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Low Energy Availability (LEA)

Energy intake can be Energy expenditure

intentional or
unintentional




Adaptable LEA

A short-term/mild exposure to

LEA with minimal (or no) impact

on long-term health, well-being
or performance

L‘
Moderating factors

(ex. Sex, age, genetics)
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Problematic LEA

Long-term/severe exposure to
LEA associated with potentially
persistent disruption of long-
term health, well-being or
performance

7
Moderating factors

(ex. Sex, age, genetics)

@Monica K. Torstveit ountjoy et al., 3
9

Relative Energy Deficiency in Sport (REDs)

Conceptual models
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*Mental health issues can either precede REDs or be the result of REDs

Potential health- and performance aspects of LEA

10

A syndrome of impaired physiological and/or psychological
functioning experienced by female and male athletes that is

caused by exposure to problematic (prolonged and/or
severe) low energy availability

nerg8y Degs;
N .

Mountjoy et al., 2023
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High prevalence of LEA/REDs indicators!

Increased risk:
Endurance sports,

aesthetical sports,
4 4 weight-class sports
(BUT —we find it also in ball
game sports, technical sports
and power sports)

... across a variety of sports due to the lack of a singular definitive diagnosis,

mistaken use of LEA and REDs as interchangeable terms, lack of standardisation and

accuracy of research methodologies, variation in physiological demands among the Mountjoy et al., 2023
study populations and participant study volunteering biases

11

Recelved: 23 December 2022 l Revised: 27 January 2023 | Accepted: 1 February 2023

DOL: 10.1111/sms. 14327

SPECIAL ISSUE ARTICLE WILEY 4 | CONCLUSION

Direct and indirect impact of low energy availability on In conclusion, more research needs to be done to fully
sports performance understand the effects of LEA on different physiological

systems and how the interplay of these may ultimately

AnnaK. Melin'® | José L. Areta’® | IdaA. Heikura© | Trent Stellingwerff**o | affect physical capacity and athletic performance.

Monica Klungland Torstveit*® | Anthony C. Hackney® ¢ Severe LEA exposure has the potential to be a serious

problem leading to impaired sports performance, most

likely mediated through direct/indirect health effects,

hormonal alterations, and suboptimal levels of energy

substrate (i.e., muscle glycogen). Therefore, athletes

who desire to optimize BM and body composition (and

- use LEA to achieve those goals) to improve competitive

performance should emphasize the use of well-planned

I M PAI RE D PE RFO RMAN CE ! and supervised gradual weight-loss methodologies with

moderate LEA exposure to maintain health and perfor-

mance. These athletes should also have baseline medi-

cal and psychological assessment to ascertain whether

there is undue risk to even undertake BM or body com-

position changes. That said, the coach and athlete sup-

port team (e.g., physiotherapist, physician) must remain

vigilant of the athletes’ responses and health status to
ensure the prevention of REDs.

12
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LEA origin, duration, dose and presence of moderating factors: sex, age, medical history, carbohyd

Muscle glycogen
Protein synthesis

Bone metabolic markers
LH pulsatility

T3
RMR

Mood and sleep disturbances
Drive for thinness

Short-term

(days to weeks)

\

Medium-term
(weeks to months)

Haemoglobin mass

Training adaptation/performance
Menstrual disturbances

Total and LDL cholesterol

Gl dysfunction

Reduced well-being

DE behaviour

15.11.2024

N

= LowBMD

and risk of BSI

= EDs

Long-term

* Increased frequency

= Exercise dependence

= Depressive symptoms

(months to years)

~

intake, nutritional status etcetera are likely to amplify or diminish the response

rate

Of note 2:

Mountjoy et al. 2023; Slide

The magnifying impact of LCA (Low Carbohydrate
Availability) in the context of REDs
v Six studies since 2019 have shown an energy independent and/or
magnifying impact of LCA in the accelerated development of REDs
outcomes

Review

Melissa T. Lodge ', Christie L. Ward-Ritacco !

& nitrients

@Monica K. Torstveit

and Kathleen J. Melanson

ﬁ;}w

Considerations of Low Carbohydrate Availability (LCA) to
Relative Energy Deficiency in Sport (RED-S) in Female
Endurance Athletes: A Narrative Review

nna Melin
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Of note 3:

Symptomology overlap between REDs and OTS

(overtraining syndrome)

v'REDs and OTS are syndromes involving the HPA axis and have
no single validated diagnostic biomarker; they feature a
complex overlap of symptoms

Overtraining
Syndrome in Athletes

REVIEW ARTICLE q A 5
< A Comprehensive Review
= and Novel Perspectives

Overtraining Syndrome (OTS) and Relative Energy Deficiency in Sport Flavio Cadegiani

(RED-S): Shared Pathways, Symptoms and Complexities

Trent Stellingwerff'2® . Ida A. Heikura'® - Romain Meeusen®® - Stéphane Bermon**® - Stephen Seiler®® .
Margo L. Mountjoy’2® - Louise M. Burke®'®

@Monica K. Torstveit
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Primary, secondary and tertiary prevention of Relative
Energy Deficiency in Sport (REDs): a narrative review
by a subgroup of the 10C consensus on REDs

Monica Klungland Torstveit © ' Kathryn E Ackerman © % Naama Constantini
Bryan Holtzman,” Karsten Koehler © ,* Margo L Mountjoy © ,°
Jorunn Sundgot-Borgen ©,° Anna Melin

3
’

A

REDs Prevention
T——

Secondary Prevention

Primary Prevention

Energy intake
SPORTS LEADERS AND ORGANISATIONS
OyH

E D
'/ﬁ'/' St e b ”
mﬂmewcnmu x

Reduce risk factors to prevent REDs Identify and prevent prog . T
¢.g, education initiatives, sport rule changes

g, self-reported and/or objective screening

Signs of impairm

Diagnosis with impairment

15.11.2024

Tertiary Prevention
Energy expenditure

to prevent health & performance consequences

¢, reversing problematic LEA, treatment of REDs clinical outcomes

Figure 1 A primary, secondary and tertiary prevention model of Relative Energy Deficiency in Sport (REDs). Pictures from pixabay.com.

@Monica K. Torstveit
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Assessment and management of body weight and -composition

/\ Follow-up by multi-

Ensure physical and

disciplinary health and ¢ .
petformance team psychological readiness
Mature
International/ Moderate energy deﬁcits‘ elite athletes Obtain athlete consent]
professional ' >18 years
level Careful planning| /' Positive body image Realistic goals)|
No DE/ED symptoms
National/
collegiate
level
Developing Athletes < 18 year
No focus and no assessment other than for optimal growth
Athlete progression by the health and petformance team
developing stage

A

Advanced

Developing

Foundational

Nutritional
skills

Torstveit et al. Br ] Sports Med 2023; Mathisen et al. Br ] Sports Med 2023, Mountjoy et al. Br | Sports Med 2023

18

Slide: Anna Melin
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What should | look for?

o Menstrual dysfunction , )
o Low testosterone levels © Mood swings .
o Gastrointestinal problems o Sadness/depression symptoms
o Frequent injuries/illne.s's . Psycho- X Angry/frustrated. )
o Lack of energy ) y5|ca| logical O Seduced well-being/quality of
o Reduced training response life o )
o Extended recovery | N o Body dissatisfaction....
o .. ////
Behaviour

o Extra training sessions/active.:t’rlansport
o Reduced energy intake
o Changed dietary habits

o Inappropriate weighing/preoccupation with body composition
Torstveit et al., 10C, 2023

O ...
19
Treatment of problematic LEA
Increase energy intake and/or decreasing exercise energy
expenditure
* Eating practices that meet the athletic physical and mental health
needs
* Increased energy density
* Improved within-day energy balance, timing of meals and
macronutrients
* Flexibility around eating and thoughts about food ’
* Ability to eat socially
* No restrictive or rigid behaviours; avoidance of food groups etc.
e.g., Melin et al., 2015; Fahrenhotlz et al., 2017; Wells et al., 2020 " ’
Slide: Anna Melin
20
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Severg Primary Primary Secondary
Indicators indicators indicators

(counts as 2 primary)

Primary FHA Secondary FHA

Males: Sub-clinically low total or free
testosterone

Long-term secondary FHA (absence

of 12 or more consecutive

menstrual cycles) Low total or free Ty

Males: Clinically low free or total 21 high-risk (femoral neck, sacrum, pelvis)
testosterone or 22 low-risk BSI

BMD Z-score <-1

’—~

~
,Most consistently linked \ A deviation of a paediatric or adolescent
/ to REDs signs/symtoms athlete’s previous growth trajectory
l and/or with greatest A Wl (height and/or weight) =Some scientifie™=
measure.me'nt v'a/idity ’ : : ” evidence, but with
‘ . and/or /nd/cat{ve of EDE-Q Global score (>2.30 in females; ( lower measurement \
\ mcrea.'sed severity and / >1.7 in males) validity and/or less /
risk of REDs P N, frequently associated
b Stellingwerff et al., 2023 ~ &I’th EDS -
21
— . . .
s N ’ Potential indicators
Lacking robust Subclinically or clinically low IGF-1 (within or below the lowest 25% (quartile) of the reference range)
Iscientific evidence but Clinically low blood glucose (below the reference range)
may be linked to \ Clinically low blood insulin (below the reference range)
prob/ematic LEA ‘ Chronically poor or sudden decline in iron studies (eg, ferritin, iron, transferrin) and/or haemoglobin
Ieading to REDs signs Lack of ovulation (via urinary ovulation detection)
and/or SymPtomS-' ‘ Elevated resting AM or 24-hour urine cortisol (above the reference range or significant change for an individual)

' » poor and/or

I inconsistent evidence
» no existing

I validated screening

|

Urinary incontinence (Females)
Gl or liver dysfunction/adverse Gl symptoms at rest and during exercise
Reduced or low RMR <30 kcal/kg FFM/d or RMR ratio <0.90

. . Reduced or low libido/sex drive (especially in males) and decreased morning erections
tool, including a lack

of validated cut-offs

Symptomatic orthostatic hypotension

\ or thresholds in l Bradycardia (HR <40 in adult athletes; HR <50 in adolescent athletes)
athletes Low systolic or diastolic BP (<90/60 mm Hg)
» poor measurement I Sleepidisturhances
va/idity » high cost Psychological symptoms (eg, increased stress, anxiety, mood changes, body dissatisfaction and/or body dysmorphia)
\ and/or poor global Exercise dependence/addiction
\, availability Low BMI
~ 7’

22
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with sport participation guidelines

oute Evamice

ORANGE

Severity/Risk
Moderate to High

YELLOW+
Severity/Risk
Miid

GREEN +
Severity/Risk
None to very low

Clinical Criteria

3 primary indicators

4 max 1 secondary indicator
OR

2 primary and 22 secondary
indicators

Clinical Criteria
No primary indicators
A maximum of 1 secondary indicator

Treatment, Training &
Competition Recommendations
* No treatment required
Full training and competition
clearance

Treatment, Training &
Competition Recommendations
Treatment, close monitoring

and follow-up required

(e.g., ~monthly).

Some aspects of training and/
or competition may need to be
modified

+ Serious medical indkcatars of REDs andior ECs requiring and removal fram training
s o

4. prol
diastolic: drop > 10 mmHg): Failure of cutpatiant ED treatment program; Acit

23

REDs Prevention

So
M
- M
S e§v\cn(iun

Primary Prevention

SPORTS LEADERS AND ORGANISATIONS

ATHLETES COACHES PARENTS

SPORTS HEALTH AND PERFORMANCE TEAM

Figure 1 A primary

24

3 900 182l 3), Incluce: 2 75% median BMI 1or age ANd 0X;
{Adul: HR % 30 bpnt Adolescant; HR % 45 bpm}. Severs hypotansion: 50145 mirHg; Orfostatic intolerance (Adull & Adolesosnt 8 54w 10 staading sysiosc BP drop > 20 menkg and &
warition; Any that infvbits medical eatment and Montoring whis FaInng andior compeing.

RED+

Severity/Risk
Very High/Extreme

Clinical Criteria
24 primary
OR
3 primary and 22 secondary indicators
Training &
Competition Recommendations
te treatment

frequent monitoring at ~daily to
monthly inte epending on
severity

Significant training and competition
modifications required, and in the
majority of c | from all
training and cor s indicated

urnances; ECG.

Mountjoy et al., 2023; Stellingwerff et al., 2023

Tertiary Prevention

Energy ¢

xpenditure

pl'ev

Reduce risk factors to prevent REDs Identify and prevent progression IQCt. o prevent me

Ntjg
. < ) Ill.l\l\\ consequences




~
Secondary Prevention Tertiary Prevention

Energy intake Energy expenditure

@ NTNU

Norwegian University of
Science and Technology

ent health & performance consequences

LEA, treatment of REDs clin

Identify and prevent progression
3/ o objective screeni

Treatment to p;
€2, elf-reporicd and/or obje cx. reversing

aﬁ: Linnaeus University

Sweden

Aim: To develop and evaluate a 16-week sports nutrition
education and counselling program aiming to improve nutrition

knowledge, energy availability and REDs outcomes in well-trained
female endurance athletes with risk of REDs

15.11.2024

Norway

Eﬁ U iA University of Agder

Technical
University

of Munich

SPORT
IRELAND

OLYMPIATOPPEN

;\/ F U E L Food and nUTtrition for Endurance athletes — a Learning program

@Monica K. Torstveit
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/";’FUEL

Monica Klungland Torstveit

Ida Lysdahl Fahrenholtz Ina Garthe

Co-supervisor and responsible for
hD stud wersity of execution of the Norwegian
PhD student, University of Agder intervention, Olympiatoppen

t Overall project leader & main supervisor,
FUEL coordinator

University of Agder/Olympiatoppen region South

Bard Erlend Solstad Karsten Kiihler- Sharon Madigan
]

Siri Marte Hollekim-Strand Paulina Wasserfurth =
1]

Responsible for the
qualitative part,
University of Agder

Responsible for developing the

nutrition counselling , FUEL counsellor,

NTNU/Olympiatoppen Responsible for the German cohort, - Responsible for the German cohort,

Technical University of Munich FUEL counsellor, Technical
University of Munich

!'!

Responsible for the Irish
cohort, FUEL counsellor, Sport
Ireland Institute

Finn Skrderud fr— Heidi Holmlund

*

Medical responsible, Villa
sult/University of Agder

. T
Ingvild Brattekleiv =|= Miriam Myhren Bouchleh g ictin | undestad
p—— m

FUEL counsellor,
Olympiatoppen

Master student,
University of Agder

FUEL counsellor,
Olympiatoppen

Master student,
University of Oslo

26

Josefine Dahlqist

FUEL counsellor, sports dietitian ¢\ counsellor, sports dietitian

' -
AnnaK.Melin 208

Co-supervisor and responsible for
the Swedish cohort, Linnaeus
University

Maria Gréfnings : =

AR

Responsible for the recruitment of
Swedish participants, Dalarna University

Danielle Logue I

(i

Responsible for the Irish
cohort, FUEL counsellor, Sport
Ireland Institute

SaraRang

8 ==

6m W=
Petra Lundstrém D0

FUEL counsellor, sports dietitian
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Participants /";’FUEL

Competitive female endurance athletes, 18-35y, LEAF-Q 2 8
v’ training = 5 times a week (tier 3-4) [

N eatmg. dlsorders /// All educational material \\\
+ chronical disease { translated into the four/\

+ hormonal contraceptives N languages

BN N -l .,@
Y FUEL
HEE mimm T 2

Fahrenholtz et al. 2022

@Monica K. Torstveit
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Screening phase (Part 1)

X%

‘EAI + LEAF-Q + EDE- Q\ Athletes with
LEAF-Q score = &

+ EDE-Q score = 7- day diet and actlwty record
Welcome call +

autrition knowledge

ﬂ( 0: Pre-intervention (Part 2) 17
|

\

\ Sports nutrition related behavior |

Off sea%a

week 1-16 (Part 3)
Week 18:

Evaluation questionnaire
+ qualitative interviews

Intervention: Weekly online lectures and Zoom cons
with sports nutritionist every other week

Control: No lectures or consultations | |
LEAF-Q + EDE-Q + EAI .

Sports nutrition related behavior

Week 17: Post-intervention (Part 4)
|

7-day diet and activity record

— +

_— Closin @ % é
x 3 ) g call +

. nutrition knowledge

6 months follow-up (Part 5) 12 months follow-up (Part 6)
LEAF-Q + EDE-Q + EAI LEAF-Q + EDE-Q + EAI

5
T

28
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Myths 2 2 2
in sports nutrition, - g Questionnaires, #™*

diet- and exercise registration
2 2

Nutritiop, ¢,

Tecoy
ang y, very

hen in, fUrea

body-composition,
ealth- and performance

Y =% e, 8
22 p¥ a2 )\

Questionnaires, #rve
diet- and exercise registration
> >
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Article

Effects of a 16-Week Digital Intervention on Sports Nutrition
Knowledge and Behavior in Female Endurance Athletes with
Risk of Relative Energy Deficiency in Sport (REDs)

IdalL. Fallmnhult!r"“ 9, Anna K. Melin **@, Ina Garthe %, Siri Marte Hollekim-Strand *, Andreas Ivarsson -0,

Karsten Koehler ®, Danielle Logue 7, Petra Lundstrém %, Sharon Madigan 7, Paulina Wasserfurth ®
and Monica K. Torstveit !
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BFincl = 592 BFincl = 69 BFincl = | BFincl =9

16 - @ FUEL

PO,

Correct answers
—
S
I

Week 0 Week 17 | have great knowledge in the | have followed all sports There has been agreement | have confidence inmy 1 have known where | should
ficd of sports nuirition  nutrition recommendations 1 between how | have calen and nutrition routins suther rescarch-based
can my theoretical knowledge of information about sports

sports nutrition

WFUELpre WFUELpost ®CONpre @ CON post

30

15.11.2024

BFincl =9

O CON . | : ' 7 A N
J I
12 =
10_ 1
I 1 ,

nutrition

15



15.11.2024

15 84 .
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FIGURE 3
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Screening phase (Part 1) Week 0: Pre-in

EAI + LEAF-Q + EDE-Q Athletes with Sports nutrition related behavior
LEAF-Q score 2 8

+EDE-Qscore <25

nutrition knowledge

Week 1-16 (Part 3)

Intervention: Weekly online lectures and Zoom cons
with sports nutritionist every other week
Control: No lectures or consultations

/!3

LEAF-Q + EDE-Q + EAl
Sports nutrition related behavior

nutrition knowledge

6 months follow-up (Part 5)
LEAF-Q + EDE-Q + EAI
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Welcome call ¢ﬁ

Week 17: Post-intervention (Part 4)

- B T @B

athleles al pre- and postintervention and at &- and L2-months
follow-up. Data are presented as mean and 95% credible intervals.
BF .. bayes factor for inclusion of time interaction; EDE-G. eating
fer examination questionnaire.

Exercise addiction inventory total score for the FUEL athletes at pre-
and postintervention. and at 6- and 12-months follow-up. Data are
presented as mean and 95% credble intervals. BF .., bayes factor for
Inclusion of time interaction; EAI, exercise addiction invertery.
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tervention (Part 2)

Solstad, B.E., Fahrenholtz, I.L., Melin,
A., Garthe, |., Torstveit, M.K.
Participants’ Experiences of an
Online Nutrition Intervention
Designed for Female Endurance
Athletes with risk of Relative
Energy Deficiency in Sport: A Mixed
Method Assessment. Soon to be
submitted

7-aay diet and activity record

Off season

Week 18:

Evaluation questionnaire
+ qualitative interviews

7-day diet and activity record

Pre competition

12 months follow-up (Part 6)
LEAF-Q + EDE-Q +

FUEL
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Overall satisfaction for participating in /’*;’ FUEL

Very Very
dissatisfied satisfied
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9.3+0.9
min: 7
max: 10
2
FUEL
Vo4
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Would you recommend the FUEL program to
other female endurance athletes?

-> All participants answered YES

?

/’i;’FUEL

34
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Secondary Prevention Te;mrv Prevention Maria Gréfnings N
Bnergy lntake Bnergy expendinuse Supervisors:
Arno Schmidt-
%} Truckséss,
ity and pevns p o sk & pir Anna Melin &
: Monica K Torstveit

~YFUEL 2.0% -
/> <\ mswis yrf;k;tc # Linneeus University
.= | 12 A university of Agder
swissski nozce @) UiAKS
Aims: s

1. To implement and evaluate whether the FUEL 2.0 will change sports nutrition knowledge,
nutrition behavior, and health- and performance aspects among female and male elite
biathletes, cross-country skiers and ski jumpers with or without REDs

2. To evaluate whether the educational sports nutrition program will change sport nutrition
knowledge and prevention strategies related to REDs among the participating athletes’

coaches, medical doctors, and physiotherapists

Status: FUEL 2.0 has been successfully implemented in the biathlon, cross-country skiing and ski jumping national teams

Primary Prevention

SPORTS LEADERS AND ORGANISATIONS m ﬂ
; 0 LY
QATHLETES COACHES PAR_ENTS

ORTS HE&TH‘ND PERFORMANCE TEAM
Reduce risk factors to prevent REDs

e.g, education initiatives, sport rule changes

A4 pjy
o pf'oj eCt

Aim: To develop and evaluate an 8-week e-learning
program aiming to improve sport nutrition- and
recovery knowledge, and well being and performance
in high-school athletes

Status: Data from 106 adolescent athletes have been collected and are currently being analyzed
@Monica K. Torstveit
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Take home messages

Problematic LEA often leads to REDs

*All athletes, independent of sex, age, sport or disability

can develop LEA and REDs

LEA is difficult to measure

REDs often manifests as cluster of symptoms
Carbohydrates may play a role

Important to distinguish between OTS and REDs
REDs CAT 2 is a relevant tool for diagnosing REDs

Primary, secondary and tertiary prevention is key!
*Sport nutrition interventions may be one tool in the toolbox

37
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