth hormone/ IGF 1 axis 7 Baking Chocolate (Unsweetened)

28% DV (5mg) GrStss  15% DV (2.8mg)
per 1oz square A5 per cup

186 calories E 222 calories

(Ferritin level < 20)
9 White Button Mushrooms

. ~ 15% DV (2.7mg) . 14% DV (2.5mg)
| per cup cooked = per 1oz handful

44 calories 1 N 159 calories
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~ IRON DEFICIENCY
e Signs and Sympfoms

* Nausea

* Frequent infection

* Pale appearance
* Shortness of breath during exercise
* Decreased performance

* Fatigue

*  Weakness

* Lack of energy

 Exhaustion
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1059 fé';rh“a*lles‘ :

. I:ron'deficiency- 30:9%

* lron deficie;1cy anemia-'2.:2%
Sl N-'411 males

* lron deficiency- 2.9%

* |ron deficiency anemia- 1.2%

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



VITAMIN D DEFICIENCY s

Inactive Vitamin D \ / Diet contains both D2 and D3
(stored in skin) (D2 less active)
Skin \

e Skeletal muscle repair
e Skeletal muscle function ?

e Immune function
* Role in regulating activation of immune cells J

* Immunomodulatory effect on T/B lymphocytes in 25-hydroxyvitamin D (the
R . . form measured in a lab
acquired immunity

4

1,25-dihydroxyvitaminD | “Sa
(active form)

* Helps dampen excessive inflammation/ tissue
damage

*General/ athletic/ military

Correlation between low vitamin D and increased URI’s

* Bone health —)

i
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* Increased frequency of URI’s

* Supplementation resulted in increased vertical
jump |
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-10.1016/j.nutres.2010.12.001






SIGNS AND SYMPTOMS

INCREASED RATE OF STRESS
FRACTURES

REDUCED TRAINING
RESPONSE

FATIGUE

IV S—
IMMUNITY

DRY SKIN
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INCREASED
INJURY RISK

£

RELATIVE ENERGY DEFICTENCY
IN SPORT
(RED-S)

REDUCED CO-ORDINATION

@therunnerphysio

SLOWER EALING O
NS
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ANAEMIA
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DEPRESSION
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DIAGNOSIS: MEDICAL HISTORY

* Constitutional symptoms: fatigue, * Stress fractures or recurrent MSK
weakness, insomnia, etc Injuries
e Infections-: recurrent URI’s * Mental health issues: depression,
, e _ anxiety, moody, change in
* Gl issues: constipation, diarrhea S el
e Hair loss, cold intolerance i

e Menstrual history
* Libido
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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

Optimal Energy Availability

Regular,
Low Energy Availability with Consistent
or without an Eating Disorder Menstrual

Cycles

Optimal Bone
Health

Functional
Hypothalamic

Amenorrhes NP Osteoporosis

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



DIAGNOSIS: PRYSICAL 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.

gy 50U
91270, 120

Obsessively counting Repeatedly weighing
calories in food themselves

Hair loss from the scalp ~ Problems sleeping

Checking their body in
the mirror

Brittle nails




BIVAXCIN[ONINY

© CBC

. Comprehensive Metabolic Panel
Iron studies

Vitamin D

B12

Folic acid

Lipid profile

Amylase

Cortisol

IGF- 1, GH

Thyroid profile

Reproductive sex hormones sex hormones

Leptin, Ghrelin

BLOOD TEST

Simplified endocrine response in Relative Energy Deficiency in sport (REDs)

Other "Stressors'Q
Blood Glucose W

Insulin¥

Pancreas

Adipose

Energy

T Basal
Metabolic
Rate W

uptake*
Bone DensityW

o' 1
oL

’ tissueW
Deficiency EEE?;EU
A H—T

Hypothalamus

Pltunla

Thyrond

Adrenal
gland

Hypothalamic releasing factors

CRH: corticotrophin releasing hormone
GnRH: gonadotrophic releasing hormone
TRH: thyrotropin releasing hormone

Pituitary trophic hormones

TSH: thyroid stimulating hormone
ACTH: adrenocorticotropic hormone
FSH: follide stimulating hormone
LH: luteinising hormone

Hormones produced by target organs
E2: oestradiol
T3+474: thyroid hormones




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
e Stress fractures

* Glissues

* Viralillness

* Insomnia

* Vitamin/ mineral deficiencies

* Anemia

* Insomnia

* Mental conditions

* Training errors
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TREATMENT: GOAL

e Achieve optimal energy
availability for health and
performance

e Allow training and
performance at a safe an
appropriate level
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Daily meal plans. .
A&apted’ training plan.

If underweight: weight gain
expectations with designated time
frame.

Regular weigh-in schedule.
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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/iliness?

* 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!




Psychogenic

Interventions

Hormonal

ftm";)zt;:gg: Stress Management
Cognitive behavioural therapy (CBT) = shownto
restore menses due to | cortisol & tleptin
May | disturbances in gonadotropin-releasing
Hormone (GnRH) drive & restore hypothalamic-
pituitary-gonadal axis (HPG axis) function

Dysfunction?

1 Carbohydrate (CHO) Availability
s | cross-link C-terminal telopeptide of type | collagen
Avaﬁ;vbi,?;,rﬁym) (B-CTX) and 1 procollagen 1 N-terminal propeptide
(PINP)

May 1 leptin via regulation of insulin
A Improve within day energy availability
Poor Bone Health Offer immune benefits?

Energy Distribution
Spent a greater proportionof time in an energy
deficit =2 1 cortisol & | resting metabolicrate
Strategies 2 consuming breakfast, regular meals &
snacks throughout the day, ensure adequate energy
around training or competition




Psychogenic
Stress

Fibre Intake

Hormonal

imbalances

& metabolic . tsatiety> | energyintake=> 1 risk of LEA

< |estradiol andluteinizinghormone (LH) = 1 risk of
anovulation
| reabsorption of calcium - affect bone health
Prescribe lowfibre, high energy dense foods for

Dysfinstion? ' | athletes with RED-S
Low Energy BOI’le-BU“ding MiCI’OI’lUtfieﬂtS

Availability (LEA) | ' '
vailability Ensure adequate intake of calcium, protein,

.‘ magnesium, phosphorus, vitamin D, potassium &
Poor Bone Health

fluoride

Mechanical Stress
Inclusionof strengthor resistance training = 1 bone
mineral density

Especially in sport with relatively lowimpact force
and low amount of bone loading such as cycling




Recovery of Bone Mineral Density

Recovery of Menstrual Status

Recovery of Energy Status PROCESS: Months

OUTCOMES:

PROCESS: Days or Weeks !\ Reproductive hormones

OUTCOMES: ' Estrogen exerts an anti-

T Energy status will stimulate resorptive effect on bone

anabolic hormones (IGF-1) and
bone formation

' Energy status will reverse

PROCESS: Years

OUTCOMES:

1‘ Estrogen continues to
inhibit bone resorption

'T‘ Energy status will
stimulate anabolic
hormones (IGF-1) and
bone formation

energy conservation
adaptations







HIGH RISK: NO START
RED LIGHT

Anorexia nervosa and other
serious eating disorders

Other serious medical
(psychological and physiological)

conditions related to low energy
availability

Extreme weight loss techniques
leading to dehydration-induced
ha amic instability and
other life-threatening conditions.

Prolonged abnormally low percentage body
Jfat measured by DXA or anthropometry
using ISAK or non-ISAK approaches

Substantial weight loss (5-10% body mass in
1 momnth)

Attenuation of expected growth and
development in adolescent athlete

Abnormal mensitrual cycle: FHA >6 months
Menarche >16 yrs

Abnormal hormonal profile in males

Reduced BMD (either from last measurement
or Z-score <-1 SD).

History of one or more stress fractures
associated with hormonal /menstrual

dysfunction and/or LEA

Athletes with physiocal/psychological
complications related to LEA/disordered
eating;

- BECG abnormalities

- Laboratory abnormalities
Prolonged relative energy deficiency

Disordered eating behaviour negatively
affecting other team members

Lack of progress in treatment and/or non-
compliance

Healthy eating habits with
appropriate energy availability

Normal hormonal and metabolic
Jfunction

Healthy BMD as expected for
sport, age and ethnicity

Healthy musculoskeletal system




RETURN TO PLAY

HIGH RISK LOWRISK
RED LIGHT GREEN LIGHT

No competition May train as long as he/she is following the

treatment plan
No training Full sport participation
May compete once medically cleared under
Use Df written contract SHPE‘T'-I"I'Sfﬂﬂ
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« Education
* Recognition

* Change



RESOURCES

* #TrainBrave

e Raise awareness about RED-S
* Forum for coaches and athletes
Source of information

e United Kingdom

* Runyourcycle.com

Female athletes, parents and coaches




