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In 1992, the American College of 
Sports Medicine held a special 
conference to address a growing 

concern about the health of female 
athletes. The conference focused 
on a triad of medical disorders, 
collectively termed the female 
athlete triad: disordered eating, 
amenorrhea, and osteoporosis.1 As 
scientific understanding of this phe-
nomenon advanced, the triad was 
redefined as a clinical entity involv-
ing the “relationship between three 
interrelated components: energy 
availability, menstrual function, 
and bone health.”2 The pathophys-
iology of the disordered state was 
further described and understood 
along a continuum through which 
healthy athletes with optimal energy 
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availability, regular menses, and 
healthy bones digress along the 
spectrum to an unhealthy athlete 
with low energy availability (LEA), 
amenorrhea, and decreased bone 
mineral density leading to osteo-
porosis.3 Low energy availability 
present in the triad could be ex-
plained with or without disordered 
eating.2 Throughout the 2000s, 
research in this field continued to 
elucidate energy deficiency as the 
primary factor underpinning the 
consequences of the triad. Energy 
deficiency occurs when dietary 
energy intake is inadequate com-
pared to the energy expenditure 
needed to support normal body 
functions from growth and develop-
ment and activities of daily living to 
exercise and sport.3 

In 2014, the International Olympic 
Committee introduced and defined 
relative energy deficiency in sport 
(RED-S), a broader and more compre-
hensive term for what was previously 
known as the female athlete triad.3 In 
addition to menstrual function and 
bone health issues related to energy 
deficiency, RED-S syndrome includes 
impaired physiologic function im-
pacting protein synthesis, metabolic 
rate, immunity, and cardiovascular 
health.3 RED-S is a clinical phenome-
non that extends to encompass the 
physiologic and psychological com-
plexities related to energy deficiency 
experienced by both males and 
females. Not only gender-inclusive, 
RED-S applies to a more general pop-
ulation of individuals to include those 
involved in recreational sport and 
physical activities such as dancing, as 
the effects of low-energy availability 
are not exclusive to athletes.3 This ar-
ticle provides nurse practitioners and 
other healthcare professionals with 
a clinical overview of RED-S and how 
the health implications of RED-S may 
impact issues relevant to women’s 
healthcare.  

Health implications of 
RED-S in women
The amount of energy that most 
healthy, active women need for 
optimal physiologic function is 45 
calories or more per day per kg of 
fat-free mass (kcal/kg FFM day).3 
Less than 30 kcal/kg FFM day is con-
sidered a threshold for LEA when 
unfavorable physiologic changes 
occur in women.4 Whereas LEA 
can result from energy restriction 
associated with disordered eating 
and intentional weight loss without 
disordered eating, it can also oc-
cur with low energy-density diets 
and excessive exercise or training.4 
Whole grains, fruits, and vegetables 
are examples of low-energy density 
foods. Due to their high water and fi-
ber content, these foods cause indi-
viduals to feel full after eating, which 
can result in having LEA if other en-
ergy-dense foods are not consumed. 
These low energy-density diets are 
effective for overweight individuals 
to lose weight, but they may not 
provide the energy necessary for an 
active person to perform optimally. 
When energy demands outweigh 
the body’s available energy, physio-
logic changes take place to accom-
modate the discrepancy. Essential 
physiologic functions such as ther-
moregulation and cellular mainte-
nance are prioritized while other less 
important functions necessary to 
survive such as bone turnover and 
menstruation are suppressed.5,6 

Energy deficiency or LEA mani-
fests clinically across several body 
systems. Endocrine system adap-
tions to LEA in women include  
disruptions in the hypothalamic-  
pituitary-ovarian axis, altered thyroid 
function, decreases in insulin and 
insulin-like growth factor, changes in 
appetite-regulating hormones, and 
increased cortisol.7 Female athletes 
with oligo or amenorrhea when 
compared to eumenorrheic peers 

have demonstrated altered bone 
turnover markers and less bone 
strength and increased risk for frac-
tures.2,8,9 Low body mass index (BMI) 
and LEA are related to decreased 
bone density and fracture risk.8,9 In 
women, LEA has been associated 
with a suppressed metabolic rate.4 
Metabolic dysfunction can contrib-
ute to hematologic changes in fe-
male athletes resulting in low ferritin 
and iron deficiency anemia.4 

Similar to individuals with an-
orexia nervosa, dysfunction in 
insulin-like growth factor 1 and a 
disorderly response to growth hor-
mone can contribute to suppressed 
linear growth in female athletes.4 
Endocrine dysfunction leading to 
a hypoestrogenic state affects the 
cardiovascular system negatively. 
Research involving amenorrheic 
female athletes has shown lipid dys-
function and endothelial damage 
that may lead to early atherosclero-
sis.10 In studies of young female ath-
letes, LEA has been associated with 
negative gastrointestinal symptoms 
such as stool leakage resulting from 
altered sphincter function and con-
stipation related to delayed gastric 
emptying.11,12 The immune system 
also may be impacted by LEA with 
amenorrheic female athletes re-
porting greater frequency of upper 
respiratory symptoms and having 
decreased levels of immunoglobulin 
A when compared to eumenorrheic 
peers.13 

Finally, psychological function is 
impacted by LEA. The relationship 
between psychological problems 
and LEA is bidirectional. Psycholog-
ical issues can precede LEA such 
as an unhealthy drive for thinness 
or a desired level of performance, 
and can also result from LEA. For 
example, when compared to healthy 
controls, adolescent females with 
functional hypothalamic amenor-
rhea have higher incidences of de-
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pression, psychosomatic disorders, 
and difficulties managing stress.14 
As a result, all of these disruptions 
and adaptations to LEA collectively 
cause a decline in athletic perfor-
mance.4,15 Potential performance 
consequences of RED-S are depicted 
in the Figure. 

Recognizing risks and 
preventing RED-S
Preventing RED-S begins with ed-
ucating healthcare professionals, 
parents, coaches, and athletes about 
RED-S. Despite the fact that the 

female athlete triad was defined 
nearly three decades ago, several 
surveys have indicated a knowledge 
deficit among physicians, physical 
therapists, and athletic trainers, with 
less than half of these healthcare 
professionals correctly identifying 
components of the female athlete 
triad.16–19 RED-S, being relatively 
new to the scene as having been 
defined in 2014, is less understood 
among healthcare professionals. 
In a 2020 survey of healthcare pro-
fessionals in attendance at a sports 
medicine conference, 76% includ-

ing nurse practitioners, physicians, 
physician assistants, and physical 
therapists were aware of the triad, 
but only 29% were aware of RED-S.20 
Only 13% of survey participants in-
dicated feeling confident in treating 
individuals with RED-S.20 These re-
sults are discouraging when consid-
ering the critical role of healthcare 
professionals in promoting health 
and preventing disease. 

Nurse practitioners providing 
primary care to women should be 
knowledgeable about the risk fac-
tors for and signs of RED-S so they 

Figure. Potential performance consequences of RED-S

Adapted from reference 3.

(continued on page 42)
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may educate patients, evaluate, 
treat, and/or make appropriate 
referrals. A recent study of 1,000 
female athletes presenting to med-
ical care found 47% of the sample 
as having LEA and thus at risk for 
RED-S.21 Other studies have esti-
mated LEA prevalence ranges from 
22% to 58% in various sports.22 Any 
female athlete is at risk for RED-S. As 
previously mentioned, LEA also can 
be observed in nonathletes such as 
dancers and those involved in phys-
ical activity for recreation. RED-S risk 
is certainly higher among females 
involved in weight-sensitive sports 

such as gymnastics, cycling, figure 
skating, and elite ballet dancing 
where an athlete’s body weight or 
physical appearance is important 
for optimal performance and suc-
cess.4,7 Screening for RED-S should 
be a standard part of the physical 
exam for annual visits with female 
athletes, especially those involved in 
endurance sports (eg, running, cy-
cling, rowing, swimming) or females 
engaged in recreational activities 
where aesthetics and lean physique 
are desirable.23 When a female pres-
ents with concerns of decreased 
performance, fatigue, weight loss, 

recurrent injuries or illnesses, or en-
docrine dysfunction, the nurse prac-
titioner should further investigate 
for RED-S and begin screening for 
health implications related to energy 
deficiency. 

Consider the following case
Brittany is a 32-year-old who pres-
ents to your office for her annual 
well-woman exam. Today her blood 
pressure is 102/70 mm Hg, pulse 65, 
weight 103 lbs, height 5’4”, and BMI 
17.68. Her last normal menstrual 
period was 2 months ago. She tells 
you she occasionally skips a period 
or two and is not concerned for 
pregnancy since her husband had 
a vasectomy after the birth of their 
second child 2 years ago. You no-
tice that her weight has dropped 
by 15 lbs since her visit with you a 
year ago. Over the past year, she 
has become involved with a local 
running club. She ran cross country 
in high school and ran off and on in 
college and as a young adult to “stay 
in shape.” She tells you it has been 
good to get back into running regu-
larly and to do something for herself. 
She enjoys the competition and 
accomplishment with training and 
racing. She is running 35 to 40 miles 
per week. She tells you that she feels 
run down and fatigued most days, 
but she attributes that to being busy 
with work and taking care of two 
small children. 

The nurse practitioner caring for 
this patient should recognize the 
risks and signs of possible energy 
deficiency in this patient. First, 
she has lost a significant amount 
of weight and her BMI is in the 
underweight range. Second, she 
is involved in an endurance sport. 
Third, she is reporting fatigue and 
irregular periods. The Table shows 
the important aspects of the his-
tory and physical exam for RED-S 
screening.23,24 All of the tests may 

Table. Screening for RED-S23,24

History Physical examination and laboratory/
diagnostic tests

    • Eating habits and caloric intake

    • Body image 

    • Recent weight changes 

    • Recent training increases

    •  Disordered eating (restricting or self-
induced vomiting) 

    • Prior stress fractures

    • Medications 

    •  Supplements (energy, weight loss, or 
dietary)

    •  Menstrual history in women (menarche, 
menstrual cycle frequency) 

    •  Duration of fatigue or poor athletic 
performance

    • Increase in resting heart rate 

    • Sleep pattern/hygiene

    • Athlete knowledge of energy balance

    •  Height, weight, body mass index; consider 
orthostatics (blood pressure, pulse), % 
body fat 

    •  Physical signs of disordered eating: 
lanugo, parotid gland enlargement, 
hypercarotenemia, Russell’s sign (scab on 
purging finger) 

    • Cardiac: bradycardia, arrhythmia 

    • Mucus membranes: pale, dry 

    • Skin: acne, male pattern hirsutism 

    • Tanner staging

    • Musculoskeletal injury assessment 

    •  CBC, CMP with particular attention to 
potassium (K+)

    •  ECG: assess for arrhythmias or prolonged 
QT interval in athletes with eating disorders 

    •  Dual-energy X-ray absorptiometry to 
measure bone mineral density for athletes 
with prior or current bony stress injury or 
eating disorders 

    •  Additional laboratory evaluation may be 
indicated depending on unique athlete 
clinical presentation (significant fatigue/
poor performance, prior bone stress injury, 
secondary amenorrhea)

    •  Possible tests to consider: TSH/free T4, 
FSH/LH/estradiol, prolactin, vitamin D levels, 
and pregnancy test in women

CBC, complete blood count; CMP, comprehensive metabolic panel; ECG; electrocardiogram; FSH; 
follicle-stimulating hormone; LH, luteinizing hormone; TSH, thyroid-stimulating hormone. 

(continued from page 40)
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or may not be applicable depend-
ing on the age, gender, and clinical 
presentation of the patient. A thor-
ough health history and physical 
examination, along with appropriate 
tests, guide the nurse practitioner 
in discerning other potential causes 
for the patient’s presenting symp-
toms and evaluating serious medical 
consequences resulting from energy 
deficiency.23,25 

Management and 
treatment
Ideally, the care of an athlete with 
RED-S is managed with a multi-
disciplinary team approach. For 
young athletes, parents or guardians 
should be involved in care manage-
ment. Any coaches, athletic trainers, 
sports medicine physicians, and/
or sports dieticians involved with 
the athlete should be involved in 
the plan of care. Nonpharmacologic 
treatment of RED-S includes cor-
rection of energy deficiency with 
dietary changes, modifying exercise 
regimen, supplementation of vita-
mins and minerals, namely calcium 
and vitamin D to support healthy 
bone development, and cognitive 
behavioral therapy.7 For competitive 
athletes, the RED-S Clinical Assess-
ment Tool (bjsm.bmj.com/content/
bjsports/49/7/421.full.pdfA) is avail-
able to assess at-risk athletes and 
assist in informing decisions about 
athletes returning to play.26 When 
disordered eating is suspected or 
other comorbid disorders such as 
anxiety, depression, or substance 
abuse are present, the athlete’s 
treatment plan should be modified 
to include medical, nutritional, and 
mental health support.7

In female athletes with amenor-
rhea for longer than 6 months, it is 
recommended that a baseline BMD 
be evaluated with dual-energy X-ray 
absorptiometry using Z scores rather 
than T scores.25 Nutritional, exercise, 

and psychological interventions 
should be implemented, and the 
athlete should monitor for the re-
turn of normal menstrual function. If 
menses do not return within 6 to 12 
months of implementing nonphar-
macologic treatments, the clinician 
should consider adding pharmaco-
logic therapy.25 Transdermal estro-
gen and cyclic oral progesterone are 
recommended to correct functional 
hypothalamic amenorrhea in the 
female athlete affected by RED-S.25 
Using combined estrogen and 
progesterone contraception such 
as oral contraceptive pills (OCPs), 
the contraceptive patch, or contra-
ceptive vaginal ring to reestablish a 
normal period in the amenorrheic fe-
male athlete is not recommended.25 
These methods of contraception 
do not improve BMD or decrease 
fracture risk and can mask normal 
menstrual function.27,28 Transdermal 
estradiol does not affect the secre-
tion of insulin-like growth factor 1, 
a bone-trophic hormone that OCPs 
have been shown to downregulate; 
thus, transdermal estradiol has a 
more positive effect on BMD when 
compared to OCPs.27,28 

The issue of oligomenorrhea and 
amenorrhea being used as a sign 
to monitor for RED-S is a challenge 
for girls and women who are using 
hormonal contraception because the 
normal function of the menstrual cy-
cle is masked. Female athletes using 
hormonal contraception should be 
informed that their menstrual cycle 
is not a reliable marker for energy 
availability and that bone loss may 
continue if the energy deficit is not 
corrected. Due to this concern, female 
athletes may consider nonhormonal 
methods of contraception. In January 
2022, US professional middle-distance 
runner, Colleen Quigley, shared about 
her decision to use the copper in-
trauterine device on Instagram.29 
Having a normal menstrual period as 

an indicator of proper fueling and en-
ergy availability along with not hav-
ing hormones potentially to impact 
her performance and moods were 
two important factors impacting her 
contraceptive choice.29 When part-
nering with female athletes in mak-
ing sexual and reproductive health 
decisions, healthcare providers must 
consider the risk for RED-S as well 
as contraceptive choice. If a woman 
prefers to use a hormonal method of 
birth control for contraception, she 
should be able to use that method 
knowing she will need to carefully 
monitor her health and performance, 
ensuring she is adequately fueling 
her body and preventing RED-S. 
Healthcare providers should monitor 
the health of female athletes using 
hormonal contraception using data 
from the history and physical exam-
ination other than the menstrual cy-
cle to screen for RED-S (Table). 

Conclusion
Nurse practitioners and other clini-
cians providing care to women are 
key in recognizing risks for RED-S and 
implementing appropriate screen-
ing. Healthcare providers can gain 
rapport with athletes, as well as their 
families and coaches, by showing 
interest in the athletes’ training and 
performance and providing educa-
tion to promote health. Knowing the 
risk factors and signs to watch for are 
imperative for early intervention. Pro-
viders should talk to athletes about 
energy deficiency including the long-
term health and athletic performance 
implications. Incorporating graphics 
may be helpful when having discus-
sions with athletes about the impact 
of energy deficiency and symptoms 
they should watch for and report to 
their provider.

Healthcare providers can have 
the greatest impact on the health of 
female athletes by educating them 
on the importance of proper fueling 
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with food intake to support energy 
demands from training. Maintaining 
a healthy body weight by eating en-
ergy-rich proteins and carbohydrates 
should be encouraged. Providers 
may employ psychological strategies 
such as promoting the concept of 
“eating to perform” to encourage 
healthy relationships with food so 
that athletes consume the calories 
and nutrients needed to support op-
timal athletic performance. There are 
many factors to consider when car-
ing for the female athlete including 
her training regimen, performance 
goals, underlying physical and men-
tal health, diet, reproductive goals, 
and contraceptive status. Healthcare 
providers in women’s health have the 
unique ability to partner with female 
athletes in addressing each of these 
important areas potentially impacted 
by RED-S. Equipped with education 
on how to fuel for performance and 
prevent RED-S, athletes are better 
able to maintain lifelong physical ac-
tivity and health.

Further research is needed to bet-
ter understand the implications of 
energy deficiency on body systems 
outside of the triad (ie, gastrointes-
tinal, immunologic, psychological, 
etc.).30 Research linking direct cause-
and-effect relationships between 
LEA and pathologic effects along 
with consistent and quantifiable 
measures of clinical outcomes will 
strengthen the clinical usefulness of 
the model.30 Although more needs 
to be understood about RED-S and 
science will continue to develop, 
scientists have already made great 
discoveries in this field over the 
past two decades. Sadly, there is a 
knowledge deficit among clinicians. 
Research is needed to understand 
and address knowledge deficits to 
ensure patients are receiving evi-
dence-based care. �
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