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Avoiding the REDs
card

The potential impact of Relative 
Energy Deficiency in Sports on

athletic health and performance

Monica Klungland Torstveit

Professor in Sports Science

University of Agder, Department of Sport Science and 
Physical Education

The Norwegian Olympic Sports Centre, Region South
Pictures in this presentation from Colorbox & Freepik.com

•WHAT is LEA and REDs? Some updates
•Historical overview
•Definitions, risk factors, prevalence
•Health and performance consequences 

•HOW can we prevent REDs?
•Can sports nutrition interventions be useful? 

-> T A K E  H O M E!

My agenda
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PAST -------------→ PRESENT

MSSE 2007

BJSM 2014

MSSE 1993

CSM 1994

IOC 2005

MSSE 1997

PAST -------------→ PRESENT

BJSM 2014

BJSM 2018
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PAST -------------→ PRESENT

2018-2023:
>170 original research publications

… featuring ~23,822 participants (80% female)

… ~62% cross-sectional, ~14% longitudinal observational, 

~12% longitudinal intervention 

@Monica K. Torstveit

@Monica K. Torstveit
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Low Energy Availability (LEA)

Energy intake Energy expenditure

LEA is a mismatch between EI & EEE that leaves the body’s 
total energy needs unmet, i.e., there is inadequate energy to 

support the functions required by the body to maintain 
optimal health and performance

Can be 
intentional or 
unintentional

Mountjoy et al., 2023
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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

Adaptable LEA

A short-term/mild exposure to 
LEA with minimal (or no) impact 
on long-term health, well-being 

or performance

Moderating factors
(ex. Sex, age, genetics)

None/minor health consequences Potential severe health consequences 

Moderating factors 
(ex. Sex, age, genetics)

@Monica K. Torstveit Mountjoy et al., 2023

Relative Energy Deficiency in Sport (REDs)
Conceptual models 

Potential health- and  performance aspects of  LEA
Mountjoy et al., 2023

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

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
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High prevalence of LEA/REDs indicators!

Increased risk: 
Endurance sports, 
aesthetical sports, 
weight-class sports

(BUT – we find it also in ball 
game sports, technical sports 

and power sports)

23 – 80 %15 –70 %

Mountjoy et al., 2023

… 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 
study populations and participant study volunteering biases

IMPAIRED PERFORMANCE!
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▪ Low BMD 

▪ Increased frequency 
and risk of BSI

▪ Exercise dependence

▪ EDs

▪ Depressive symptoms

▪ Muscle glycogen

▪ Protein synthesis

▪ Bone metabolic markers

▪ LH pulsatility

▪ T3 
▪ RMR 

▪ Mood and sleep disturbances

▪ Drive for thinness

Short-term               
(days to weeks)

▪ Haemoglobin mass 

▪ Training adaptation/performance 

▪ Menstrual disturbances

▪ Total and LDL cholesterol

▪ GI dysfunction

▪ Reduced well-being

▪ DE behaviour

Medium-term     
(weeks to months)

Long-term          
(months to years)

LEA origin, duration, dose and presence of moderating factors: sex, age, medical history, carbohydrate 
intake, nutritional status etcetera are likely to amplify or diminish the response 

Time Course

Mountjoy et al. 2023; Slide: Anna Melin 

Of note 1:

Of note 2:

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

magnifying impact of LCA in the accelerated development of REDs 
outcomes

@Monica K. Torstveit
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Of note 3:
Symptomology overlap between REDs and OTS 
(overtraining syndrome)
✓REDs and OTS are syndromes involving the HPA axis and have 

no single validated diagnostic biomarker; they feature a 
complex overlap of symptoms

@Monica K. Torstveit

•WHAT is LEA and REDs? Some updates
•Historical overview
•Definitions, risk factors, prevalence
•Health and performance consequences 

•HOW can we prevent REDs?
•Can sports nutrition interventions be useful? 

-> T A K E  H O M E!

My agenda
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@Monica K. Torstveit

Assessment and management of  body weight and -composition 

Mature                    

elite athletes

>18 years

Positive body image

No DE/ED symptoms 

Athletes >18 years

Limited focus and only                                         

from a health perspective

Nutritional 

skills

Developing

National/ 

collegiate 

level

International/ 

professional 

level

Foundational

Developing

Advanced

Athletes < 18 year 

No focus and no assessment other than for optimal growth 

progression by the health and performance team 

Realistic goals Careful planning 

Moderate energy deficits

Follow-up by multi-

disciplinary health and 

performance team

Ensure physical and 

psychological readiness

Obtain athlete consent

Athlete 

developing stage

Torstveit et al. Br J Sports Med 2023; Mathisen et al. Br J Sports Med 2023, Mountjoy et al. Br J Sports Med 2023
Slide: Anna Melin
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What should I look for? 

Psycho-
logical

Behaviour

Physical

o Extra training sessions/active transport
o Reduced energy intake
o Changed dietary habits
o Inappropriate weighing/preoccupation with body composition
o …

o Menstrual dysfunction
o Low testosterone levels
o Gastrointestinal problems
o Frequent injuries/illness
o Lack of energy
o Reduced training response
o Extended recovery
o ….

o Mood swings
o Sadness/depression symptoms
o Angry/frustrated
o Reduced well-being/quality of 

life
o Body dissatisfaction….

Torstveit et al., IOC, 2023

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
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Severe Primary 
Indicators 
(counts as 2 primary)

Primary FHA 

Long-term secondary FHA (absence 

of 12 or more consecutive 

menstrual cycles)

Males: Clinically low free or total 

testosterone

Primary 
indicators 

Secondary FHA

Males: Sub-clinically low total or free 

testosterone

Low total or free T3

≥1 high-risk (femoral neck, sacrum, pelvis) 

or ≥2 low-risk BSI

BMD Z-score <-1

A deviation of a paediatric or adolescent 

athlete’s previous growth trajectory 

(height and/or weight) 

EDE-Q Global score (>2.30 in females; 

>1.7 in males)

Secondary  
indicators 

Oligomenorrhea

Low-risk BSI

Elevated total or LDL cholesterol

Low systolic or diastolic BP 

(<90/60mmHg)

Clinically diagnosed depression 

Most consistently linked
to REDs signs/symtoms

and/or with greatest
measurement validity
and/or indicative of 

increased severity and  
risk of REDs

Some scientific
evidence, but with

lower measurement
validity and/or less 

frequently associated
with REDsStellingwerff et al., 2023

Potential indicators 

Subclinically or clinically low IGF-1 (within or below the lowest 25% (quartile) of the reference range) 

Clinically low blood glucose (below the reference range) 

Clinically low blood insulin (below the reference range) 

Chronically poor or sudden decline in iron studies (eg, ferritin, iron, transferrin) and/or haemoglobin 

Lack of ovulation (via urinary ovulation detection) 

Elevated resting AM or 24-hour urine cortisol (above the reference range or significant change for an individual) 

Urinary incontinence (Females) 

GI or liver dysfunction/adverse GI 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 

Symptomatic orthostatic hypotension 

Bradycardia (HR <40 in adult athletes; HR <50 in adolescent athletes) 

Low systolic or diastolic BP (<90/60 mm Hg) 

Sleep disturbances 

Psychological symptoms (eg, increased stress, anxiety, mood changes, body dissatisfaction and/or body dysmorphia)

Exercise dependence/addiction

Low BMI

Lacking robust 
scientific evidence but 

may be linked to 
problematic LEA 

leading to REDs signs 
and/or symptoms:
► poor and/or 

inconsistent evidence
► no existing 

validated screening 
tool, including a lack 
of validated cut-offs

or thresholds in 
athletes

► poor measurement 
validity ► high cost 
and/or poor global 

availability
Stellingwerff et al., 2023
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IOC REDs CAT2 Severity/Risk stratification 
with sport participation guidelines

Mountjoy et al., 2023; Stellingwerff et al., 2023
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@Monica K. Torstveit

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

Food and nUtrition for Endurance athletes – a Learning program

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

Sharon Madigan

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

Anna K. Melin

Maria Gräfnings

Responsible for the recruitment of 
Swedish participants, Dalarna University

Responsible for the German cohort, 
Technical University of Munich

Karsten Köhler

Ida Lysdahl Fahrenholtz

PhD student, University of Agder

FUEL coordinator

Monica Klungland Torstveit

Overall project leader & main supervisor, 
University of Agder/Olympiatoppen region South

Co-supervisor and responsible for 
execution of the Norwegian 
intervention, Olympiatoppen

Ina Garthe 

Heidi Holmlund

FUEL counsellor,  
Olympiatoppen

Siri Marte Hollekim-Strand

Responsible for developing the 
nutrition counselling , FUEL counsellor, 
NTNU/Olympiatoppen

Ingvild Brattekleiv

Master student, 
University of Agder

Sara Rang

FUEL counsellor, sports dietitian 

Bård Erlend Solstad

Responsible for the 
qualitative part, 
University of Agder

Danielle Logue

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

FUEL counsellor,  
Olympiatoppen

Kristin Lundestad Josefine Dahlqvist

FUEL counsellor, sports dietitian 

Petra Lundström

FUEL counsellor, sports dietitian 

Finn Skårderud

Medical responsible, Villa 
sult/University of Agder

Responsible for the German cohort, 
FUEL counsellor,  Technical 
University of Munich

Paulina  Wasserfurth

Master student, 
University of Oslo

Miriam Myhren Bouchleh 
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Participants

Competitive female endurance athletes, 18-35 y, LEAF-Q ≥ 8

✓ training ≥ 5 times a week (tier 3-4)

÷ eating disorders

÷ chronical disease 

÷ hormonal contraceptives

Fahrenholtz et al. 2022

N= 33 athletes

All educational material 
translated into the four

languages

@Monica K. Torstveit

Screening phase (Part 1)

7-day diet and activity record

EAI + LEAF-Q + EDE-Q 

Week 1-16 (Part 3)

Intervention: Weekly online lectures and Zoom cons 

with sports nutritionist every other week 

Control: No lectures or consultations

Athletes with

LEAF-Q score ≥ 8

+ EDE-Q score < 2.5

Week 0: Pre-intervention (Part 2)

P
re

 c
o

m
p

e
ti
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o

n
O

ff
s
e
a
s
o

n

+

+

Welcome call + 

nutrition knowledge

Week 17: Post-intervention (Part 4)

Sports nutrition related behavior

LEAF-Q + EDE-Q + EAI 

Closing call + 

nutrition knowledge

7-day diet and activity record

Sports nutrition related behavior

6 months follow-up (Part 5)

LEAF-Q + EDE-Q + EAI

12 months follow-up (Part 6)

LEAF-Q + EDE-Q + EAI

Week 18: 

Evaluation questionnaire 

+ qualitative interviews 
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Illustrated by Hollekim-Strand

Strong evidence that the FUEL intervention improved 
sports nutrition knowledge

Modest improvements in dietary behavior  

Conclusion: the FUEL intervention shows promise as a 

foundation for behavior change in female endurance 
athletes at risk of REDs

@Monica K. Torstveit

BFincl = 217 → strong 

evidence for better 

improvement in sports 

nutrition knowledge
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In this group of endurance athletes, participating in the FUEL intervention implies long-term 
improvement of REDs related symptoms, including menstrual function

In addition, we found moderate evidence for improved disordered eating and strong evidence 
for improved exercise addiction symptoms

@Monica K. Torstveit

Solstad, B.E., Fahrenholtz, I.L., Melin, 

A., Garthe, I., 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
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1 2 3 4 5 6 7 8 9 10

Overall satisfaction for participating in

9.3 ± 0.9 
min: 7

max: 10

Very

dissatisfied
Very

satisfied

Would you recommend the FUEL program to 
other female endurance athletes? 

→ All participants answered YES

Research Practice

?
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Maria Gräfnings

PhD student, University of Basel

Supervisors: 
Arno Schmidt-
Trucksäss, 
Anna Melin & 
Monica K Torstveit

@Monica K. TorstveitStatus: FUEL 2.0 has been successfully implemented in the biathlon, cross-country skiing and ski jumping national teams

Aims: 
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

@Monica K. Torstveit

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
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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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